J Hear Sci, 2019; 9(4): 51-56
DOI: 10.17430/1003717
CCBY-NC-ND 4.0, © the authors

TINNITUS SOUND THERAPY WITH A MOBILE
APPLICATION: CASE STUDY

Contributions: Justyna Kutyba'AB°FF, W, Wiktor Jedrzejczak'’®, Danuta Raj-Koziak'®,
A Study design/planni o p e . .
B Data colleconentry Elzbieta Gos' ", Piotr H. Skarzynski*3¢

C Data analysis/statistics

E,?f:;;:‘;ﬁ;’;’f,tfaﬂgﬂusmpt ! World Hearing Center, Institute of Physiology and Pathology of Hearing, Kajetany,

F Literature analysis/search Poland
G Funds collection

2 Heart Failure and Cardiac Rehabilitation Department, 2nd Faculty of Medicine, Medical
University of Warsaw, Warsaw, Poland
? Institute of Sensory Organs, Kajetany, Poland

Corresponding author: Justyna Kutyba, MSc, Teleaudiology and Screening Examinations
Department, Institute of Physiology and Pathology of Hearing, Mokra 17 St.;
05-830 Kajetany, Poland; email: j.kutyba@ifps.org.pl

Abstract

Background: Every year more people suffer from tinnitus. Therapy for the condition requires a comprehensive approach to the patient. Despite
the existence of many treatment methods, none is 100% effective. After a physician has excluded organic diseases, it is standard practice to try
sound therapy. The aim of this study was to evaluate the effectiveness of sound therapy by means of a free mobile application ReSound Tinnitus
Relief in a patient with very troublesome tinnitus.

Case study: The patient, a 34-year-old woman, reported very troublesome tinnitus, described as a constant, non-pulsating ringing sound felt
“inside the head” The patient was offered sound therapy using a widely available application installed on a mobile phone. Progress of the
therapy and changes in tinnitus perception were evaluated using two standardized questionnaires: the Tinnitus Handicap Inventory and
the Tinnitus Functional Index. Results from both questionnaires showed that overall tinnitus annoyance decreased after 3 and 6 months of use.

Conclusions: The data demonstrate that the use of sound therapy on a mobile app can provide satisfactory results, at least in this patient.
However, it is not possible to say that such sound therapy will bring relief to all patients. Nevertheless, it is an option that a doctor can
offer to their patient. A further study is needed on a large group of people to confirm whether it is possible to replace conventional sound
generators with mobile solutions.
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TERAPIA DE SONIDO PARA EL TINNITUS A TRAVES DE UNA APLICACION MOVIL
- ESTUDIO DE CASO

Resumen

Introduccién: Cada aio, el nimero de personas que sufren de tinnitus aumenta. La terapia del tinnitus requiere un enfoque integral del pa-
ciente. Aunque hay muchos métodos de tratamiento, ninguno de ellos es cien por ciento efectivo. Cuando el médico descarta las enfermeda-
des organicas, es una practica clinica estandar incluir al paciente en la terapia de sonido. El objetivo de este estudio fue evaluar la eficacia de la
terapia de sonido realizada con una aplicacién mdvil gratuita en un paciente con tinnitus muy molesto.

Estudio de caso: La paciente, una mujer de 34 afios, informé de un tinnitus muy cansado, descrito como un sonido no pulsante que sen-
tia en su cabeza. A la paciente se le ofrecio terapia de sonido utilizando una aplicacién mévil de acceso publico instalada en su teléfono mo-
vil. Los progresos de la terapia y los cambios en la percepcion del tinnitus se evaluaron mediante dos cuestionarios normalizados: Tinnitus
Functional Index y Tinnitus Handicap Inventory. Los resultados de ambos cuestionarios mostraron que la irritacion general por el tinnitus dis-
minuyé al cabo de de 3 y 6 meses de uso.

Conclusiones: El estudio demostr6 que la terapia de sonido aplicada mediante la aplicaciéon moévil ha dado al paciente resultados satisfacto-
rios. Sin embargo, no se puede decir que esta terapia sea efectiva para todos los pacientes. De todas maneras, es una opciéon mas que el médico
puede ofrecer a los pacientes. Se necesitan mds investigaciones, especialmente sobre un grupo grande de personas, para confirmar que es po-
sible sustituir los generadores de sonido convencionales por soluciones maéviles.

