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1. Introduction

This Specialty Grand Challenge is the authors perspective of critical needs in Otology

and Audiology tinnitus practice and the innovative research that is needed to address them.

Subjective tinnitus is the perception of sound in the absence of a physical sound. Is one of

the most common complaints seen by Audiologists and Otologists. The aim of the Tinnitus

specialty section of Frontiers in Audiology and Otology is to provide a rigorously peer-reviewed

academic forum for the critical evaluation of current and future practice in tinnitus and the

fundamental and clinical research required to address key challenges. The rapid growth in

tinnitus publications in Otology and Audiology particularly in the last 10 years illustrates

the need for a specialty section focused on tinnitus in our fields (Figure 1). This journal

specialty section will become a key resource for clinicians and researchers looking for innovative

approaches to address the complex problem of tinnitus. Addressing the research challenges

outlined here are hypothesized to be essential for future clinical practice.

Tinnitus is a complex hybrid of perception (hearing a sound) and reaction (the extent to

which it is a problem). To differentiate problem from non-problem tinnitus the term tinnitus

disorder has recently be coined (De Ridder et al., 2021). Tinnitus is the conscious awareness of a

tonal or composite noise for which there is no identifiable corresponding external acoustic source

whereas Tinnitus Disorder occurs when tinnitus is associated with emotional distress, cognitive

dysfunction, and/or autonomic arousal, leading to behavioral changes and functional disability.

A clear dichotomy between tinnitus and tinnitus disorder doesn’t present itself clinically; when

does tinnitus become a slight-mild tinnitus disorder? However, the intent of the definition

does illustrate the complexity of tinnitus and the challenge it presents to clinical practice and

research. On one side of the coin tinnitus is the perception of sound other it is a disorder due

to psychological responses. A satisfactory treatment for tinnitus will arise when we can either

eliminate the sound, extinguish the disorder, or both.

2. Challenges

2.1. Find a cure for tinnitus

The biggest challenge in our field is removing the tinnitus sound. It is worth noting that the

Collins Dictionary defines cure as when “medical treatments cure an illness or injury, they cause

it to end or disappear” or “they make the person well” while the Mariam-Webster dictionary

defines cure as “recovery or relief from a disease.” If a cure is to remove tinnitus we are a long

way from achieving this goal, if it is relief we are much closer. Much of the commentary that

follows should be considered in light of the aspirational goal of ending tinnitus (treatments to

make it disappear) but also the pragmatic need to have more effective relieving therapies.

Current therapies for tinnitus are largely symptomatic; a problem shared with many

neurological disorders (Boison, 2021). The failure to turn-off the tinnitus is at least in part due to
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FIGURE 1

Research publications by year for the past 30 years for the PubMed search terms “Tinnitus and Audiology” and “Tinnitus and Otology”.

reactive neural-plasticity following ear or head injury. As early as

the 1940’s it was hypothesized that if you could cure hearing loss

you could cure tinnitus (Fowler, 1948). Hearing aids and cochlear

implants provide some evidence that this could be the case, but

would complete organic repair of hearing loss eliminate tinnitus?

This might depend on if afferent cochlear-neural activity was also

completely restored and if plasticity resulting from the injury could

be fully reversed. Pharmacological treatments for tinnitus are more

likely to suppress tinnitus activity than to remove it; as the igniting ear

or head injury remains. The best possibility for tinnitus elimination

may lay in the acute suppression of changed activity following injury,

thereby reducing the possibility of chronification and centralizing

of activity driving perception (Mulders and Robertson, 2011). This

may include the treatment of acute neuroinflammation (Adcock

and Vanneste, 2022). In the management of pain, there has been

considerable progress in efforts to predict the risk and mitigate the

transition from acute to chronic pain (Traeger et al., 2016; George

et al., 2020). Socially and clinically a paradigm shift may be required

that gives greater consideration to the acute presentation of tinnitus

and its immediate treatment (Vielsmeier et al., 2020). The window

of opportunity for a cure may be very short (Mulders and Robertson,

2011). A cure in such circumstances would require a substantial mind

shift amongst the population experiencing what they may interpret

as transient tinnitus, and professionals conservative management

of watchful waiting. To address this grand challenge we need to

increase use of physiological measurements alongside therapies to

piece together tinnitus sequalae (Schmidt et al., 2017; Lan et al., 2021)

