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Dear Colleagues,

We present to you the second issue of the Journal of Hearing
Science for this year. The issue features a diverse array of
articles that underscore the dynamic and multifaceted
nature of auditory research and clinical practice.

Our review section opens with a critical examination
of mobile applications designed for tinnitus assessment
and therapy. As tinnitus remains a challenging condition
to manage, this review synthesizes current scientific
literature, offering valuable insights into the efficacy
and application of mobile health solutions in improving
patient outcomes. The second review focuses on the
impact of adenotonsillectomy on asthma control in
pediatric patients. By systematically analyzing existing
studies, this paper provides evidence on the respiratory benefits of this common surgical procedure.
It also underlines that further research is needed — with longer follow-up periods, case-matched
controls, and consideration of seasonal factors — to improve our understanding of long-term effects.

Among our original articles, we first explore speech perception in noise among Malayalam-speaking
young adults with normal hearing. This study adds another dimension to our understanding of
auditory processing in diverse linguistic and cultural contexts. Another original study investigates
the electrophysiological status of auditory function in noise-exposed, normal-hearing soldiers. This
research underscores the subtle yet significant impacts of noise exposure on auditory health, even
in individuals who may not exhibit overt hearing loss, showing changes at frequencies outside
the standard test range.

The issue concludes with reports from two significant conferences that took place this year. The 15th
Danube Symposium of the ORL Danube Society in Budapest, Hungary, and the 8th International
Symposium on Meniere’s Disease and Inner Ear Disorders in Shanghai, China, brought together
leading experts to discuss the latest advancements in otorhinolaryngology.

I wish you interesting reading and thank for your continued engagement with the Journal of
Hearing Science.
With kind regards and greetings,

Prof. Henryk Skarzynski, M.D., Ph.D., Dr. h.c. multi






Review
papers






J Hear Sci, 2024; 14(2): 9-21
ISSN: 2083-389X DOI: 10.17430/jhs/191396
elSSN: 2084-3127 CC BY-NC-ND 3.0 PL, © The Authors

TRENDS IN THE ADVANCEMENT OF MOBILE
APPLICATIONS FOR THE DIAGNOSIS

AND TREATMENT OF TINNITUS: A
COMPREHENSIVE REVIEW OF SCIENTIFIC
LITERATURE

Contibutons: Izabela Sarnicka'*®®f, Danuta Raj-Koziak'*¥, Henryk Skarzynski®*t,
al . oy o
B Data collccion/entry.  Matgorzata Fludra*, Karina Karendys-tuszcz', Elzbieta Gos3®

C Data analysis/statistics
2 Eraet;a'rgttfgﬁrgtfagg’;uscript ! Tinnitus Department, World Hearing Center, Institute of Physiology and Pathology of
F Literature analysis/search Hearing, Warsaw/Kajetany, Poland
G Funds collection 8 L. . . .
* Oto-Rhino-Laryngology Surgery Clinic, World Hearing Center, Institute of Physiology
and Pathology of Hearing, Warsaw/Kajetany, Poland
? Teleaudiology and Screening Department, World Hearing Center, Institute of Physiology
and Pathology of Hearing, Warsaw/Kajetany, Poland
Corresponding author: Izabela Sarnicka, Tinnitus Department, World Hearing Center,
Institute of Physiology and Pathology of Hearing, 17 Mokra Street, Kajetany,
05-830 Nadarzyn, Poland; email: i.sarnicka@ifps.org.pl

Abstract

Introduction: Tinnitus is a condition that requires multidisciplinary care and monitoring. Widespread use of mobile devices and ready access
to the internet offers a possible solution since smartphones can run apps programmed for a particular health problem. The aim of the article
is to assess the scale and direction of how mobile apps are being created and used to diagnose and treat tinnitus.

Material and methods: Publications in Google Scholar, PubMed, and ResearchGate were searched for the years 2010-2023. The results of
the review were organized by themes.

Results: Hits were organized into the following themes: (1) existing mobile apps for tinnitus, (2) apps supporting the diagnosis of tinnitus,
(3) apps supporting tinnitus therapy, (4) a look to the future - sensors built-in or connected to mobile devices, wearables, artificial intelligence
(AI), and big data systems.

Conclusions: Smartphone-based apps with ecological momentary assessment methods and the possibilities of using wearable diagnostic devices
might be useful in better understanding the variability of tinnitus and perhaps its causes. Mobile crowdsensing and central databases with
big data and artificial intelligence support appear to be a valuable resource for new scientific research. There are now mobile apps providing
a variety of therapies — sound therapy, self-help psychology, and educational training. Equally important for tinnitus therapy are smart devices
managed by mobile apps — hearing aids, cochlear implants, and other hearables. In the future, development of mobile technologies and artificial
intelligence will help create smart therapy platforms for tinnitus.

Keywords: mobile apps e artificial intelligence « smartphone-based tinnitus treatment « smart devices « ecological momentary assessments

KIERUNKI ROZWO]JU APLIKAC]JI MOBILNYCH W DIAGNOSTYCE I TERAPII
SZUMOW USZNYCH: PRZEGLAD LITERATURY NAUKOWE]

Streszczenie

Wstep: Szumy uszne to schorzenie wymagajace wielodyscyplinarnej opieki i monitorowania. Specjalisci poszukuja w tym zakresie rozwigzan
w coraz powszechniejszym dostepie do Internetu i coraz szerszym wykorzystaniu urzadzen mobilnych. Co wiecej, smartfony posiadajg ekosystem
aplikacji, ktéry mozna rozszerzy¢ o nowe aplikacje zaprogramowane pod katem konkretnego problemu zdrowotnego. Celem pracy byta ocena
skali oraz kierunku tworzenia i wykorzystania aplikacji mobilnych do diagnostyki i leczenia szuméw usznych.

Material i metody: Przeszukano publikacje w Google Scholar, PubMed i ResearchGate z okresu 13 lat (2010-2023). Wyniki przegladu
uporzadkowano tematycznie.

Wyniki: Rezultaty uporzadkowano w nastepujace kategorie tematyczne: 1) aplikacje mobilne w kontekscie szuméw usznych obecne w przestrzeni
internetowej; 2) aplikacje wspomagajace diagnostyke szuméw usznych; 3) aplikacje wspomagajace terapie szuméw usznych; 4) spojrzenie
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w przyszto$¢ - czujniki wbudowane w urzadzenia mobilne lub z nimi polaczone, przenosne urzadzenia diagnostyczne, sztuczna inteligencja
(AI), systemy gromadzenia duzej ilosci danych.

Whioski: Aplikacje na smartfony z krétkimi chwilowymi ocenami w czasie rzeczywistym i mozliwo$cig wykorzystania przenosnych urzadzen
diagnostycznych moga by¢ pomocne w lepszym zrozumieniu zmienno$ci szuméw usznych oraz ich etiologii. Gromadzenie duzej ilosci danych
od uzytkownikow urzadzen mobilnych oraz ich analizowanie ze wsparciem sztucznej inteligencji to cenne zrédlo rozwoju badan naukowych.
Pojawiajg si¢ nowe projekty aplikacji mobilnych prezentujace réznorodng oferte terapeutyczng — terapie dZzwigkiem, samopomoc psychologiczna
i treningi edukacyjne. W terapii szuméw usznych réwnie wazne moga okazac si¢ inteligentne urzadzenia zarzadzane przez aplikacje mobilne,
takie jak: aparaty stuchowe, implanty $limakowe, wielofunkcyjne smart stuchawki. Rozwoj technologii mobilnych i sztucznej inteligencji
niewatpliwie przyczyni si¢ w przyszlosci do stworzenia inteligentnych platform terapii szuméw usznych.

Stowa kluczowe: aplikacje mobilne « sztuczna inteligencja o leczenie szumdéw usznych oparte na smartfonie « inteligentne urzadzenia o

ekologiczne oceny chwilowe

Key to abbreviations

Al artificial intelligence MARS Mobile Application Rating Scale

AlS Athens Insomnia Scale MCS mobile crowdsensing

CBT cognitive-behavioral therapy mHealth mobile health

cl cochlear implant ML machine learning

conv-TRT conventional TRT NFB neurofeedback

EEG electroencephalographic PSS Perceived Stress Scale

EMA ecological momentary assessment PsQl Pittsburgh Sleep Quality Index

EMAI gcologica.l momentary assessment and PTM progressive tinnitus management
intervention RL reinforcement learning

EMI ecological momentary intervention smart-TRT smart device-based Tinnitus Retraining

FTRS Fudan Tinnitus Relieving System Therapy

GAD-7 Generalized Anxiety Disorder 7-item TFI Tinnitus Functional Index

GGTI GGTinnitus app THI Tinnitus Handicap Inventory

HADS Hospital Anxiety and Depression Scale TQ Tinnitus Questionnaire

HAs hearing aids TRT Tinnitus Retraining Therapy

H-THI Tinnitus Handicap Inventory — Hebrew T TrackYourTinnitus (mobile platform)

JITAls just-in-time adaptive interventions VAS Visual Analogue Scale

Introduction correlates positively with levels of depression, anxiety, and

Subjective tinnitus is the conscious awareness of a tonal
or composite noise for which there is no identifiable cor-
responding external acoustic source [1]. Tinnitus is con-
sidered acute if the patient has experienced it for less than
3 months, sub-acute after 3 months, and chronic if the pa-
tient has experienced it for 6 months or more [2]. Tinnitus
is not a disease, but a symptom that may occur in the
course of various diseases and conditions [3]. Subjective
tinnitus may result from pathological neural activity at dif-
ferent levels of the auditory pathway, although the under-
lying pathology is still not understood [4]. Based on epide-
miological studies, tinnitus affects approximately 10-15%
of the American population, of which 20% of them con-
sider it a significant problem [5-7]. Research conducted
at the Institute of Physiology and Pathology of Hearing,
Poland, in 1999-2000 showed that tinnitus is experienced
by approximately 20% of Poles over 18 years of age, and
4.8% reported the presence of permanent tinnitus [8].

Tinnitus usually does not pose a threat to the patient,
but it can significantly worsen their quality of life and
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sleep disorders [9-12]. Patients often report variations
in tinnitus loudness and severity depending on a range
of factors [13-15].

Current recommendations regarding the diagnosis and
treatment of patients with tinnitus are included in the
following American and European documents: Clinical
Practice Guideline: Tinnitus Executive Summary from
2014 [16]; A Multidisciplinary European Guideline for
Tinnitus: Diagnostics, assessment, and treatment from
2019 [2]; and Tinnitus: Assessment and Management from
2020 [17]. These reports emphasize the multifactorial na-
ture of tinnitus and the need for a multidisciplinary team
for diagnosis and treatment of the condition. According to
the above documents, cognitive-behavioral therapy (CBT)
is, so far, the best documented scientific method for treat-
ing the condition. Hearing aids are recommended for pa-
tients with tinnitus who have hearing loss, and improv-
ing hearing is an important factor in reducing the severity
of tinnitus. The guidelines also refer to neurostimulation
methods, which are safe but have not yet been recom-
mended due to the small number of reliable scientific

Journal of Hearing Science - 2024 Vol. 14 - No. 2
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Table 1. Thematic categories and search criteria in the title/abstract of articles

Thematic categories

Search criteria in the content of the title/abstract

Existing mobile apps for tinnitus available
on the internet

mobile/smartphone apps — tinnitus — review
mobile/smartphone apps — tinnitus — identification

mobile/smartphone apps — tinnitus — analysis — evaluation

Mobile apps supporting diagnosis of tinnitus

mobile/smartphone apps — tinnitus — diagnosis

mobile apps — device — tinnitus — diagnosis — validation
mobile/smartphone apps — tinnitus — hearing — assessment
mobile/smartphone apps — tinnitus — self management

Mobile apps supporting tinnitus therapy

mobile/smartphone apps — device — tinnitus — therapy — treatment

mobile/smartphone apps — tinnitus — sound therapy
mobile apps — tinnitus — CBT therapy
mobile/smartphone apps — tinnitus - self-help -management

A look to the future

mobile/smartphone apps — tinnitus — digital technologies

tinnitus — artificial intelligence — machine learning
tinnitus — smart therapy

mobile health — tinnitus — sensors

mobile health — mental health — CBT therapy

studies confirming their effectiveness, and sound thera-
py methods that are widespread and considered safe, but
again cannot be recommended due to the small num-
ber of high-quality clinical trials. None of the guidelines
recommend drug treatment.

An ongoing goal of research and clinical work is to ex-
amine in more detail the factors or ailments that aggra-
vate tinnitus and find ways of better coping with the con-
dition in everyday life [18]. Ways are also being sought to
cut waiting times and improve access to reference cent-
ers who are called on to provide multidisciplinary diag-
nostics and therapy. A solution to these problems may
be new technologies and rapidly developing mobile net-
works. Attention is focused on smartphones, which have
increasing worldwide reach and more advanced capabili-
ties. Importantly, smartphones have an application (or app)
ecosystem into which new apps designed to deal with par-
ticular health problems can be loaded.

The use of mobile apps in the health field is constantly
expanding into areas of diagnosis and medical interven-
tions. Mobile apps are used for mental health, enabling
wide access to therapies that are particularly effective in
dealing with depression and anxiety [19]; they can also
be used, with the support of Al, to develop rapid and ef-
fective screening diagnostic methods for diseases such as
cancer [20].

The outbreak of COVID-19 has led to a recognition of the
great potential of mobile apps, since rapid, cheap, and eas-
ily accessible diagnosis of infection was essential in con-
trolling the disease. Mobile apps and Al techniques were
used to identify COVID-19 patients based on a variety of
clinical, geographic, demographic, radiological, serologi-
cal, and laboratory data. In a future pandemic, mobile apps
will no doubt play a critical role in rapidly diagnosing in-
fection based on image data and clinical symptoms [21].

The aim of the present study was to assess the scale and
direction in which mobile apps are being created and used
to diagnose and treat tinnitus, based on a review of the
available scientific literature.

Material and methods

Publications in Google Scholar, PubMed, and ResearchGate
published in the period 2010-2023 were searched.
Thematic categories and search criteria in the content of
titles and abstracts are presented in Table 1.

Results

Existing mobile apps for tinnitus

An up-to-date overview of existing apps on iOS and
Android platforms which can support the management
of tinnitus has been presented by Mehdi et al. [22]. The
authors identified and described 64 apps categorized into
six groups. (1) Tinnitus relief (14 apps) - techniques
like masking sounds, relaxing sounds, notched sounds,
and acoustic neuromodulation. (2) Cognitive Behavioral
Therapy or CBT (10 apps) — mostly not directly related to
tinnitus, but dealing with depression, anxiety, and stress
which are common psychological comorbidities accom-
panying tinnitus. (3) Hearing protection (8 apps) — meas-
uring the noise level in the environment or music volume
and inform the user about dangerous sound levels, which
is important in preventing hearing deterioration and inten-
sification of tinnitus. (4) Hearing testing (11 apps) — test-
ing hearing at different frequencies and in noisy environ-
ments; testing the hearing level of children using visual and
auditory tasks. (5) Hearing enhancement (10 apps) — am-
plifying individual sounds based on hearing tests, cutting
out ambient noise, supporting auditory attention exercis-
es. (6) Smartphone-based mobile EEG (electroencephalo-
graphic) systems (11 apps) — to study real-time brain ac-
tivity, designed in combination with a handy and mobile
dry EEG headset or semi-dry EEG cap; these apps were
included in the context of tinnitus because of previous re-
search showing that tinnitus has its own neural correlates.
In addition, one of the more popular methods in the al-
ternative treatment of tinnitus is neurofeedback (NFB) —
a non-invasive method, generally based on real-time EEG
recording, which is presented visually to the patient as
positive or negative feedback during training.
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Different app rankings have been presented by Mehdi and
colleagues in another article [23]. The authors identified
34 apps on iOS and Android platforms, of which 24 were
used for tinnitus therapy - the vast majority of them were
sound therapy applications which used various sounds —
masking, broadband, relaxation, and neuromodulation
(with appropriate frequency bands). There were 10 CBT
apps, the majority of which were not aimed directly at tin-
nitus but were helpful in dealing with depression, anxiety,
and stress. Among them were three chatbots — conversa-
tional agents based on artificial intelligence (AI), whose
conversations and advice are based on CBT theory or pos-
itive psychology. The average MARS (Mobile Application
Rating Scale) results calculated on the basis of the mean
of four categories (engagement, functionality, aesthetics,
and information quality) were assessed on a 5-point scale
(1, inadequate to 5, excellent) and ranged from 2.65 to
4.60. These ratings indicate that there were no low-quali-
ty apps; all were rated between medium and high quality.
However, only 7 of them were backed by clinical research -
TinnitusTherapy (Lite), ReSound Relief, SimplyNoise, and
Audio Notch as sound therapy apps, and Wysa, Woebot,
and MindShift as CBT chatbots [24]. Existing clinical stud-
ies on the effectiveness of tinnitus therapy apps have also
been described by Nagaraj and Prabhu [25].