Palabras clave: tinnitus « terapia de sonido « habituacién
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3BYKOBAA TEPAIIVIA YHIHBIX ITYMOB C IIOMOIIbIO MOBMJIBHOTO
IMPMIOKEHMA - OIIMCAHME CIIYYAA

AHHOTaIMA

Brepenne: C KaXXpIM TOfOM KOMMYECTBO JIIOfeN, CTPaJAlolIMX IIyMOM B YIIIaX, yBenu4uBaeTcs. JledeHne TMHHUTYCA TpeGyeT KOM-
IIEKCHOTO II0AXO0fa K ManyeHTy. He cMOTps Ha TO, YTO CYILLeCTByeT MHOTO Pas/INYHbIX CIIOCOOOB JIedeH s, H OfH U3 HUX He JjaeT
CTO IIPOLIEHTHOTO IIOJIOKUTEILHOTO pe3ynbTaTa. Ioc/e Toro, Kak Bpad MICK/II0YaeT OpraHidecKye 3a6oneBanus, 0ObIYHOI IPAKTIKON
SIB/ISIETCSA Ha3HaYeHMe JIedeHNs C TIOMOLIbIO 3BYKOBOIT Teparui. 1]e/bio JaHHOTO MCCIeIOBaHMsA SABTIAETCS OLieHKa 9 (eKTUBHOCTI 3BY-
KOBOIJI TePaINy, TPOBOAVMMOI C HOMOIILIO 6CIIATHOTO MOGY/IBHOTO IIPU/IOKEHNSA Y TIAIYIeHTa C O4eHb HaJ0eJalolIM ITyMOM B YIIIaX.

Ommcanme cmyvas: ITamyenTka (34 royja, JKeHIMHA) 06paTHIACh C MYYAIOIVM ee ITyMOM B yIIIaX, KOTOPBIi OHa ONIChIBa/Ia KaK He ITyITb-
CUPYIOIIWIi 3BYK, OI[yIlIlaeMblii B TonoBe. [lanuenTke 6bITa MpeioXkeHa 3BYyKOBask Tepanus C UCHIOTb30BaHMeM 061eTOCTYTTHOTO MO-
6UIbHOTO IIPUJIOXKEHMs, YCTAHOB/IEHHOTO Ha MO6M/IbHOM Tenedone. DddeKT OT Tepanmyu ¥ USMEHEHNUA B OL[YIeHUN IIyMa B yIIax
OLIEHMBA/IICD C MCTIONIb30BAaHMEM JABYX CTAH/[APTUSMPOBAHHLIX aHKeT: Tinnitus Functional Index u Tinnitus Handicap Inventory. Pesymnb-
TaThl 06eMX aHKeT IO0Ka3a/Iu, 4To 06Iee pasjpakeHne, BhISBaHHOE ITyMOM B YIIaX, YMEHBIIMIOCH TIOC/Ie 3 U 6 MecAIeB IPYMeHEHN.

BeiBoppbr: VicciegoBaHme 0Ka3ajo, YTO NpMMeHEHHasi 3ByKOBas Tepalusi C MCIOIb30BaHIEM MOOUIBHOIO IPYJIOXKEHNs IIPHHECTa
TAIVIEHTY YOBIEeTBOPUTENbHBIE pe3ynbTarel. OTHAKO, HEe/b3s1 CKas3aTh, YTO 9Ta Tepanusa oKakeTca 3¢ (PeKTUBHOI I KaXKI0ro ma-
umeHTa. TeM He MeHee, MOXKHO pacCMaTpMBaTh ee Kak ellle OVH BapMaHT JiedeHNs], KOTOPBIN Bpad MOXKeT IPEeJIOKNUTD Mal[ieHTaM.
Heo6xoaMbl fanbHeliIINe CCTeOBaHNA Ha 6O0IbIlIeiT TPYIINe TalMeHTOB A/ MOATBEP)KAEHNS TOTO, YTO MO>KHO MCIIOTTb30BATh MO-
O6MIBHBIMY TIPUIOKEHVSI BMECTO OOBIYHBIX T€HEPATOPOB IIyMa.