and temporal details of therapy, we need to be more attentive to

duration of tinnitus and understand psychosocial implications of, and

education required for, acute tinnitus treatment. Developers of future

tinnitus treatments should consider where an individual’s tinnitus

sits in the sequelae of tinnitus development (Simoes et al., 2021).

The complex nature of tinnitus requires consideration of tinnitus

network biology and potentially use of a poly-therapeutics approach

targeting tinnitus-causing networks rather than a single mechanisms

within a network (He et al., 2017). Personalized treatments that

combine several therapeutic actions may become more common

(Tzounopoulos et al., 2019; Searchfield et al., 2021a).

2.2. Understand variation in tinnitus

Effective cure(s) for all tinnitus, elimination, or relief, are going

to require an accurate multifactorial understanding of individual

differences. Over the last decade there has been increased recognition

of tinnitus heterogeneity and the drives for personalized therapeutic

approaches (Van de Heyning et al., 2015; Cederroth et al., 2019;

McFerran et al., 2019; Simoes et al., 2019). No two patients are likely

to experience the same tinnitus; their perception and rection will

differ as will their personality (Searchfield, 2014), genetics (Maas et al.,

2017; Veile et al., 2018) lifestyle (Veile et al., 2018) beliefs (Fludra

et al., 2022) and whether they are seeking help (Rademaker et al.,

2021). Behavioral neuroimaging and animal studies demonstrate

tinnitus-associated changes in not only the auditory system but also

other sensory systems and networks related to memory, emotion,

attention, and stress (Knobel and Sanchez, 2008; Roberts et al., 2010;

Henry et al., 2014; Simonetti and Oiticica, 2015; Leaver et al., 2016;

Henton and Tzounopoulos, 2021). These broad functional neural

regions are consistent with tinnitus impact. A research challenge is
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to advance individualized identification of tinnitus-related network

activity and if tinnitus cannot be turned off at the source, we need

to target treatment toward affected networks. To fully understand

tinnitus, we must explore the interaction of physiology, genetics,

psychology and culture. Such understandings with help address

specific needs within different populations so we can reduce tinnitus’

educational, social and vocational effects (Bhatt, 2018).

Parts of the tinnitus population may be more responsive to a

therapy than others. It may be possible to subtype tinnitus based on

its etiology (noise, ototoxicity, or blast trauma), symptoms (anxiety,

depression, insomnia) stage of pathogenesis (acute, chronic), and

severity of symptoms (non-bothersome, bothersome, disabling)

(Simoes et al., 2019; Genitsaridi et al., 2020; Rademaker et al.,

2021; Smith et al., 2021; Mohan et al., 2022). Physiological markers

may differentiate tinnitus mechanisms differing between individuals.

However, discrete subtypes may also not exist. For example,

clustering according to the minimum masking level is weak and

suggests a continuum rather than discrete subtypes (Santacruz et al.,

2021). Also because tinnitus is not static but changes between, and

during, days [possibly following circadian rhythms (Zacharia et al.,

2014)] we should explore therapies tuned to the individual and

attuned to possible temporal fluctuations. To address this variability,

we need to be able to ascertain individual differences that predict the

most appropriate therapy.

Tinnitus research has been dominated by western cultural

perspectives of health. It is important that culture and beliefs are

accounted for and that there is greater diversity in populations tested

(Choi et al., 2020). Treatments may not work as equally well-across

diverse populations groups due to genetic differences and/or cultural

beliefs. Tinnitus research in low-socio economic regions needs to

be supported, this not only benefits these populations it enriches all

understanding of tinnitus.

