
BioMed Research International

Pathology of Tinnitus and  
Hyperacusis-Clinical Implications

Guest Editors: Aage R. Moller, Richard Salvi, Dirk De Ridder, Tobias Kleinjung, 
and Sven Vanneste



Pathology of Tinnitus and Hyperacusis-Clinical

Implications



BioMed Research International

Pathology of Tinnitus and Hyperacusis-Clinical

Implications

Guest Editors: Aage R.Moller, Richard Salvi, DirkDeRidder,

Tobias Kleinjung, and Sven Vanneste



Copyright © 2015 Hindawi Publishing Corporation. All rights reserved.

�is is a special issue published in “BioMed Research International.” All articles are open access articles distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.



Contents

Pathology of Tinnitus and Hyperacusis-Clinical Implications, Aage R. Moller, Richard Salvi,
Dirk De Ridder, Tobias Kleinjung, and Sven Vanneste
Volume 2015, Article ID 608437, 2 pages

Temporal Bone Pneumatization and Pulsatile Tinnitus Caused by Sigmoid Sinus Diverticulum and/or

Dehiscence, Liu Wenjuan, Liu Zhaohui, Zheng Ning, Zhao Pengfei, Dong Cheng, and Wang Zhenchang
Volume 2015, Article ID 970613, 4 pages

�eRelevance of Interoception in Chronic Tinnitus: Analyzing Interoceptive Sensibility and Accuracy,
Pia Lau, Miriam Miesen, Robert Wunderlich, Alwina Stein, Alva Engell, Andreas Wollbrink,
Alexander L. Gerlach, Markus Junghöfer,�omas Ehring, and Christo Pantev
Volume 2015, Article ID 487372, 9 pages

Psychophysiological Associations between Chronic Tinnitus and Sleep: A Cross Validation of Tinnitus

and Insomnia Questionnaires, Martin Schecklmann, Maximilian Pregler, Peter M. Kreuzer,
Timm B. Poeppl, Astrid Lehner, Tatjana Crönlein, �omas C. Wetter, Elmar Frank, Michael Landgrebe,
and Berthold Langguth
Volume 2015, Article ID 461090, 6 pages

�eRelevance of the High Frequency Audiometry in Tinnitus Patients with Normal Hearing in
Conventional Pure-Tone Audiometry, Veronika Vielsmeier, Astrid Lehner, Jürgen Strutz,�omas Ste�ens,
Peter M. Kreuzer, Martin Schecklmann, Michael Landgrebe, Berthold Langguth, and Tobias Kleinjung
Volume 2015, Article ID 302515, 5 pages

E�cacy and Safety of Repeated Courses of rTMS Treatment in Patients with Chronic Subjective

Tinnitus, Astrid Lehner, Martin Schecklmann, Timm B. Poeppl, Peter M. Kreuzer, Juliette Peytard,
Elmar Frank, and Berthold Langguth
Volume 2015, Article ID 975808, 7 pages

Tinnitus and Headache, Berthold Langguth, Verena Hund, Volker Busch, Tim P. Jürgens,
Jose-Miguel Lainez, Michael Landgrebe, and Martin Schecklmann
Volume 2015, Article ID 797416, 7 pages

Acoustic Coordinated Reset Neuromodulation in a Real Life Patient Population with Chronic Tonal

Tinnitus, Christian Hauptmann, Armin Ströbel, Mark Williams, Nitesh Patel, Hannes Wurzer,
Tatjana von Stackelberg, Uwe Brinkmann, Berthold Langguth, and Peter A. Tass
Volume 2015, Article ID 569052, 8 pages

Hyperacusis Questionnaire as a Tool for Measuring Hypersensitivity to Sound in a Tinnitus Research

Population, Kathryn Fackrell, Constance Fearnley, Derek J. Hoare, and Magdalena Sereda
Volume 2015, Article ID 290425, 12 pages

Validation of Screening Questions for Hyperacusis in Chronic Tinnitus, Martin Schecklmann,
Astrid Lehner, Winfried Schlee, Veronika Vielsmeier, Michael Landgrebe, and Berthold Langguth
Volume 2015, Article ID 191479, 7 pages



Editorial
Pathology of Tinnitus and Hyperacusis-Clinical Implications

Aage R. Moller,1 Richard Salvi,2 Dirk De Ridder,3 Tobias Kleinjung,4 and Sven Vanneste1

1The University of Texas, Richardson, TX 75080, USA
2University of Buffalo, Buffalo, NY 14214, USA
3University of Otago, Dunedin 9016, New Zealand
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Not long ago, tinnitus and hyperacusis were considered
intractable symptoms and the lack of interest and shortage of
research in diseases with these symptoms would have made
publishing a special issue on tinnitus and hyperacusis nearly
impossible. During the past two decades, there has been an
explosion of research on tinnitus and incremental growth
on hyperacusis, a condition associated with hearing loss,
autism, migraine, closed head injuries, Williams syndrome,
fibromyalgia, and other sensory hypersensitivity disorders.
Prior to 1980, a search of PubMed turned up fewer than 25
publications with tinnitus in the title (Figure 1); the situation
for hyperacusis was even more dismal with less than 5
publications in 1980 and only 19 in 2014.

This increase in publications reflects a large increase
in research made possible by new hypotheses about the
pathology of these diseases, advances in neuroscience in
general, and new technological approaches. The increase in
research funding by private philanthropic organizations such
as the American Tinnitus Association, the Tinnitus Research
Consortium, the Tinnitus Research Initiative, and Action on
Hearing Loss has been essential for the progress in under-
standing of tinnitus and hyperacusis and the treatment of
these disorders. Research grants from governmental agencies
have also contributed to these advances in research regarding
tinnitus and hyperacusis.

The incentive for this special issue was the tremendous
personal, social, and financial costs associated with tinnitus
and hyperacusis. For those suffering from severe or debilitat-
ing tinnitus or hyperacusis, the psychosocial and emotional
costs can be enormous. While tinnitus and hyperacusis can

affect anyone, young or old, those serving in the military
are at a higher risk than nonmilitary people. Roughly 50%
of combat personnel in the Gulf War developed tinnitus
where exposure to intense noise and stress were likely the
major contributing factors. Tinnitus ranks as the #1 service-
connected disabilities in the Veterans Health Care System
with compensation costs $1.2 billion for the year 2012,
projected to reach $3 billion for the year 2017.

The completion of this special issue is a testament
to the tremendous efforts by research groups around the
world to develop a better understanding of the neural
mechanisms underlying tinnitus and hyperacusis and to
develop better and more effective therapies. This special
issue combines association studies (tinnitus and sleep, tin-
nitus and headaches, tinnitus and interoceptive awareness,
mastoid pneumatization, and pulsatile tinnitus), diagnostic
studies (how to measure hyperacusis, the relevance of high-
frequency hearing loss in tinnitus), and treatment studies
(coordinated reset acoustic stimulation, repeated rTMS ses-
sions).

A few highlights from the accepted papers in this special
issue are discussed below.

(i) Hearing loss, which reduces the neural input to the
central auditory system, is thought to be one of the
major triggers for inducing tinnitus and aberrant neu-
ral activity within the brain; however, many people
with tinnitus have normal hearing thresholds within
the conventional audiometric range (0.25–8 kHz).
The work of V. Vielsmeier et al. shows that many
people with tinnitus who have what is regarded to
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Figure 1: A search of PubMed shows an exponential increase of
publications related to tinnitus over the last 20 years, while research
related to hyperacusis has been mainly overlooked.

be normal hearing have elevated hearing thresholds
above 8 kHz, which are strongly correlated with the
laterality of the tinnitus. The take home message is
that high-frequency audiometry should be an integral
part of a comprehensive tinnitus assessment.

(ii) Some evidence suggests that the air spaces within
the temporal bone (pneumatization) may contribute
to the severity of pulsatile tinnitus. Using imaging
techniques to quantify pneumatization, W. Liu et al.,
however, found little correlation between the severity
of tinnitus and the degree of pneumatization.

(iii) While many people with tinnitus have hearing loss,
not everybody who has hearing loss has tinnitus, a
result that supports other findings that show that
tinnitus is a multifactorial disease. The article by B.
Langguth et al. present evidence that tinnitus and
headache may be pathologically linked, consistent
with earlier research linking tinnitus and hyperacusis
to migraine.

(iv) Sleep disturbances are common in people with tinni-
tus but the relationship between sleep disturbance and
the severity of a person’s tinnitus has been unclear.
M. Schecklmann et al. report that tinnitus distress is
highly correlated with sleep disturbances.

(v) Over the past decade, many new and promising
therapeutic approaches for treating tinnitus have
emerged. Many different sound therapies designed
to modify neural activity in the brain have been
developed and remain to be validated. The exciting

paper by C. Hauptmann et al. suggests that acoustic
coordinated reset neuromodulation could become a
therapeutic strategy for treating patients with chronic
tonal tinnitus. Even though the lack of a control group
does not permit showing real efficacy, the promising
results of this open label study demonstrate that
further controlled studies are warranted.

(vi) Another approach to treating people with tinnitus is
repetitive transcranial magnetic stimulation (rTMS).
One of the main problems with published studies
of the use of rTMS to treat people with tinnitus is
the small effect size and the fact that the effect of
rTMS in tinnitus is limited in time. In a paper in
this issue A. Lehner et al. demonstrate that repeating
the rTMS sessions seems to be beneficial when the
tinnitus distress worsens after waning of the rTMS
effect.

(vii) The Hyperacusis Questionnaire is a tool used by
clinicians to evaluate hyperacusis symptoms in tin-
nitus patients. Factor analysis of data obtained by K.
Fackrell et al. suggests that only 10 items and two
factors (attentional and social) in the Hyperacusis
Questionnaire may be a more appropriate approach
for assessing hyperacusis instead of the current 12
items and 3 factors (emotional, attentional, and
social).

(viii) Furthermore, it was shown by M. Schecklmann et
al. that using only 2 questions can give a good hint
at whether hyperacusis is present: (1) Do you have a
problem tolerating sounds because they often seem
much too loud? (2) Do sounds cause you pain or
physical discomfort?

(ix) P. Lau et al. demonstrate that tinnitus is unrelated to
interoceptive awareness but that people with tinnitus
tend to overestimate physical changes in comparison
to people who do not have tinnitus.

In summary, special issues like this, covering clinical,
diagnostic, and treatment aspects of tinnitus and hyperacusis,
remain highly needed to continue the quest for finding better
andmore effective ways to treat these elusive symptoms. Only
a better understanding of the causes of both tinnitus and
hyperacusis and their pathology can pave the way to reaching
this goal.

Aage R. Moller
Richard Salvi

Dirk De Ridder
Tobias Kleinjung

Sven Vanneste
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Background. Although air cells within temporal bonemay play an important role in the transmission of pulsatile tinnitus (PT) noise,
it has not been studied systematically. Purpose. To evaluate the difference in temporal bone pneumatization between PT patients
with sigmoid sinus diverticulum and/or dehiscence (SSDD) and healthy people. Material and Methods. A total of 199 unilateral
persistent PT patients with SSDD and 302 control subjects underwent dual-phase contrast-enhanced CT (DP-CECT), to assess the
grade of temporal bone pneumatization in each ear. Results. In the bilateral temporal bone of 302 controls, 16 ears were grade I, 53
were grade II, 141 were grade III, and 394 were grade IV. Among the affected ears of 199 PT cases, 1 ear was grade I, 18 were grade
II, 53 were grade III, and 127 were grade IV. There was no significant difference in the pneumatization grade between the affected
PT ear and either ear in the healthy subjects (𝑝 > 0.05). Conclusion. Although air cells within the temporal bone are an important
factor in the occurrence of PT, its severity does not differ significantly from the pneumatization of healthy people.

1. Introduction

Tinnitus is a common otologic symptom affecting 30% of
the population worldwide [1]. Approximately 4% of patients
have pulsatile tinnitus (PT), defined as the perception of
somatosounds synchronized with the pulse in the absence of
an external acoustic stimulus [2].The psychological impact of
PT onmany patients is so severe that it can lead to depression
or even suicide [3]. Although PT has numerous causes,
sigmoid sinus diverticulum and/or dehiscence (SSDD) is the
most frequent and treatable cause [4–10]. Some studies report
that SSDD is the cause of PT in up to 20% of cases [5, 8, 9].

The mechanism of PT caused by SSDD remains unclear.
Many studies have suggested that sound in the sigmoid sinus
or vibration of the sigmoid wall caused by blood flow is
transmitted to the inner ear through the dehiscent sigmoid
sinus plate and air cells within the temporal bone, which
is ultimately sensed as PT [8, 10, 11]. Thus, the air cells
within the temporal bone may be an important contributor

to PT occurrence. However, the magnitude of temporal bone
pneumatization necessary to trigger PT and the difference
between PT patients and healthy people, which is criti-
cal to the etiological diagnosis and may affect therapeutic
planning, is still debated at present. Some studies suggest
that the diffused pneumatization in temporal bone and the
pneumatization in patients with PT caused by the internal
carotid artery (ICA) were greater than those observed in
healthy people and may be an important contributor to PT.
Sözen et al. [12] evaluated the relationship between subjective
PT and petrous bone pneumatization by comparing 25 PT
patients with healthy individuals.They detected petrous bone
pneumatization in 22 (68.8%) of 32 ears with subjective PT,
which was statistically higher than the prevalence in control
subjects (24%). By contrast, a different study found that
80% of PT patients with sigmoid sinus diverticulum exhib-
ited hyperpneumatization or good pneumatization of the
temporal bone, while 20% of their patient sample exhibited
moderate pneumatization of the temporal bone [11].
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The aim of this study was to evaluate the temporal bone
pneumatization in PT caused by SSDDby comparing patients
diagnosed with PT and healthy control subjects.We hypothe-
sized that the temporal bone pneumatization of the PT group
was greater than the pneumatization in the control subjects.

2. Materials and Methods

2.1. Subjects. The Hospital Institutional Review Board for
Human Subjects Research approved this study. We evaluated
the pneumatization of temporal bone in the unilateral PT
group and control group. The PT group included 199 SSDD
patients comprising 18 male and 181 female diagnosed with
unilateral PT between May 2008 and January 2013. Sixty-five
patients had left PT, and 134 had right PT. The duration of
PT was 3 months to 36 years. All patients were diagnosed
with SSDD using dual-phase contrast-enhanced computed
tomography (DP-CECT) of the temporal bone, and other
causes of PT, which was proven by imaging examination
and other clinical examination, such as aberrant internal
carotid artery, abnormal emissary vein, dural arteriovenous
fistula, benign intracranial hypertension, carotid atheroscle-
rosis, paraganglioma, high-riding or dehiscent jugular bulb,
or otosclerosis, were excluded. Thirty-eight patients suffer-
ing severe and continuous tinnitus underwent surgery of
sinus wall reconstruction. Among them, the PT resolved
completely in 29 patients and decreased significantly in the
remaining 9 patients. Among 937 consecutive patients with
orbital tumors, paranasal sinus tumors, or orbital trauma
undergoing DP-CECT between May 2008 and January 2013
who did not have a history of tinnitus, we identified 302
patients (209 male and 93 female) as controls after excluding
patients undergoing brain surgery or those with low-quality
images, temporal bone fracture, and other ear pathologies.

2.2. Imaging Method. DP-CECT was performed in all
patients using a 64-slice multidetector CT (Brilliance 64;
Philips, Best, Netherlands) at the following parameters:
120 kVp, 300mA, detector collimation 64 × 0.625mm, rota-
tion time 0.75 s, pitch 0.89 : 1, matrix 512 × 512, and field-of-
view (FOV) 22 × 22 cm. The scan range was from the vertex
to the sixth cervical vertebrae. Iodinated nonionic contrast
agent (Iopamidol (370mg iodine/mL); Bracco, Shanghai,
China) was administered at 5mL/s using an electric power
injector. The contrast agent was dosed at 1.5mL/kg accord-
ing to the patient’s weight in all subjects. The ascending
aorta served as the trigger point, the trigger area measured
200mm2, and the trigger threshold was set at 150HU. The
arterial phase was triggered by the Bolus-Tracking program
(Trigger Bolus software; Philips, Best, Netherlands) after
administering the contrast agent and performed in the
cephalocaudal direction. The arterial phase time ranged
from 8 to 12 s. The venous phase scan was performed in
the opposite direction after a fixed 8 s delay. All arterial
phase images were reconstructed by standard algorithms, and
standard and bone algorithms were used in all venous phase
images.