KiroueBrpie cioBa: IIyMm B yllIaX e 3ByKOBas T€pallys e IIPMBbIKaHNE

TERAPIA DZWIEKIEM SZUMOW USZNYCH PRZY UZYCIU APLIKACJI MOBILNE]
- STUDIUM PRZYPADKU

Streszczenie

Wprowadzenie: Kazdego roku zwigksza si¢ liczba 0s6b cierpigcych z powodu szuméw usznych. Terapia szuméw usznych wymaga kom-
pleksowego podejscia do pacjenta. Pomimo Ze istnieje wiele metod leczenia, Zadna nie jest w stu procentach skuteczna. W sytuacji gdy le-
karz wykluczy choroby organiczne, standardowg praktyka kliniczng jest objecie pacjenta terapia dZzwiekiem. Celem niniejszego badania
byla ocena skutecznosci terapii dzwigkiem prowadzonej za pomocg bezplatnej aplikacji mobilnej u pacjenta z bardzo dokuczliwymi szu-
mami usznymi.

Studium przypadku: Pacjentka, 34-letnia kobieta, zglosita bardzo meczacy szum w uszach, opisany jako niepulsujacy dzwiek odczuwany
w glowie. Pacjentce zaoferowano terapi¢ dzwigkiem za pomoca ogélnodostepnej aplikacji mobilnej zainstalowanej w telefonie komérkowym.
Postep terapii i zmiany w odczuciu szumdéw usznych oceniono za pomocg dwdch znormalizowanych kwestionariuszy: Tinnitus Functional In-
dex oraz Tinnitus Handicap Inventory. Wyniki obu kwestionariuszy wykazaly, Ze ogoélna irytacja szuméw usznych zmniejszyta si¢ po 3 i 6 mie-
sigcach stosowania.

Whioski: Badanie wykazalo, ze zastosowana terapia dzZwiekiem za pomoca aplikacji mobilnej przyniosta u pacjentki satysfakcjonujace efek-
ty. Nie mozna jednak stwierdzi¢, ze terapia ta bedzie skuteczna w przypadku kazdego pacjenta. Niemniej jest to kolejna opcja, ktorg lekarz

moze zaproponowa¢ pacjentom. Konieczne s dalsze badania, zwlaszcza na duzej grupie osob, aby potwierdzié, ze mozliwe jest zastapienie
konwencjonalnych generatoréw dzwieku rozwigzaniami mobilnymi.

Stowa kluczowe: szum w uszach « terapia dZzwiekiem o habituacja

Abbreviations patient [7]. Despite the existence of many treatment meth-
ods, none of them is 100% effective [8,9]. Current tinni-
tus therapy aims to make the tinnitus as unobtrusive as
possible [10]. After a physician has excluded organic dis-

ease, it is standard practice to apply sound therapy [2,11].

MML  Minimal Masking Level
RTR Resound Tinnitus Relief
TFI Tinnitus Functional Index
THI Tinnitus Handicap Inventory
UCL Uncomfortable level According to the American Tinnitus Association, sound

therapy is the use of an external acoustic signal to change

Introduction

More and more people suffer from tinnitus every year.
The World Health Organization defines tinnitus as hearing
sound while there is no external signal [1]. The sounds can
be described as ringing, squeaking, or humming but also
clicking or bubbling. Tinnitus can be quiet or very loud,
and its location can be in the ears or inside the head [2-4].
In some people the constant unwanted sound can cause
anxiety, depression, or concentration problems [5,6]. Tin-
nitus therapy requires a comprehensive approach to the
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the perception of tinnitus or how the patient reacts to the
tinnitus [12]. Sound therapy, like others, does not cure tin-
nitus, but can significantly reduce tinnitus annoyance [13].
There are many different sound-based tinnitus therapies,
but masking and tinnitus habituation are the most com-
mon [14-16]).

In the 1980s, sound was mainly used to mask tinnitus [17].
This method involves exposing the patient to an exter-
nal sound source which is louder than the tinnitus so that
the sound partially or completely hides the tinnitus [18].
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Masking can be used temporarily in acute, intense tinnitus,
but it does not produce a lasting therapeutic effect [10,19].