2.3. Improve research quality and diversity

To tackle the wicked problem of tinnitus heterogeneity we must

implement a range of research methods that are of high quality

but also appropriate to the questions being asked and the stage of

research. Data-driven tinnitus research requires either large datasets

to account for heterogeneity or in-depth repeated measures in

individuals. Artificial intelligence can be applied to these datasets

such that it can extract patterns in big-data or it learns personal

preferences for decision making in individuals (Song et al., 2017;

Schlee et al., 2021; Searchfield et al., 2021b). Complex relationships

between genetic, demographic, lifestyle, and other environmental

factors create the variance in tinnitus datasets (Lopez-Escamez

et al., 2016). Efforts toward big-data analaysis are hampered when

the natural variation in tinnitus is accompanied by variation in

assessment measures. There have been efforts to develop and adopt

a core set of measures to be obtained on a regular basis in human

participant research (Hall et al., 2018b). This standardized data can

then be pooled to extract patterns (Schlee et al., 2018). A variety of

data is important because of the absence of a gold-standard objective

measure of tinnitus. Measures of hearing and tinnitus characteristics

(pitch, loudness and masking) may aid understanding of individual

differences, even if at a group level they have limited prognostic value.

There are several widely used tinnitus questionnaires developed using

modern understand of concepts of responsiveness to treatment, e.g.,

The Tinnitus Functional Index (Meikle et al., 2012) and Tinnitus

Primary Function Index (Tyler et al., 2014). These have been

tested in several countries and understanding of degree of change

corresponding to meaningful improvement is becoming clear. The

creation of new questionnaires must be considered against the

possibility that they will simply further dilute the uniformity of

data. On the other hand, many older questionnaires may have

limitations and should be retired from use, or at least accompanied

by a modern alternative. The diagnosis of comorbidities such as

depression, anxiety and cognitive impairment are also important for

large datasets. There needs to be some flexibility in what is included

overtime in these datasets as new evidence suggests more sensitive

measures or previously undocumented predictive factors.

The quality of Tinnitus research appears to be improving,

recently several reasonably powered well-controlled trials have

been published testing therapies (Scherer et al., 2019; Conlon

et al., 2020; Hall et al., 2022; Searchfield and Sanders, 2022).

These studies clearly state objectives, methods and have a control

to provide a comparison of the effect. Participant selection and

allocation to groups minimizes bias and enables equivalency of the

groups. Such randomized controlled trials do have shortcomings:

they take a great deal of time, are expensive to run with strict

adherence protocols (Pham et al., 2016). In areas of rapid technology

development flexibility to technology change can be accommodated

using “evaluate intervention” principles (Mohr et al., 2015). Because

RCTs are carefully managed sometimes the results may not reflect

real-world efficacy or useability. Other times the question being

explored is at an early stage of research. In such cases smaller proof of

concept, feasibility and pilot trials are needed. These types of research

can all be of high quality, but the conclusions need to tempered

relative to the design. Claims of effectiveness in small samples must

relate to the sample tested and should not be generalized to wider

groups. Case-reports and single case designs can be very valuable for

assessing causal relationships between interventions and outcomes

(Lobo et al., 2017). This methodology relies on examination of

within individual differences over time and intervention. Instead

of measurements across many people the dependent variable is

measured many times within individual’s with varying phases (Lobo

et al., 2017).

Most tinnitus research follows the quantitative tradition. Gaps in

our understanding of tinnitus, particularly from the tinnitus suffers

perspective could be filled by more extensive use of qualitative

research (Heinrich et al., 2016; Durai and Searchfield, 2017; Pryce

et al., 2018; Taylor et al., 2020). All these research methods

add depth to our tinnitus understanding. This specialty section

encourages submissions of quality research employing a range of

research approaches.

2.4. Develop smart assessments to inform
treatment

The absence of an objective measure of tinnitus has been a

longstanding excuse for the failure to find a tinnitus cure. The

absence of a gold-standard objective measure is understandable

when the complexity and hetergeniety of tinnitus is considered.