2.3. Image Interpretation. The CT images were reviewed by
two radiologists (LZH and LWJ, with 13 and 11 years of experi-
ence, resp.), and the findings were determined by consensus.
SSDD was diagnosed according to the following previously
described criteria: incomplete thin bone surrounding the
sigmoid sinus and/or a diverticulum entering the mastoid
bone [5, 6, 13].

The temporal bone pneumatization was classified accord-
ing to the method described by Han et al. [14]. The sig-
moid sinus was the designated reference for evaluation. On
the image in which the malleoincudal complex resembled
an ice cream cone-shape, three parallel lines angled 45∘
anterolaterally were applied so that one line crossed the
most anterior point of the sigmoid sinus at its junction with
the petrous bone, the second line crossed the most lateral
margin along the transverse plane of the sigmoid groove,
and the third line crossed the most posterior point of the
sigmoid sinus, respectively. The magnitude of temporal bone
pneumatization was classified into four categories as follows:
grade I (hypopneumatization), the pneumatization remained
anteromedial to the line drawn at the most anterior point
of the sigmoid sinus; grade II (moderate pneumatization),
the pneumatization extended into the space between the two
lines at the most anterior and lateral aspects of the sigmoid
sinus; grade III (good pneumatization), the pneumatization
extended to the space between the two lines at themost lateral
and posterior aspects of the sigmoid sinus; and grade IV
(hyperpneumatization), the pneumatization extended pos-
terolaterally beyond the line drawn at the most posterior
point of the sigmoid sinus.

2.4. Data Analysis and Statistics. All statistical analyses were
performed using statistical software (SPSS, version 16.0; SPSS,
Chicago, ILUSA), and a𝑝 value less than 0.05 was considered
statistically significant. The 𝜒2 test was used initially to
analyze the control group according to laterality and gender.
The independent 𝑡-test was then used to access the PT and
control groups according to age. If there were no differences
in the pneumatization grade between each lateral side and
gender in the control group, and the patient ages could be
matched between the two groups, then the 𝜒2 test was used
to analyze the proportional data between the affected side of
the PT patients and the control subjects.

3. Results

Tables 1 and 2 list the temporal bone pneumatization grade
per lateral side and gender, respectively, in the control group.
There was no significant difference according to laterality
(𝑝 = 0.471) or gender (𝑝 = 0.775).

The PT group included 199 PT patients with a mean age
of 40.6±13.8 years (range 17–77 years), and the control group
included 302 patients with a mean age of 40.8 ± 11.7 years
(range 13–80 years).There was no significant difference in age
between the PT and control groups (𝑝 = 0.865).

As shown in Table 3, there was no significant difference
in the pneumatization grade between the affected side in the
PT group and either side in the control group (𝑝 = 0.263).
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Table 1: Comparison of temporal bone pneumatization grade
between left and right ears in control group.

Pneumatization
grade

Side (number of ears) Statistical analysis
Left Right 𝜒

2
𝑝

I 8 8

2.526 0.471
II 22 31
III 67 74
IV 205 189
Total 302 302

Table 2: Comparison of temporal bone pneumatization grade by
gender in control group.

Pneumatization
grade

Gender (number of ears) Statistical analysis
Male Female 𝜒2 𝑝

I 12 4

1.157 0.775
II 39 14
III 94 47
IV 273 121
Total 418 186

Table 3: Comparison of temporal bone pneumatization grade
between the PT and control groups.

Pneumatization
grade

Group (number of ears) Statistical analysis
PT side Control 𝜒

2
𝑝

I 1 16

3.986 0.263
II 18 53
III 53 141
IV 127 394
Total 199 604
PT: pulsatile tinnitus.

4. Discussion

Our study found that the temporal bone pneumatization
grade in patients with PTwas identical to the grade in healthy
people. Additionally, although sigmoid plate dehiscence has
been reported as a cause of PT, we found that it also occurs
in some healthy people. Therefore, abnormal blood flow
within the sigmoid sinus is the essential factor triggering
PT. Only when abnormal sigmoid sinus perfusion, sigmoid
plate dehiscence, and normal temporal bone pneumatization
coexist will PT potentially occur.

Approximately 90.5% of the temporal bone pneumati-
zation lesions were grades II and IV (good pneumatiza-
tion and hyperpneumatization), which supports the theory
that extensive temporal bone pneumatization favors sound
transmission, as suggested by others. Large air cells increase
the resonance of sound and serve as an amplifier. Increased
transmission of normal perfusion sounds to the cochlea
would lead to PT [15, 16]. However, 9.5% of temporal bone
pneumatization in the patient population were grades I
and II (hypopneumatization and moderate pneumatization).

Multiple small air cells in poorly pneumatized temporal bone
do not augment the resonance of blood flow vibration in the
sigmoid sinus. However, the transmission distance from the
sigmoid sinus to the inner ear is shorter than in extensively
pneumatized temporal bone and therefore may be sensed as
PT.

In our study, DP-CECT was used to examine the detailed
anatomic structure and accurately diagnose PT caused by
SSDD. DP-CECT includes arterial and venous phases and
can demonstrate the status of vessels and temporal bones
simultaneously in a single study. Krishnan et al. [17] suggested
that DP-CECT can effectively detect arterial, venous, and
inner ear causes of PT in a prospective study of 16 PT patients.
Han et al. [14] classified the temporal bone pneumatization
into grades I–IV based on the sigmoid sinus, which can
be used to assess pneumatization with good feasibility. The
method used a single CT image and assessed the structure of
the sigmoid sinus, which was found to accurately represent
pneumatization in the entire temporal bone. In our study, we
chose this method to classify the temporal bone pneumati-
zation because it was simple and practical for a large sample
analysis.

Notably, our study is a retrospective study, and the differ-
ence in temporal bone pneumatization was analyzed between
PT patients and healthy subjects. However, the specific
mechanism generating the air cells within the temporal bone
in PT was not examined and warrants further experimental
study.

5. Conclusion

The magnitude of temporal bone pneumatization does not
significantly differ between PT patients with SSDD and
healthy people, which indicates that normal pneumatized
temporal bone can potentially meet the criteria of SSDD
required to induce PT.
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In order to better understand tinnitus and distress associated with tinnitus, psychological variables such as emotional and cognitive
processing are a central element in theoretical models of this debilitating condition. Interoception, that is, the perception of internal
processes, may be such a psychological factor relevant to tinnitus. Against this background, 20 participants suffering from chronic
tinnitus and 20matched healthy controls were testedwith questionnaires, assessing interoceptive sensibility, and participated in two
tasks, assessing interoceptive accuracy: the Schandry task, a heartbeat estimation assignment, and a skin conductance fluctuations
perception task assessing the participants’ ability to perceive phasic increases in sympathetic activation were used. To test stress
reactivity, a construct tightly connected to tinnitus onset, we also included a stress induction. No differences between the groups
were found for interoceptive accuracy and sensibility. However, the tinnitus group tended to overestimate the occurrence of phasic
activation. Loudness of the tinnitus was associated with reduced interoceptive performance under stress. Our results indicate
that interoceptive sensibility and accuracy do not play a significant role in tinnitus. However, tinnitus might be associated with
a tendency to overestimate physical changes.

1. Introduction

Tinnitus affects up to 40%of the population inWestern coun-
tries at least temporarily [1]. One to three percent of the gen-
eral population report a significant reduction in their quality
of life due to their tinnitus, for example, through its effect on
sleep and/or mood [2]. It is widely assumed that tinnitus is a
result of maladaptive cortical plasticity [3]. Yet psychological
constructs are believed to mediate this process and are espe-
cially tied to the distress perceived because of the tinnitus [4–
6]. Current psychological models of tinnitus assume a neu-
ronal basis of the tinnitus and in addition focus on the
interplay of different psychological processes explaining the
perceived distress [7]. For example, McKenna et al. [7]

propose that tinnitus distress starts with the detection of
tinnitus.Then, a vicious cycle of negative automatic thoughts,
detrimental safety behaviors, selective attention, and mon-
itoring is triggered. This model draws distinctively from
models of other mental disorders such as panic disorder. In
the case of panic attacks, small internal changes, for example,
of the heartbeat, trigger a similar dysfunctional circuit and
in the end result in panic attacks (cf. [8]) Hence, one risk
factor for panic disorder is interoception [9]. Interoception is
defined as sensitivity to internal stimuli which originate from
the body itself [10]. Interoception is also connected to other
mental disorders, including general anxiety disorder, bulimia
nervosa, anorexia nervosa, and somatoform disorders [11–
14]. In addition, interoception has been shown to be linked
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to psychological variables, such as emotional experience,
emotionalmemory processes, and alexithymia [14–16], which
are also discussed in the context of tinnitus (e.g., [17, 18]).

Tinnitus per se is a process of interoception as it is
attention toward internal percept.Whether interoception can
be assumed to be a dysfunctional factor for chronic tinnitus
however is still obscure. Next to the overlap of etiological
models, psychotherapeutic aspects for mental disorders and
tinnitus have common characteristics: an important inter-
vention in evidence-based treatment of panic disorder is
interoceptive exposure, which includes purposely evoking
internal stimuli (e.g., hyperventilating and running steps to
increase the heartbeat) in order to make the patients learn
that those internal signals are not harmful [19]. Similarly,
intentionally focusing on the tinnitus is a strategy used in cur-
rent treatments for tinnitus [20]. This intervention showed
a significant reduction in tinnitus related distress [21] which
points towards a meaningful connection between interocep-
tion and chronic tinnitus.

More evidence for a connection between chronic tinnitus
and interoception comes from the field of neuroscience: the
right anterior insula is activated in interoceptive processes
likewise in tinnitus sufferers, especially if they are highly
distressed [22–26]. Taken together, the current research con-
cerning tinnitus offers hints for a connection between chronic
tinnitus and interoception, but this question has never been
addressed directly. Hence, this study can be seen as a first step
towards a better understatement of the putative role of inter-
oception in tinnitus.

Current research suggests that interoception exhibits a
threefold structure: interoceptive sensibility, accuracy, and
awareness [27]. Interoceptive sensibility is regarded as the
subjective perception of interoception measured through
questionnaires or interviews. Interoceptive accuracy, some-
times also named sensitivity, is the objective measurement of
the accurate detection of internal processes. Finally, intero-
ceptive awareness is described as higher-order component in
interoception and covers more a metacognitive understand-
ing of interoception, for example, the knowledge about the
accuracy of the own interoceptive perception. As the latter
is difficult to measure (cf. [28]) and our study focused on
the basic aspects of interoception, we collected data on the
first two components, namely, interoceptive sensibility and
accuracy.

A standard procedure to operationalize interoceptive
accuracy is using the Schandry task [29]. Participants have to
report on all heartbeats felt during a signaled period of time.
The participants have to rely solely on their feeling while no
auxiliary means are allowed. To also account for the accuracy
of the perception of internal stimuli other than the heartbeat,
Andor et al. [30] introduced a novel interoceptive accuracy
task looking at the perception of spontaneous skin conduc-
tance fluctuations. In this task, phases with stable skin con-
ductance (no nonspecific skin conductance fluctuations) thus
representing the absence of internal arousal, as well as non-
specific skin conductance fluctuations (NSCF), representing
current phasic sympathetic arousal, are recorded. Partici-
pants have to decide if an acoustic signal was preceded by
either phasic arousal or a period of stable skin conductance.

This method allows the use of signal detection methodology
and thus the calculation of a perception bias to estimate
whether participants spuriously perceive bodily symptoms
(cf. Katzer et al. [31] for the concept of illusory bodily
symptoms and its relevance to the understanding of somatic
symptom disorder).

In an attempt to explore interoception as clinically rele-
vant construct to tinnitus, we conducted an a priori power
analysis based on effect sizes from a review paper on anxiety
disorders [32]. Sample size was chosen to be able to detect
a momentous, clinically relevant difference between the
groups. We reasoned that, in order to establish interoception
in tinnitus as a valid and meaningful construct, effect sizes
should be comparable to, for example, panic disorder.

A multimethod assessment of interoception, including
interoceptive sensibility through questionnaire measures and
interoceptive accuracy through the Schandry task and the
skin conductance task, was used. We hypothesized that a
group with tinnitus sufferers exhibits higher levels of intero-
ceptive sensibility and accuracy compared to a group of
healthy controls. Based on findings in studies trying to better
understand somatic symptom disorder such as health anxiety
[28], we also expected an interoceptive bias and postulated
that the tinnitus group shows a more liberal bias towards
the perception of internal processes, for example, phasic
sympathetic arousal, irrespective of its actual occurrence.

Tinnitus sufferers regularly associate stress with tinnitus
[33]. For example, in a study by Baigi et al. [34], stress was
related to worsening of the tinnitus. Hébert and Lupien [35]
found higher cortisol levels in a tinnitus group compared to
a control group after stress induction. Since stress appears to
be associated with tinnitus, we hypothesized that the tinnitus
group shows higher interoceptive accuracy under induced
stress, whereas the performance of the control group should
be less affected. To rule out a better performance based on
an increased cardiac output due to the stress, we included
a control condition where the participants had to reach ele-
vated levels of cardiac output through movement on an
ergometer.

2. Methods and Materials

2.1. Participants. Groups were matched with respect to age,
gender, and level of education. Unexpectedly, the groups
differ in the Body Mass Index (BMI) (Table 1). The study
protocol was approved by the ethics committee of theDepart-
ment of Psychology at the University of Münster and was
conducted according to the Declaration of Helsinki. Recruit-
ment was conducted through advertisements in local news-
papers, an announcement on the institute’s website, and the
distribution of information brochures and posters through-
out the university and in different locations in town. Par-
ticipants were paid 20C for their attendance. Exclusion
criteria were high blood pressure, cardiac diseases, asthma,
and pregnancy as the stress induction might have been
disadvantageous for individuals showing any of these con-
ditions. Pulsatile tinnitus, medication with cardiovascular or
psychopharmacological effects, and any diagnosis of mental
disorder were additional exclusion criteria. The absence of
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Table 1: Demographic description and mean scores of the questionnaires of tinnitus group and control group.

Tinnitus group (n = 20) Control group (n = 20)
𝑡(38) 𝑝

M SD M SD
Age (in Years) 42.8 13.1 41.7 12.9 0.26 0.80
BMI (kg/m2) 25.0 3.9 22.3 3.2 2.32 0.03∗

Physical exercise per week (hours) 3.6 2.5 3.9 2.8 −0.34 0.74
Baseline heart rate (beats per minute) 75.8 15.7 70.3 11.9 1.26 0.22
BAQ 68.75 11.67 65.60 16.37 −0.70 0.24
PBCS 11.95 3.734 11.85 4.32 −0.08 0.47
MAIA 3.00 0.39 2.91 0.54 −0.61 0.27
SOMS 59.05 10.11 58.65 11.87 −0.46 0.65
PANAS-PA 30.65 5.68 31.50 6.09 0.43 0.67
PANAS-NA 11.85 1.39 11.55 2.84 0.12 0.91
THQ 22.18 16.01 — —
THI 23.80 13.73 — —
BMI: BodyMass Index, BAQ: Body Awareness Questionnaire, PBCS: Private Body Consciousness Scale, MAIA:Multidimensional Assessment of Interoceptive
Awareness, SOMS: Screening for Somatoform Disorders, PANAS-PA: Positive Affect Scale of the Positive and Negative Affect Scale, PANAS-NA: Negative
Affect Scale of the Positive and Negative Affect Scale, THQ: Tinnitus Handicap Questionnaire, THI: Tinnitus Handicap Inventory, ∗𝑝 < 0.05.

mental disorders was ensured by assessing all participants
with the structured clinical interview formental disorders for
DSM-IV (SCID, German version; [36]).

2.2. Procedure. All potential participants were prescreened
for the above-mentioned exclusion criteria via telephone. An
e-mail including the study information sheet was sent to
individuals meeting all inclusion criteria. On the day of the
appointment, each participant gave written informed consent
prior to participating in the experiments. The assessment
started with the SCID to ensure absence of any mental dis-
order, which was the case for all participants.