The above demonstrates that there are functional and us-
er-friendly mobile apps aimed at dealing with tinnitus,
mainly in the field of sound training. Additionally, clini-
cians and researchers see an increasing need for reliable
scientific verification of their clinical usefulness. The scope
of tinnitus therapy can be expanded by developing mo-
bile apps with broader therapeutic and diagnostic reach,
e.g. in terms of diagnosis, protection, and enhancement
of hearing.

Wide access to functional and valuable mobile apps has
been confirmed by Deshpande and Shimunova [26]. The
authors described the functionality and availability of apps
for tinnitus which were available on iOS, Android, and
Windows. Both free and paid apps are available on each
platform, with a smaller percentage of free apps occurring
on i0OS (53%) compared to Android (86%) and Windows
(85%). Only 8% of apps were available on multiple plat-
forms. A cost-feature analysis revealed that the more ex-
pensive apps did not necessarily offer more features. The
Android platform had the most tinnitus apps. Among the
educational, diagnostic, and therapeutic categories, ther-
apeutic apps dominated, with sound apps predominating
both in terms of number and variety of functions. A small
proportion of ‘misinformation’ apps (home remedies, sup-
plements, medically inappropriate strategies) were detect-
ed across platforms (5% Android, 3% iOS, 0% Windows).

In 2016, Sereda et al. [27] performed a web survey on 643
respondents suffering from tinnitus in order to exam-
ine the extent of use, motivation, and usefulness of mo-
bile apps for tinnitus. The majority of respondents (75%)
had never used an app for management of tinnitus, main-
ly because of lack of awareness of their availability, with
20% saying the reason was that they were not good with
technology. These data are from 2016 and the figures will
no doubt have changed. In recent years, the level of use
of mobile apps by tinnitus patients, their availability and
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attractiveness, as well as the familiarity with new tech-
nology, which is increasingly intuitive, has been growing.
The authors noted that in 70% of the apps, sound was the
main focus. Other components included relaxation, CBT
(dealing with stress and depression), meditation and mind-
fulness, information and education, hypnosis, and assess-
ment of tinnitus. The authors presented a list of 55 apps
that people used for tinnitus (14 of which were developed
specifically for the condition). Quality assessment of the 18
most popular apps using MARS resulted in mean scores
ranging from 1.6 to 4.2 (out of 5).

Kutyba et al. [28] identified and described 16 sound apps
available in the Google Play Store which had the ability
to generate different acoustic signals, were free of charge,
and were in Polish. Most of them were for relaxation,
meditation, and sleep, and only one (ReSound Tinnitus
Relief) was specifically designed for people suffering tin-
nitus. In addition to standard functions such as a sound
library, timer, and sound mixer, ReSound Tinnitus Relief
includes a set of relaxation exercises and information on
tinnitus and available therapies. Kutyba pointed out that
all the apps may be useful to a patient as a complement
to therapy given by a specialist. Here, it is worth consid-
ering the development of understandable instructions for
patients with tinnitus on how to use therapeutic and re-
laxation sounds on a mobile app.

Mobile apps supporting diagnosis of tinnitus

In the area of tinnitus diagnosis using mobile apps, two
major directions are apparent. The first relates to self-
measurement, i.e. diagnostic assessment of tinnitus or
hearing level performed by the patient themself. The sec-
ond direction is the use of EMA-MCS platforms (mobile
crowdsensing platforms based on ecological momentary
assessment), which allow tinnitus variability and its ac-
companying factors to be recorded in real time thanks to
self-reporting and automatic data collection using a sen-
sor, smartphone, and app. The data is collected in a cen-
tral database for research purposes.

Chamoso et al. [29] and Vittorini et al. [30] describe the
design of a device and an app for self-measurement of
tinnitus using pure-tone audiometry, acuphenometry,
and tinnitus severity assessment via questionnaires: the
Pittsburgh Sleep Quality Index (PSQI), Khalfa Hyperacusis
Questionnaire, and Tinnitus Handicap Inventory. The pro-
ject consists of a simple electronic device that generates
pure tones combined with a headset and bone conduction
transducer linked to a mobile app that manages the test-
ing and provides the results. The app gives an assessment
of the level of hearing and type of hearing loss, question-
naire results, and tinnitus characteristics. The authors de-
scribe the usability tests and improvements made to the
tool, as well as the first validity tests, which showed that
25/25 of the app’s audiometric test reports were consistent
with a standard test performed by a technician.

One step in diagnosing tinnitus involves the diagnosis of
hearing level. There are increasing numbers of apps that
perform stand-alone hearing tests, most often used for
screening or as a way of complementing a standard test.
In order for apps to replace the standard examination and

Journal of Hearing Science - 2024 Vol. 14 - No. 2



provide effective hearing monitoring outside the clinic
(which will enable “just in time” medical intervention),
certain conditions must be met, which are described by
Handzel and Franck [31]: they include bone and air con-
duction tests, understanding speech in noise, quiet envi-
ronment, appropriate masking of the other ear, calibrated
headphones, and appropriate sampling (limiting distrac-
tions). In mobile diagnostics, this is a developing top-
ic that has the potential to confer many benefits to users
and health services.

As previously mentioned, an important issue in the diag-
nosis of tinnitus as a variable and multifactorial ailment is
EMA (ecological momentary assessment) [32,33]. EMA is
a real-time measurement of conditions, factors, and symp-
toms through the use of many short, repeatable assess-
ments, minimizing retrospective bias. Henry et al. [34]
and Wilson et al. [35] describe the design of EMA in di-
agnosing tinnitus using various technological solutions.
In Germany, a non-commercial mobile platform called
TYT was developed, which serves as the EMA’s mobile
crowdsensing platform (EMA-MCS), thanks to the col-
laboration between the Tinnitus Research Initiative and
the Institute for Databases and Information Systems at
the University of Ulm. Data is collected in a central da-
tabase, which enables the collection of a large amount of
data for research analysis. With real-time research, the dy-
namics of tinnitus variability can be examined, looking at
how the variability depends on various factors (psycho-
logical, behavioral, environmental) and allowing a more
accurate assessment of their impact to be made than in
a retrospective study [36,37]. In preliminary studies, re-
search has indicated that regular use of EMA has no effect
on tinnitus annoyance [34,36]. Data in TYT is collected
in three ways [36-38]: (1) through registration question-
naires describing the user and their difficulties with tin-
nitus; (2) through EMA questionnaires containing eight
questions completed up to a dozen times a day via set no-
tifications — completing them takes about a minute and re-
lates to various psychological and behavioral dimensions
(e.g. stress level, concentration, tinnitus perception, arous-
al, mood); EMA requires a short, easy assessment, e.g.
with the help of a VAS (visual analogue scale) [39]; (3) by
acoustic measurement of ambient sounds via the phone’s
built-in microphone - a future-proof element that makes
it possible (although not yet used) to automatically col-
lect various data (environmental, behavioral, physiologi-
cal) via built-in sensors and connect wearable diagnostic
devices or biosensors.

The reference architecture of the TYT platform is de-
scribed by Pryss et al. [40] and Kraft et al. [41] who also
outline its technological development and data manage-
ment. The TYT platform can deposit anonymized data
in a central database, give user feedback, and give results
to treating physicians. Based on TYT data, several stud-
ies have emerged about the effect of emotional states and
their dynamics on the perception and severity of tinni-
tus [13], and how the variability of tinnitus depends on
time-of-day [14]. Research has also confirmed the value
of a prospective study [15], from which it is apparent that
(1) the variability of tinnitus tested prospectively using
EMA was noticed even in those people who did not no-
tice it retrospectively; and (2) the level of stress correlated

Journal of Hearing Science - 2024 Vol. 14 - No. 2

Sarnicka et al. — Mobile apps for tinnitus

positively with the severity of tinnitus in the EMA test,
even in those people who did not notice the relationship
retrospectively. First predictions using machine learn-
ing on a large amounts of data from TYT have been de-
scribed by Breitmayer et al. [42], Allagier et al. [43], and
Pryss et al. [44]. Notably, Breitmayer found, based on a
data set of 45,935 responses and using different machine
learning techniques, that the presence of tinnitus could
be predicted with an accuracy of up to 78%, with an area
under the curve as high as 85.7%.

The above research indicates the possibility of widening
the availability of diagnostics by using efficient self-meas-
urement methods. It also indicates how new diagnostic
and predictive models of tinnitus and comorbidities can
be created by collecting and analyzing large amounts of
data using EMA, MCS, and Al techniques.

Mobile apps supporting tinnitus therapy

The previous section on identifying mobile apps for tinni-
tus found that there was a clear dominance of apps offer-
ing sound therapy in various forms. The main motivation
for using such apps was to use sounds to mask tinnitus,
to relax, and to fall asleep more easily. Clinicians are now
discovering the possibilities of also using mobile apps
for more complicated sound therapies, such as acoustic
coordinated reset neuromodulation therapy for tinnitus.
Hauptmann et al. [45] presented an experimental system
based on a mobile app that supports manual and adaptive
tinnitus pitch and loudness matching, creation of therapy
signals, transfer of the signals to a mobile device, program-
ming the mobile device, recording of patient responses,
and presentation of outcome measures. The authors con-
firm that mobile devices are able to reliably and accurate-
ly deliver acoustic therapy signals. For therapy, a mobile
device can be operated independently and effectively by
the patient after a short initial training. Even though the
patient operates independently, the treating physician can
constantly monitor how therapy is progressing: therapy
compliance is documented within the mobile device and
transferred to the clinician’s computer, where the clinician
can analyze and solve emerging difficulties.

Beyond using sound therapy;, it has also been noted that
users are seeking additional forms of support in manag-
ing tinnitus. Apps have begun to appear that supplement
sound therapy with additional elements such as education
and psychological training.

Evaluation of the effectiveness of tinnitus sound thera-
py apps, alone or in combination with other elements,
are presented in Table 2. This work largely confirms that
mobile apps can be an effective tool to reduce the severi-
ty of tinnitus while being cost-effective and easy to access.
However there is still a need for the efficacy of these apps to
be explored in large randomized controlled clinical trials.

An example of a mobile application that is CE marked and
was placed on the market as a medical device in 2019 in
German language is Kalmeda Tinnitus app. The app con-
sists of 5 levels with nine steps each. Levels 1 and 2 of the
behavioral therapy (areas redirecting attention, relaxa-
tion) are typically completed in 3 months. Subsequent
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Table 2. Evaluation of the effectiveness of tinnitus sound therapy apps, alone or in combination with other elements, based on selected

research
Study Rehabilitation strategy Population Outcome measures i) eI
strategy
Kim et al. Smartphone app, delivering notched individuals with 1. THI THI scores improved
[46] music therapy for 30-60 min per day chronic tinnitus 2. VAS — perceived significantly (p =0.03)
in a quiet environment and ginko (n=26) tinnitus loudness, after treatment,
combined treatment for 3 months. noticeable time, especially emotional
Duration and frequency of app usage annoyance, effect component.
were saved on the server and could be on daily life.
checked by the physician.
Tyler et al. Sound therapy provided by the Cl (Nucleus Laboratory trial on a Laboratory trial: all 13
[47] ReSound Relief app for CI patients. 6 processor) scale of 0-100: participants had lower
Sounds were streamed from an iPod to users with — tinnitus loudness ratings for tinnitus
the Cl using a Cochlear Wireless Mini tinnitus: —annoyance of the loudness.
Microphone 2+. laboratory trial, tinnitus Home trial: the overall
Laboratory trial: matching the sound, n=13; home — sound acceptability effectiveness of sound
listening to it for 5 min, assessing the trial, n=10 Home trial on a therapy 3 of 10 rated
effectiveness and acceptance level of scale of 0-100: 70% or higher, 6 of 10
the sounds. — tinnitus loudness from 30% or higher.
Home trial: listening to selected —overall effectiveness
sounds at home for 2 weeks. of sound therapy.
Sabarish, Sound therapy provided by the individuals with ~ THI There was a decline
Kurthika Tinnitus Therapy Lite app for 45 min tinnitus (n=5): of at least 18 points
[48] a day for 1 month without changing 4 with hearing in THI scores for all
previously made settings (sound and normal participants.
volume selection). Regular follow-up of and 1 with
usage done every 5 days. bilateral mild
sensorineural
hearing loss
Kutyba et al. ~ Sound therapy provided by the individuals with 1. TFI Clinically significant
[49] ReSound Tinnitus Relief app for at chronic tinnitus 2. THI improvement
least 30 min a day for 6 months: self- (n=52) 3. App usage declared:
selected sound, quieter than your own assessment survey — after 3 months
tinnitus, used in a silent environment, (after 3 and 6 11.5% of users
before bedtime or when tinnitus months from (THI), 27% (TFI)
disrupted daily tasks. starting sound — after 6 months
therapy). 53.8% of users
(THI), 58% (TFI).
App easy to use —
86.4%.
Liked to use the app
daily — 73%.
Abouzari Tinnitus-specific CBT and personalized individuals 1. THI The two cohorts had
et al. [50] and frequency-matched sound therapy with chronic, 2. GAD-7 similar changes in
provided by the app for 8 weeks: 2 h constant 3. PSS GAD-7 (p=0.07) and
daily listening to the sound and 2-3 h bilateral, PSS (p=0.34).
weekly on CBT modules. non-pulsatile The treatment group
tinnitus had a significantly
(n=30): 20 higher improvement
in treatment in THI scores (17.2 vs
group and 10 5.3, p=0.04).
in control group
(waitlisted)
Tang et al. Using FTRS app, patients were users of the 1. THI The scores of
[51,52] recommended to listen to tailor-made FTRS app: 2. HADS THI (51.5-33.8),
music for > 2 h a day (with headphones ~ n=2744 at 3. AlS HADS-A (6.93-4.56),
or speaker) and fill in self-help baseline HADS-D (6.38-3.78),
questionnaires on the app at baseline, n=>54 at and AlIS (7.65-5.92)
after 1 month, and after 2 months of 2-month were significantly
treatment. follow-up improved at 3-month
FTRS provides a large amount of data follow-up compared
for clinical research. with baseline.
There were significant
negative correlations
between the scores
and follow-up time
for THI.
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Table 2 continued. Evaluation of the effectiveness of tinnitus sound therapy apps, alone or in combination with other elements, based

on selected research

Efficacy of rehabilitation

Study Rehabilitation strategy Population Outcome measures
strategy
Engelke Structured counseling combined with individuals with 1. THI The mean THI was
etal. [53] sound therapy provided by the app in chronic tinnitus 2. EMA module via improved by 11.8
two phases: indicating app — 10 VAS points (p <0.001).