Genetic and blood-based biomarkers for tinnitus are emerging
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(Szczepek et al., 2014; Haider et al., 2020) and we are getting closer

to being able to differentiate between tinnitus and non-tinnitus

activity by examining imaging and EEG activity (Vanneste et al., 2018;

Liu et al., 2019). Metabolic, hemostatic, inflammatory, endocrine,

immunological, oxidative and neurologic markers may all contribute

to tinnitus diagnosis and categorization (Kang et al., 2021). With

the aid of machine learning algorithms we may soon be able to

accurately distinguish tinnitus from a non-tinnitus neural activity

at an individual level that can help inform treatment (Han et al.,

2019; Durai et al., 2020). A very promising avenue for tinnitus

assessment is ecological momentary analysis using questionnaires

(Deutsch and Piccirillo, 2021) or behavioral measures coupled

with wearable sensors measuring physiological function (Searchfield

et al., 2021b). Ecological Momentary Analysis samples subjective

states regularly while biosensors for example within smartwatches

can objectively monitor physiology (Schlee et al., 2016; Goldberg

et al., 2017). For sleep Actigraphy is an inexpensive method for

recording and then estimating sleep activity (wakefulness and sleep

from timing, intensity, and duration of movements) using inertial

sensors available in smart watches (De Zambotti et al., 2019).

Real-time monitoring of tinnitus symptoms alongside physiology

provides longitudinal information that may aid diagnosis and inform

treatment, including medication dosage. Similarly, the measures

may inform the selection and/or engagement with pharmacotherapy,

sound therapy or counseling, thus enabling smart therapies.

2.5. Design smarter therapies

Fowler (1948) believed that a cure for hearing loss would cure

tinnitus. We are someway off restoring normal hearing, but hearing

aids and, to a certain degree, cochlear implants, have become regular

tools in tinnitus management (Shekhawat et al., 2013). Hearing Aids

are used as tinnitus management tools to reduce accompanying

hearing handicap, reduce the levels of attention paid to tinnitus,

compensate for deafferentation, and by raising the audibility of

environmental sounds mask tinnitus (Shekhawat et al., 2013). Many

hearing aids feature tinnitus settings with variations of sound

for masking or Tinnitus Retraining therapy (Hoare et al., 2014).

Further research is still needed to understand the mechanisms of

effect and optimisation of amplification and sounds for tinnitus

therapy. A particular challenge is to adapt these to individual

characteristics and needs (Searchfield et al., 2017). The release of

Hearables (earbuds with hearing aid features) by large consumer

electronics companies presents further avenues for pathway for

tinnitus technology innovation, particularly due to the potential to

incorporate biosensors within these devices (Searchfield et al., 2021b).

The ear may replace the wrist as the preferred region to record

biological signals from. In the future bio-signals may inform selection

or dosage of sound-based therapies.

Digital health has enabled growth in various tinnitus analogs

of face-face therapies as well as new treatment approaches. The

internet-based Cognitive Behavioral Thearpy (iCBT) approach has

been most widely researched. ICBT consists of education and

information about tinnitus, management strategies, training for self-

directed psychological approaches, social support, and monitoring of

tinnitus (Mehta et al., 2019). Many self-help tinnitus lifestyle apps are

available online, but very few apps have been scientifically validated

or tested for efficacy. Hearing aid manufacturers have developed

companion apps for their aids to offer additional tinnitus functions

and these have also been trialed with cochlear implants. There are

also large gaps in our knowledge about the effectiveness and end-user

engagement with these apps. Digital therapeutics, evidenced-based

software prescribed similar to drugs are becoming more widespread.