2.2.1. Questionnaires. Following the suggestion by Mehling
et al. [37], different questionnaires to assess interoceptive
sensibility were utilized. We used the Body Awareness Ques-
tionnaire (BAQ, [38]), a scale covering the perception of non-
emotive, normal body processes, for example, rhythms of the
body and anticipating body reactions. Furthermore, we used
the first questionnaire dealing with interoception: the Private
Body Consciousness Scale (PBCS, [39]), which measures a
disposition to focus on internal processes, a sensitivity for
bodily changes, and the awareness of interoceptive feedback.
Additionally we handed out the Multidimensional Assess-
ment of Interoceptive Awareness (MAIA, [40]), an eight-
dimensional questionnaire covering noticing, notdistracting,
not-worrying, attention regulation, emotional awareness,
self-regulation, body listening, and trusting. For all three
questionnaires, reliability and valditiy could be shown [38,
41, 42]. Positive affectivity and negative affectivity were mea-
sured with the Positive and Negative Affect Scale (PANAS,
[43]) and somatization with the Screening for Somatoform
Disorders (SOMS-7T, [44]). The tinnitus group additionally
completed the TinnitusHandicapQuestionnaire (THQ, [45])

NSCF No NSCF

: tone

Arousal signal:
detection of arousal?

Nonarousal signal:
detection of arousal?

t

Figure 1: Description of the skin conductance task as measure of
interoceptive accuracy as depicted in Andor et al. (2008). NSCF:
nonspecific skin conductance fluctuation, 𝑡 = time.

and the Tinnitus Handicap Inventory (THI, [46]) to quan-
tify their tinnitus distress as well as visual analogue scales
(VAS) covering the topics of perceived loudness, annoyance,
distress, and handicap of their tinnitus.

2.2.2. Skin Conductance Task. Skin conductance was mea-
sured with a Varioport (Becker Meditec, Karlsruhe, Ger-
many) with a sampling rate of 16Hz. Two silver/silver chlo-
ride electrodes with a contact surface area of 2 cm2 to which
isotonic paste was applied were used [47]. The electrodes
were attached to the palm of the nondominant hand [48].
The Variotest system (Gerhard Mutz, Cologne, Germany)
identified online periods of stable skin conductance (no
NSCF) and periods of phasic sympathetic activation (NSCF),
for amore detailed description: Andor et al. [30]. Participants
were instructed to focus on their body arousal during the
entire task and indicate, after each tone, whether a tone was
preceded by an occurrence of body arousal (see Figure 1
for an illustration of the task procedure). The algorithm,
whether the program was scanned for a stable phase or a
fluctuation, was pseudorandomized with the restriction that
the two different types of phases were not signaled more
than two times in a row. The same sequence was used for
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Figure 2: Procedure of the Schandry task.

all participants. The search window for a stable phase or a
fluctuation was 150 s. If the intended event occurred within
this time frame, the tone was presented; otherwise, no tone
was presented and the program continued with the next trial.
If more than five trials were missed, the subject was excluded
from data analysis and the time window was shortened to
30 s.The latter intended to ensure that all participants started
with the same feeling into the second task; for example,
they did not notice that the task was cancelled. Usually
participants are relaxed during this task and show only a few
fluctuations in the skin conductance. In order to increase
the arousal level of the participants, that is, provoke more
fluctuations, two one-minute breaks were included in the
task in which participants were asked to talk about their last
vacation, book, or movie. As participants are usually more
aroused in the beginning of an experimental session than in
later phases, we chose to conduct the skin conductance task
always first before the Schandry task.

2.2.3. Schandry Task. In the second task, interoceptive accu-
racy was measured using the Schandry task [29]. Participants
were instructed to count their heartbeat for an indicated
amount of time.The electrocardiogram (ECG) wasmeasured
with a technical device (NeXus-10 Mark II, Mind Media
BV, Herten, Netherlands) using three silver/silver chloride
electrodes attached to the torso according to Einthoven lead
II. The ECG was sampled at a rate of 256Hz. The trials were
presented with Presentation (Neurobehavioral Systems Inc.,
Berkeley, CA, USA).

Three within-subject conditions existed for this task: a
baseline condition with the classic Schandry task, a condition
following a social stress induction, and a control condition
following physical exercise on an ergometer (see Figure 2).
Each condition consisted of five consecutive trials of different
length (20, 25, 30, 35, and 40 s) which were presented in
randomized order. After each trial, participants had 10 s to
report their heartbeat count to the investigator. A 30-second
pause followed each trial. The beginning and the end of each
trial weremarked by a tone (onset tone: 800Hz, 300ms; offset
tone: 500Hz, 300ms).

Before the baseline Schandry task, participantswere given
five minutes to get used to the ECG and afterwards filled out
the good-and-badmood and agitation-tranquility scale of the
Multidimensional Questionnaire of Mental State (Mehrdi-
mensionaler Befindlichkeitsfragebogen,MDBF, [49], cf. [50])
to report on their current mental state. Afterwards, the
Schandry task was presented. Participants were asked to sit
upright with their back of the hands resting on their thighs.
This and the explicit instruction to avoid any other auxiliary
means (e.g., measuring the pulse with the fingertips) were
intended to ensure that the participants relied on their

interoception solely. One test trial was conducted to make
the participants familiar with the task. Then, the baseline
Schandry task with its five trials was presented, followed by
the stress induction. Here the participants performed the
cognitive stress task of the Trier Social Stress Test [51]. For five
minutes, participants had to repeatedly subtract 13, starting at
1022. They were told to do this mental arithmetic task as fast
and as accurate as possible. In case of an error, participants
were interrupted and told to start again at 1022. To further
increase stress, the investigator said “Please calculate faster.”
Moreover, participants were told that also the voice and the
posture during this mathematical task would be analyzed
and therefore he or she was videotaped during the task. To
enhance stress levels through the additional factor of self-
awareness, participants could see themselves on a screen.
After the stress induction period, participants again filled out
the MDBF. The second block of five trials of the Schandry
task was presented, followed by another completion of the
MDBF. Finally, the last condition of the Schandry task started:
heartbeat perception after physical exercise (five minutes
cycling on an ergometer).The investigator instructed the par-
ticipant to either speed up or slowdown their cycling to adjust
their average heart rate to the heart ratemeasured in the stress
induction phase. Finally, the third block of the Schandry task
was conducted. At the end of the experiment participants
were informed about the purpose of the experiment, includ-
ing the function of the stress induction.

2.3. Analysis

2.3.1. Skin Conductance Task. According to participants’ abil-
ity to detect NSCFs, the sensitivity index 𝑑 was calculated as
follows:𝑍(hit rate) –𝑍(false alarm rate). If the hit rate equals
the false alarms rate, the index is zero implicating low sensi-
tivity. The higher 𝑑 is, the better the participants were able
to detect phasic internal arousal correctly. Furthermore, an
index to quantify bias C as response behavior was calculated:
−0.5∗ (𝑍(false alarm rate) +Z(hit rate)). It describes whether
the participant had a conservative response behavior, that is,
reporting more often no arousal than arousal, or a liberal
one, that is, reporting more often arousal irrespective of its
occurrence. The first is represented through an index higher
than 0 and the latter below 0; an index around 0 reflects
that there is no tendency, for example, a balanced answering
behavior.

2.3.2. Schandry Task. Data from the NeXus (including the
triggers from Presentation) was imported to the Polyman
program (Bob Kemp & Marco Roessen, Den Haag, Nether-
lands) to quantify the participants’ heartbeat. Based on this
data (recorded heartbeat) and the answers given by the
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participants (counted heartbeat) during the experiment, the
heartbeat perception score was calculated (HBP, HBP = 1 −
1/5 ∑(|recorded heartbeats − counted heartbeats|/recorded
heartbeats), (cf. [11, 52, 53])).The better the performance, that
is, the accuracy of the given answers, the higher the HBP.The
maximal value is 1.

3. Results

Twenty participants with chronic tinnitus (M= 42.8 years, SD
= 13.1, 40% female) and twenty healthy control participants
without tinnitus (M = 41.7 years, SD = 12.9, 40% female)
were tested. Groupswerematchedwith respect to age, gender,
and level of education. Unexpectedly, the groups differ in the
Body Mass Index (BMI); see Table 1.

3.1. Questionnaires. The 𝑡-test for independent samples
revealed no significant differences between the two groups
regarding the self-report measures of interoception, BAQ:
𝑡(38) =−0.70,𝑝 = 0.24; PBCS: 𝑡(38) =−0.08,𝑝 = 0.47;MAIA:
𝑡(38) =−0.61,𝑝 = 0.27.The same is true for the SOMS, 𝑡(38) =
0.12, 𝑝 = 0.91, PANAS-PA, 𝑡(38) = −0.46, 𝑝 = 0.65, and
PANAS-NA, 𝑡(38) = 0.43, 𝑝 = 0.67 (see Table 1).

3.2. Skin Conductance Task. Due to too few spontaneous skin
conductance fluctuations (less than 5), 12 participants had
to be excluded from the analysis, yielding 15 participants in
the tinnitus group and 13 in the control group. We found no
difference of the sensitivity index 𝑑 between the groups in a
𝑡-test for independent samples, 𝑡(26) = 0.59, 𝑝 = 0.28, and 𝑑
= 0.22 (tinnitus groupM= −0.14, SD = 1.30 and control group
M = 0.16, SD = 1.51). A trend was found for the bias C: 𝑡(26)
= 1.53, 𝑝 = 0.07, 𝑑 = 0.58 (see Figure 3, tinnitus group M =
−0.19, SD = 0.71 and control group M = 0.22, SD = 0.70).
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Figure 4: Current mood throughout the Schandry task conditions
for both groups. Error bars indicate standard error. MDBF: Multidi-
mensional Questionnaire of Mental State.

3.3. Schandry Task. All participants were included in the
analysis. In order to check if we successfully implemented the
three conditions we compared the three consecutive current
mental state scores. A repeated measures ANOVA with the
factors Condition (baseline versus stress versus exercise)
and Group (tinnitus versus control) showed a significant
difference between the three conditions, 𝐹(2,76) = 53.12, 𝑝 <
0.001, and 𝜂2 = 0.67 (see Figure 4).

Simple contrasts revealed that the current mental state
after the stress induction was significantly reduced compared
to baseline, 𝐹(1,38) = 62.21, 𝑝 < 0.001, and the exercise
condition,𝐹(1,38) = 74.26,𝑝 < 0.001.Therewas no significant
interaction between group and condition, 𝐹(2,76) = 1.47, 𝑝 =
0.24, and 𝜂2 = 0.04.

Besides the self-report measure of mood, we also evalu-
ated heart rate in the three different conditions. The lowest
heart rate was found in the baseline condition (M = 73.04,
SD = 14.01), followed by the stress (M = 85.90, SD = 17.53) and
the exercise condition (M = 88.20, SD = 15.94). An ANOVA
for repeated measure with the factors Condition and Group
showed again a significant difference for the conditions for
the heart rate values, 𝐹(2,76) = 60.68, 𝑝 < 0.001, and 𝜂2 =
0.62. Simple contrasts showed a significant difference in heart
rate between baseline condition and both stress condition,
𝐹(1,38) = 45.59, 𝑝 < 0.001, and exercise condition, 𝐹(1,38) =
106.11, 𝑝 < 0.001, and a significant difference between the
stress condition and the exercise condition, 𝐹(1,38) = 6.53,
𝑝 = 0.02.There was no significant interaction of group 𝑥 con-
dition, 𝐹(2,76) = 0.05, 𝑝 = 0.96, and 𝜂2 = 0.00.

Using a repeated measures ANOVA on the HBP values
with the factors Condition and Group, no main effect for
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groups with regard to HBP, 𝐹(2,76) = 1.90, 𝑝 = 0.16, nor an
interaction effect, 𝐹(2,76) = 0.30, 𝑝 = 0.73, was found (see
Figure 5).

3.4. Post Hoc Analysis. An analysis of covariance (ANCOVA)
for the performance in the Schandry task in the three condi-
tions within the tinnitus group was conducted, using tinnitus
loudness as a covariate. Bonferroni correction for multiple
testing was applied.This analysis revealed a significant differ-
ence between the three conditions when controlling tinnitus
loudness, 𝐹(2,36) = 5.16, 𝑝 = 0.02, as well as the interaction
condition 𝑥 loudness, 𝐹(2,36) = 4.39, 𝑝 = 0.04 (see Figure 6).
A simple linear regression analysis to predict the performance
in the Schandry task for the stress condition compared to the
baseline condition revealed a significant influence of tinnitus
loudness,𝐹(1,18) = 8.55,𝑝 < 0.01, and𝑅2 = 0.28. Amarginally
significant effect was found for the influence of loudness on
the performance in the exercise condition, 𝐹(1,18) = 3.99,
𝑝 = 0.06, and 𝑅2 = 0.18. Quiet tinnitus went along with an
enhanced performance in the Schandry task, especially in
the stress and exercise condition, whereas loud tinnitus is
accompanied with a decreased performance in the stress and
exercise task.

A second ANCOVA for repeated measures for the per-
formance in the Schandry task with BMI as covariate did
not reach significance level, 𝐹(2,74) = 0.37, 𝑝 > 0.99 (again
Bonferroni corrected for multiple comparisons).

4. Discussion

We evaluated whether interoceptive sensibility and accuracy
as key factors of interoception differed in a sample with
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Figure 6: Correlation between the heart beat perception (HBP)
score and tinnitus loudness. The correlation is plotted separately for
the three conditions of the Schandry task. Colored lines represent
the linear regression lines for each condition.

chronic tinnitus and healthy control subjects. We found no
clinically relevant differences between the groups, neither
using questionnaires (interoceptive sensibility) nor using
experimental tasks (the Schandry task and a skin conduc-
tance task, interoceptive accuracy). However, a trend in the
bias measure C towards a more liberal perception of arousal,
that is, a higher preparedness to expect internal arousal, in the
tinnitus group was detected. Furthermore, tinnitus loudness
influenced performance on the Schandry task in the chronic
tinnitus group.

In order to detect a clinically relevant influence of intero-
ception on tinnitus, we based our a priori power calculations
on the averaged effect size from a review [32] for the Schandry
task, which is the most field-tested and standardized task
for interoception. However, our results show that changes
in interoception in chronic tinnitus are not comparable to
anxiety disorders.

Our hypothesis that the tinnitus group might perform
better in interoceptive accuracy when stressed, that is, trying
to roughly simulate the cooccurrence of stress and tinnitus
onset, was not supported by the obtained experimental
results. Given the comparable heart frequency, we assumed
that the origin of the heart beat differences, stress or exercise,
might have an influence on interoception. Yet there was no
difference between performance in the two conditions, nor
an interaction effect between group and condition. Heart
beat elevation and the self-report of mental state after the
stress induction reflect a successful manipulation. Yet we
do not know how long the elevated stress level after the
induction lasted. At least before the beginning of the exercise
condition, the stress levels went back to normal. It might
be worth to enhance the stress level more persistently or
“refresh” the stress level between each trial in order to come
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to a final conclusion about the connection of stress level and
interoceptive accuracy.

If we evaluate loudness of the tinnitus as a covariate for
the Schandry task performance, we find a significant differ-
ence for the conditions in the Schandry task. The louder the
tinnitus, the worse the heart beat perception performance in
the stress and exercise condition. In the baseline condition,
the cognitive load is lower and the cognitive resources are not
yet depleted. Thus, it can be hypothesized that, with a quiet
tinnitus perception, attention shifts are still possible as the
participants were able to take away their attention from the
tinnitus and focus on the task. If the tinnitus is especially loud,
this might reduce the capacity to direct the attention away
from the tinnitus towards perception of the heartbeat. This
is in line with previous findings of difficulties of especially
severe tinnitus sufferers on selective and divided attention
[54, 55].

As the BMI negatively correlates with interoceptive accu-
racy for the heartbeat [56], the significant difference between
the groups regarding this factor may have influenced the
results as well. However, using BMI as covariate did not
change our results.

The skin conductance task especially suffered from a low
power: due to its novelty, effect sizes were difficult to estimate
and in addition we encountered an unexpectedly significant
number of dropouts. Furthermore, both groups had a low 𝑑
score, representing guessing probability in this task. Whereas
this finding is not completely surprising, given that in the
two previous studies 𝑑 scores in healthy control groups were
also low, in our study the 𝑑 scores were lower than what
was previously found [28, 30]. Obviously, the task was too
difficult for both groups and the especially low 𝑑 scores
render it unlikely that chronic tinnitus sufferers are especially
adept at perceiving phasic sympathetic arousal as indexed by
nonspecific skin conductance fluctuations.