— baseline phase (tinnitus symptoms at least a questions —an end- 72% of patients had
were measured daily (min 7 days) mild tinnitus of-day diary to track ~ meaningful clinically
using app-based EMA using 10 VAS handicap changes in tinnitus improved THI scores
questions; (n=21) symptoms evoked (THI >7).

—intervention phase: 12 weeks of daily by the intervention. Positive relationship
sessions of structured counseling, A randomized between tinnitus
sound therapy (at least 15 min per multiple-baseline distress and loudness
day) and EMA. design across groups weakened over the

was used. course of the study.
Suh et al. Smart-TRT was compared with individuals with 1. THI In both groups THI
[54] conv-TRT. chronic tinnitus 2. Four VAS questions scores improved

Smart-TRT: directive education; 3 (n=84): 42 (awareness of significantly over time

interactive smart pad applications in smart-TRT tinnitus, annoyance, (p<0.001).

(numerous video clips, 1 a month)

group and 42 in

loudness of tinnitus,

There was no

and sound therapy (white noise via
smartphone at least 6 h a day).
Conv-TRT: 3 sessions of counseling
(1 a month) provided by a single
clinician and sound therapy.

conv-TRT group

difference between
the groups (p =0.76).
In both groups the
VAS scores improved
significantly over
time in awareness,
annoyance, effect on
daily life.

effect on daily life)

levels 3-5 deal with the areas of mindfulness, acceptance,
self-efficacy and are typically completed in not less than
7 months. Exercises are complemented by soothing na-
ture and background sounds, guided meditation, and tin-
nitus related information [55]. Walter et al. [55] tested its
safety and effectiveness in 187 patients with tinnitus in
a randomized controlled trial. Tinnitus related distress
and associated burdens (depression, stress) was signifi-
cantly decreased in the intervention group compared to
the control group. The results indicated significant reduc-
tions of TQ (Tinnitus Questionnaire) sum score in inter-
vention group: —13.36 = 1.00 compared to control group:
—0.63+£0.98; p<0.0001.

An interesting therapeutic project using a mobile app was
presented by Henry et al. [56]. The authors developed and
tested the Tinnitus Coach mobile app, which supports
learning and creating individual coping strategies based
on PTM (progressive tinnitus management). Users were
given access to various functions, e.g. the opportunity to
independently identify problematic situations and create
coping strategies for it (Add & Use Plans); they also had
access to quick sources of help in the form of sounds and
relaxation trainings (Sampler) and short articles on topics
related to tinnitus in general, as well as to the coping skills
offered by the app (Learning Nook). Henry and colleagues
found that users were more likely to use ready-made so-
lutions prepared in the app than tasks requiring the self-
creation of coping strategies.

Other projects of tinnitus education and psychological
therapy via smartphone apps have recently appeared which
involve working with the app using intuitive and simple
tasks [57,58]. The first, by Schlee, developed and explored
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the feasibility of an educational training app (Tinnitus
Tipps App) containing 108 self-help tips given every day
for 4 months. Based on their research, the authors point-
ed out that frequent and intensive use of the app is cru-
cial for treatment success — participants that used the app
more often and interacted with it intensively had a strong-
er improvement in tinnitus. The second, by Oron, was
an open pilot trial of the effectiveness of the GGTinnitus
app (GGTI), a CBT-based program of 48 levels of short
quests that aim to change maladaptive, catastrophic be-
liefs. Participants are asked to train for a few minutes dai-
ly, preferably before sleep, in order to consolidate mem-
ory and are advised to complete the tasks in 16 days. Of
the 14 participants taking part, only 2 did not experience
any reduction in H-THI (Tinnitus Handicap Inventory —
Hebrew) score.

In terms of projects that are encouraging, pleasant, and
encourage independent therapy for tinnitus, the “serious
game” concept described by Schrickler [59] is interesting. It
is an idea for a virtual game that in the context of tinnitus
aims to suppress irrelevant sounds by focusing on target
sounds and ignoring the background. Specifically, the user
must detect target animal sounds from a background, e.g.
similar to sounds on a farm or similar to their own tinnitus.
Compared to traditional hearing training, its advantages
are that it can be played at any time, is enjoyable, provides
immediate feedback, and can be steadily increased in lev-
el of difficulty, raising motivation and learning.

Demoen et al. [60] have described an approach where
the mobile app does not completely replace the thera-
peutic program, but complements and continues it, an
approach that may reduce treatment costs. The protocol
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they describe is for a randomised controlled trial which
aims to gauge both the effectiveness and cost of a mixed
physiotherapy and counseling program for somatic tin-
nitus using an app. The experimental group receive the
blended physiotherapy program comprising six in-clinic
physiotherapy sessions over a period of 12 weeks (1 every
2 weeks) as well as an exercise and counselling program
provided by an app. The control group receive the stand-
ard care program comprising 12 weekly in-clinic physio-
therapy sessions.

An example of using a chatbot within a mobile app has
been presented by Bardy at al. [61]. The authors performed
a randomized, 2 parallel-group trial to compare the clin-
ical effectiveness of iCBT delivered only through a chat-
bot mobile app (Tinnibot) and iCBT delivered through
a Tinnibot together with telepsychology (with the assis-
tance of a video-psychoeducational psychologist). The in-
tervention period was 8 weeks, with assessments at pre-in-
tervention, post-intervention, and 2 months follow-up. The
study showed that, 16 weeks after the start of the iCBT pro-
gram, over 60% of participants in both groups (Tinnibot
only or hybrid intervention with telepsychology), showed
a clinically significant decrease in tinnitus distress. The ad-
dition of telepsychology might be beneficial, but not es-
sential for the effectiveness of the treatment. Tinnibot in-
corporates traditional CBT practices of identifying and
challenging negative thoughts, activating behavior, train-
ing in relaxation, mindfulness, acceptance, and gratitude,
and creating environments containing relaxing sounds.

An important factor in the use of mobile apps for self-help
is the user’s motivation — to complete the proposed therapy
and make the most of what the app offers and to regularly
feed in data that helps with research and therapeutic out-
comes. The studies mentioned earlier indicate that there
is quite a high percentage of test subjects who disquali-
fy themselves at an early stage of the study due to failure
to complete the therapy, technical difficulties, omission of
complete answers, or losing contact [49,51,57,58]. At the
same time, researchers often emphasize the relationship
between the effectiveness of therapy and the frequency and
time spent on it [49,51,57]. There is therefore a need for
further research into factors that will make an app’s func-
tions more attractive and intuitive so that the user is more
motivated to use it. Clinicians can play an important role
here by helping to match an app’s features to the patient’s
needs and by monitoring the course of therapy. We think
that specialists dealing with the diagnosis and treatment
of tinnitus should familiarize themselves with what apps
exist, as well as their functions and effectiveness, so that
appropriate solutions can be proposed to their patients.

A look to the future

Searchfield et al. [62] describe four generations of techno-
logical and digital development of tinnitus therapy, with
the fourth the current generation of Al hearables, biosen-
sors, and wearable technology.

AT in mHealth means analyzing and learning from huge
amounts of data through ML (machine learning) and RL
(reinforcement learning) to create new diagnostic paths,
new models, and profiles of different health ailments [18].
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The review by Milne-Ives et al. [63] shows the diversity and
feasibility of using AI to support mobile apps for mental
health in a variety of ways, e.g. for prediction of mood and
stress, for natural language conversations, and for deliv-
ery of notifications. The importance of Al is also empha-
sized in optimization of just-in-time adaptive interventions
(JITAIs) and ecological momentary interventions (EMIs) —
personalized interventions in a person’s daily life, given at
the right time, based on real-time assessment. In this way,
JITAI adapts contextually to the changing internal state of
the individual [63-67]. The distinguishing feature of JITAI
compared to EMI is the use of statistical methods to im-
prove and tailor interventions over time for a given indi-
vidual [66]. The development of EMI and JITAI, based on
mobile data collection technologies (e.g. sensors, weara-
bles, powerful computational capabilities of smartphone),
is currently accelerating in the area of mHealth, includ-
ing psychotherapy and behavioral approaches to dealing
with depression, anxiety, stress, and addictions [65-67].
Designed interventions may involve both the delivery of
interventions automatically via a mobile app and delivery
of just-in-time support by the doctor/therapist based on
data provided by the app [66]. Intervention content can
be delivered in various ways — as notifications, text mes-
sages describing tasks to be performed, visual and audio
images, conversational interventions (chatbots), and acti-
vation of a support network [66]. Algorithms can be in-
cluded that change the settings of a therapeutic device, e.g.
hearing aid, cochlear implant, sound generator, depending
on the stream of delivered data.

The possibilities of using ML algorithms are increasing
in the field of medicine. Manta et al. [68] described a
study using ML for tinnitus diagnosis based on wavelet-
transformed auditory evoked potential signals and clini-
cal data. The first mentions of using ML on large amounts
of data from TYT can be found in Breitmayer et al. [42],
Allagier [43], and Pryss [44]. Interesting developments
have been presented by Doborjeh et al. [69], where the
authors demonstrated the potential use of AI algorithms
to predict tinnitus therapy outcomes based on EEG data.
Neural networks were used to model frequency features of
the EEG and functional connectivities, giving up to 99%
accuracy for predicting whether patients would be re-
sponders or non-responders to sound-based therapy. The
authors point out that this is the first step towards creat-
ing a real-time prognostic digital health system based on
a small number of EEG variables from a wearable device
that a patient could use at home.

Another possibility for use of AI in mobile apps are chat-
bots. Chatbots are conversational guides/therapists based
on Al that could be used in medicine and psychology
to analyze patient data in a real time and suggest rele-
vant solutions. Assessments of their effectiveness was de-
scribed by Moulya and Praghathi [70], Karkosz et al. [71],
Klos et al. [72], Pryss et al. [73], Gutu et al. [74], and
Fulmer et al. [75]. Chatbots in a therapeutic mobile app
could be used as guides, verbally suggesting certain steps
or solutions, or they could recognize emotions, verify the
user’s current needs, or propose, in a conversational form,
specific therapies (such as CBT, motivational dialogue,
positive psychology, etc.).

Journal of Hearing Science - 2024 Vol. 14 - No. 2



Sarnicka et al. — Mobile apps for tinnitus

Smart Devices (Searchfield 2021)
Hearing Aids, Cochlear Implants, Hearables, Wearable Diagnostic Devices, Biosensors

Tool validation/optimization

Mobile CrowdSensing (Kraft 2019) ‘

Central Database
Big Data

Diagnosis
A real-time assessment
Prediction models
Hearing testing

Web Dashboard for Clinician
(Kraft 2020, Hauptmann 2016)

l

Hearing protection/enhancement

Health/Tinnitus Care Clinican’s Control/Care
Personalized care JITAls
Constant/wide availability (Menictas 2019,
Nahum-Shani 2018)

Research
Al Machine Learning: Deep Learning, Reinforcement Learning
(Milne-Ives 2022, Doborjeh 2023, Manta 2023, Breitmayer 2023, Allagier 2021, Pryss 2020, Menictas 2019)

Risk factors/prediction/comorbidity/therapy MODELS (Mazurek 2023)

Figure 1. Directions and technological background in the development of smartphone apps for tinnitus diagnosis and treatment

The increasing prevalence of smart mobile devices and
apps enables the combined use of mobile crowd sensing
(MCS) and ecological momentary assessments (EMAs)
in the healthcare domain. Moreover, the combined use
of MCS and EMA increasingly requires appropriate ar-
chitectures and associated digital health solutions for the
collection and management of large amounts of data. A
reference architecture for the EMA-MCS platform with
development directions and potential uses was described
by Kraft et al. [41,76].

Sensors built in, or connected to, mobile devices are impor-
tant in developing effective mobile diagnostics and thera-
py [77]. There are recent examples of how sensors can be
built into smartphones for tinnitus treatment. Mehdi et
al. [78] presented the Tinnitus Sense mobile app project,
which aims to study the relationship between weather fac-
tors and the severity of tinnitus: weather data is collected
automatically using smartphone sensors and visualized and
managed by the app. Kraft et al. [76,79] presented a crowd
sensing platform collecting a large amount of automatic
data from sensors in smartphones in order to map areas
with different noise levels, a facility that might help tinni-
tus patients avoid places with high noise levels.

Together with various miniaturized wearable diagnostic
devices, sensors enable automatic collection of various bi-
ological, behavioral, and environmental data in real time;
they can then make longitudinal measures of physiolog-
ical functions that can be associated with the severity of
tinnitus [62]. Nevertheless, attention needs to be paid to
technological challenges, data protection, and anonymi-
zation, and the costs of carrying out this type of meas-
urement [80].

Mobile apps are becoming increasingly popular in the
control and management of smart devices for hearing and

tinnitus therapy such as hearing aids (HAs) and cochle-
ar implants (CIs). Searchfield et al. [62] describe the im-
portance of rapidly developing technologically advanced
smart hearing aids, cochlear implants, and smart head-
phones (hearables) in tinnitus therapy. HAs are used in
tinnitus management to reduce the accompanying hear-
ing handicap, reduce the attention paid to tinnitus, provide
sound therapy, and raise the level of environmental sounds
so that tinnitus can be effectively masked. Tinnitus sound
therapy strategies developed for HAs are also being trialed
with CIs. In the future, smart headphones with multiple
functions (hearables) could be used as an alternative to
HAs. Searchfield, referring to recent publications on the
development of smart devices, noted that efforts to develop
cognitively controlled HAs and ear-based EEGs could be
extended to tinnitus treatment, with real-time adjustment
based on AI [62]. The real promise of this technology is
the potential to combine biometrics (e.g., EEG, heart rate,
temperature, skin resistance, blood oxygen, and stress hor-
mone levels) with auditory or other sensory stimulation.

Figure 1 summarizes the directions and technological
background in the development of smartphone apps for
tinnitus diagnosis and treatment. Appropriately com-
bined, these possibilities may create the smart diagnos-
tic and therapeutic platforms of the future. The platforms
could offer personalized prediction models based on a real
time assessment with AI support, as well as personalized
care with constant and wide availability and just-in-time
interventions.

Challenges and directions for future research

The systematic development of mobile technologies, in-
cluding remote monitoring of a patient’s health, will lead
to innovative diagnostic and therapies with significant
potential for health care systems.
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Wide and constant access to diagnostic and therapeutic
techniques, effective management of chronic diseases, and
support for therapeutic decisions via mobile technologies
are important developments in audiology. However, exist-
ing work in the field of self-measurement of hearing and
tinnitus still need to be optimized, verified, and clinical-
ly proven before effective diagnostic methods can be in-
troduced. In the area of diagnostics, then, a key factor is
the scope and accuracy of self-measurement when used
for the subjective and objective assessment of hearing.
A similar comment relates to the assessment of the con-
dition of the middle ear using modular portable devices
together with a smartphone and a mobile app. Adapting
these solutions to specific patient groups (e.g. older peo-
ple) is a major consideration.