In 1990s, sound habituation therapy was described [20].
This therapy is based on increasing the background noise
level of the environment and is intended to reduce the
contrast in auditory pathways between the tinnitus and
the background. After a while, the tinnitus blends into
the background and is no longer perceived as annoy-
ing [20,21].

In sound therapy, the signal can be delivered by different
devices, e.g. an audio player, but it is most convenient to
use broadband noise generators or bedside sound genera-
tors [22]. For certain groups of patients, no special devices
are used, the only recommendation being to surround
oneself with enriched ambient sounds for as long as pos-
sible [10,23]. Recently, it has been observed that patients
undergoing therapy are increasingly using mobile applica-
tions instead of conventional devices [24,25]. Unfortunately,
there is little information in the literature on the effective-
ness of sound therapy using mobile applications [25,26].

The current study tried to fill this gap by assessing the per-
formance of a single patient using the free mobile appli-
cation ReSound Tinnitus Relief (RTR). The main advan-
tages of this work over what has been done to this date in
this area is the use of standardized research tools (two spe-
cialized questionnaires for tinnitus) and a long observa-
tion period of 6 months, which is significantly more than
in previous studies, e.g. [26].

The aim of this study was to evaluate the effectiveness of
sound therapy by means of a free mobile application in the
case of a 34-year-old woman with very troublesome tinnitus.
The subjective evaluation of the application by the patient
and the effectiveness of the therapy were also analyzed.
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Case description

A 34-year-old woman reported very troublesome tinnitus.
In the interview it was found that the tinnitus had appeared
suddenly, with no specific cause or event. The patient
described the sound as a constant ringing heard “inside the
head”. The degree of annoyance as assessed with the Tinni-
tus Handicap Inventory questionnaire was 80 points, which
means that the tinnitus had a ‘catastrophic’ impact on the
patients functioning. The tinnitus was not accompanied
by dizziness or hyperacusis. Before the visit to our clinic,
the patient had been undergoing pharmacological treat-
ment for 3 months (Neurovit, Nootropil, Histigen); how-
ever, this treatment did not affect her tinnitus sensation or
general health. Physical examination showed no oral, nose,
throat, or ear pathology. Otoscopic imaging showed no vis-
ible changes. Acoustic reflexes were present on both sides.
On the basis of pure tone audiometry, normal hearing in
both ears was found according to the BIAP classification
(Bureau International dAudiophonologie). The uncom-
fortable level (UCL) for each ear was also determined, and
were also within the normal range (Fig. 1).

The results of impedance audiometry revealed bilateral
type A tympanograms in both ears with preserved mid-
dle ear muscle reflexes at all frequencies except 4 kHz.
Eustachian tube function was normal in both ears. Tin-
nitus characteristics determined using a Madsen audiom-
eter showed that the tinnitus was heard by the patient in
the head and had a frequency of about 1 kHz and intensity
of 10 dB. The minimum level of tinnitus masking was 30 dB.

Method

The patient was offered sound therapy using the widely
available application ReSound Tinnitus Relief installed
on a mobile phone.
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Figure 1. Results of pure tone audiometry for air and bone conduction, including UCL, for the right and left ears
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ReSound Tinnitus Relief (RTR)

The RTR application was developed by the ReSound com-
pany in partnership with tinnitus experts [25]. The appli-
cation is designed to support patients during sound ther-
apy and facilitate this form of treatment. It incorporates
methods such as sound therapy, breathing, relaxation, and
targeted meditation. RTR has an extensive sound library
divided into three categories:

« Environment: sounds of nature (e.g. crickets, birdsong)
and sounds of everyday life (e.g. traffic, dishwasher,
highway)

» Music: relaxation music

o Therapeutic sounds: white, pink, brown, and purple noise.

Currently there are more than 30 sound files in the library.
The application is also equipped with a ‘sound mixer’. This
function allows patients to create their own sounds accord-
ing to their individual preferences [27, 28].

Tools

Evaluation of progress and changes in tinnitus perception
used two standardized questionnaires: the Tinnitus Hand-
icap Inventory and the Tinnitus Functional Index.