Notwithstanding the bias C calculation is interesting.This
finding adumbrates that the tinnitus group tends to perceive a
bodily sensation, regardless of its actual physical occurrence.
This perception biasmight also apply to internal acoustic sen-
sations and might be a starting point for a tinnitus sensation.
Another possible explanation for the current results might be
that people suffering from tinnitus may only have specifically
increased interoception for internal acoustic processes which
would not be detected through themeasures used in the study
at hand. Albeit we try to cover the concept of interoception
as broad as possible, those measures might have been too
coarse to detect this idea about specific and solely auditory
interoception.

In contrast to these findings of interoceptive accuracy,
another study found a reduced discrimination of external,
electromagnetically evoked stimuli [57]. In the future, it
might be interesting to investigate the relationship between
extro- and interoception in tinnitus.

Overall our populationwas lowly distressed through their
tinnitus. According to severity grading [58], 45% of our
subjects had negligible tinnitus which is only audible in quiet
surroundings, 40% a light tinnitus which can easily be
ignored, and the rest mild tinnitus, where daily functioning
is not impaired. The two more severe categories were not

represented within our study. Through our screening for
mental disorders, we might have likewise excluded highly
distressed tinnitus sufferers as high distress in tinnitus is often
accompanied by a mental disorder [59]. We would assume
that in a high distressed group interoceptive processes might
be more pronounced. This is also a key distinctive charac-
teristic which varies between our study and the studies on
interoception in mental disorders. In order to be diagnosed
with a mental disorder, high distress and impairment are
necessary; in the study at hand, we explicitly excluded partic-
ipants based on this aspect.

Concluding, as first study in this field we tried to track
down interoception in tinnitus.We took recent developments
into consideration and systematically analyzed different
aspects of interoception. In order to exclude confounders of
interoception, we matched the two groups and profoundly
screened for mental disorders. Despite our reasoning, we did
not detect any main differences between a tinnitus group and
a group of healthy controls regarding interoceptive accuracy
and sensibility. If there are differences in the interoception
between the two groups, the impact is not comparable to
other disorders, for example, panic disorder and eating dis-
orders. Yet we found that tinnitus sufferers might have a bias
to perceive bodily symptoms irrespective of a physiological
basis. Finally, we found that the loudness of tinnitus goes
alongwith a decrease in performance in cognitive demanding
tasks. We think it might be worth to further investigate
the bias effect on the tinnitus population and to continue
to complete the analysis of clinically relevant psychological
variables influencing tinnitus and its distress.
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Interdisziplinäres Zentrum für klinische Forschung (IZKF;
CRA05).

References

[1] R. R. Coles, “Epidemiology of tinnitus: (1) prevalence,”The Jour-
nal of Laryngology & Otology, vol. 98, supplement 9, pp. 7–15,
1984.

[2] R. A. Dobie, “Depression and tinnitus,” Otolaryngologic Clinics
of North America, vol. 36, no. 2, pp. 383–388, 2003.

[3] C. Pantev, H. Okamoto, and H. Teismann, “Tinnitus: the dark
side of the auditory cortex plasticity,” Annals of the New York
Academy of Sciences, vol. 1252, no. 1, pp. 253–258, 2012.

[4] W. Schlee, N. Mueller, T. Hartmann, J. Keil, I. Lorenz, and N.
Weisz, “Mapping cortical hubs in tinnitus,” BMC Biology, vol. 7,
article 80, 2009.



8 BioMed Research International

[5] G. Andersson and L. McKenna, “The role of cognition in tinn-
itus,”Acta Oto-Llaryngologica—Supplementum, no. 556, pp. 39–
43, 2006.

[6] D. De Ridder, S. Vanneste, N.Weisz et al., “An integrativemodel
of auditory phantom perception: tinnitus as a unified percept of
interacting separable subnetworks,” Neuroscience & Biobehav-
ioral Reviews, vol. 44, pp. 16–32, 2014.

[7] L. McKenna, L. Handscomb, D. J. Hoare, and D. A. Hall, “A sci-
entific cognitive-behavioral model of tinnitus: novel concep-
tualizations of tinnitus distress,” Frontiers in Neurology, vol. 5,
article 196, 15 pages, 2014.

[8] D. M. Clark, “A cognitive approach to panic,” Behaviour
Research andTherapy, vol. 24, no. 4, pp. 461–470, 1986.

[9] S. Reiss and R. J. McNally, “The expectancy model of fear,” in
Theoretical Issues in Behavior Therapy, pp. 107–122, Academic
Press, 1985.

[10] S. N. Garfinkel and H. D. Critchley, “Interoception, emotion
and brain: new insights link internal physiology to social behav-
iour. Commentary on: ‘anterior insular cortex mediates bodily
sensibility and social anxiety’ by Terasawa et al. (2012),” Social
Cognitive and Affective Neuroscience, vol. 8, no. 3, pp. 231–234,
2013.

[11] M. Klabunde, D. T. Acheson, K.N. Boutelle, S. C.Matthews, and
W. H. Kaye, “Interoceptive sensitivity deficits in women recov-
ered from bulimia nervosa,” Eating Behaviors, vol. 14, no. 4, pp.
488–492, 2013.

[12] O. Pollatos, A.-L. Kurz, J. Albrecht et al., “Reduced perception
of bodily signals in anorexia nervosa,” Eating Behaviors, vol. 9,
no. 4, pp. 381–388, 2008.

[13] M. Schaefer, B. Egloff, andM.Witthöft, “Is interoceptive aware-
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haltenstherapeutisches Behandlungsmanual. Mit Online-Materi-
alien, 2010.
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Background.The aim of the present study was to assess the prevalence of insomnia in chronic tinnitus and the association of tinnitus
distress and sleep disturbance.Methods. We retrospectively analysed data of 182 patients with chronic tinnitus who completed the
Tinnitus Questionnaire (TQ) and the Regensburg Insomnia Scale (RIS). Descriptive comparisons with the validation sample of
the RIS including exclusively patients with primary/psychophysiological insomnia, correlation analyses of the RIS with TQ scales,
and principal component analyses (PCA) in the tinnitus sample were performed. TQ total score was corrected for the TQ sleep
items. Results. Prevalence of insomnia was high in tinnitus patients (76%) and tinnitus distress correlated with sleep disturbance
(𝑟 = 0.558). TQ sleep subscore correlated with the RIS sum score (𝑟 = 0.690). PCA with all TQ and RIS items showed one sleep
factor consisting of all RIS and the TQ sleep items. PCA with only TQ sleep and RIS items showed sleep- and tinnitus-specific
factors. The sleep factors (only RIS items) were sleep depth and fearful focusing. The TQ sleep items represented tinnitus-related
sleep problems. Discussion. Chronic tinnitus and primary insomnia are highly related and might share similar psychological and
neurophysiological mechanisms leading to impaired sleep quality.

1. Introduction

Several neural models regarding the generation and main-
tenance of chronic and bothersome tinnitus postulate that
cochlear dysfunction may be associated with adaptive pro-
cesses involving both auditory pathway and nonauditory
areas (for overview [1]). Patients report difficulties distract-
ing themselves from their tinnitus or negatively appraise
their tinnitus, which is in line with the notion of attention
(frontoparietal areas) and distress (limbic areas) network
involvement in chronic tinnitus [2]. Moreover, increased
connectivity between auditory and emotional/autonomic
areas has been described in tinnitus patients [3]. An early
neurophysiological model suggests that negative emotional
and cognitive reaction to the tinnitus percept leads to a

distress response of the autonomic nervous system [4, 5].
By mechanisms of conditioned reflexes the tinnitus percept
is reinforced by the negative autonomic reaction. These
interactions between auditory and nonauditory brain regions
can explain why tinnitus is perceived as bothersome and
might be the reason why habituation to the tinnitus percept
is prevented.These mechanisms can lead to comorbid condi-
tions such as concentration problems, depressivity, and sleep
disturbances [6]. Accordingly, insomnia shows an increased
prevalence in chronic tinnitus [7, 8] and an impaired sleep
quality is correlated with tinnitus distress and sleep quality
[9]. Patients frequently report that tinnitus prevents them
from falling asleep.Moreover, tinnitus perception and annoy-
ance depends on the quality of the night’s sleep and also of
afternoon naps. Patients with chronic tinnitus show altered
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sleep architecture with a higher amount of light sleep as
compared to healthy controls [10]. Another study comparing
patients with chronic tinnitus and healthy controls showed
no differences in polysomnographic sleep parameters except
lower nonrapid eye movement spectral power in delta band
which was correlated with subjective sleep complaints [11]
and lower subjective sleep quality in tinnitus. Insomnia
patients with and without tinnitus revealed similar impaired
sleep architecture [12]. First trials with sleep-regulating med-
ication such as melatonin showed divergent results [13, 14].

Recently, dysfunctional cognitions, hyperarousal, and
increased sympathetic activation were discussed as common
etiological factors in comorbid tinnitus and sleep disorders
[15]. Primary or psychophysiological insomnia—insomnia
without comorbid somatic or psychiatric disorders—is char-
acterised by a physiological hyperarousal, impaired sleep
quality, associated tiredness, dysfunctional thinking about
sleep, and unfavourable sleeping habits [16]. Recently, parts
of the cingulate cortex and bilateral insula were identified as
neural substrate for abnormal autonomous activity as elicited
by heart rate variability, which in turn is mediating tinnitus
distress [17].

Based on the idea of common etiological factors in
chronic tinnitus and psychophysiological insomnia [15], the
aim of the present study was to assess the prevalence of
insomnia in chronic tinnitus and the association of tinnitus
distress and sleep disturbance. Furthermore, we evaluated
whether the Tinnitus Questionnaire (TQ [18]) is sufficient
for screening of insomnia symptoms in chronic tinnitus.
For this purpose a retrospective analysis of the associa-
tion of the TQ and the Regensburg Insomnia Scale (RIS
[12]) of a large sample of patients with chronic tinnitus
was performed. The TQ is a validated questionnaire for
the assessment of tinnitus severity with a well-established
factorial structure. Among the 6 components one factor
assesses specifically sleep problems. The RIS was specifically
established for the assessment of psychological factors related
to primary/psychophysiological insomnia [19].

2. Materials and Methods

All included subjects were patients of the in- or outpatient
clinic of the Department of Psychiatry and Psychotherapy.
Tinnitus was diagnosed in the outpatient clinic which is part
of the Interdisciplinary Tinnitus Center at the University of
Regensburg (Regensburg, Germany). Patients gave written
informed consent for data collection in the Tinnitus Research
Initiative database [20] which was approved by the Ethics
Committee of the University Hospital of Regensburg (Ger-
many; reference number 08/046). Inclusion criterion was
subjective chronic tinnitus. Exclusion criteria were objective
tinnitus (with a treatable cause) and presence of unstable
psychiatric comorbidities or unstable medical conditions.
Patients were 53 ± 11.1 years old; 129 out of 182 (71%) were
men, and had a tinnitus duration of 98.2 ± 99.2 (𝑛 = 171)
months and tinnitus distress level of 46.3 ± 18.0 as indicated
by the TQ. Seventeen out of 177 showed purely right, 32 purely
left tinnitus and 128 tinnitus in both ears or within the head.

Patients filled in the German versions of the Tinnitus
Questionnaire (TQ [18, 21]) and the Regensburg Insomnia
Scale (RIS [19]). The TQ total score is the summation of 40
items with 2 items counted double. The different subscales
are emotional distress, cognitive distress, sleep disturbance,
auditory perceptual difficulties, somatic complaints, and
intrusiveness. To control for effects of sleep items in the TQ
total score we subtracted the sleep subscore from TQ total
score for the statistical analyses.

For statistical analysis we present descriptive compar-
isons of the present tinnitus sample with the insomnia sample
of the validation study of the RIS [19]. The validation sample
was recruited and carefully diagnosed in the Center for
Sleep Medicine at the Department of Psychiatry and Psy-
chotherapy of the University of Regensburg (Germany). We
correlated theRIS sum scorewith theTQ scales using Pearson
correlation coefficient. Contrasts between correlations were
done by using Fisher’s 𝑟-to-𝑧 transformation. Two principal
component analyses (PCAs)withVarimax rotationwere used
to test for the homogeneity of the TQ sleep and the RIS
items. For the first PCA all TQ items and all RIS items were
included; for the second PCA only TQ sleep items and the
RIS itemswere included. To test for the homogeneity between
tinnitus and insomnia patientswe recalculated the PCAof the
RIS validation study for the present tinnitus sample by using
only the RIS items. For factor extraction we used the Kaiser-
Guttman criterion (eigenvalues > 1). According to Hair et al.
[22] items with factor loadings above 0.45 were included for
the factor solution. Statistical analyses were performed with
SPSS 18.0.0 (SPSS, USA).

3. Results

138 out of 182 tinnitus patients (76%) presentedwith insomnia
as categorised by the cut-off score of the RIS (>12). The mean
RIS score (17.5 ± 7.6) was about five points below the mean
RIS score of the validation sample [22] which included only
patients with primary insomnia. On single item level the
difference between the two samples was in the same range
except for the items nine and ten. With respect to those
two items (“daytime functioning” and “medication intake”)
tinnitus and insomnia patients had similar values (Table 1).

Tinnitus patients showed significant medium to high
correlations of the RIS sum score with the total score of the
TQ (corrected for the sleep items) and all subscores (Table 2).
The correlation of the RIS with the sleep subscore was the
highest one. The correlation between the RIS and the TQ
sleep subscore was significantly higher than the correlation
of the RIS with the other TQ scores (Table 2).

Principal component analyses with all TQ and RIS items
fulfilled the statistical requirements (Kaiser-Meyer-Olkin
measure: KMO= 0.905; Bartlett’s test:𝑝 < 0.001) and showed
ten factors including one sleep factor consisting of three of
the TQ sleep items and the RIS items 2–8 (Table 3). Principal
component analyses with all sleep items (four TQ sleep
items and all RIS items) fulfilled the statistical requirements
(Kaiser-Meyer-Olkin measure: KMO = 0.900; Bartlett’s test:
𝑝 < 0.001) and showed three factors. Factor one consisted
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Table 1: Characterization of the sleep items of the Regensburg Insomnia Scale and the Tinnitus Questionnaire sleep subscore items and
comparison of the mean scores of the present tinnitus sample with the validation sample of the Regensburg Insomnia Scale.

Items Insomnia sample Tinnitus sample Difference score
n = 218 n = 182

Regensburg Insomnia Scale
1 Sleep onset latency 1.82 ± 1.37 1.21 ± 1.13 0.61
2 Sleep duration 1.65 ± 0.86 1.02 ± 0.88 0.63
3 Disturbed sleep 3.11 ± 0.97 2.27 ± 1.2 0.84
4 Early awakening 2.86 ± 1.03 2.25 ± 1.09 0.61
5 Awaking by sounds 2.77 ± 1.08 2.25 ± 1.07 0.52
6 Feeling of no night sleep 2.07 ± 0.97 1.53 ± 1.04 0.54
7 Thinking about sleep 2.41 ± 0.92 1.79 ± 1.08 0.62
8 Afraid of going to bed 1.89 ± 1.24 1.48 ± 1.25 0.41
9 Daytime functioning 2.31 ± 1.03 2.12 ± 1.09 0.19
10 Medication intake 1.7 ± 1.56 1.52 ± 1.67 0.18

Tinnitus Questionnaire
4 Awakening more often due to tinnitus
12 Early awakening due to tinnitus
31 Sleep as general problem
36 Sleep onset latency due to tinnitus

Table 2: Correlation analyses between RIS (Regensburg Insomnia
Scale) sum score and TQ (Tinnitus Questionnaire) scores. Please
note that TQ total score is corrected for the sleep subscore.