An important direction of research in audiology is the de-
velopment of EMA methods. These will allow better con-
trol and management of chronic ailments such as tinni-
tus, in particular its progression, and how hearing levels
improve or fluctuate as the result of various factors or use
of therapeutic methods. The option of being able to have a
reliable self-measurement, performed by the patient in real
time and in natural conditions, might help create better
predictive and diagnostic models. It will also enable more
timely therapeutic responses during the course of tinnitus
treatment. Just-in-time medical check-ups will not only in-
crease the quality of therapy, but might also reduce treat-
ment costs. Further research in this area will need clinically
verified, accredited portable diagnostic tools for collecting
automatic data (physiological, behavioral, environmental)
in real time. The challenge will be to reduce the costs of
these devices, adapting them for everyday use, taking into
account patient motivation and eliminating technological
and economic barriers (cost, access, and bandwidth). These
solutions will require the creation of databases collecting
large amounts of self-reported and automatic data of high
quality. The challenge is to organize effective multidisci-
plinary cooperation in creating platforms to collect data,
and then make it available to researchers, doctors, and pa-
tients. Legal regulations regarding the collection, manage-
ment, and protection of sensitive data in these new sys-
tems will be an important issue.

The challenge for scientists and clinicians is to devel-
op EMATI and JITAIs with the support of AI techniques.
Designing automatic delivery of JITAIs, formulated by the
app or by a doctor/therapist based on incoming data, will
require an innovative approach in using existing scientific
and therapeutic standards as well as new research into the
dynamics of ongoing interventions. Nahum Shani et al. [67]
emphasize the need for further efforts to develop dynamic
theories of health behavior in the context of JITAIs. They
claim that, despite the increasing use and appeal of JITAI,
a major gap exists between the growing technological ca-
pabilities for delivering JITAIs and research on the devel-
opment and evaluation of these interventions. Thus, there
is a need for researchers and clinicians to be involved in
the creation of JITAIs based on empirical evidence, theo-
ry, and accepted treatment guidelines. The authors point
out that building an empirical basis on which to construct
such dynamic models requires studies and methods that
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capitalize on the rich, fine-grained, temporal data that can
now be collected using ubiquitous mobile and wireless
technology. The basis for creating new dynamic behav-
ioral models in medicine and their effective implementa-
tion are to be found in new study designs (e.g. MRT, mi-
cro-randomized trials) and data analytic methods (e.g.
continuous updating of the JITAI decision rules depend-
ing on the effects of previous interventions). Additionally,
Nahum Shani emphasize the need to train researchers in
innovative approaches to creating study designs and ana-
lytic methods suitable for mobile health data.

In the context of EMAI and JITAIs, important factors in
the introduction of innovative, more effective diagnostic
and therapeutic methods is the chronic nature and vari-
ability of tinnitus and its susceptibility to various factors.
Suitable methods will be needed to increase the effective-
ness of therapeutic devices and hearing rehabilitation using
hearing aids, cochlear implants, and other portable ther-
apeutic devices. More effective methods will need to bal-
ance many factors, e.g. whether an individual suffers from
hearing loss, tinnitus, or sound hypersensitivity.

In the area of tinnitus rehabilitation, previous findings
suggest that mobile apps offer great potential for self-help
therapeutic methods. They can be stand-alone methods or
support methods offered by specialists. The introduction
of clinically verified therapeutic methods based on mo-
bile apps into the public health system will involve sever-
al stages. Therapeutic programs will need to be optimized
in terms of intuitiveness and attractiveness. This is impor-
tant for making independently run therapies effective and
maintaining a high level of motivation. The next impor-
tant step is to verify the efficacy of the apps in large rand-
omized control clinical trials. Therapies based on mobile
apps will also require linguistic and cultural adaptation in
order to disseminate them around the world and perform
clinical re-verification. The final challenge is to create ed-
ucational programs for specialists — training modules —
for individual mobile apps, setting out their therapeutic
possibilities and areas of application.

Conclusions

1. Based on smartphone-based apps with ecological mo-
mentary assessments (EMAs), the possibility arises of us-
ing them and various wearable diagnostic devices to bet-
ter understand the variability of tinnitus and its causes.

2. Combining mobile apps with mobile crowd sensing, cen-
tral databases collecting anonymized user data, and Al
support creates a valuable source for scientific research.

3.Clinically verified methods delivered by mobile apps
could become part of a specialist-endorsed therapeu-
tic process that supports easy, low-cost, and wide range
therapy for dealing with tinnitus.

4. Multifunctional smart devices — such as hearing aids,
cochlear implants, and hearables — and managed by
mobile apps may become equally important in tinnitus
therapy.

5.1In the future, the development of mobile technologies
and Al techniques will contribute to the creation of smart
therapy platforms for tinnitus.
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Abstract
Introduction: This systematic review investigates the influence of adenotonsillectomy (AT) on asthma control in pediatric patients.

Material and methods: A literature review from 2000 to 2023 based on the databases PubMed, the Cochrane Library, and Web of Science.
The analysis is distilled down to four studies that revealed positive outcomes in asthma control as gauged by the Asthma Control Test (ACT),
the Childhood Asthma Control Test (C-ACT), clinical outcomes, and asthma-related chitinase levels.

Results: The four studies consistently demonstrated improved asthma control postoperatively in terms of improved ACT scores, reductions in
acute asthma exacerbations, emergency room visits, hospitalisations, and medication usage. Notably, the correlation between improved asthma
control and decreased chitinase activity suggests that AT has an impact on molecular markers associated with asthma.

Conclusions: The findings underline the potential benefits of AT in pediatric asthma management. However, the limitations of this study include
a small number of studies and potential biases related to asthma’s natural course and seasonal variations. While the review provides evidence
for the positive impact of AT on asthma control, further research with longer follow-up periods, case-matched controls, and consideration
of seasonal factors is recommended.

Keywords: chitinase « asthma control « ACT « pediatric astma « adenotonsillectomy « C-ACT

WPLYW ADENOTONSILLEKTOMII NA KONTROLE ASTMY U PACJENTOW
PEDIATRYCZNYCH - PRZEGLAD SYSTEMATYCZNY

Streszczenie

Wstep: Celem tej pracy jest dokonanie przegladu literatury dotyczacej wptywu zabiegu adenotonsillektomii na jako$¢ kontroli astmy u pacjentow
pediatrycznych.

Material i metody: Przeprowadzono przeglad literatury naukowej z wykorzystaniem baz PubMed, Cochrane Library i Web of Science,
uwzgledniajac publikacje z lat 2000-2023. Analiza objeta ostatecznie cztery publikacje ukazujace poprawe jakosci kontroli astmy w takich
miarach jak Asthma Control Test (ACT) i Childhood Asthma Control Test (C-ACT), a takze zawierajace rezultaty leczenia oraz poziomy
chitynazy zwigzanej z astma.

Wyniki: Cztery zaprezentowane badania konsekwentnie wykazaly pooperacyjna poprawe jakosci kontroli astmy, manifestujaca si¢ jako poprawa
wynikéw testu ACT lub C-ACT, ograniczenie liczby zaostrzen astmy, wizyt w oddzialach ratunkowych i hospitalizacji oraz zmniejszenie
przyjmowania lekow. Warto zauwazy¢, ze zwigzek pomiedzy poprawa kontroli astmy a obnizeniem aktywnosci chitynazy sugeruje wpltyw
adenotonsillektomii na markery molekularne zwigzane z astma.

Whioski: Wyniki §wiadczg o potencjalnych korzysciach z zastosowania adenotonsillektomii w leczeniu astmy u dzieci, jednak nalezy wzia¢ pod
uwage jego pewne ograniczenia, takie jak niewielka liczba uwzglednionych badan oraz potencjalne bledy zwigzane z naturalnym przebiegiem
astmy oraz sezonowymi zmianami. Mimo ze przeglad dostarcza dowodéw na pozytywny wplyw adenotonsillektomii na jako$¢ kontroli astmy,
zaleca si¢ dalsze badania z uwzglednieniem nie tylko dtuzszego czasu obserwacji i grupy kontrolnej dopasowanej do przypadkow, lecz takze
czynnikéw sezonowych.

Stowa kluczowe: chitynaza « kontrola astmy « ACT « astma dziecigca » adenotonsillektomia « C-ACT
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Key for abbreviations

A adenoidectomy

AAE acute asthma exacerbation

ACT Asthma Control Test

ARER emergency room visits related to asthma

ARH asthma-related hospitalisations

ASA acute status asthmaticus

AT adenotonsillectomy

C-ACT Childhood Asthma Control Test
Introduction
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While observational studies suggest a potential improve-
ment in asthma management after undergoing AT, the
existing literature lacks a comprehensive analysis and
synthesis. The objective of this study was to perform a
systematic review of all relevant studies investigating the
impact of AT on asthma control in pediatric patients. By
synthesising findings, this review aims to help identify
those children who are most likely to benefit from AT,
supporting the rationale of using AT as an intervention
for asthma in pediatric patients. Additionally, considering
the dynamic nature of medical research and the contin-
uous evolution of clinical practice, updating our under-
standing of the role of AT in asthma management is cru-
cial. Thus, this review seeks to refine knowledge and inform
evidence-based decisionmaking in pediatric asthma care.

Material and methods

Asthma is one of the most common respiratory diseas-
es in Poland. According to a BUPAS study of children
aged 7-13 years, 3.5% of them who lived in rural areas
and 4.1% of them who lived in urban areas suffered from
asthma symptoms [1]. The total value of reimbursement
for provided services with a diagnosis of asthma (J45, J46
according to ICD-10) amounted to PLN 257.1 million in
2019 [2,3]. Asthma is a chronic respiratory disease char-
acterised by variable airflow obstruction, bronchial hyper-
responsiveness, and airway inflammation.

The most important factor contributing to asthma devel-
opment is considered to be the presence of allergic rhini-
tis, especially among individuals with additional confirmed
bronchial hyperresponsiveness [4]. Epidemiological stud-
ies have also shown several demographic, developmental,
and environmental factors that appear to influence the on-
set of the disease. The most crucial are low birth weight,
parental smoking, use of antibiotics, and paracetamol.
Additionally, individuals living in urban areas, which are
more exposed to breathing polluted air, are more prone
to the condition.

The most effective and basic treatment for bronchial asth-
ma is therapy with inhaled glucocorticosteroids. This treat-
ment, consisting of small doses taken regularly, is sufficient
for the majority of patients. Additionally, in pharmacolog-
ical therapy, bronchodilator drugs are also used. These are
most commonly long-acting and short-acting beta2-ago-
nists. These drugs are used as needed and should not be
the base of pharmacological therapy. According to current
recommendations, the preferred method for the emergen-
cy treatment of a sudden breathlessness attack is the use
of small doses of inhaled glucocorticosteroid with a long-
acting beta2-agonist [2,5].

Adenoidectomy (A) alone or combined with tonsillec-
tomy as an adenotonsillectomy (AT) is one of the most
common surgeries performed in Poland. Based on sta-
tistics from 2017, approximately 43,192 of these surger-
ies are performed annually [6]. Adenoidectomy involves
surgical removal of the adenoid, and adenotonsillectomy
is the removal of the adenoid and both tonsils. Two pri-
mary categories of indications for these procedures are re-
current upper respiratory tract infections and sleep-related
breathing disorders [7].
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We conducted a comprehensive literature review using
the databases PubMed, the Cochrane Library, and Web
of Science. The search strategy involved the use of key-
words “adenoid and asthma’, “adenoidectomy and asth-
ma’, “adenotonsillectomy and asthma’, and “tonsillecto-
my and asthma”. We limited the time frame to the years
2000-2023 and restricted the search to English-language
articles. Our inclusion criteria were pediatric patients aged
18 years or younger, diagnosed with asthma, and undergo-
ing adenotonsillectomy as a treatment for recurrent infec-
tions or obstructive sleep apnea. Based on the keywords,
a total of 507 records were obtained. Of these, 194 were
excluded before screening as duplicates, and 300 were ex-
cluded due to not meeting the inclusion criteria. We as-
sessed 13 articles for full-text access, and after applying all
exclusion criteria, 4 articles were left for qualitative syn-
thesis. The results and specific exclusion criteria are sum-
marised in the PRISMA chart of Figure 1 [8].

To assess and minimise bias, we conducted a thorough
evaluation of the study design, methodology, and poten-
tial sources of bias of each study involved in the review.
Table 1 compares key characteristics of the four included
studies, setting out number of patients, control group char-
acteristics, results analysed, and study character.

Results

Asthma clinical outcomes

All four studies included in the review took into consid-
eration various aspects of asthma clinical outcomes. The
clinical outcomes differed between the studies.

The biggest study group was that of the Bhattacharjee et al.
study [9]. Using the 2003-10 MarketScan database, they
analysed 13,506 children with asthma who underwent
AT matched with 27,012 asthmatic children not under-
going the AT procedure. Asthmatic children were identi-
fied from the MarketScan database using the ICD-9 code
for asthma. From this cohort, asthmatic children who had
undergone AT were identified using current procedural
terminology codes for AT. Control group patients were
chosen based on meeting the criteria for asthma but did
not have a history of any current procedural terminology
codes for AT, adenoidectomy, and tonsillectomy. Patients
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(n=13)

Studies included in review
(n=4)
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Figure 1. PRISMA 2020 flow diagram

Table 1. Comparison of the four key studies

Full-text articles excluded:

« Articles focusing fully on obstructive sleep apnea (0SA) (n=4);

- Patients undergoing additional procedures (other than AT) (n=2);
- Patients not undergoing AT (n=2);

« Article in the form of a literature review (n=1)

Study Bhattacharjee et al. Goldstein et al. Levin et al. Busino et al.
Number of Intervention: 13,506 Intervention: 80 Intervention: 64 Intervention: 93
patients Control: 27,012 Control: 62 Control: 66 Control: 372

Asthmatic children
not undergoing AT

Control group
characteristics

Asthmatic children
not undergoing AT

Children without
asthma diagnosis

Children without
asthma diagnosis

procedure procedure undergoing AT undergoing AT
procedure procedure
Results Frequency of acute C-ACT score, count of C-ACT score, frequency ACT score, frequency of
analysed asthma exacerbation, asthma exacerbations, of emergency room hospital visits, systemic
acute status number of courses visits/urgent care steroid use, asthma
asthmaticus, emergency of systemic steroids, visits for asthma, medication use
room visits related emergency room visits, oral corticosteroid
to asthma, asthma- and hospitalisations courses, hospitalisation
related hospitalisations, over 6 months for asthma, missed
changes in prescriptions days due to asthma,
for asthma medications chitinase activity
Study Longitudinal database Prospective, controlled Longitudinal Retrospective chart
character analysis study observational study review

from the control group were matched with patients un-
dergoing AT by age, sex, home location, and geographical
state of residence. MarketScan is a large database of over
180 million patients including a large cohort of children
that collects payment information, capturing reimburse-
ments from health insurance plans and payments accrued
by patients in the USA [9].

The primary outcomes focused on the presence of a diag-
nostic code indicating acute asthma exacerbation (AAE) or
acute status asthmaticus (ASA). Secondary outcomes in-
volved temporal changes in prescriptions for asthma med-
ications, the frequency of emergency room visits related
to asthma (ARERs), and asthma-related hospitalisations
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(ARHs). The frequency of outcomes for patients with asth-
ma who underwent adenotonsillectomy (AT+) was as-
sessed for the 1-year period preceding the AT date and
compared to the 1-year period following the AT date.
For the control group AT- patients, the frequency of out-
comes was examined over a corresponding 2-year dura-
tion. The occurrence of acute asthma exacerbation (AAE)
and acute status asthmaticus (ASA) episodes significantly
decreased in children who underwent adenotonsillectomy
(AT+) compared to those who did not (AT-) between the
first year and the second year of follow-up. Specifically,
the frequency of AAE decreased from 2,243 before AT to
1,566 after AT in AT+ children compared to a decrease
from 3,403 in the first year to 3,336 in the second year in
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the AT- group, resulting in a relative risk reduction of 30%
versus 2% (p<0.0001).