The Tinnitus Handicap Inventory (THI) was developed
in the USA by Newman et al. in 1996 [29] as a question-
naire to assess the problems caused by tinnitus. It incor-
porates three subscales: functional, emotional, and cat-
astrophic reactions. The maximum score is 100 points,
with the higher the score, the more serious the discomfort.
Adaptation of the questionnaire to Polish was carried out
in 2018 by specialists from the Institute of Physiology and
Pathology of Hearing [30].

The Tinnitus Functional Index (TFI) is a questionnaire cre-
ated in 2012 by researchers from the USA and New Zea-
land [31], and was validated in Polish in 2016 [32]. TFI is used
to assess tinnitus annoyance and its impact on the patient’s
life in eight areas: intrusiveness, sense of control, cognition,
sleep, auditory, relaxation, quality of life, and emotional. TFI
is also used to evaluate changes occurring as a result of treat-
ment. The response points range from 0 to 10. The patient
can achieve a maximum of 100 points, and again the higher
the score, the greater the tinnitus nuisance.

Procedure
At the hospital.

« A psychological consultation: factors affecting tinni-
tus and the psychological strategies of coping with the
problem were discussed.

« Audioprosthetic consultation: the principles of sound
therapy were discussed, instructions for using a mobile
application were presented, and the application was
installed on the patient’s mobile phone.

At home.

The patient used ReSound Tinnitus Relief for 6 months
according to the following recommendations:
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« time: the patient decided herself when to use the appli-
cation and for how long, but no less than 30 minutes
per day.

o the way of listening to the sounds: sounds were heard
through the phone’s speaker (so-called free field).

« the level of the emitted signal: sounds emitted from the
application should not completely mask the patient’s tin-
nitus. The sounds should be slightly quieter.

Data on the course of the therapy was collected by mail 3
and 6 months after leaving the hospital ward.

Results

Descriptive statistics for the THI and TFI results were
prepared to gauge the possible differences in tinnitus
intensity experienced by the patient over three periods
(before, 3 months, and 6 months after).

Changes in tinnitus as measured with THI

Tinnitus intensity level as measured by global THI score
during hospitalization was 80 points (catastrophic tinni-
tus); after 3 months of use it decreased to 72 points (severe),
and after 6 months it was 46 points (moderate). A similar
effect was observed for the subscales (functional, emotional,
and catastrophic) where the scores gradually decreased.
The results obtained for all the THI subscales and the
global score are presented in Figure 2.

Changes in tinnitus as measured with TFI

The tinnitus level as measured by the global TFI result
during hospitalization was 73 points (a very big problem);
after 3 months of application it decreased to 67.2 (a big
problem); and after 6 months it was 48 points (a moder-
ate problem).

The subscales indicated that 3 months after using the appli-
cation, relaxation and general quality of life was better. After
another 3 months, annoyance was reduced on all subscales
compared to before the therapy began.

Discussion

Treatment of tinnitus patients should aim to make the
tinnitus as inconspicuous as possible for the patient [33].
The main task of the physician is to get the patient out
of a vicious cycle of tension and gently induce them to
ignore the internal sound [10]. For this purpose, sound
therapy is often used [21].
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Figure 2. The number of points scored on three subscales
and the overall result of the Tinnitus Handicap Inventory
questionnaire
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Figure 3. The number of points scored on eight subscales and the overall result of the Tinnitus Functional Index

questionnaire

The aim of this study was to evaluate the effectiveness of
sound therapy carried out with a commonly available mobile
application. The results, as shown by the data from both
questionnaires, showed that the overall tinnitus annoyance
decreased after both 3 and 6 months of use. It is notable
that the results obtained from both tools were consistent,
which increases the reliability of the finding. The TFI ques-
tionnaire also showed that the functioning of the patient
in different spheres of life had improved. After 6 months
of therapy, a reduction in negative tinnitus effects was
observed on all measured subscales.

The results presented here should encourage tinnitus suf-
ferers to try such applications. A recent study showed that
75% of such people did not use tinnitus management appli-
cations [34]. Furthermore, the most common reason was
simply lack of awareness of the existence of tinnitus man-
agement applications.

To date there is limited data objectively evaluating the
ReSound Tinnitus Relief application. One study looked
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