RIS sum score
Correlation
differences of
TQ-RIS with

RIS-TQ sleep score
TQ score sleep
disturbance 𝑟 = 0.690; 𝑝 < 0.001 —

TQ total score 𝑟 = 0.558; 𝑝 < 0.001 𝑧 = 2.06; 𝑝 = 0.039
TQ score cognitive
distress 𝑟 = 0.545; 𝑝 < 0.001 𝑧 = 2.24; 𝑝 = 0.025

TQ score
emotional distress 𝑟 = 0.452; 𝑝 < 0.001 𝑧 = 3.41; 𝑝 < 0.001

TQ score
intrusiveness 𝑟 = 0.450; 𝑝 < 0.001 𝑧 = 3.44; 𝑝 < 0.001

TQ score auditory
perceptual
difficulties

𝑟 = 0.371; 𝑝 < 0.001 𝑧 = 4.34; 𝑝 < 0.001

TQ score somatic
complaints 𝑟 = 0.462; 𝑝 < 0.001 𝑧 = 3.21; 𝑝 = 0.001

of the RIS items 2–6 (sleep depth), factor two consisted of
all TQ sleep items (tinnitus-related sleep), and factor three
consisted of RIS items 1, 7, and 8 (fearful focusing and
sleep onset). Principal component analyses with only the
RIS items fulfilled the statistical requirements (Kaiser-Meyer-
Olkin measure: KMO = 0.871; Bartlett’s test: 𝑝 < 0.001) and
showed two factors. Factor one consisted of the RIS items 2–6
(sleep depth) and factor two consisted of items 7 and 8 (fearful
focusing). The factors fearful focusing and sleep depth were
also extracted in the insomnia validation sample whereas

the other extracted factors from the validation sample (sleep
quantity and sleep medication/daytime functioning) could not
be extracted in our sample.

4. Discussion

Our retrospective correlation analysis of Tinnitus Question-
naire (TQ) and Regensburg Insomnia Scale (RIS) in 182
patients with chronic tinnitus showed three main results.

(1) According to the cut-off of the RIS sum score 76% of
all tinnitus patients in our sample suffer from insom-
nia.This finding emphasizes that insomnia represents
a major problem in chronic tinnitus. With respect to
daytime functioning and sleep medication intake tin-
nitus patients display similar scores as patients with
primary insomnia. The correlation analyses revealed
a rather high association (𝑟 = 0.558) between tinnitus
distress (TQ sum score corrected for the sleep items)
and sleep disturbance (RIS score). This finding is in
line with recent results of a significant correlation of
0.62 in 117 US tinnitus patients between the Tinnitus
Reaction Questionnaire and the Insomnia Severity
Index [23]. In another study of 97 veterans with tinni-
tus a small association of 0.214 between the Tinnitus
Handicap Inventory (measuring tinnitus distress) and
the Epworth Sleepiness Scale (measuring daytime
sleepiness) was found [9]. Taken together these find-
ings confirm consistently that sleep problems have an
impact on tinnitus severity, but they also show that
the exact magnitude of the relationship depends on
sample selection and assessment instruments.

(2) The TQ sleep subscore is highly correlated with the
RIS. Tinnitus-related sleep disturbance as indicated
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Table 3: Factor solutions for the sleep components using principal component analyses (PCAs).

PCA with all TQ
and RIS items PCA with only TQ sleep and RIS items PCA with only RIS items

Factor 1 Factor 1 Factor 2 Factor 3 Factor 1 Factor 2
Sleep Sleep depth Tinnitus-related sleep Fearful focusing and sleep onset Sleep depth Fearful focusing

RIS items
1 (0.357) 0.570 (0.434)
2 0.693 0.491 0.667
3 0.705 0.686 0.799
4 0.688 0.604 0.610
5 0.628 0.556 0.553
6 0.696 0.666 0.595
7 0.606 0.507 0.638
8 0.542 0.531 0.774
9
10
TQ items
4 0.531 0.768
12 0.538 0.771
31 0.582 0.537
36 (0.389) 0.594
Values in brackets lie below the a priori defined factor loading threshold of 0.45.

by the TQ explains about 48% (𝑟 = 0.690) of the
variance of psychophysiological sleeping problems
as indicated by the RIS which was constructed for
measuring psychological aspects of insomnia. The
PCA with all items of the TQ and RIS resulted
in a common factor “sleep” including all RIS items
and all four sleep items of the TQ. Thus, the TQ
with its subscore structure seems to be sufficient
as a screening tool for tinnitus-related insomnia.
However, more detailed insights into the association
between sleep and tinnitus are necessary for a more
effective clinical management of tinnitus patients
with insomnia. It remains unclear if the vicious
circles of insomnia and tinnitus are connected by
common symptoms such as dysfunctional beliefs or
hyperarousal. It is also an open question if daytime
tinnitus annoyance is dependent on sleep quality,
sleep quantity, afternoon nap, or kind of sleep stage
during awakening. Whereas clinical experience sug-
gests such relationships, specific studies addressing
these questions are still lacking.There is evidence that
sleep deprivation, selective sleep interruption, and
awakening in different sleep stages exert influences on
experimentally induced pain [24, 25]. In light of the
overlap in neurophysiological mechanisms of chronic
pain and tinnitus [26], similarmechanisms could also
hold for tinnitus.

(3) Based on the PCAs using only sleep items it turned
out that fearful focusing and lack of sleep depth are
the twomain sleep-related problems in chronic tinni-
tus. Thus, tinnitus patients and those suffering from

psychophysiological insomnia share similar sleep-
related problems. In our clinical experience dysfunc-
tional beliefs, negative thoughts, and hyperarousal are
encountered in patients with both primary insomnia
and chronic tinnitus.However, in tinnitus patients the
focus of negative thoughts and emotions is related
to both tinnitus and sleep and not to sleep alone.
This may be the reason for subjectively experienced
longer sleep onset latencies in tinnitus patients with
insomnia in contrast to insomnia patients alone [12].
From a clinical perspective, it is to be tested if
cognitive behavioural therapy for primary insomnia
[27] could also be effective in chronic tinnitus with
insomnia [28].

The big limitation of this study might be based on sample
bias. As our sample derives from a tertiary referral center
and our tinnitus center is known supraregionally, the sample
is probably not representative and is rather limited to high-
burdened patients although the mean tinnitus distress level
was medium.

5. Conclusions

From amethodological point of view, our results suggest that
the TQ sleep subscore is a good approximation of general
sleep-related problems in tinnitus. However, more detailed
information can be obtained by using specific questionnaires
such as the RIS. Taking into account the specific single
items of both examined questionnaires, psychological and
physiological mechanisms seem to be similar in chronic
tinnitus and primary insomnia.We suggest that future studies
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should focus on the underlying neurobiological mechanisms
of disturbed sleep in tinnitus and also of sleep-mediated
tinnitus annoyance.
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Objective. The majority of tinnitus patients suffer from hearing loss. But a subgroup of tinnitus patients show normal hearing
thresholds in the conventional pure-tone audiometry (125Hz–8 kHz). Here we explored whether the results of the high frequency
audiometry (>8 kHz) provide relevant additional information in tinnitus patients with normal conventional audiometry by
comparing those with normal and pathological high frequency audiometry with respect to their demographic and clinical
characteristics. Subjects andMethods. From the database of the Tinnitus Clinic at Regensburg we identified 75 patients with normal
hearing thresholds in the conventional pure-tone audiometry. We contrasted these patients with normal and pathological high-
frequency audiogram and compared them with respect to gender, age, tinnitus severity, pitch, laterality and duration, comorbid
symptoms and triggers for tinnitus onset.Results. Patients with pathological high frequency audiometrywere significantly older and
had higher scores on the tinnitus questionnaires in comparison to patients with normal high frequency audiometry. Furthermore,
there was an association of high frequency audiometry with the laterality of tinnitus. Conclusion. In tinnitus patients with normal
pure-tone audiometry the high frequency audiometry provides useful additional information. The association between tinnitus
laterality and asymmetry of the high frequency audiometry suggests a potential causal role for the high frequency hearing loss in
tinnitus etiopathogenesis.

1. Introduction

Tinnitus is the perception of sound without a corresponding
external source. Tinnitus can have many forms and various
factors can contribute to its etiology. However, it is well
established that hearing loss represents the most important
risk factor for tinnitus [1]. The majority of tinnitus patients
display increased hearing threshold in the pure-tone audiom-
etry (PTA), particularly in the high frequency range [2–
4]. Moreover the frequency spectrum of one individual’s
tinnitus corresponds to the frequency range of the hearing

impairment [5, 6], thus underscoring the relevance of hearing
loss as an etiologic factor for tinnitus. However, some tinnitus
patients present without any detectable hearing loss in the
frequency range of the conventional pure-tone audiometry
(125Hz–8 kHz) [7, 8]. It has been argued that a normal pure-
tone audiogram (PTA) does not reliably preclude cochlear
damage. Damage of hair cells coding for frequencies between
the tested frequencies or above 8 kHz is not detected by
the conventional audiometry. Accordingly, tinnitus patients
with normal audiograms had more frequently cochlear dead
regions [9] and outer hair cell damage and impaired hearing

Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 302515, 5 pages
http://dx.doi.org/10.1155/2015/302515

http://dx.doi.org/10.1155/2015/302515


2 BioMed Research International

thresholds in the extended high frequency region [10] as
compared to control groups.

Furthermore, patients with tinnitus and normal audio-
grams demonstrated a significantly reduced amplitude of
the wave I potential in the auditory brainstem response [7],
suggesting damage of hair cells and/or auditory nerve fibers
already at normal audiometric thresholds. Taken together
these studies support the theory of a “hidden hearing loss”
in tinnitus patients. However the question remains whether
the high frequency audiometry should be recommended as
a standard diagnostic procedure in the routine assessment of
tinnitus patients [11]. One possible approach for answering
this question is the investigation, how much additional
clinical information is provided by the results of the HF-
audiogram in tinnitus patients? For this purpose we investi-
gated tinnitus patients with normal conventional PTA from
the Tinnitus Research Initiative Database and contrasted
the groups with normal and increased hearing thresholds
in the HF-audiometry with respect to various clinical and
demographic characteristics.

2. Material and Methods

Clinical, demographic, and audiometric data were obtained
as part of the routine assessment at patient intake at the Inter-
disciplinary Tinnitus Center of the University of Regensburg,
Germany, and collected in the Tinnitus Research Initiative
Database [12]. Data were analysed from all patients present-
ing with chronic subjective tinnitus between 2007 and 2012,
for which both conventional andHF PTAwere available, who
had normal hearing thresholds in the conventional PTA and
who had given written informed consent for data recording
and analyzing. The database studies are approved by the
local institutional review board (ethical committee of the
University of Regensburg).

The term “normal PTA” was defined as ≤15 dBHL over all
frequencies from 125Hz to 8 kHz [13]. The Tinnitus Sample
Case History Questionnaire (TSCHQ) was used to gather
clinical and demographical data of all patients [14]. Tinnitus
severity was assessed by the German version of the Tinnitus
Questionnaire (TQ) [15], the Tinnitus Handicap Inventory
(THI) [16], and several numeric rating scales concerning tin-
nitus loudness/discomfort/annoyance/ignorability and un-
pleasantness. In addition, the Beck Depression Inventory
(BDI) was used for quantification of depressive symptoms
[17]. The audiological assessment included conventional
PTA (125Hz–8 kHz), HF-audiometry (at 10 kHz, 11.2 kHz,
12.5 kHz, 14 kHz, and 16 kHz), and matching of the tinnitus
pitch. Audiometry and tinnitus matching were done with a
Madsen Itera (GN Otometrics, Germany) audiometer with
Sennheiser HDA-200 supra-aural headphones (Sennheiser
electronic GmbH & Co. KG, Germany). The hearing thresh-
old for all frequencies was determined by a standard
Hughson-Westlake procedure (steps: 10 dB down, 5 dB up; 2
out of 3). The mean hearing level (dB HL) was calculated by
averaging all thresholds for both ears measured in PTA from
125Hz to 8 kHz.The samewas done for themeanHF-hearing

level (dB HL) for all frequencies from 10 kHz to 16 kHz. For
tinnitus matching, the lower and upper bound frequency
[Hz] of the tinnitus were assessed and the center frequency
was determined as the geometric mean of both values.

Patients were divided into two groups: the first group
included patients with normal thresholds in the HF-
audiogram (≤15 dB HL over all frequencies) (HF-norm); the
second group included patients with HF-hearing loss (HF-
HL; hearing thresholds over 15 dB HL in at least one fre-
quency).Those groupswere comparedwith respect to gender,
age, hearing threshold (range from 125 to 8 kHz), tinnitus
severity (TQ, THI, and rating scales), depressive symptoms
(BDI), tinnitus laterality, tinnitus duration, tinnitus pitch,
presentation of selected somatic symptoms (headache, ver-
tigo, temporomandibular disorder, neck pain, or other pain
syndromes), and different triggers for tinnitus onset (loud
blast of sound, whiplash, change in hearing, stress, and
head trauma). Independent samples 𝑡-tests, chi-square tests,
and Fisher exact tests were used for group comparisons.
In addition, the relation between HF-audiogram asymmetry
and tinnitus laterality was examined. For this purpose, the
average of the HF-audiometry was calculated separately for
the left and right ear. An asymmetry index was defined as
the difference between the left and right ear with negative
values indicating more pronounced hearing loss in the right
ear and positive values indicating more pronounced hearing
loss in the left ear. This asymmetry index was used as a
dependent variable in an analysis of variance with laterality
of tinnitus (measured in three categories: left ear, right ear,
and bilateral/inside the head) as independent variable. Post
hoc 𝑡-tests were controlled for multiple comparisons using
a Bonferroni correction. All statistical tests were two-tailed.
A value of 𝑃 < 0.05 was used to determine statistical
significance. Data in the text and tables are given as mean ±
standard deviation.

3. Results

Data from 75 patients (61.5%; 43 men and 32 women; mean
age 37.25 ± 10.25) with chronic tinnitus were analyzed.
Thirteen of these patients (9men and 4women) had a normal
HF-audiogram (see Table 1). The independent samples t-
test comparing the HF-hearing level between both groups
is highly significant, reconfirming the allocation of patients
with normal versus pathological high frequency audiogram
(see Table 1). The other group comparisons were significant
for age, the tinnitus questionnaire, and tinnitus handicap
inventory (see Table 1). Patients with pathological high fre-
quency audiogramwere significantly older and scored higher
on theTQand theTHI in comparison to patientswith normal
high frequency audiogram. These significant results were
confirmed, when the cutoff for a normal versus pathological
high frequency audiogram was changed from 15 dB to 20 dB.
If the cutoff was increased to 25 dB, the group difference in
the TQ and THI did not reach significance level any more.
The other results remained unchanged.

The ANOVA comparing the HF-audiogram asymmetry
index for patients with left, right, and bilateral tinnitus was
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Table 1: Demographic, audiologic, and clinical characteristics of patients with normal versus pathological HF-audiogram.

𝑁 (HF-norm/HF-HL1) HF-norm HF-HL Group Comparison
𝑃 value

High frequency hearing level (dBHL) 75 (13/62) 2.69 ± 2.49 25.54 ± 12.25 𝑇(73) = −13.42 >0.001∗

Hearing level (dBHL) 75 (13/62) 3.27 ± 1.85 4.40 ± 2.23 𝑇(73) = −1.71 0.092
Gender (m/f) 75 (13/62) 9/4 34/28 𝜒

2(1,75) = 0.910 0.340
Age 75 (13/62) 24.63 ± 7.10 39.89 ± 8.74 𝑇(73) = −5.89 >0.001∗

BDI 70 (12/58) 7.85 ± 6.00 11.05 ± 9.89 𝑇(68) = −1.12 0.267
Tinnitus severity

TQ 75 (13/62) 23.85 ± 13.95 36.18 ± 17.18 𝑇(73) = −2.42 0.018∗

THI 74 (13/61) 33.69 ± 17.39 48.82 ± 23.61 𝑇(72) = −2.66 0.014∗

Strong/loud 73 (13/60) 4.85 ± 2.30 5.48 ± 2.31 𝑇(71) = −0.90 0.370
Uncomfortable 73 (13/60) 6.00 ± 2.24 6.95 ± 2.52 𝑇(71) = −1.25 0.214
Annoying 73 (13/60) 4.62 ± 2.40 5.97 ± 2.69 𝑇(71) = −1.67 0.099
Unpleasant 73 (13/60) 4.85 ± 2.70 6.03 ± 2.74 𝑇(71) = −1.42 0.160
Ignoring 73 (13/60) 5.08 ± 3.07 6.40 ± 2.90 𝑇(71) = −1.48 0.144

Tinnitus characteristics
Laterality (right/left/bilateral, in %) 74 (13/61) 38/31/31 28/31/41 0.691
Pitch 61 (9/52) 7334 ± 2378 7605 ± 4301 𝑇(59) = −0.18 0.855
Duration (in months) 73 (13/60) 62.85 ± 95.76 67.68 ± 69.05 𝑇(71) = −0.21 0.832

Onset of tinnitus related to no/yes in %
Sound blast 65 (11/54) 82 /18 93/7 0.266
Whiplash 65 (11/54) 100/0 93/7 >0.999
Change in hearing 65 (11/54) 91/9 94/6 0.533
Stress 65 (11/54) 73/27 43/57 0.099
Head trauma 65 (11) 91/9 98/2 0.312
Others 65 (11) 27/73 48/52 0.320

Comorbidities of tinnitus (no/yes in %)
Headache 71 (13) 77/23 52/48 𝜒

2(1,71) = 2.74 0.098
Vertigo or dizziness 72 (13) 85/15 73/27 0.495
TMD 71 (13) 77/23 62/38 0.358
Neck pain 70 (13) 62/38 46/54 𝜒

2(1,70) = 1.07 0.300
Other pain syndromes 71 (13) 92/8 69/31 0.162

Results from independent samples 𝑡-tests, chi-square tests and Fishers exact tests for group comparisons.
HF-norm: group with normal HF-audiogram; HF-HL: group with HF-hearing loss; m: male; f: female.
1Some information was not available for all patients.
∗

𝛼 < 0.05.