The occurrence of acute status asthmaticus (ASA) declined
in AT+ patients, decreasing from 562 incidents before AT
to 349 after AT. In comparison, in AT- patients, the fre-
quency went from 837 in the first year to 778 in the sec-
ond year. This resulted in a relative risk reduction of 38%
versus 7% (p<0.0001).

The reductions in both AAE and ASA were present across
all age groups of AT+ patients. Comparing prescription
refills of AT+ patients to AT- patients, the former experi-
enced significant decreases in most classes of asthma pre-
scriptions during the 1-year period following the proce-
dure. Analysis showed a 16.7% reduction in prescription
refills for bronchodilators, a 21.5% reduction for inhaled
corticosteroids, and a 13.4% reduction for leukotriene re-
ceptor antagonists. In terms of the number of children per
1,000 who obtained various asthma prescriptions before
AT, more AT+ children required prescriptions for bron-
chodilators, inhaled corticosteroids, and leukotriene re-
ceptor antagonists compared to the AT- control group.
After the AT, the number of AT+ children requiring these
therapies decreased to levels comparable to those of AT-
children. The number of prescription refills of systemic
corticosteroids, potentially indicative of an asthma exac-
erbation, showed a significant decrease in the AT+ group
compared to the corresponding second year of follow-up
in AT- patients (23.7% versus 7.3% reduction; p = 0.003).
The occurrences of asthma-related emergency room visits
(ARERs) and asthma-related hospitalisations (ARHs) were
markedly decreased in the AT+ group after AT compared
to the AT- group (25.6% versus 0.0% reduction; p < 0.0001;
and 35.8% versus 12.2% reduction; p =0.0025) [9].

The study by Levin et al. [10] analysed 66 patients diag-
nosed with asthma, alongside a control group compris-
ing 64 patients without asthma (both undergoing AT).
Some 75% of the study participants underwent surgery
primarily due to tonsillar hypertrophy, including symp-
toms of sleep-disordered breathing, whereas 23% of par-
ticipants underwent surgery primarily due to recurrent
tonsillitis/infection. Follow-up was achieved in 81% of all
enrolled patients, with the mean time to follow-up after
surgery being 7 months (range 5-12; SD =1.5); the rate
was not statistically different between groups. The analysis
focused on changes in clinical characteristics in the asth-
matic cohort. Significant reductions were observed in the
mean frequency of events per 12 months — events com-
prising emergency room visits/urgent care visits for asth-
ma (1.88 in baseline versus 0.40 in follow-up; p < 0.05),
oral corticosteroid courses (1.11 in baseline versus 0.21
in follow-up; p <0.01), hospitalisation for asthma (0.09
in baseline versus 0.00 in follow-up), and missed days
due to asthma (3.86 in baseline versus 2.00 in follow-up;
P <0.05). Improvement in asthma control was specified as
an increase in ACT score of 3 or greater, a decreased rate
of emergency/urgent care visits, a decreased rate of oral
corticosteroid courses, or a decrease in rescue short-act-
ing beta2-agonists usage in the previous month. In terms
of clinical outcomes, patients with fully controlled asth-
ma were excluded. Not fully controlled asthma was char-
acterised as pediatric ACT < 25, adult ACT <23, one or
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more ED/urgent care visits in the previous year, one or
more oral corticosteroid courses in the last year, or using
SABA medication in the last month. In the cohort of asth-
matic patients, there were 48 patients without fully con-
trolled asthma. Of these 48 patients, 36 (75%) had an im-
provement in symptoms in at least one category after AT.
When restricted to the 34 subjects with poorly controlled
asthma at baseline, 29 individuals (85%) experienced an
improvement in symptoms in at least one category [10].

In the study by Busino et al. [11], the study group con-
sisted of 465 children who underwent adenotonsillecto-
my. Of this number, 93 had asthma while 372 did not have
an asthma diagnosis. Outcome measures of asthma con-
trol were assessed during the 12 months preoperatively
and 12 months postoperatively. They included hospital
visits, systemic steroid use, asthma medication use, and
scores on the Asthma Control Test (which are analysed
later in this review). They observed a statistically signif-
icant reduction in the number of postoperative hospital
visits (p <0.01). Systemic steroid usage was significantly
decreased postoperatively (p < 0.01). Medication usage also
exhibited a significant decrease after surgery, with a nota-
ble reduction in the number of daily medications required
per patient (p <0.01) [11].

Goldstein et al. [12] performed a prospective, controlled
study of asthma control in 80 asthmatic patients under-
going AT matched by sex, age, and asthma severity to
a control group consisting of 62 patients not undergoing
AT. Asthma outcomes were measured based on the count
of asthma exacerbations, number of courses of systemic
steroids, emergency room visits, and hospitalisations, over
a period of 6 months. The median count of asthma exac-
erbations was 1 for both groups at the beginning and de-
creased to 0 for both groups during the follow-up period,
along with median counts of other outcomes remaining at
0 at both the start and follow-up for both groups. When
the analysis was limited only to patients with moderate or
severe persistent asthma, there was an increase in the num-
ber of asthma exacerbations and courses of systemic ster-
oids; however, each group consisted of only 8 patients. Due
to the prevalence of 0 values, for analysis the asthma out-
comes were split into 0 versus > 0. There were no significant
differences between the groups at either time point for the
occurrence of any asthma exacerbations (entry p = 0.367;
follow-up p =0.327), and both groups exhibited significant
improvement over time (AT p < 0.001; control p =0.002).
Regarding use of any steroids, there were no significant
group differences at entry (p =0.802) but they differed at
follow-up (p =0.043). There was significant improvement
over time in the AT group (p < 0.001) but not in the control
group (p =0.083). Concerning any emergency room visits,
group differences were noted at entry (p = 0.034), but not
at follow-up (p=0.053). Both groups demonstrated sig-
nificant improvement over time (p = 0.005 for both tests).
For any hospitalisation, the groups differed significantly
at entry (p =0.035) but not at follow-up (p =0.347) [12].

Improvement in asthma control scores

Three of the four studies included in the review used some
form of a patient-reported questionnaire to obtain infor-
mation about asthma control quality. Busino et al. [11]
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Figure 2. Median C-ACT scores in the studies by Goldstein et al. and by Levin et al.

used the Asthma Control Test (ACT) which is a validated
and widely used tool designed to assess the level of asth-
ma control. It consists of 5 questions, each answered with
a number on a scale of 1 to 5. Total score ranges from
5 to 25, with higher scores indicating better asthma control.

Goldstein et al. [12] used the Childhood Asthma Control
Test (C-ACT), which is a questionnaire designed to assess
the level of asthma control in children aged 4 to 11 years
[14]. It consists of 7 questions, 4 of which are answered
by the child with the help of a parent, and 3 by the parent.
Responses are summed to a score ranging from 0 (poor
control of asthma) to 27 (complete control of asthma);
a score <19 is defined as uncontrolled asthma [14]. Levin
et al. [10] used both C-ACT and ACT for relatively older
pediatric patients. In that case, ACT scores were rescaled
from a maximum of 25 to 27, in order to compare them
with C-ACT scores that also have a maximum score of 27.

Goldstein et al. [12] presented research material covering
a group of 80 children with diagnosed asthma who were
undergoing AT and 62 controls matched by age, sex, and
asthma severity. They demonstrated significant improve-
ment in C-ACT scores in asthmatic children after under-
going AT compared to asthmatic control children not un-
dergoing the procedure. The adjusted mean entry C-ACT
score for the AT group was 21.9 (20.9-22.7) and 22.4
(21.5-23.3) for the control group. The adjusted mean fol-
low-up C-ACT score for the AT group was 25.2 (24.6-25.7)
and 23.6 (22.8-24.3) for the control group. There was sig-
nificant group-by-time interaction (p <0.001). Their sim-
ple effects analysis showed that group means did not differ
at entry (p =1.00) but did differ at follow-up (p =0.006).
Some 47% of the AT group had C-ACT scores < 19 at entry,
whereas only 15% had scores < 19 at follow-up after under-
going AT. In the control group, scores < 19 were obtained
from 37% of patients at entry and 32% at follow-up [12].
The results are shown in Figure 2.

In their studies, Levin et al. [10] used pediatric ACT
(C-ACT) for 46 patients and adult ACT for 5 patients.
As mentioned earlier, ACT scores were rescaled to allow
comparison with C-ACT scores. Some 15 of their asth-
matic patients never completed baseline C-ACT. Baseline

C-ACT scores ranged from 6 to 27 with a median of 22.
In their studies, they also described a subgroup of patients
with poorly controlled asthma. Key requirements were a
C-ACT score below 20, > 2 emergency department/urgent
care visits in the last year, > 2 oral corticosteroid courses in
the last year, or use of short-acting bronchodilators more
than twice per week in the last month. These requirements
were met by 38 patients. Follow-up was achieved for 81%
of all enrolled subjects (n=105), 58 asthmatic patients,
and 47 control patients. The mean time to follow-up was
7 months. There was a significant improvement in C-ACT
scores at the follow-up visit, with the median score increas-
ing from 22 to 25 (p < 0.001). In the case of the subgroup
with poorly controlled asthma at baseline, the analysis of
ACT scores after undergoing AT demonstrated a median
increase of 6 (p = 0.02). An analysis of responses to C-ACT
showed that there were noteworthy pairwise increases in
responses to 6 of 7 questions. These included the child’s
self-assessment of asthma symptoms on that day (question
1; p <0.01), cough (question 3; p <0.0001), and nighttime
symptoms (question 4; p < 0.0001). There were also signifi-
cant pairwise increases in the three questions evaluated by
parents (questions 5-7; frequency of daytime symptoms,
p=0.0001; frequency of wheeze, p <0.01; and frequency
of nighttime symptoms, p <0.001) [10]. These results are
also shown in Figure 2.

In the Busino et al. [11] study, they measured ACT scores
of 93 asthmatic children 12 months pre-operatively
and compared them to scores obtained from follow-up
12 months after the AT. They showed that ACT scores
significantly improved following surgery (there was no
comparison with a control group). The mean preopera-
tive ACT score was 18.5 compared to 20.5 postoperatively.
The results are shown in Figure 3. Overall, all of the stud-
ies using a patient-reported questionnaire to obtain infor-
mation about asthma control quality consistently demon-
strated improvements in such control tests.

Decreased level of asthma-related chitinase
The study by Levin et al. [10] focused on one additional

aspect of monitoring asthma control: they measured
chitinase activity in circulation on baseline and during
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Figure 3. Median ACT scores in the study by Busino et al.

follow-up. Chitinase binds to or cleaves chitin, while many
chitin-containing substances serve as common allergic
triggers in asthma. Chitinase activity level is correlated
with inflammation and disease activity in chronic dis-
eases such as asthma [15]. Compared to subjects without
concomitant upper airway disease, the actively enzymatic
chitinase, chitotriosidase (CHIT1), exhibits overexpression
in the adenoid tissue of children undergoing adenotonsil-
lectomy because of concurrent chronic rhinosinusitis, oti-
tis media with effusion, or allergic rhinitis [16]. Chitinase
levels were assessed both at baseline and during follow-up.
Children with asthma exhibited a significant reduction in
circulating chitinase activity post-AT (median decrease of
0.4 nmol/l/ml*h, p <0.01). Control group patients showed
no significant change after surgery (median no change,
p =0.83). In the case of the asthmatic children, those with
improved asthma control showed a notable decrease in chi-
tinase activity following adenotonsillectomy (p =0.001),
while those without improvement showed no significant
change (p=0.73). Similar findings were observed in chil-
dren with poorly controlled asthma: chitinase activity sig-
nificantly decreased with improved asthma control (me-
dian decrease of 0.9 nmol/l/ml*h, p <0.01), but remained
unchanged when control was not improved (median no
change, p=1.00).

Discussion

In this review, we explored the impact of AT on asthma
control in pediatric patients. The findings from the four
included studies shed light on various aspects of asthma
outcomes such as clinical outcomes, asthma control tests,
and chitinase levels. The findings from the four studies
confirm improvements after undergoing AT procedures,
with three of the four showing significant enhancements
in clinical outcomes.

Bhattacharjee et al. [9] reported a significant decrease in
the occurrence of acute asthma exacerbations, acute sta-
tus asthmaticus, asthma-related emergency room visits,
and asthma-related hospitalisations. They also showed that
AT+ patients experienced significant decreases in most
classes of asthma prescriptions during the 1-year period
following the procedure.

Levin et al. [10] demonstrated that 75% of patients had
improvements in symptoms in at least one category, but
when specifically considering the subgroup with poorly
controlled asthma at baseline, 85% experienced improve-
ments. This might indicate that in pediatric asthma the
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impact of AT on clinical outcomes depends on the sever-
ity of the initial asthma condition, emphasising the need
for tailored interventions based on an individual’s base-
line asthma severity.

Busino et al. [11] revealed that both systemic steroid usage
and the number of daily medications decreased after AT.

The Goldstein et al. [12] study demonstrated significant
improvement in the primary outcome measure, the C-ACT
score. But despite notable improvements in C-ACT scores,
the study found minimal changes in asthma clinical out-
comes. So, based on the C-ACT scores, patients demon-
strated better self-reported asthma control, but this im-
provement did not translate into substantial changes in
objective clinical measures of asthma. Given that 89% of
AT+ patients, and 87% of control group patients, had in-
termittent or mild persistent asthma, the study acknowl-
edges the limited number of outcomes. The distribution
of asthma severity in the study population suggests there
was a predominance of milder forms of asthma, and this
might create difficulties in detecting clinical outcomes.

It is important to note that two of the four studies involved
a control group consisting of asthmatic patients [9,12]
while the two other studies included a control group in-
volving non-asthmatic patients [10,11]. This raises im-
portant questions on the ability to reach firm conclusions
about the impact of AT. Thus, an argument can be made for
considering the natural history of the disease as a control
group. This perspective provides a valuable reference point
for interpreting the observed effects of AT. However, it is
crucial to acknowledge the potential biases associated with
using the natural disease course as a control group. All of
the included studies using the Asthma Control Test (ACT)
and Childhood Asthma Control Test (C-ACT) [10-12]
consistently demonstrated improvements in asthma con-
trol postoperatively. The increase in scores present in all
three studies supports the notion that AT positively affects
the overall management of asthma in pediatric patients.

In the context of monitoring asthma control, the assess-
ment of chitinase activity, as investigated by Levin et al.
[10], provides a unique perspective on the molecular mech-
anisms associated with AT in pediatric patients with asth-
ma. The fact that improved asthma control correlated with
a significant decrease in chitinase activity emphasises the
potential of AT to affect not only clinical manifestations but
also the molecular markers associated with severe asthma.
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This systematic review has limitations, and a critical eval-
uation is necessary for accurately interpreting the findings.
The use of strong inclusion and exclusion criteria, while
creating study rigor, resulted in a relatively small number
of papers meeting the eligibility criteria. In our case, only
4 of an initial pool of 507 studies were deemed relevant.
Moreover, assessing asthma outcomes after surgical inter-
vention is complicated by the natural course of the disease.
Because it is atopic, asthma may decrease or disappear in
adolescence. We attempted to limit this bias by including
studies with a maximum one-year follow-up after surgery.
However, the limitation remains, and the long-term effects
of adenoidectomy on asthma outcomes requires further
investigation. Another problem with assessing informa-
tion about asthma exacerbations is the fact that the pres-
entation of this disease tends to increase during the winter
months, coinciding with the prevalence of viral respirato-
ry infections [17]. The inclusion of studies with varying
follow-up durations might therefore inadvertently intro-
duce biases related to the seasonal variation of symptoms.
Future research should consider accounting for seasonal
factors when evaluating the impact of surgical interven-
tions on asthma outcomes.