Digital therapeutics are available for variations conditions including

mental health (Hong et al., 2021). In the case of tinnitus the strategies

prescribed may include, information, counseling, sound therapy and

auditory training (Searchfield and Sanders, 2022). These may be a

form of network therapy, if this is the case physiological measures

should be able to demonstrate changes in connectivity between and

within networks. Digital therapeutics may employ “Serious games” to

maintain motivation and compliance with auditory training and may

modify different psychoacoustic or cognitive processes (Wise et al.,

2016). In a basic form the goal is to train the person with tinnitus

to focus on target sounds while suppressing background sounds

(Searchfield et al., 2007). More widespread work needs to be done to

explore how these technologies can be used in an effective manner

for tinnitus. These digital therapeutics could also be paired with

medications to potentiate each therapy’s action (Searchfield et al.,

2020). Bimodal stimulation has become a popular avenue to exploit

neuroplasticity by pairing soundwith vagus nerve or trigeminal nerve

stimulation (Riffle et al., 2021). These approaches offer an exciting

window into how multiple actions can be coupled to improve the

degree and speed of tinnitus therapies.

Currently the selection and implementation of therapy is based

largely on expert opinion. We need to become smarter in selecting

between therapies and potentially tuning them to individual needs

and physiological state. Tailored diagnosis and treatment of tinnitus

may be possible (Tzounopoulos et al., 2019). AI-driven decision-

making and adjustment may enable smart therapy. Machine learning

algorithms may use personality (Durai et al., 2017; Kleinstäuber

et al., 2018), tinnitus severity (Mazurek et al., 2006), tinnitus

location (Theodoroff et al., 2014) gender (Vanneste et al., 2012; Lugo

et al., 2019; Niemann et al., 2020; Van der Wal et al., 2020) and

physiological measures such as Magnetic Resonance Imaging and

Electroencephalography (Han et al., 2019; Durai et al., 2020; Allgaier

et al., 2021) to predict or modify therapies. In the future it may be

possible to use sensors (e.g., Global Positioning Satellite locators,

microphones, gyroscopes, accelerometers, Electrocardiogram and

Galvanic Skin Response measures) in smartphones or peripheral

wearable devices such as smart-watches and hearables to aid therapy

selection and dosing. How to best to incorporate AI and biosensors

in tinnitus research and practice is at present an open question

(Searchfield et al., 2021b).

2.6. Create better and more accessible
services

Many different healthcare professions play a role in the holistic

management of tinnitus, including psychiatrists, psychologists and

psychical therapists. The focus of this Journal is Audiology and

Otology. Otologists play a critical role the identification and

treatment of underlying casual mechanisms of tinnitus. Although a

treatable cause of tinnitus is absent in most cases of tinnitus if it is

then treatment may resolve or improve the tinnitus. The otologist

also plays an important role in the identification and management of

co-morbid conditions, including anxiety and depression (Shi et al.,
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2014). Following medical evaluation and treatment, audiologists

often provide a combination of sound therapy, with hearing aids, and

counseling. This therapy is effective for many but is of limited or no

benefit for others (Brennan-Jones et al., 2020). Despite being within

scope of practice relatively few audiologists provide comprehensive

tinnitus services. There appears to be several factors contributing

to this reluctance among audiologists, including the absence in

some countries of third party coverage for tinnitus management

costs, the complexity and ambiguity of tinnitus evaluations, and

self-perceived inadequate skills in counseling (Henry et al., 2019).

There is a need for greater clinical education in tinnitus and effective

tinnitus practice tools that ease clinician burden and support effective

practice. Practice guidelines exist for the USA and Europe that

reflect the professional skills of the primary professionals involved

in these regions (Tunkel et al., 2014; Cima et al., 2019). However

these are fairly generic and in some cases recommendations are

not definitive due to limited evidence. Decision support systems

created from Big Data may guide effective treatment selection to aid

clinicians (Sarafidis et al., 2021). Better service structures, support

and tools for tinnitus care may encourage more clinicians to take up

tinnitus practice.

The scarcity of healthcare practioners specializing in tinnitus has

accelerated the development of online and mobile therapies. The

merits of self-help, self-directed with some clinician involvement,

and traditional clinic based services should be explored. Provided

that communication technology is available and the cost of service

is suitable Telehealth should enable widespread access to services.