Table 2: Asymmetry in high frequency audiogram for patients with
left, right, and bilateral tinnitus.

Tinnitus laterality 𝑁
Asymmetry index
(left ear−right ear)

Left 23 5.04
Right 22 −0.95
Bilateral 29 −2.45

significant (𝐹(2, 71) = 4.76; 𝑃 = 0.012). Post hoc 𝑡-tests
indicate a significant difference between patients with left
and bilateral tinnitus (𝑃 = 0.012). Patients with left versus
right (𝑃 = 0.086) and with right versus bilateral (𝑃 > 0.99)

tinnitus did not differ significantly. As can be seen in Table 2,
patients with left sided tinnitus show positive values in
the asymmetry index indicatingmore high frequency hearing
loss in the left ear. Patients with right sided and bilateral
tinnitus show negative values, indicatingmore hearing loss in
the right ear. More information about the composition of the
asymmetry index can be found in Figure 1, where the average
HF-hearing loss for patients with left, right, and bilateral
tinnitus is depicted for both ears separately.
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Figure 1: Tinnitus laterality andHF-hearing loss in the right and left
ear.

4. Discussion

The association of chronic tinnitus and hearing loss is
well established. Hearing loss is considered to be the most
important risk factor for tinnitus [18] and a relationship
between the laterality and pitch of tinnitus and the hearing
loss could be demonstrated in several studies [3–5].

Sincemany patients report their tinnitus pitch in the high
frequency range, it has been suggested that a comprehensive
audiological assessment in tinnitus patients should include
HF-audiometry [11]. The purpose of this study was to verify
whether the results of the HF-audiometry would provide any
additional clinically meaningful information in patients with
normal conventional PTA.

First, we found that the majority of our tinnitus patients
with normal audiogram had an abnormal HF-audiogram.
This fits with earlier findings of increased abnormalities in
the HF-audiogram [19] and in the HF otoacoustic emissions
[20, 21] in tinnitus patients as compared to controls without
tinnitus. Our findings also confirm the notion that the HF-
audiometry is more sensitive for detecting hearing damage
as compared to the standard audiometry [17, 22, 23]. This fits
with our finding that in theHF-hearing loss group a tendency
towards worse hearing thresholds in the standard PTA was
observed. Given the sensitivity of HF PTA for detecting
cochlear damage one may even consider extending the HF
PTA to even higher frequencies.

Second, we found a relationship between tinnitus lateral-
ity and hearing asymmetry. Patients with left sided tinnitus
had also more pronounced HF-hearing impairment on the
left side, whereas patients with right sided and bilateral
tinnitus had more pronounced HF-hearing impairment on
the right side (Table 2). The correspondence between tin-
nitus laterality and hearing asymmetry for right and left
sided tinnitus further confirms the assumption that hearing

impairment is involved in tinnitus generation and supports
the relevance of HF-audiometry in the diagnosis of tin-
nitus. The finding of right-accentuated HF-hearing loss in
patients with bilateral tinnitus is unexpected and somewhat
puzzling. If confirmed by future studies, it suggests that the
pathophysiological mechanisms underlying bilateral tinnitus
may be distinct from those of unilateral tinnitus. One might
have had expected a higher tinnitus pitch in the group with
HF-hearing loss. Indeed, in many patients with HF-hearing
loss the tinnitus pitch was in the range of the hearing loss.
Accordingly, themean tinnitus pitchwas higher in this group.
However, due to the high variability of the tinnitus pitch in
both groups, this difference did not reach significance level.
The demonstration of impaired hearing threshold in the high
frequency range in combination with the perception of a
high-pitched tinnitus might reflect a very useful element in
the counseling of tinnitus patients.

Third, we found that the mean age of the HF-norm group
was lower than in the HF-HL group. This is not surprising,
since a decline of hearing thresholds with increasing age is
well known.Themean age of 24.6 years suggests that a normal
HF-audiogram is almost exclusively found in relatively young
tinnitus patients.

Fourth, we found higher scores in the TQ and THI
questionnaires in the HF-HL group as compared to the HF-
norm group. However, this finding should be interpreted
with care since this difference did not reach significance any
more when the cutoff for normal HF PTA was set at 25 dB
HL. Earlier studies have reported higher tinnitus severity in
tinnitus patients with more pronounced hearing impairment
[24, 25]. In this context it is of interest that also hearing loss in
the high frequency range, which should have no direct impact
on verbal communication, may result in increased hand-
icap.

One expectation was that other etiologic factors than
hearing impairment would be more relevant in people with
normal HF-audiometry. However, both groups did differ
significantly neither in onset related events like whiplash
or stress, nor in comorbidities like neck pain or temporo-
mandibular problems. This may—similarly like the lack of
a group difference in tinnitus pitch—be related to a lack of
power in the relatively small sample. Moreover, it should
be considered that a normal audiogram does not preclude
cochlear impairment. Thus, in the group of tinnitus patients
with normal standard and HF PTA, dead cochlear regions
between the tested frequencies or damage to hair cells or
neuronal fibers which are not threshold relevant cannot be
excluded.

5. Conclusion

To summarize, the results of high frequency audiometry in
tinnitus patients with normal conventional PTA are related to
tinnitus laterality and tinnitus severity.These findings suggest
that the HF-audiometry can be a useful complementary
audiological test in a comprehensive diagnostic assessment
of tinnitus patients. It should be recommended as a standard
procedure in tinnitus patients of younger age including



BioMed Research International 5

children in the absence of clinical signs of hearing impair-
ment. HF-audiometry might be of therapeutic value within
the scope of counseling in explaining the etiopathogenesis
of tinnitus to patients with normal conventional PTA but
impaired high frequency hearing thresholds.
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Background. Repetitive transcranial magnetic stimulation (rTMS) has shown promising effects in the treatment of chronic
subjective tinnitus. However, little is known aboutmaintenance treatment in order to achieve long-lasting improvements.Objective.
This study addresses the questions whether the repeated application of rTMS treatment can contribute to the maintenance or
enhancement of treatment effects and if so in which cases repetitive treatment courses are beneficial. Methods. 55 patients with
chronic tinnitus were treated with two rTMS treatment courses with ten treatment sessions each.Themean intertreatment interval
was 20.65 ± 18.56 months. Tinnitus severity was assessed before and after each treatment course. Results. Both treatments were well
tolerated and caused significant improvement of tinnitus severity. The main predictor for the outcome of the second treatment was
the development of tinnitus distress in the phase between both treatment courses: the more patients worsened in this interval, the
more they improved during the second treatment course. Conclusion. Repeated application of rTMS seems to be useful in tinnitus
management and should preferentially be offered to patients who experience a worsening of their tinnitus during the intertreatment
interval, irrespective of their response to the first treatment course.

1. Introduction

In the past decade, an increasing number of studies have
examined the effectiveness of repetitive transcranial mag-
netic stimulation (rTMS) as a treatment option for chronic
subjective tinnitus (for a review, see [1, 2]). Generally, the
reduction of the tinnitus percept and distress after five to ten
sessions of rTMS is reported to be mixed with respect to both
duration and extent of improvement. While some studies
indicate that the improvement vanishes after twoweeks [3, 4],
other studies observed rather long-lasting effects up to 4 years
[5–7]. Likewise, while some patients report no or only little
benefit, others improve a lot due to rTMS treatment. Besides
this heterogeneous clinical improvement, the actual impact
of rTMS treatment on the morphology of the brain seems to
be of transient nature [8]. In any case, tinnitus is a chronic
condition and the question arises what might be the next
therapeutic step either if a patient still feels burdened by his

tinnitus after a treatment attempt with rTMS or if the benefit
of the treatment wanes over time. In these cases the repeated
application of rTMS treatment might be useful. The idea
to use repeated stimulation courses to maintain treatment
effects is known from electroconvulsive therapy (ECT) of
major depression, where immediate treatment effects are of
temporary nature as well and where relapses of depressive
symptoms are managed successfully by periodic repetition
of ECT [9, 10]. Recently, it has even been debated whether
rTMS could be used as maintenance method after an initial
ECT therapy [11, 12]. Also, there already is some evidence
for repeated rTMS treatments from studies examining the
benefit of rTMS in patients with psychiatric or neurological
disorders (for an overview, see [13]). In patients suffering
from depression who had responded to an initial rTMS treat-
ment, both the repetition of the whole treatment schedule
after relapse of depressive symptoms [14, 15] and intensive
monthly maintenance sessions to prevent the occurrence of
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a relapse [16, 17] have been shown to be effective. Therefore,
it is reasonable to assume that some kind of repeated rTMS
treatmentmight also be useful in tinnitusmanagement. Up to
now there is little information on the effect of repeated rTMS
therapies in tinnitus patients. Some case reports, small case
series, and one study suggest that rTMS “booster” sessions
might be effective as maintenance treatment for treatment
responders and might even result in more pronounced
tinnitus reduction than the initial treatment [13, 18–20].
Furthermore, maintenance treatment has been found to be
well tolerated [13]. However, the sample sizes of those studies
were small and only initial treatment responders were con-
sidered for repeated treatment. It remains unclear whether
patients who had not responded to the initial treatment are
“rTMS nonresponders” per se or whether they might benefit
from rTMS treatment at some other point in time. As the
effect of rTMS is known to be state-dependent [21], it is
quite conceivable that a nonresponder might benefit from a
second treatment course indeed. By presenting data of a large
sample of patients who underwent two complete treatment
courses of 10 days of rTMS, including both responders and
nonresponders to the initial treatment, the current study tries
to answer the questionswhether (a) repeated courses of rTMS
are safe, (b) whether they can contribute to the maintenance
of treatment effects or may even enhance treatment response,
and (c) in which cases a second treatment course might be
beneficial.

2. Materials and Methods

Data from 55 patients (43 men, 12 women) with chronic
subjective tinnitus were included in the analyses. Inclusion
criteria were age over 18 years and chronic subjective tinnitus
for at least 6 months. Exclusion criteria were treatable cause
of tinnitus and all contraindications for rTMS treatment
(pregnancy, epilepsy, cardiac pacemaker, head injury, and
metal objects in or around the body which cannot be
removed). Demographical data and clinical characteristics
of the sample are given in Table 1. All patients underwent
two complete treatment courses with each course consisting
of ten sessions of rTMS on ten consecutive working days.
Treatment was performed at the Tinnitus Center at the
University of Regensburg, Germany. All patients provided
written informed consent before both treatment courses.
The first treatment course was done either in the context
of a controlled clinical trial, open-label feasibility studies,
or as compassionate use treatment. Part of the data of the
first treatment course was therefore already published in
the context of the respective study [22–28]. After the first
treatment course, patients were informed about the option
to repeat rTMS treatment but no appointments were made.
This means that the patients decided for themselves if and
when they wanted to repeat rTMS treatment. This could be
after a worsening of symptoms, because patients hoped for
an enhancement of their improvement or because former
nonresponders wanted to retry rTMS treatment. The mean
interval between both treatment courses was 20.65 ± 18.56
months.

Table 1: Demographical data and clinical characteristics of the
sample.

Gender 43 males, 12 females
Age (years) 52.49 ± 11.42
Tinnitus duration (years)* 7.94 ± 7.15

Tinnitus laterality

5 right
8 left

12 both ears worse left
8 both ears worse right
19 both ears equally
3 inside the head

Intertreatment interval (months) 20.65 ± 18.56
Identical treatment protocol for both
treatment courses 30 yes, 25 no

TQ difference 1 −4.45 ± 10.13
TQ difference 2 −4.47 ± 8.23
TQ difference intertreatment interval 4.91 ± 14.42
Data are given as mean ± standard deviation.
*Before starting of first treatment course.

As data was collected over a long period of time (between
2003 and 2014), different treatment protocols were used
(see Table 2). Each protocol contained low-frequency (1Hz)
rTMS of the left temporal or temporoparietal cortex with
2000 or 4000 stimuli per day. In the multisite protocols,
additional high-frequency stimulation of the left dorsolateral
prefrontal (20Hz) or medial frontal cortex (10Hz) or low-
frequency stimulation of the right temporoparietal cortex
(1Hz) was involved. The high-frequency stimulation was
always done first, followed by the low-frequency part. All
treatment protocols were used in the context of clinical trials
which had been approved by the local ethics committee.
Localization of the stimulated areas was either done with
a neuronavigational system or by using a standard proce-
dure based on the 10–20 system [29–35]. Stimulation was
applied with a Medtronic system with a classical figure-8-
coil or, for the medial frontal stimulation, a double-cone-
coil (Medtronic, Minneapolis, MN, USA). During treatment,
the coil was held by a mechanical arm and the patients were
seated comfortably in a reclining chair. Stimulation intensity
was set at 110% of the individual resting motor threshold
(RMT) for the figure-8-coil and 100% RMT for the double-
cone-coil. RMTwas defined as theminimal intensity at which
motor evoked potentials were 50𝜇V in amplitude in the right
abductor digiti minimi muscle for five out of ten stimulations
[36]. Tinnitus distress was assessed before (baseline) and after
(day 12) each treatment course using the German version of
the tinnitus questionnaire (TQ, [37]).

IBM SPSS Statistics 22 (IBM Corporation, Armonk,
NY) was used for data analyses. To test for changes in
tinnitus severity due to rTMS treatment, paired 𝑡-tests were
performed for the first and the second treatment course
separately. For all further analyses, the difference of the TQ
scores between baseline and day 12 was calculated with neg-
ative values indicating an improvement in tinnitus severity.
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Table 2: Treatment protocols used in the first and second treatment courses.

Number of patients treated
1st treatment 2nd treatment

Left temporal rTMS, 1Hz, 2000 stimuli/day 19 10
Left temporal rTMS, 1Hz, 4000 stimuli/day 4 —
Left temporal (1 Hz) plus left frontal (20Hz) rTMS, 2000 stimuli/day 2 —
Left temporal (1 Hz) plus left frontal (20Hz) rTMS, 4000 stimuli/day 22 31
Left and right temporoparietal (1 Hz) plus left frontal (20Hz) rTMS, 4000 stimuli/day 5 13
Left temporoparietal (1 Hz) plus medial frontal (10Hz), 4000 stimuli/day 3 1

Below, those difference scores are named “TQ difference 1”
for the first treatment course and “TQ difference 2” for the
second treatment course. Furthermore, the TQ difference of
the intertreatment interval (ITI) was calculated to represent
the development of tinnitus severity in the phase between
both treatment courses (“TQ difference ITI”; baseline of the
second treatment minus day 12 of the first treatment). To
assess which patients benefit from a second treatment course,
the following parameters were considered as possible predic-
tors for TQ difference 2: TQ difference 1, the baseline score of
the second treatment course, TQ difference ITI, the duration
of the intertreatment interval (in months), and the change
of treatment protocol from treatment one to treatment two
(i.e., if the same protocol was used for both treatment courses,
dummy coded). In a first step, all of those parameters were
analysed with respect to their relation to TQ difference 2
using product-moment correlations for metric variables and
a 𝑡-test for the discrete variable. All variables with significant
influence on TQ difference 2 were entered as regressors into
a multiple linear regression analysis (simultaneous model)
where TQ difference 2 served as dependent variable. This
was done in order to examine which regressors exert most
influence if the other regressors are controlled for and to find
out whether there are important interaction effects. Finally,
in order to find out whether one of the different rTMS
protocols was more effective than the others, analyses of
variance (ANOVAs) were calculated. The TQ differences of
the first or second treatment course were used as dependent
variables and the rTMS protocols were used as independent
variables (six protocols in the first treatment course, four
protocols in the second treatment course; see Table 2). The
level of significance was set at 0.05.