Finally, it is noteworthy that while AT appears to posi-
tively affect asthma outcomes, the absence of AT from in-
ternational asthma management guidelines — such as the
Global Strategy for Asthma Management and Prevention
(GINA) [5], the NICE guideline for diagnosis, monitoring,
and chronic asthma management [18], and the Asthma
Care Quick Reference prepared by the National Institutes
of Health [19] - raises questions about recognising it as
a standard intervention. The lack of inclusion of AT in
international guidelines may stem from various factors,
including insufficient high-quality evidence and the need
for further research to elucidate its long-term outcomes.
Addressing the gap between empirical evidence and guide-
line recommendations for AT in asthma management re-
quires rigorous research studies, systematic reviews, and
meta-analyses to provide robust evidence supporting its ef-
ficacy and safety. In conclusion, while the positive impact
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of AT on asthma outcomes is evident based on four includ-
ed studies, its absence from international asthma manage-
ment guidelines underscores the need for further research.

Conclusions

This systematic review highlights the potential benefits
of adenotonsillectomy on asthma control in pediatric pa-
tients. The four included studies consistently demonstrat-
ed positive outcomes in terms of asthma control, with
improvements observed in measures such as the Asthma
Control Test, clinical outcomes, and chitinase levels.

Our analysis of the included studies suggests that AT con-
tributes to a reduction in acute asthma exacerbations,
emergency room visits, hospitalisations, and use of asthma
medication. We also highlight the importance of consid-
ering the severity of initial asthma conditions, emphasis-
ing that the impact of AT on clinical outcomes may de-
pend on the baseline severity of asthma.

Notably, the review highlights the molecular impact of
AT, as evidenced by the assessment of chitinase activity.
The correlation between improved asthma control and de-
creased chitinase activity suggests that AT not only influ-
ences clinical manifestations but also molecular markers
associated with severe asthma.

In conclusion, despite indicating a positive impact, our
study is limited by the small number of studies included in
the qualitative synthesis. To fully understand the sustained
effects of AT, the review emphasises the need for further
research with longer follow-ups, case-matched controls,
and seasonal considerations. It is essential to recognise the
multifactorial nature of asthma exacerbations. Factors con-
tributing to the natural course of asthma and its exacer-
bations should be carefully considered in future research.
The findings of this review provide valuable insights for
clinicians working towards innovative management strat-
egies and support the rationale behind adenotonsillecto-
my as an intervention for asthma in pediatric patients.
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Abstract

Introduction: Various types of noise have been used with speech material to assess speech perception in noise (SPIN) abilities. The literature
suggests that speech identification varies with different types of background noise, and it has been reported that the target native language
and the language of the babbling influence performance. Such efforts in an Indian context have not yet been reported. The aim of the study
is to evaluate the speech perception in noise performance of Malayalam-speaking young adults with normal hearing using three different
background noises.

Material and methods: A repeated measure research design were adopted with a random sampling method. 30 native Malayalam speakers
with normal hearing between the ages of 18 and 25 participated in the study. A standardized sentence list in Malayalam was used as the speech
stimulus. Nine lists were chosen and randomly divided so that there were three lists to each background noise. Noises were speech spectrum-
shaped noise, non-native language multi-talker babble (Kannada), and native language multi-talker babble (Malayalam). Each successfully
repeated keyword received a ‘1’ and each incorrectly repeated word received a ‘0. Because each sentence had four important words, each
collection of 10 sentences scored a maximum of 40. The percentage of correct answers was determined and further analyzed.

Results: Scores were significantly different in all three different background noises across different SNRs. The highest scores were obtained
at +5 dB SNR and the poorest scores at -5 dB SNR. Among the three different background noises, native multi-talker babble (Malayalam)
yielded better scores than non-native multi-talker babble (Kannada), followed last by speech spectrum-shaped noise.

Conclusions: The findings of the current study may be attributed to the increased efficacy of speech spectrum noise due to its energetic masking
characteristics and the similarity between the two languages in terms of its origin and acoustic-phonetic properties.

Keywords: speech recognition « speech identification in noise « speech perception in noise « SPIN « non-native speech

PERCEPCJA MOWY W SZUMIE U MLODYCH DOROSLYCH Z PRAWIDLOWYM
SLUCHEM MOWIACYCH W JEZYKU MALAJALAM

Streszczenie

Wstep: Do oceny percepcji mowy w hatasie (SPIN) wykorzystuje si¢ rozne rodzaje szumu tta. Wyniki badan opisane w literaturze przedmiotu
sugerujg, ze identyfikacja mowy w szumie rézni si¢ w zalezno$ci od rodzaju szumu, w tym od tego, czy jest to szum mowy ojczystej czy
obcojezycznej. W Indiach do tej pory nie byly prowadzone tego typu badania. Celem pracy jest ocena percepcji mowy w hatasie u mlodych
dorostych ze stuchem w normie, méwiacych w jezyku malajalam, z wykorzystaniem trzech réznych szumow tla.

Material i metody: W badaniu zastosowano metode powtarzanego pomiaru z losowym doborem préby. W badaniu wzieto udziat 30 rodzimych
uzytkownikow jezyka malajalam ze stuchem w normie, w wieku od 18 do 25 lat. BodZcem mowy byly opracowane listy zdan w jezyku malajalam.
Wybrano dziewig¢ list i podzielono je losowo, tak aby na kazdy szum tta przypadaly trzy listy. Jako szumy tla wybrano: szum dopasowany
do widma mowy, szum mowy obcojezycznej (kannada) i szum mowy w jezyku ojczystym (malajalam). Kazde prawidtowo powtorzone stowo
z listy zdan otrzymywalo ,,1”; a kazde niepoprawnie powtorzone - ,,0”. Poniewaz kazde zdanie zawieralo cztery istotne stowa, za kazdy zbiér
10 zdan mozna bylo uzyska¢ maksymalnie 40 punktéw. Okre$lono procent poprawnych odpowiedzi i poddano dalszej analizie.
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Wryniki: Wyniki byly znaczaco rézne dla wszystkich trzech szuméw tta przy réznych wartosciach SNR. Najwyzsze wyniki uzyskano przy SNR
+5 dB, a najnizsze przy SNR -5 dB. Spoérdd trzech réznych szumoéw tla, wyniki dla szumu mowy w jezyku rodzimym (malajalam) byty lepsze
niz wyniki dla szumu mowy obcojezycznej (kannada), a te z kolei byty lepsze niz dla szumu dopasowanego do widma mowy.

Whioski: Zaobserwowano podobienistwo mi¢dzy dwoma jezykami uwzglednionymi w badaniu (malajalam i kannada), prawdopodobnie ze
wzgledu na podobne wlasciwosci akustyczno-fonetyczne obu jezykéw i znajomos¢ jezyka nierodzimego.

Stowa kluczowe: rozpoznawanie mowy « identyfikacja mowy w szumie « percepcja mowy w szumie « SPIN « mowa obcojezyczna

Key for abbreviations

ANSI American National Standards Institute
FFT fast Fourier transform

LTSSN long-term speech-shaped noise

MTB multi-talker babble

NMTB native multi-talker babble

NNMTB non-native multi-talker babble

PTA pure tone averages

Screening Checklist for Auditory

Sl Processing in Adults

SIN speech-in-noise

SIS speech identification scores

SNR signal-to-noise ratio

SPIN speech perception in noise

SRT speech recognition thresholds

SSN speech spectrum noise
Introduction

Speech perception in noise (SPIN) testing can reveal im-
portant information about a patient’s auditory system. It
has the potential to be used in diagnosing and evaluating
the hearing system’s functional capability, providing cli-
nicians with extremely useful information while needing
very little clinical time. A SPIN test can provide impor-
tant information concerning real-world complaints for
these patients. The measurement of speech perception
provides useful information in assessing communication
difficulties experienced by listeners. The scope of speech
perception tests extends to the assessment and monitor-
ing of communication difficulties experienced by listen-
ers [1]. A variety of test materials such as nonsense syl-
lables, monosyllables, bisyllables, and sentences are used
to assess the speech perception abilities of individuals [2].

Over the years, different forms of sentence tests have been
developed, keeping in mind the perceptual difficulties of
those with hearing loss and the language of the individu-
al [3]. Studies reported that the mother tongue of an in-
dividual affects his or her perception of speech and that
participants consistently have better discrimination scores
in their mother tongue compared to other languages [3].
Numerous tests can be used to determine whether or not
someone understands speech in a noisy environment. Any

34

listener, particularly those with hearing problems, faces a
significant barrier in understanding speech in background
noise. Because of the difficulty this exercise presents to
listeners, it can provide valuable insight into an individu-
al’s capacity to cope with regular everyday listening con-
ditions, which are frequently noisy [4]. Researchers have
found that people with hearing impairment need a higher
SNR (10-15 dB) than people with normal hearing. With
the increase in SNR, a hearing-impaired person’s ability to
recognize speech increases by about 3% [5]. Therefore, it
has been found that the addition of noise to the SIN per-
ception test increases the sensitivity and specificity of the
test; by adding multiple noises, the difficulty of the percep-
tion increases and the possibility of differentiating people
with normal hearing from people with hearing impairment
improves [6]. Hence, it is important to have speech mate-
rial in the mother tongue of an individual.

There have been some attempts in the literature to com-
pare speech perception in the presence of noise across dif-
ferent types of background noises. However, a compre-
hensive evaluation of differences in speech identification
across native language multi-talker babble, non-native lan-
guage multi-talker babble, and speech spectrum-shaped
noise are few in the Indian context.

Various types of noise have been used with speech mate-
rial to assess speech perception in noise abilities. Earlier
findings in a study of English phrase recognition in qui-
et and two types of maskers, multi-talker babble (MTB)
and long-term speech-shaped noise (LTSSN), with var-
ying signal-to-noise ratios for English-, Chinese-, and
Korean-native listeners. The test results showed that back-
ground noise affected non-native listeners’ sentence rec-
ognition more than native listeners [5]. Sentence rec-
ognition in native- and foreign-language multi-talker
background noise has been studied by some researchers
[7]. This study looked at speech-in-noise detection when
the background noise language was the same as or dif-
ferent from the target speech language. Regardless of the
language of the babbling, native English listeners had a
harder time understanding English sentences in six-talk-
er babble than in two-talker babble. Furthermore, their
results showed that native English listeners were more
negatively influenced by English babble than Mandarin
Chinese babbling in two-talker babble [7]. These findings
show “linguistic interference” as a sort of informational
masking on sentence-in-noise detection. Thus, the evi-
dence suggests that speech identification varies with dif-
ferent types of background noise. However, it is report-
ed that the native language and the language of babbling
influence the performance. Researchers have also noted
the interaction effect of gender and ear laterality in quiet
and at different SNRs are not significant [8]. Nevertheless,
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Table 1. Demographic details of the participants

Number of participants 30
Age range 18-25 years
Mean age 22.4 years

Male: female distribution 15:15

Education undergraduate university

students

such attempts in the Indian context have not yet been re-
ported in the literature.

Hence, the present study was proposed to evaluate the
SPIN performance in Malayalam-speaking young adults
with normal hearing abilities using three different back-
ground noises: speech spectrum-shaped noise, non-na-
tive language (Kannada) multi-talker babble, and native
language (Malayalam) multi-talker babble.

The aim of the study is to evaluate the speech percep-
tion in noise performance in Malayalam-speaking young
adults with normal hearing abilities using three different
background noises. To compare the SPIN performance in
Malayalam-speaking young adults with normal hearing
abilities using different background noises such as speech
spectrum-shaped noise, non-native language multi-talker
babble, and native language multi-talker babble.

Material and methods

Approval to conduct the study was obtained from the
Research Advisory Committee of the JSS Institute of
Speech and Hearing in January 2022. The study was car-
ried out in four phases as follows.

Phase 1: Participant selection

A repeated measure research design was adopted with a
random sampling method. A total of 30 participants be-
tween the ages of 18 to 25 years were chosen. Prior written
and oral consent was obtained from all the participants and
their capacity to distinguish speech from background noise
was tested. The demographic details of the participants are
provided below in Table 1. All the participants had bi-
lateral normal hearing sensitivity (PTA <15 dB HL; SRT
+10 dB of PTA; SIS > 90%; ANSI, 1996) and normal audito-
ry processing abilities, assessed using Screening Checklist
for Auditory Processing in Adults (SCAP-A). All partici-
pants were native Malayalam speakers. Participants with
any history of middle ear pathology or neurological, psy-
chological, visual, or behavioural problems were excluded.

Phase 2: Preparation of different background noises

PRAAT software was used to record a 2-minute 4-talker
speech jumble. The method for recording speech babble
was adapted from another study [2]. Native language mul-
ti-talker babble was recorded in a classroom setting, with
four native Malayalam speakers seated in a circle configu-
ration in the centre of the room using an Omni direction-
al microphone. The distance between the microphone and
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each speaker’s mouth was approximately 30 cm. Speakers
were instructed to read a variety of Malayalam newspa-
per articles at the same time. They were told to keep their
speech loud and rate at standard conversational levels.
The recorded speech babble was saved in the WAV file
on a PC. The level of the recorded voice babble was later
standardized to 70 dB SPL using PRAAT.

The same procedure was adapted to record non-native
language multi-talker babble. Speakers were instructed to
read a variety of Kannada newspaper articles at the same
time. For recording speech spectrum-shaped noise, all of
the selected audio samples of sentences were concatenated
in random order, and a fast Fourier transform (FFT) was
conducted separately for each language on these concat-
enated sentences. To generate back auditory speech noise
signal, a reverse FFT with random phase was generated
using the obtained spectral values. As a result, the noise
generated had a frequency spectrum that was similar to the
selected words” long-term average spectrum. The record-
ed background noises were added to the speech stimuli.
The reasoning behind this was that a matched noise would
mimic the actual form of noise that would disguise speech
in a real-life circumstance [3]. The RMS level of the gener-
ated noise was matched to the same level as the sentences.

The Malayalam sentences for the speech stimuli were taken
from the sentence list in Malayalam and Telugu [9]. The test
consists of 16 lists with 10 sentences each. The phoneme
frequency in each list correlated with the overall phoneme
frequency from another study [10]. This maintained the
phonemic balance throughout all created sentence lists. The
same procedure was adopted for adding the three differ-
ent background noises to the speech stimuli in the present
study. A total of nine lists were selected and it was randomly
divided so that three lists were added to native talker bab-
ble non-native talker babble and speech spectrum-shaped
noise respectively. Matlab software (v. R2017a) was used to
add three different types of noise. Within the divided list,
background noises were added at three different SNR lev-
els (i.e. at +5, 0, and -5 dB SNR) for each list.

Phase 3: Assessing speech perception in noise
ability

The experiment was carried out in a well-lit, acoustically
treated room. The sentences of each list were randomly
presented to each participant through the headphones
(Sennheiser HD 202) attached to the personal comput-
er (HP Pavilion core i-3 processor). The output of the
headphones was monitored using the sound level meter
(B & K-2238, mediator). The stimuli were presented bin-
aurally at 70 dB SPL loudness level (the most comforta-
ble loudness level). The stimuli were delivered in a bin-
aural format. The participants were advised to pay close
attention to the sentences and repeat each word. The par-
ticipants’ responses were captured using an audio record-
er for further analysis.