It is important that research is undertaken to investigate tinnitus

telehealth and that the international provision of services is culturally

appropriate for the user of such services.

2.7. Greater tinnitus literacy

Tinnitus appears to be often misunderstood by the public

and some health professionals. There is a general inadequacy in

training for audiologists and the unstandardized content of education

programs has been highlighted (Henry et al., 2019). This may be

the case for other professions. There is a need to identify core

competencies to be taught across counseling, and use of sound

therapy. There also needs to be sufficient research literacy amongst

audiologists and otologists to adapt core skills to new therapies. The

concept of evidence-based or evidence-informed practice is no longer

a new idea. But there still appears some willingness for clinicians to

recommend interventions with limited evidence base (Henry et al.,

2019).

Effective translation of research requires broad participation

of stakeholders including services, clinicians, patients, and their

communities. Historically the end users of treatments have had

limited input, or have been left out of discussions of research needs.

Efforts have been made internationally to ensure the patient voice is

included in discussions including being involved in co-design (Hall

et al., 2018a,b; Watts et al., 2018). There is a need for researchers

to listen to and act on patients desires for cures and reciprocity

from patients to respect research, and researchers, that focus on

symptomatic treatment.

Clinicians and researchers need to ensure that science

communication is effective and that tools developed for tinnitus

TABLE 1 Grand challenges and goals.

Grand Challenge Goals

Cures for tinnitus Remove the tinnitus signal

Provide greater relief

Early intervention for acute tinnitus

Personalized pharmacotherapy

Undersatnd variation in

tinnitus

Understand tinnitus network physiology

Clarify interactions between tinnitus causative factors

Determine if tinnitus subtypes exist and what they are

Research to be inclusive of cultural context and beliefs

Improve research quality

and diversity

Improve data quality and standards for Big-Data

Increase diversity of research methods

Encourage use of qualitative methods to supplement

quantitative data

Develop smart

assessments to inform

treatment

Identify reliable biomarkers

Increase use of Ecological momentary Analysis

Include longitudinal biosensor data in trial data

Develop assessments that directly inform

therapy–predict or guide.

Design smart therapies Personalized digital therapies

Therapy based on physiological measures

Greater use of mobile and internet based health

Polytherapeutic approaches

Create better and more

accessible services

Improved clinical education about tinnitus

AI informed therapy selection and tuning

Improve tinnitus literacy Greater science communication of tinnitus

Community stakeholder engagement

Advocacy to funders

assessment and management are linguistically and culturally

appropriate (Beukes et al., 2020). Compared to some common health

problems funding for tinnitus research is low and in some countries

tinnitus treatment is not reimbursed by insurers or funded publicly.

There are currently only a few non-government organizations that

solely fund tinnitus research (e.g., the American and British Tinnitus

Associations) so researchers must seek funding in competition with

other health problems. To address this patient groups, clinicians and

researchers need to work together as joint stakeholders and advocate

to governments and non-government organizations to place a higher

priority on funding tinnitus.

3. Conclusion

Tinnitus is a complex problem regularly encountered by

otologists and audiologists. The personal perspectives of Tinnitus

Grand Challenges presented in this article are open to debate

(Table 1). The mission of the Tinnitus specialty section of Frontiers
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in Audiology and Otology is to publish rigorously peer-reviewed

research at the forefront of tinnitus theory, assessment, and

management, with a focus on translation and application to

Audiology and Otology. The section is open to all methodological

approaches including qualitative, quantitative, and mixed methods.

The section is a forum for researchers in Audiology, Otology, and

related sciences to demonstrate research and clinical progress. The

ultimate goal for tinnitus research should be to find cures, but in

striving toward this aspirational goal, research will result in more

effective assessment, management and service delivery. We need to

carry stakeholders with us in this journey through compelling science

communication. Tinnitus research is thriving despite its complexity

and funding constraints. Through advocacy we as a community can

raise tinnitus as a serious issue deserving ofmore funding for research

and improved clinical services.
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