3. Results

All patients tolerated both treatment courses without any
severe adverse effects. All treatments were completed as
planned. Paired 𝑡-tests revealed that both the first and
the second treatment course significantly reduced tinnitus
severity asmeasured by the TQ (first treatment course 𝑡(54) =
3.26, 𝑝 = 0.002; second treatment course 𝑡(54) = 4.033, 𝑝 <
0.001). Please see Table 1 for mean and standard deviation
of the TQ differences. Figure 1 shows the development of
the TQ score over time. The 𝑡-test which was done to find
out whether a change of treatment protocol from treatment
one to treatment two had an influence on the outcome of
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Figure 1: Change of theTQ score over time (mean± standard error).
The intertreatment interval is depicted as dashed line.

the second treatment revealed no significant effect (𝑡(53) =
−0.89, 𝑝 = 0.376). The product-moment correlations with
TQ difference 2 were not significant for the duration of the
intertreatment interval (𝑟 = −0.167, 𝑝 = 0.223) and the
baseline score of the second treatment course (𝑟 = −0.128,
𝑝 = 0.351). In contrast, the correlations were significant for
TQ difference 1 (𝑟 = 0.282, 𝑝 = 0.037) and TQ difference ITI
(𝑟 = −0.475, 𝑝 < 0.001). Therefore, the latter two variables
were entered as regressors in the linear regression analysis.
Additionally, an interaction term between both variables was
created by multiplying the centred variables. This term was
also entered into the regression analysis. The TQ difference
of the intertreatment interval significantly predicted the
outcome of the second treatment course (𝛽 = −0.452, 𝑡 =
−3.12, and 𝑝 = 0.003) while both TQ difference 1 (𝛽 = 0.041,
𝑡 = 0.28, and 𝑝 = 0.780) and the interaction term (𝛽 =
−0.013, 𝑡 = −0.11, and 𝑝 = 0.915) were no significant
predictors.Thus, TQdifference 1 loses its significant influence
on TQ difference 2 if TQ difference ITI is controlled for.
The overall model fit was 𝑅2 = 0.227, 𝐹(3, 51) = 5.00,
and 𝑝 = 0.004. The scatter plot in Figure 2 shows the
relation between TQ difference 2 and TQ difference ITI.
The ANOVAs comparing the TQ differences obtained by
the different treatment protocols turned out nonsignificant
(𝐹(5, 49) = 0.37; 𝑝 = 0.869 for the first treatment course;
𝐹(3, 51) = 1.48, 𝑝 = 0.231 for the second treatment
course) indicating that none of the protocols was significantly
superior (see Figure 3).
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4. Discussion

This is the first study to examine repeated rTMS treatment
courses in a rather large sample of tinnitus patients where
responders as well as nonresponders of the initial treatment
course were included. Both the first and the second treatment
were well tolerated and led to a significant reduction of
tinnitus severity. This finding confirms previous findings
from smaller samples [13, 18, 19] and further supports the
usefulness of repeated rTMS treatment for the management
of chronic disorders like tinnitus. As can be seen in Figure 1,
the average TQ scores decreased after the first treatment,
increased in the intertreatment interval, and improved again
during the second treatment course. These group data sug-
gest that the beneficial effect of the first rTMS treatment
vanishes over time during the intertreatment interval but
can be renewed by repeated rTMS. The regression analysis
provides additional insights. It reveals that TQ difference 2 is
significantly related to bothTQdifference 1 andTQdifference
ITI. However, TQ difference 1 loses its significant influence
if TQ difference ITI is controlled for. This means that the
development of the TQ score during the intertreatment
interval is a good predictor for the outcome of the second
treatment course and that the outcome of the first treatment
course provides hardly any additional predictive information.
Consequently, a second treatment attempt might be most
promising for patients who worsen between both treatment
courses (see Figure 2), irrespective of the success of the
first treatment. Interestingly enough, the baseline value of
the second treatment is not significantly correlated with
TQ difference 2. Thus, patients who worsen between both
treatments do not have better outcomes to a second treatment
course simply because they have higher baseline values. It
was already observed previously that patients whose TQ
score had increased in the period before initiation of rTMS
benefited more than patients with prior improvement of
tinnitus severity [27, 38]. One possible explanation for this
effect is that the pretreatment changes in tinnitus severity
might reflect a particular neurobiological condition of the
brain which makes a response to rTMS more or less likely.
As is known from former studies [21, 39, 40] the effect
of rTMS depends on the state our brain is in when it is
stimulated. Maybe, a worsening of tinnitus is accompanied
by a neuronal activation pattern which makes the tinnitus
brainmore receptible to rTMS than a brain which is currently
experiencing no change or improvement of tinnitus severity.
This would also explain why the baseline score of the second
treatment course, the duration of the intertreatment interval,
and the change of the stimulation protocol did not correlate
significantly with the outcome of the second treatment
course—the baseline score alone tells us little about the
process the brain is currently in—nor does the duration of
the intertreatment interval. And a change of the stimulation
protocol might only be promising if our brain is in a state
susceptible to rTMS intervention and if the new protocol
fits this state. This is only speculation, of course, and future
controlled studies are needed to shed more light on the
relation between the activational state of the tinnitus brain
and its responsiveness to rTMS and to find out whether
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Figure 2: Point diagram showing the relation between the outcome
of the second treatment course and the TQ difference of the
intertreatment interval.

there are clinical markers (like the TQ difference of the
intertreatment interval) which reflect such an advantageous
state reliably.

With respect to the repetition of rTMS treatment in
general, the current study clearly shows that the second
treatment course reduces tinnitus severity just as well as
the first one. This is in line with former papers which also
reported good response to maintenance treatment [13, 18, 19,
41]. As there are many possibilities as to when, how, and to
whom repeated treatments can be offered, it is not surprising
that past studies and case reports differ a lot regarding the
strategy used for repeated rTMS treatments. In the current
study, we decided to make as little specification of those
variables as possible. This was done in order to be able to get
an overall impression of repeated courses of rTMS for tinnitus
patients and to find out which variables are of more or less
importance for future studies. The only parameter that was
determined in this study was the number of sessions: patients
were treated with the full treatment course of ten sessions of
rTMS. No fixed time schedule was used though but patients
were retreated whenever they requested it. This design has
the advantage that it reflects the typical clinical situation
in which a patient presents for a repeated rTMS treatment.
The correlation between the duration of the intertreatment
interval and the outcome of the second treatment course was
not significant, indicating that it might be not decisive for
treatment response if repeated treatments are applied within
few months after the first treatment attempt or after years.

Similar to the time schedule, the sample of patients
for this study was also not determined beforehand. All
previous studies only considered initial treatment responders
for repeated rTMS courses, preventing the investigation of the
question if the retreatment of a nonresponder is adequate.
The present results show that also nonresponders might
benefit from further rTMS treatment and that the response
to the initial treatment is a good but not a sufficient predictor
for the outcome of the second treatment course. Particularly
if nonresponders experience a deterioration of their tinnitus,
another treatment attempt might be reasonable.
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Figure 3: Treatment outcomes (as measured by TQ differences) resulting from the different treatment protocols.

It turned out that the treatment protocols did not differ
significantly with respect to treatment outcome neither in
the first nor in the second treatment course. This is in line
with past studies indicating that a superiority of combined
protocols as compared with single-site protocols is not
present immediately after rTMS treatment but only after a
certain follow-up period (e.g., [22, 28]). As, in the current
study, treatment outcome was only assessed directly after
the last treatment session but not after a follow-up period, a
difference between protocols was not to be expected.

The explorative character of our study entails limitations
on the conclusions which can be drawn. Neither subjects nor
experimenters were blinded regarding the second treatment
course and the study lacks a wait list or placebo control group.
Furthermore, there was a self-selection bias of patients who
underwent the second rTMS treatment, and also the interval
between the two treatment courses was not standardized.
Therefore it cannot be exactly determined whether the
observed effects are entirely rTMS specific and to which
extent unspecific effects like a tendency to the mean may
have contributed. Furthermore, the protocols used for rTMS
treatment were not kept constant: six different protocols were
used for the first treatment course and four different protocols
for the second treatment course.Nevertheless, the results pro-
vide valuable information for future controlled trials which
are clearly needed to investigate maintenance rTMS in more
detail. In summary, this study demonstrated that (a) repeated
courses of rTMS treatment cause a significant change of
tinnitus severity and (b) the change of tinnitus severity during
the intertreatment interval is a good predictor for treatment
outcome of the second treatment course with patients whose
tinnitus worsens during this interval benefitting most from
the second treatment. It is particularly important to note
that this is also true for initial nonresponders. If a further
deterioration of their tinnitus happens, a repetition of rTMS
treatment might definitely be reasonable in those patients.

5. Conclusions

Presenting a large sample of patients with chronic subjective
tinnitus who were treated with two full courses of rTMS

treatment, the current study shows that the repeated appli-
cation of rTMS is well tolerated and represents a useful
tool in tinnitus management. A second treatment attempt
is especially promising for patients who had experienced
a worsening of their tinnitus during the intertreatment
interval. It is important to note that this relation is also true
for patients who did not respond to the first treatment course:
if those patients present with a deterioration of symptoms,
they might benefit from a second treatment course indeed.
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Background. Tinnitus and headache are frequent disorders. Here, we aimed to investigate whether the occurrence of headache
among tinnitus patients is purely coincidental or whether tinnitus and headache are pathophysiologically linked. We investigated
a large sample of patients with tinnitus and headache to estimate prevalence rates of different headache forms, to determine the
relationship between tinnitus laterality and headache laterality, and to explore the relationship between tinnitus and headache over
time.Method. Patients who presented at a tertiary referral center because of tinnitus and reported comorbid headache were asked
to complete validated questionnaires to determine the prevalence of migraine and tension-type headache and to assess tinnitus
severity. In addition, several questions about the relationship between headache and tinnitus were asked. Results. Datasets of 193
patients with tinnitus and headache were analysed. 44.6% suffered frommigraine, 13% from tension-type headache, and 5.7% from
both. Headache laterality was significantly related to tinnitus laterality and in the majority of patients fluctuations in symptom
severity of tinnitus and headache were interrelated. Conclusion. These findings suggest a significant relationship between tinnitus
and headache laterality and symptom interaction over time and argue against a purely coincidental cooccurrence of tinnitus and
headache. Both disorders may be linked by common pathophysiological mechanisms.

1. Introduction

Tinnitus is defined as the perception of sounds in the absence
of a corresponding acoustic signal. It is a frequent disorder,
which is reported by about 10% of the population [1]. While
some patients can habituate or learn to ignore the phantom
sound, others are severely impaired by their tinnitus. Previous
research has shown that comorbidities such as hyperacusis
[2], hearing loss [3], insomnia [4], depression [5, 6], pain
syndromes [7], and headache [8, 9] play a major role in
tinnitus-related impairment in quality of life [10]. Tinnitus-
related impairment in quality of life can be measured by spe-
cific validated tinnitus questionnaires such as the “Tinnitus
Questionnaire” [11] or the “Tinnitus Handicap Inventory”
[12], but also by numeric rating scales [13, 14].

Like in headaches, idiopathic and secondary forms of
tinnitus can be distinguished [15]. Several pathologies can

cause both symptomatic headache and tinnitus, such as
carotid artery dissections [16, 17], arteriovenous malforma-
tions, traumatic brain injury, space occupying intracranial
lesions, and intracranial hypo- or hypertension [18]. Interest-
ingly, many patients with idiopathic tinnitus report headache
syndromes as well [18, 19]. Since both idiopathic headaches
and idiopathic tinnitus are frequent disorders [20, 21], this
could be purely coincidental. However, a large population-
based epidemiological study in elderly people identified a
history of migraine as clinical risk factor for the development
of tinnitus and suggested an interrelation between tinnitus
and headache syndromes [22].

Moreover, there is increasing evidence that some forms
of idiopathic headaches and tinnitus share similar patho-
physiological mechanisms. Both animal studies and human
imaging studies found that tinnitus is related to abnormal
activity in the central auditory pathways as a consequence
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of auditory deafferentation [23–25]. In addition to activity
changes in central auditory pathways, alterations in a com-
plex network of attention-, emotion-, and memory-related
brain areas have been demonstrated [15, 26] resembling
changes in a similar network of cortical areas in chronic
pain [23–25, 27]. Moreover, it has been proposed that pain,
headache, and tinnitus overlap in their pathophysiological
mechanism by sharing specific alterations in thalamocortical
activity [28–32]. These neurophysiological alterations which
can be detected as specific changes of oscillatory activity by
magneto- or electroencephalography have been described
with the term thalamocortical dysrhythmia [29].

More recently, animal studies have demonstrated that
trigeminal input interacts at the dorsal cochlear nucleus with
the activity of central auditory pathways [33] and tinnitus
perception, as assessed by behavioural tests [34]. Further
support for an involvement of the trigeminal system in
tinnitus pathophysiology derives from the clinical observa-
tion that many patients can modulate tinnitus activity by
face and jaw movements [35, 36]. Moreover, an association
between temporomandibular joint disorders and tinnitus [37,
38] is well established and successful treatment of temporo-
mandibular joint disorders was shown to improve tinnitus
[39]. Naturally, an abnormal function of the peripheral and
central parts of the trigeminal system is a prerequisite for the
formation of primary and secondary headaches, as has been
shown inmigraine [40] and trigeminal autonomic headaches
[41]. Finally, recent studies identified shared pivotal clinical
symptoms in Meniere’s disease and vestibular migraine such
as episodic hearing impairment, tinnitus, and vertigo [42, 43].
Thus, both the central pain processing network (also referred
to as the “painmatrix”) and the trigeminal system represent a
common link in the pathophysiology of idiopathic headache
syndromes and tinnitus.

To further investigate a potential relationship between
idiopathic headache and tinnitus, we asked patients who
presented at the multidisciplinary Tinnitus Center at the
University of Regensburg and who reported the existence of
headaches in the Tinnitus Case History Questionnaire [44]
to complete a headache questionnaire [45, 46] and to answer
additional questions about the relationship between tinnitus
and headache.

In detail, we aimed (1) to estimate prevalence rates of
different headache forms among tinnitus patients, (2) to
investigate whether there is a relationship between tinnitus
laterality and headache laterality in patients with unilateral
tinnitus and unilateral headache, and (3) to explore the
relationship between tinnitus and headache over time.

2. Methods and Materials

2.1. Sample. The cross-sectional observational study was
based on datasets of all patients aged between 18 and 90, who
presented to themultidisciplinaryTinnitusCenter of theUni-
versity of Regensburg between 2003 and 2011 and whose data
were included in the Tinnitus Research Initiative database
[47]. All patients who reported the existence of headaches
in the Tinnitus Case History Questionnaire (answer “yes” to
the question, “Do you suffer from headaches?”) [44] were

contacted bymail and asked to complete additional question-
naires. Informed consent was obtained before inclusion into
the study. The study was approved by the ethics committee
of the University of Regensburg (11-101-0286). All data were
pseudonymised before further analysis.

2.2. Assessment of Headaches and Tinnitus Severity. In addi-
tion to the information available from the Tinnitus Research
database [47], the actual tinnitus severity was quantified by
the Tinnitus Questionnaire (TQ; Goebel 1994). According to
the TQ score tinnitus severity can be classified asmild (0–30),
moderate (31–46), severe (47–59), and extreme (60–84).

For classification of headaches, the diagnostic headache
questionnaire of Fritsche et al. [45] was used, which was
developed and validated to meet the diagnostic criteria
for migraine and tension-type headache, 2nd version of
the classification criteria of the International Headache
Society (ICHD-2). The questionnaire enables differentiating
migraine, tension-type headache, cluster headache, combi-
nation of migraine and tension-type headache, combination
of tension-type and cluster headache, and nonclassifiable
headache with very good test-retest reliability (0.95). Val-
idation of the questionnaire in a tertiary headache clinic
[48] and in a population-based sample [46] revealed that
sensitivity and specificity of the questionnaire are sufficient
to diagnose migraine and tension-type headache, but not
trigeminal autonomic cephalgias.