Phase 4: Analysis of data
Each successfully repeated keyword received a score of ‘1,

whereas each mistakenly repeated word received a score
of ‘0] Any response with a glaring error was regarded as
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Figure 1. Mean percentage scores with different background noises

Non native-multitalker-babble

Native-multitalker-babble

Table 2. Mean percentage and standard deviation of scores obtained at different SNRs across the background noises

+5 dB SNR 99.25 (SD =5.20) 99.25 (SD =2.84) 99.67 (SD =1.34)
0 dB SNR 97.83 (SD=1.63) 98.58 (SD=1.34) 99.25 (SD =1.08)
-5 dB SNR 61.15 (SD=13.51) 95.58 (SD =3.70) 97.25 (SD=3.17)

Table 3. Friedman test results for comparison of speech percep-
tion in noise at different SNRs

Speech spectrum-shaped %?=53.38,p<0.001
noise

Non-native multi-talker
babble

%2 =28.22, p<0.001

Native multi-talker babble ¥?=19.31, p<0.001

Table 4. Friedman test results for comparison of speech percep-
tion in noise at different background noises

+5 dB SNR ¥’ =4.85,p=0.09
0 dB SNR ¥>=1.09, p=0.58
-5 dB SNR ¥>=51.71, p<0.001

Table 5. Wilcoxon signed rank test values across the background noises between the SNRs

0dBand +5dB Z=-2.14,p<0.001

7=-1.49,p=0.14

Z=-125,p=021

+5 dB and -5 dB Z=-4.79, p<0.001

Z=-4.18, p<0.001 Z=-3.21,p<0.001

0dBand-5dB Z=-4.79, p<0.001

Z=-3.46,p<0.001

Z=-3.16,p<0.001

an incorrect response solely. Each sentence contained four
keywords and hence, each list with 10 sentences received a
maximum score of 40. Scores obtained were converted to
percentage correct scores and further statistical analysis was
carried out using the SPSS version 21 statistical software.

Results

In the present study, speech-in-noise scores obtained us-
ing different types of noises were compared across three
different SNRs: +5 dB SNR, 0 dB SNR, and -5 dB SNR
(Figure 1). Shapiro-Wilk test was used to assess normal-
ity and found that data were non-normally distributed.
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Friedman test was carried out for further analysis. Further,
post hoc analysis was carried out using the Wilcoxon
signed ranks test to compare between the SNRs and back-
ground considered.

The mean percentage correct scores thus obtained in the
presence of speech spectrum noise (SSN), non-native
multi-talker babble (NNMTB), and native multi-talker
babble (NMTB) at +5 dB SNR, 0 dB SNR, and -5 dB
SNR are shown in Table 2. A Friedman test for compar-
ison of speech perception in noise at different SNRs (us-
ing speech spectrum-shaped noise, NNMTB, and NMTB
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as background noise) showed significant differences, as
shown in Table 3.

Similarly, the speech recognition scores were then com-
pared across different types of noises at equivalent SNRs.
The comparison of SPIN across different types of back-
ground noise at +5 dB SNR and 0 dB SNR showed no
significant difference. However, the comparison of SPIN
across different types of background noise at -5 dB SNR
showed a significant difference as shown in Table 4.

Further, Wilcoxon signed ranks test was carried out to test
significance between the categories. The results revealed
that there was a significant difference between all three
categories while using speech spectrum-shaped noise but
the similar trend was not seen in non-native multi-talker
babble and native multi-talker babble as shown in Table 5.

Speech perception scores were better at +5 dB SNR than
0 dB SNR followed by -5 dB SNR using non-native
multi-talker babble, native multi-talker babble and speech
shaped noise. Thus, in all three noise conditions, the high-
est scores were obtained at +5 dB SNR and the poorest
scores at —5 dB SNR.

Discussion

The present study aimed to examine the scores of
Malayalam-speaking young adults with normal hearing
abilities for speech perception in noise utilizing speech
spectrum-shaped noise, non-native language multi-talker
babble, and native language multi-talker babble. The per-
centage of correct answers was determined and then fur-
ther analysed. The results of the present study are in agree-
ment with the previous studies [1,12,13].

Sentence recognition in native- and foreign-language
multi-talker background noise was reported in an earlier
study [9]. The aim of the study was to determine wheth-
er the adverse effect of background speech is due to the
linguistic content or to the acoustic characteristics of the
speech masker. According to the results, in every situation,
better target sentence perception was produced by great-
er SNRs. As the level of noise increases relative to the tar-
get, the ability to hear speech declines. The results of the
present study are in agreement with the previous studies
[1,12,13] in all three noise conditions, used in the present
study; i.e., speech spectrum-shaped noise, non-native mul-
ti-talker babble, and native multi-talker babble, the high-
est scores were obtained at +5 dB SNR and the poorest
scores at -5 dB SNR. The higher the signal-to-noise ra-
tio, the more intense will be the signal. When the speech
signal has a higher intensity than the background noise,
it helps in better identification of speech. But as the sig-
nal intensity decreases, background noise will mask the
signal, which in turn affects speech perception.

In the present study among all the three different back-
ground noises, native multi-talker babble yielded better
scores than non-native multi-talker babble followed by
speech spectrum-shaped noise. At higher SNRs however,
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there was no difference across the different background
noise. But, as the SNR decreased to -5 dB SNR, speech per-
ception scores using multi-talker babble were better than
speech spectrum-shaped noise. These improved scores for
multi-talker babble were reported by an earlier study [11].
Better scores with native multi-talker babble than non-na-
tive multi-talker babble is also reported in the literature [9].
This can be attributed to the similarity between the two
languages included in the study as they have a common
origin. The similarity between the two languages’ acous-
tic-phonetic properties or acquaintance with the non-na-
tive tongue would have determined this. Additionally,
a cognitive component would come into play, where in-
dividuals would get more easily distracted by a foreign
language in the background as opposed to a familiar one.

Thus, the present study showed that the performance of
speech recognition was better when multi-talker babble was
used when compared to the speech-shaped noise. Speech
spectrum-shaped noise provides the same long-term av-
erage signal-to-noise ratio (SNR) in each frequency band.
Hence, there is no gap within the noise generated and it
provides energetic masking which effectively masks the
speech signal. Moreover, when the multi-talker babbles
were compared, the NNMTB was found to be a more effec-
tive masker than the NMTB. This finding may be attributed
to the similarity in the origin (Dravidian) of both languag-
es used in the current study. Moreover, the performance
was found to be progressively poorer with reducing SNRs.

Conclusions

In the current study, for all three background noises speech
recognition scores were better at +5 dB SNR and poorer
at -5 dB SNR. Among the background noises, speech per-
ception was found to be better when using native multi-
talker babble (Malayalam) than non-native (Kannada)
multi-talker babble, followed last by speech spectrum-
shaped noise. Native talker-babble may provide acoustic
cues which ease the perception of speech in noise com-
pared to other background noises. The similarity between
the two investigated languages — because of their common
Dravidian origin - could be the cause of this difference.
Alternatively, listeners may get easily distracted by a for-
eign language in the background as opposed to a familiar
one. The present study findings warrant further research
on the influence of native and non-native multi-talker
babble on speech in noise perception using various na-
tive and non-native language combinations.

Limitations

The study was carried out using a small sample size. The
study considered only young normal adults.

Future directions
The present study was based on a small sample size, and
the study could be carried out with a larger population

and with other age groups. It could also be studied using
a clinical population.
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Abstract

Introduction: Some electrophysiological changes can occur in the auditory system in response to noise exposure with or without any permanent
auditory threshold shift. The purpose of this study was to identify and measure cochlear function after noise exposure in individuals with
normal hearing according to standard audiometric thresholds.

Material and methods: Pure tone audiometry (PTA) over the standard 0.250-8 kHz range and at 12 kHz, as well as distortion product
otoacoustic emission (DPOAE) and auditory brainstem response (ABR) testing, were performed on 42 soldiers who had participated in
combat. A control group of 40 participants underwent the same tests.

Results: In the noise-exposed group, significantly poorer PTA thresholds were recorded at 12 kHz. DPOAE levels were significantly low only
at 4 kHz. On ABR testing, both wave I and wave V demonstrated a significant decrease in amplitude and a significant increase in latency for
the noise-exposed group.

Conclusions: Our findings reveal that high levels of noise can not only damage outer hair cells but also cause changes at the level of the
synapses (synaptopathy) which are not evident using standard PTA tests. However, electrophysiological methods can detect some changes

in cochlear function.

Keywords: DPOAE « ABR « noise exposure « cochlear synaptopathy

ELEKTROFIZJOLOGICZNE POMIARY UPOSLEDZENIA SEUCHU U NARAZONYCH
NA HALAS ZOENIERZY ZE SLUCHEM W NORMIE

Streszczenie

Wstep: W uktadzie stuchowym moga wystapi¢ pewne zmiany elektrofizjologiczne w reakcji na hatas skutkujace lub nie stalym przesunieciem
progu slyszenia. Celem tego badania bylo zidentyfikowanie i zmierzenie funkgcji slimaka po narazeniu na halas u 0sob ze stuchem w normie
zgodnie ze standardowym progami audiometrycznymi.

Material i metody: W grupie 42 Zolnierzy, ktérzy uczestniczyli w walce, wykonano nastepujace badania: audiometrie tonalna (PTA)

w standardowym zakresie 0.250-8 kHz oraz dla 12 kHz, pomiar emisji otoakustycznych produktéw znieksztalcen nieliniowych (DPOAE),
a takze stuchowych potencjalow wywolanych pnia mézgu (ABR). Grupa kontrolna zfozona z 40 0séb przeszia te same testy.
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Wyniki: W grupie narazonej na hatas zanotowano: statystycznie istotne pogorszenie progéw PTA dla 12 kHz, poziomy DPOAE byly istotnie
obnizone tylko dla 4 kHz, w te$cie ABR zaréwno fala I jak i fala V mialy istotnie obnizong amplitude i istotnie opdzniong latencje.

Whioski: Nasze wyniki pokazuja, ze duzy poziom hatasu moze nie tylko uszkadza¢ zewnetrzne komorki rzesate, lecz takze powodowac na
poziomie synaps (synaptopatia) szkody, ktére nie s3 widoczne w standardowym badaniu PTA. Jednak metody elektrofizjologiczne moga

wykry¢ pewne zmiany w funkcjonowaniu §limaka.

Stowa kluczowe: DPOAE « ABR « narazenie na hatas « synaptopatia §limakowa

Introduction

Material and methods

Prolonged exposure to loud noise can cause tinnitus and
hearing loss. It has long been assumed that the key in-
dicator of noise-induced hearing loss was outer hair cell
death [1]. Work in animal models has demonstrated that
in noise-induced hearing loss such exposures cause only
reversible threshold shifts (and no hair cell loss); however,
they did result in the permanent loss of > 50% of cochlear
nerve/hair cell synapses [2]. In humans, on study found
that after a high level of voluntary noise exposure back-
ground (NEB), wave I of the auditory brainstem response
(ABR) had reduced amplitude but there was normal hear-
ing in response to suprathreshold clicks and 4 kHz tone
bursts [3]. However, damage was only apparent when ABR
wave I amplitude was examined. In contrast, distortion
product otoacoustic emission (DPOAE) levels were found
not to be significantly changed in the context of NEBs [3].
The suprathreshold ABR wave I amplitude was also low-
er in veterans reporting high levels of military noise ex-
posure and in nonveterans reporting a history of firearm
use than in veterans and nonveterans with lower levels
of reported exposure [1]. Otoacoustic emissions (OAEs)
have been described in some studies as early indicators of
noise-induced damage or as a method to determine poten-
tial risks for developing noise-induced hearing loss [4-6].
Some reports, however, have not supported a significant
role for OAEs in this regard [7].

Noise-induced cochlear synaptopathic injury cannot be de-
tected by conventional audiometric assessment of thresh-
old sensitivity. Thus, potential damage to auditory health
and the performance consequences of noise-induced coch-
lear synaptopathic injury can be easily overlooked, espe-
cially if loss of threshold is the major concern [8]. When
compared with behavioural threshold assessment, the use
of DPOAE:s in ears with normal thresholds (<20 dB nHL)
is not strongly supported as a way of detecting noise dam-
age at an early stage [5-7]. In general, it seems that fac-
tors like ear side and gender have only minor effects on
both DPOAEs and hearing thresholds in both the stand-
ard and extended high frequency ranges [9]. They con-
firm that hearing thresholds and DPOAEs in the extend-
ed frequency audiometry band seem to show promise for
identifying early signs of hearing loss. Both EHFA and
DPOAE: provide early evidence of noise-induced hearing
loss in young recreational firearm users [10].

The purpose of our study was to assess cochlear func-
tion in normal hearing subjects after noise exposure in
combat, giving insight into outer hair cell function and
synaptopathy.

40

After the approval of the YSMU Science Coordination
Council (19/02/2021, Nr. 1), 42 male subjects (84 ears)
aged 20 to 39 years (mean age = 22.7 years) who had par-
ticipated in combat in 2020 were involved in our study. The
total duration of the military action lasted for 44 days, and
the subjects had not previously participated in such events.
Our study also excluded any acoustic trauma incidents
prior to the combat. During combat they were constantly
exposed to different forms of potentially harmful noise.
All participants gave permission to participate. The study
inclusion criteria were as follows: hearing threshold at in
the range 0.25-8 kHz <20 dB hearing level (HL) (normal
range according to BIAP) [11], normal middle ear func-
tion, absence of any contemporary hearing reduction dur-
ing or after the war, and absence of any subjective hear-
ing loss. The middle ear was evaluated by otoscopy and
tympanometry (GSA Tympstar Pro), and was considered
within normal limits if categorised as Type A by the Jerger
classification [12]. As a control group, 40 male peers (79
ears, because one participant had unilateral otitis media at
the time of the study) aged 19-41 years (mean age =22.9
years old) were chosen. The inclusion criteria for the con-
trol group were a hearing threshold of <20 dB HL from
0.25 to 8 kHz, normal middle ear function, and no previ-
ous long-term, high-level noise exposure.

The participants of our study underwent the following

audiological testing for cochlear function in Nairi MC:

o Pure tone audiometry (PTA) over the conventional

0.25-8 kHz range and at one extended high-frequen-

cy only at 12 kHz (examination at higher frequencies

was not possible due to limitations of the audiometer).

Hearing thresholds were determined for air conduction

(GSI Audiostar Pro) and measurements were made in

a sound proof cabin.

Recording of the discomfort threshold in the 0.25-12 kHz

range. Normal-hearing individuals have loudness dis-

comfort level (LDL) between 86 and 98 dB HL for

0.5-8 kHz stimuli [13,14]. Thus discomfort threshold

was evaluated at every frequency starting from 80 dB

HL and increasing the intensity until the patient report-

ed discomfort (GSI Audiostar Pro).

« DPOAE testing (2f1-f2 DP-gram, L1 = 65 dB sound pres-
sure level (SPL), L2 =55 dB SPL, f2/f1=1.22, SNR =6
dB, DP stability + 2 dB); DP-gram responses were ana-
lyzed at 1, 2, 4, 6, and 8 kHz. Measurements were made
in a sound proof cabin. If needed, testing was repeated
several times until there was no difference among the
two groups in terms of noise level at all frequencies.
Thus objective comparisons were achieved in DP-level.
All test subjects were evaluated using the Interacoustics
Eclipse device.
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Figure 1. Hearing thresholds for the noise-exposed experimental group and the control group (means and SD). Conventional frequencies

plus 12 kHz. * = significant difference

« ABR testing at a suprathreshold intensity of 80 dB nor-
mal hearing level (nHL) using a click (with pulses of al-
ternating polarity at a rate of 13.1 per second and filtered
from 0.1 to 1.5 kHz). This testing assessed the ampli-
tude and latency of ABR waves I and V, as well as the
time interval between waves I and V. All test subjects
were evaluated by the Interacoustics Eclipse device.

Statistical analysis was done using IBM SPSS Statistics 26.
Descriptive statistics, bivariant correlations, and independ-
ent samples tests were calculated. Correlations were con-
sidered significant at the 0.05 level. For statistical analysis
the results for each ear were analyzed separately. In the ex-
perimental group »n =84 and in the control group n="79.

Results

According to the PTA data in the standard 0.25-8 kHz
range, no significant differences were found between the
soldier group and the control group. At all frequencies, air
conduction thresholds of soldiers and the control group
were all under 20 dB HL. However, as shown in Figure 1,
there was a significant difference between thresholds at
12 kHz (p <0.05). Specifically, the mean PTA result at
12 kHz of the soldiers was 35.5 + 14.5 dB, whereas that
of the control group was 25.8 £9.8 dB. As per ISO 7029
standards, hearing at 12 kHz should be less than 20 dB in
both our age groups, but in our control group there was
still a mild hearing loss at this frequency [15]. The differ-
ence between the ISO 7029 data and hearing threshold data
for other countries [16] tends to be more pronounced for
male adults than for female adults and for higher frequen-
cies than for lower frequencies [16]. The authors consider
that the next revision of ISO 7029 will need to be based on
data from various countries with uniform ages, frequen-
cy ranges, and threshold calculation methods in order to
more accurately reflect hearing threshold data.

2024 Vol. 14 - No. 2

The discomfort thresholds between the two groups were
not significantly different (Figure 2). In both groups, the
threshold of discomfort was 90 dB HL or greater at all
frequencies.

The DP-grams were recorded at frequencies of 1, 2, 4, 6,
and 8 kHz. DPOAE testing revealed DP-level differences
at some of the tested frequencies between the two groups,
but the only significant difference was at 4 kHz (p = 0.008).
Noise floor levels at all frequencies were not significant-
ly different (Figure 3). In the control group there were
low values of DP level at high frequencies, and these may
be related to the mild hearing loss at 12 kHz, given that
DPOAEs are more sensitive for detecting high-frequen-
cy hearing loss [17].

Statistical analysis of the ABR results showed significant
differences in ABR wave I amplitude and latency between
the two groups (p <0.0005 and p =0.007, respectively).
The differences in the ABR wave V amplitude and laten-
cy were also significant (p = 0.023 and 0.044 respectively),
but less so than for wave I. Wave I-V interpeak latencies
(IPLs) were not different between the two groups (p =0.7).

Discussion

High-level noise exposure can result in some hearing im-
pairment, but the related changes in the hearing system
emerge long after the exposure events. However, it is pos-
sible to detect these changes at the earlier, nonsymptomic
stage with electrophysiological audiological examinations.

Our study showed that the ABR wave I amplitude was low-
er in the soldiers than in the control group participants,
corroborating findings in other studies [1,3]. Studies in
animal models with noise-induced and age-related syn-
aptopathies have also shown reductions in the ABR wave
I amplitude [18-1]. Such interrelations between the ABR

Journal of Hearing Science -
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Figure 3. DPOAE amplitude as a function of f2 frequency for the noise-exposed experimental group and the control group (means, SD,

and average noise floors). * = significant difference

wave I amplitude and synaptopathic processes are also no-
ticeable in humans. Our study could not confirm that a re-
duced ABR wave I amplitude is conditioned by the synapse
loss alone, as we also recorded decreased DPOAE thresh-
old levels at 4 kHz, which reflects outer hair cell damage.
Some studies do not support the use of DPOAE assessment
as a method for the early detection of noise-induced dam-
age before the behavioural threshold is changed [3]. But
a previous study of firearm users revealed significantly low-
er DPOAESs than predicted from hearing thresholds [22].
Nadon and others demonstrated that the monitoring of

42

an individual’s OAEs could be useful in monitoring tem-
porary changes in hearing status induced by exposure to
ambient noise [23].

Of course, duration of noise exposure is important too.
Trzaskowski and colleagues found that 30-min exposure
to amplified music at 87 dBA did not cause measurable
PTA threshold shift or significant changes in TEOAE and
DPOAE parameters [24]. Another group of researchers
demonstrated that a duration of noise from 30 to 60 min
changed temporary threshold shifts at several frequencies,

Journal of Hearing Science - 2024 Vol. 14 - No. 2



both by conventional and extended high-frequency (EHF)
audiometry, but they were minor [25]. Our participants
were exposed to loud noise for 44 days.

Research about immediate and long-term impacts of mil-
itary aircraft noise exposure on noise-induced hearing
loss concluded, that EHF is more sensitive in detecting
potentially lasting noise-induced hearing loss, whereas
DPOAESs are more able to reveal the immediate noise im-
pact on hearing [26].

As per our results there was difference in 10 dB among two
groups in 12 kHz frequencies. Similar results have been re-
ported by other authors. Konopka and colleagues showed
significant deterioration of hearing, on average by 6 dB,
exclusively at frequencies of 10 and 12 kHz after military
service [27]. Another group of researchers reported that
in adults subjected to steady-state noise mean thresholds
from 8-12 kHz were up to 20 dB poorer than in a sample
of young normal adults [28]. Some studies do not support
the use of EHF audiometry in assessing and monitoring
noise-induced hearing loss [29]. In another study similar to
ours done on civilian pilots 20-39 years old, a 7.8-9.9 dB
decrease in EHF audiometry was reported [30]. Although
some authors have documented decreases at standard fre-
quencies in noise exposure groups, it is generally consid-
ered that EHF audiometry is more sensitive than conven-
tional audiometry.

Biichler and colleagues believe that PTA remains the most
important measurement to monitor acute acoustic trau-
ma, while it may be useful to complement it with EHFA,
focusing on the 11-14 kHz range; OAEs are best analysed
in the 3-6 kHz range [31]. Based on our results, we come
to same conclusion, as we found a significant difference
in our groups at 12 kHz, while DPOAE testing revealed
a significant difference at 4 kHz.

Our study also confirms an abnormal increase in ABR
wave I latencies. A similar result has also been shown by
other authors in normal hearing patients with tinnitus. In
patients with hearing loss there is an abnormal prolonga-
tion of ABR wave I latency, with similar increases in the
latencies of later ABR waves [32]. Our study also supports
this finding, with a significant hearing threshold reduction
at 12 kHz in the high-level noise-exposed patient group rel-
ative to the control group. Other authors have stated that,
in normal hearing people with tinnitus, prolonged IPLs
of ABR waves III-V point to an increased neural conduc-
tion time in the upper brainstem, which can be attribut-
ed to impaired neural synchronization and transmission
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in the auditory pathways [33,34]. Our study did not find
any evidence of prolonged ABR wave I-V latencies, which
suggests that, in high-level noise-exposed individuals with
normal hearing, such changes had not yet developed.

According to Kaf and colleagues, noise exposure can result
in decreases in the amplitudes of ABR waves I and V [35].
Our study showed such decreases and that the amplitude
of wave I had decreased significantly (p <0.0005). In con-
trast, Suresh and Krishnan saw a smaller ABR wave I am-
plitude in the noise exposure group than in the low-risk
group, alongside similar amplitudes of ABR waves III and
V [36]. In contrast to these findings, according to data from
Stamper and Johnson [3], the amplitudes of ABR waves
Iand V were not significantly related to the subjects’ NEBs.

We found no significant difference in Loudness Discomfort
Level (LDL) between the two groups (p > 0.05). Liberman
and colleagues found that their high noise exposure group
was more likely to report irritation caused by everyday
sounds and to avoid noisy environments than did their
low noise exposure group [37]. We checked LDL assum-
ing that hyperacusis might be revealed, but it appears that
LDL alone is not a good indicator of this condition [38,39].

The significant DPOAE level reduction at 4 kHz, together
with the significant reduction in ABR wave I amplitude,
in the high noise exposure group may be indicative of si-
multaneous outer hair cell damage and synaptopathic im-
pairment. Our study confirms the necessity of assessing
hearing function in vulnerable patient groups. It appears
that the techniques we used may be useful in predicting
the development of hearing loss later on.

Conclusion

The results of our study have confirmed that standard
audiometric tests are not sufficient to evaluate the effect
of gunfire exposure on hearing. Combat soldiers require
EHF audiometry, DPOAE testing, and electrophysiologi-
cal testing. Our findings show the importance of follow-
up monitoring of auditory function in noise-exposed in-
dividuals. Future studies are needed to determine whether
hearing loss develops later in these patients and whether
there are ways to prevent this impairment.
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The 15th Danube Symposium of the ORL Danube Society
took place in Budapest, Hungary, on 18-20 April, 2024.
The ORL Danube Society is an association of Danube
countries that, among other things, brings together oto-
laryngologists to exchange knowledge.

The Symposium was divided thematically into 14 sessions,
including sessions on cochlear implants, the middle ear,
and otoneurology. In the opening session, Prof. Piotr
H. Skarzynski gave a presentation entitled Stapedotomy:
tips, tricks and how to avoid potential complications in
which he shared his 40 years of experience in the field of
otosurgery at the Institute of Physiology and Pathology
of Hearing. His descriptions of how to treat otosclerosis
were received with interest and generated a long discus-
sion. He included guidelines on how to safely perform sta-
pedotomy. He recommended the procedure in virtually all
forms of otosclerosis, whether in children, adolescents, or
adults, and in cases of bilateral or unilateral otosclerosis
in the hearing or better hearing ear.

The opening session also included presentations on topics
such as HPV in oncology: what is next?; EAS hearing pres-
ervation today; Hearing reconstruction after surgery for ad-
vanced cholesteatoma of the middle ear, and Complications
after thyroidectomy.

Other sessions at the conference on topics such as oncol-
ogy and otoneurology, and a session devoted entirely to
the larynx, were also very well-attended.

The session on cochlear implants provoked the most dis-
cussion. It included the following presentations: Hearing

h15th Danube
- Sy mposium

Prof. Piotr H. Skarzynski giving his presentation at the opening
session

solutions for patients with Treacher Collins Syndrome
(TCS); Hearing rehabilitation with a CI in postmeningi-
tis deafness; How to consider indications for cochlear im-
plantation in cases where there are discrepancies between
subjective and objective audiological measurements; Early
hearing rehabilitation with cochlear implantation after pneu-
mococcal meningitis: a case report; Cochlear implantation
with the “pull-back” electrode insertion technique controlled
by Transimpedance Matrix (TIM); and Cochlear nerve
diameter may influence audiological progress in CI users.
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The 8th International Symposium on Meniere’s Disease
and Inner Ear Disorders was held in Shanghai from 25
to 28 April 2024. The last such event was held in Italy in
2015. The Shanghai symposium was scheduled for 2020,
but unfortunately, due to the COVID-19 pandemic, the
congress was postponed until this year so that we could
finally meet face to face.

For more than 40 years, the International Symposium on
Meniere’s Disease and Inner Ear Disorders has brought
together specialists from around the world to share expe-
riences and establish collaborations in the field of neuro-
otology. The program of this year’s meeting focused on
the latest research on Meniere’s disease and innovative
techniques for its treatment. The Institute of Physiology
and Pathology of Hearing was represented by Aleksandra
Kolodziejak, MSc.

At the opening ceremony Professor Jun Yang welcomed us
and gave a brief history of Shanghai. Later, he presented a
consensus on the administration of oligodynamic drugs
for treating Meniere’s disease. He highlighted the advan-
tages and disadvantages of administering gentamicin, glu-
cocorticosteroids, and other drugs. On the first day, Dr
Yiali Shu presented an interesting paper on AAV-hOTOF
gene therapy in children with autosomal recessive deaf-
ness 9 (DFNBY), describing some impressive results. After
just 6 weeks, his little patients started to respond to their
names and after 3 months some of them started to say
their first words.
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On the second day, Professor Yang presented the results
of a pilot study demonstrating the importance of screen-
ing vestibular function in neonates and young children
referred for cochlear implantation. Dr Daniel Brown pre-
sented the results of preliminary work on a fully implanta-
ble biosensor for patients with Meniere’s disease, although
at present testing is in the early stage in guinea pigs. His
presentation generated considerable interest and there was
a lengthy discussion among the audience.

In the poster session, Aleksandra Kolodziejak presented
the results of her work on “Vestibular preservation after
cochlear implantation in partial deafness treatment’, co-
authored by Dr Magdalena Sosna-Duranowska, Prof. Piotr
Skarzynski, Dr Grazyna Tacikowska, Dr Elzbieta Gos, Ewa
Tomanek, and Prof. Henryk Skarzynski.

Conference participants were able to attend workshops
held by various companies. Various methods of testing
the vestibular organ were demonstrated, one of which in-
cluded the possibility of using standard audiological equip-
ment (an impedance bridge and an audiometer) to diag-
nose patients with Meniere’s disease.

The Symposium was a unique event that provided oppor-
tunities for gaining new knowledge, exchanging experienc-
es, and presenting results and achievements in the field.
The event provided an opportunity to learn about new
research directions and the needs of patients.
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“This implant gave me the ability to hear high
tones to such a degree that | can tune the piano."”

Grzegorz Ptonka, MED-EL cochlear implant recipient and pianist

A Whole New Level of Hearing
Music With MED-EL Cochlear Implants

The complexity of music makes it one of the most challenging things to listen to.
But with the right cochlear implant, your patients can hear the fine details of their
favorite songs.

By combining flexible, full-length electrode arrays with our FineHearing sound
coding, MED-EL cochlear implants are engineered to deliver closest to natural
hearing. This lets our recipients reach a whole new level of hearing where they
can enjoy listening to—or even play—music.

Learn more about music
and cochlear implants:
go.medel.pro/Music-P3
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The World Hearing Center is a modern specialized hospital pro-
viding medical care at the highest quality level in the fields
of otolaryngology, audiology, phoniatrics, rehabilitation and
biomedical engineering. It is superbly equipped for research
and education, and includes modern conference facilities.
The Center conducts a wide range of research and educa-
tional activities addressed to specialists from Poland and
other countries. The Center is one of the leading medical
institutions in the field of hearing disorders treatment,
running, among others, one of the largest hearing implant pro-
grams in the world and performing 15,000 to 21,000 surgi-
cal procedures yearly.

The Center provides its patients with comprehensive dia-

gnostics, conservative treatments, and surgery for the

rehabilitation of:

m congenital and acquired malformations of the external,
middle and inner ear,

m hearing, speech and balance disorders of different etio-
logies,

= disorders of the mouth cavity, throat and larynx,

= disorders of the nose and paranasal sinuses,

m Sleep disorders.

WOoRLD HEARING CENTER

OF THE INSTITUTE OF PHYSIOLOGY AND PATHOLOGY OF HEARING

World Hearing Center:

m iS a global leader in terms of the number of performed
otorhinolaryngological surgeries and the number of out-
patient consultations (more than 200,000 consultations
per year),

m is the place where unique and highly specialized me-
dical procedures are performed, including reconstruction
surgeries of congenital defects of the outer ear, treatment
of profound and partial deafness with various hearing im-
plants, phonosurgeries, endoscopic sinus surgeries under
image guidance, and many others,

= employs a team of highly qualified and experienced spe-
cialists,

m has state-of-the-art medical equipment and instrumen-
tation,

= offers comfortable conditions for hospital stays,

m uses the most modern telemedical solutions providing
remote consultations via the world-first National Network
of Teleaudiology.

The team of the Institute of Physiology and Pathology
of Hearing and its individual employees are winners of
numerous international and national awards.
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