Additional questions regarding headache frequency,
headache medication, and the temporal relationship between
tinnitus and headache were asked (Table 1; questions are
provided in Supplementary Material available online at
http://dx.doi.org/10.1155/2015/797416). Questions 29 and 30
of the Supplementary Material asked whether the onset of
tinnitus influenced headache and vice versa. We combined
these two questions into one variable whether beginning of
the second symptom influenced the first symptom.

2.3. Statistical Analysis. The frequencies of the different
headache forms and of the mutual interaction between tinni-
tus and headache in the sample were analysed descriptively.
The relationship between tinnitus laterality and headache
laterality was analysed by a Chi-square test of independence.
The influence of a mutual interaction between tinnitus and
headache on tinnitus severity was analysed by a one-factorial
ANOVA. In case of significant results Fisher’s least significant
difference (LSD) post hoc tests were performed. A 𝑝 value of
< 0.05 was regarded as statistically significant.

3. Results

489 out of 1817 patients reported headaches in the Tinnitus
Case History Questionnaire. All these 489 patients were con-
tacted. 225 (46%) answered and 193 datasets were analyzed
(for more information, see Figure 1).

The 193 participating patients (117 (60.6%) female, 52±12
years) suffered for 97.3 ± 110.1 months from their tinnitus;
their TQ score was 45.5 ± 18.3. 79 patients suffered from
unilateral or predominantly unilateral tinnitus (51 left-sided,
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Figure 1: Data flow diagram of the questionnaire survey.

Table 1: Prevalence and clinical characteristics of the different headache types (according to the questionnaire classification of Fritsche et al.
(2007) [45]).

Headache type 𝑁 (% of whole
sample)

Chronic (% of all
patients with this
headache form)

Episodic (% of all
patients with this
headache form)

Days with
headache/month

Patients with
medication intake
(% of all patients
with this headache

form)

Days with
medication
intake/month

Migraine 86 (45%) 14 (16.3%) 72 (83.7%) 9.9 ± 9.3 66 (77%) 8.6 ± 11.9
Tension-type
headache 25 (13%) 7 (28%) 18 (72%) 12.8 ± 8.7 16 (64%) 5.1 ± 3.5

Trigeminal
autonomic
headache

8 (4%) 1 (12.5%) 7 (87.5%) 8.5 ± 5.8 7 (87.5%) 13.7 ± 27.2

Migraine and
tension-type
headache

11 (6%)
Migraine: 2 (18.2%)

Tension-type
headache: 3 (27.3%)

Migraine: 9 (81.8%)
Tension-type
headache: 8
(72.7%)

13.1 ± 10.0 8 (73%) 7.6 ± 7.0

Nonclassifiable
headache 63 (33%) n.a. n.a. 7.8 ± 6.9 43 (68.2%) 8.4 ± 8.6

28 right-sided); in 111 patients, the tinnitus was either on both
sides or in the head (nonunilateral); three patients provided
no information concerning tinnitus laterality.

According to the headache questionnaire, 86 (45%)
patients suffered from migraine, 25 (13%) from tension-type
headache, 8 (4%) from trigeminal autonomic headache, 11
(6%) frommigraine and tension-type headache, and 63 (33%)
fromnonclassifiable headache (formore details about clinical
headache characteristics, see Table 1).

There was a significant relationship between headache
and tinnitus laterality (𝜒2 = 15.490; df = 4; 𝑝 = 0.004), even

if among the headache types only the trigeminal autonomic
headache is strictly side-locked. In all nonunilateral, left-
sided, and right-sided tinnitus, the corresponding headache
types were more frequently encountered (see Figure 2).

When asked about onset of tinnitus and headache, 67
(34.7%) patients reported tinnitus onset before headache
onset, 106 (54.9%) patients reported headache onset before
tinnitus onset, and 20 (10.4%) patients reported simultaneous
onset. 101 (57.4%) patients reported that the onset of the
second symptom did not influence the first; 60 (34.1%)
patients reported worsening of the first symptom and in 15
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Figure 2: Prevalence rates of patients with headache laterality
depending on tinnitus laterality (displayed as percent of all patients
with a given tinnitus laterality). In all nonunilateral, left-sided, and
right-sided tinnitus, the corresponding headache types were more
frequently encountered.

(8.5%) the second symptom attenuated the first symptom.
These three groups differed significantly in their TQ scores
(𝐹 = 9.077; df = 2,162; 𝑝 < 0.001) with the highest TQ
scores in those patients in which the second symptom either
increased (TQ: 50.93 ± 18.96; 𝑝 < 0.001) or attenuated (TQ:
55.43 ± 13.12; 𝑝 = 0.003) the first symptom, as compared to
those without any change (TQ: 40.13 ± 17.65).

Asked about an ongoing relationship between tinnitus
and headache, 82 (43.4%) reported that worsening of tinnitus
was related to worsening of headaches and vice versa, and
9 (4.8%) patients reported an inverse relation (worsening of
tinnitus related to improvement in headaches and vice versa).
79 (41.8%) reported no and 19 (10.1%) another relationship
between tinnitus and headaches. Patients with an ongoing
relationship between tinnitus and headache had higher TQ
scores (positive relationship: 49.48 ± 16.76; inverse relation-
ship: 45.44 ± 13.99; another relationship: 46.59 ± 19.04) than
those without such a relationship (39.47 ± 19.06). ANOVA
showed a significant main effect (𝐹 = 4.002; df = 3,173; 𝑝 =
0.009) with a significant difference between the group with
positive association and the group with no association (𝑝 =
0.001).

4. Discussion

In order to explore a potential relationship between tinnitus
and headache we systematically investigated the occurrence
of different headache types in a large sample of tinnitus
patients. For this purpose, we used a self-report ques-
tionnaire, which has previously been used as a screening
instrument in an epidemiological study in Germany [20] and
in a study that analysed the relationship between headache
and low-back pain [49]. In our sample of tinnitus patients, the
proportion of tension-type headaches (19% of all headache

patients) was clearly lower than the proportion of tension-
type headache in the general population (44% of all headache
patients [20]). The proportion of migraine patients in our
sample was similar to that in the general population (50% of
all headache patients in our sample as compared to 52% of
all headache patients in the general population [20]) whereas
unclassifiable headaches were slightly more frequent than in
the general population (33% in our sample as compared to
26% in the general population [20]).

Our results demonstrate the feasibility to assess headache
subtypes among tinnitus patients by using self-report ques-
tionnaires. However, we are also well aware about the short-
comings of the chosen approach. First, in the comparison
of prevalence rates between our sample and the population-
based survey, it has to be considered that the prevalence of
the different headache forms depends strongly on age and
gender, but the age and gender distribution of the tinnitus
sample is not representative of the population. Second, we
cannot exclude a selection bias and a reporting bias, since
we only contacted tinnitus patients, who had presented at a
tertiary tinnitus clinic and who had reported the existence of
headaches, when they presented at the tinnitus clinic. Third,
the retrospective design and the symptom assessment by
questionnaires may be confounded by a recall bias. Fourth
we received completed questionnaires only from about half of
the patients, who had presented with tinnitus and headache
in our clinic. The main reason for this relatively low response
rate may have been that the interval between presentation in
the clinic and contacting the patients was up to eight years.

Because of these limitations in a next step our findings
should be complemented by case-control or population-
based studies with prospective design and additional clin-
ical examination to confirm prevalence rates of different
headache forms among tinnitus patients. Also patient sam-
ples presenting in headache clinics should be investigated for
the presence of tinnitus to obtain complementary informa-
tion from patients in whom headache is the primary symp-
tom. Face-to-face interviews will enable a higher diagnostic
accuracy especially in patients with trigeminal autonomic
cephalgias, in whom the validated questionnaire has only
limited specificity [46, 48].

To our knowledge, our study is the first that studied the
local and temporal relationship between headache and tinni-
tus in detail. Here we found a highly significant association
between tinnitus laterality and headache laterality. An even
higher correlation might be obtained by asking explicitly for
side changes of headaches and tinnitus, which we did not do
in this study. It may also be warranted to specifically screen
for vestibular migraine, which may mimic Meniere’s disease
[42] and which can cause both tinnitus and headache.

With respect to symptom onset, more patients reported
that headache onset preceded tinnitus rather than the oppo-
site and only a small proportion reported that both symptoms
started simultaneously. These findings were expected as
headache typically starts at earlier age than tinnitus.

Thus, we observed a highly significant association
between tinnitus and headache localisation and various pos-
sible temporal associations of the onset of the two symptoms.
These data fit with the assumption that headache and tinnitus
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are linked via common pathophysiological mechanisms. As
headache precedes tinnitus in the majority of cases one could
assume that headache can trigger tinnitus. But tinnitus can
also trigger headache or a third factormay predispose to local
susceptibility (e.g., left, right, or nonunilateral). Thus, one
could imagine that a unilateral headache syndrome results in
sensitization of the trigeminal system, which then facilitates
the development of tinnitus. Also the opposite direction
(unilateral tinnitus sensitizing the trigeminal system and
resulting in headache on the same side) is possible. Finally
the susceptibility to both symptoms may be caused by a
third factor, for example, a unilateral trigeminal pathology,
a globally increased sensitivity for nonunilateral headache
and tinnitus in the context of a somatization disorder, or
an increased genetic susceptibility for developing thalamo-
cortical dysrhythmia [29]. Further electrophysiological and
neuroimaging studies will be needed to identify the neuronal
link between both disorders.

About half of the asked patients reported that fluctuations
in the symptoms are related to each other. In the vast majority
of these cases worsening of one symptom went along with
worsening of the other symptom, but there were also cases
with a reciprocal interaction or a more complex relationship.
Such a relationship of symptom severity over time is a further
indicator for a pathophysiological link between tinnitus
and headache. Patients reporting such a relationship had a
significantly higher tinnitus severity as compared to patients
where fluctuations of tinnitus and headache were not related.
Since a relationship of the two symptoms over time can
only be detected, if symptoms are fluctuating, the result is
confounded by the existence of symptom fluctuations. Fur-
ther studies are needed to distinguish whether fluctuations
per se are related with higher symptom severity or whether
it is the interrelation between headache and tinnitus that
is responsible for higher tinnitus severity. It might be of
particular interest to investigate those patients who reported
a reciprocal interaction between tinnitus and headache, since
the mechanisms of this interaction may provide hints for
potential therapeutic interventions. While an increase of
tinnitus during migraine attacks has been reported earlier
[50, 51], a reciprocal interaction has not yet been described
before.

In summary our findings of a significant relationship
between tinnitus and headache laterality and a temporal
interaction of both disorders in the majority of cases suggest
that the cooccurrence of tinnitus and headache is not purely
coincidental but that both disorders may be linked by shared
pathophysiological mechanisms.
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2CERES GmbH Evaluation & Research, 79539 Lörrach, Germany
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Purpose. Primary tinnitus has a severe negative influence on the quality of life of a significant portion of the general population.
Acoustic coordinated reset neuromodulation is designed to induce a long-lasting reduction of tinnitus symptoms. To test acoustic
coordinated reset neuromodulation as a treatment for chronic, tonal tinnitus under real life conditions, an outpatient study “RESET
Real Life” was commissioned by ANM GmbH. Herein we present the results of this study. Methods. In a prospective, open-label,
nonrandomized, noncontrolled multicenter clinical study with 200 chronic tinnitus patients, tinnitus questionnaire TBF-12 and
Global Clinical Improvement-Impression Scale (CGI-I7) are used to study the safety and efficacy of acoustic coordinated reset
neuromodulation. 189 patients completed the last 12-month visit, 11 patients dropped out (8 because of nontreatment related reasons;
2 because tinnitus did not change; and 1 because tinnitus got louder). Results. Acoustic coordinated reset neuromodulation caused
a statistically and clinically significant decrease in TBF-12 scores as well as in CGI-I7 after 12 months of therapy under real life
conditions. There were no persistent adverse events reported that were related to the therapy. Conclusion. The field study “RESET
Real Life” provides evidence for safety and efficacy of acoustic coordinated reset neuromodulation in a prospective, open-label, real
life setting.

1. Introduction

The perception of sound in the absence of a corresponding
sound source is the definition of primary tinnitus, which, in
its chronic form, affects 10–15% of the general population in
industrialized countries [1]. About 2% are severely impaired
in their quality of life because of chronic tinnitus and rely on
professional help [2, 3].

A growing body of evidence suggests that altered spectral
power of neural signals, that is altered statistical distribution

of power over frequency, as measured by EEG/MEG, is the
neuronal fingerprint of primary tinnitus [4–10] and that the
perception of tinnitus requires the involvement of a larger
network of brain areas [11–14]. There are now several reports
of oscillatory brain activity changes, recorded via EEG, in
tinnitus patients that reveal a decrease in alpha wave power
(10–14Hz) within the primary auditory cortices [4, 9] and
an increase in slow wave delta activity (1.5–4Hz) [4, 9, 15]
when compared to controls. Slow wave oscillations have
been attributed to hyperpolarization of thalamic nuclei as
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a result of auditory deafferentation, which may enhance
thalamocortical oscillations thus inducing pathological neu-
ral synchrony that has been proposed as the progenitor of
tinnitus perception [16].

Various approaches have been investigated for the treat-
ment of primary tinnitus [17] such as cognitive behavioral
therapy [18], hearing aids [19], sound maskers [20], tinni-
tus retraining therapy [21], medication [22–24], hyperbaric
oxygen therapy [25], acupuncture [26], andneuromodulation
[27]. However, meta-analytic evidence has only been found
for a beneficial effect from cognitive behavioral therapy on
quality of life of tinnitus patients but not on tinnitus loudness
[18].

Acoustic CR neuromodulation is a noninvasive acous-
tic stimulation therapy for primary tonal tinnitus, which
was developed computationally [28–30]. The therapy is
designed to counteract pathological neural synchrony by
sustainably reducing the strength of synaptic connectivity
between neurons within an affected cell population [8, 14].
In order to target the synchronized focus in the tonotopically
organized auditory cortex, four acoustic tones are delivered
with different frequencies centered around the characteristic
frequency of the patient’s tinnitus percept [8]. This approach
aims to reduce pathologically enhanced neural synchrony
within the primary auditory cortices which, in turn, results
in a net decrease in effective connectivity across the global
brain network involved in tinnitus perception [9, 14] along
with a decrease of tinnitus-related abnormal cross-frequency
coupling [31]. The tonotopically targeted stimulation tones
are presented to the patient via a handheld tone generator
(T30 CR neurostimulator), which utilizes earphones that
are adapted from receiver-in-the-ear-canal (RIC) hearing
aids. These RIC adapted earphones ensure that the patient’s
external auditory meatus is not occluded by the headphone
receiver and enables a high degree of acoustic environmental
transparency during stimulation tone presentation.

First evidence for acoustic CR neuromodulation as being
an effective therapy for primary tonal tinnitus was provided
by a randomized proof of concept trial: a statistically and clin-
ically significant improvement in tinnitus questionnaire (TQ)
and visual analogue scale (VAS) for loudness/annoyance
scores was obtained [8, 32, 33]. Furthermore, the analysis
of EEG recordings demonstrated a change in pathologically
altered EEG power (i.e., 𝛼, 𝛾, and 𝛿 band) towards normal-
ization [8, 9].

To consolidate the results from the RESET proof of
concept study in a larger patient population and in a real
life outpatient setting, a second study, named RESET Real
Life (RRL, ClinicalTrials.gov: NCT01435317) was conducted.
The goal of the interventional multicenter RRL study was
to collect data for the confirmation of efficacy and safety
of twelve months of acoustic CR neuromodulation as a
treatment of chronic tinnitus using the CE marked therapy
system T30 CR. Tinnitus burden was assessed with the TBF-
12 [34]; tinnitus loudness and annoyance were measured
with numeric rating scales (NRS, ranging from 0 to 100)
and clinical global improvement with the CGI-I7. In total,
200 patients were included in this prospective, open-label,
nonrandomized, noncontrolledmulticenter study at 23 study

sites. Herein, we present the final data after 12 months of
therapy.

2. Materials

200 patients were enrolled in this multicenter clinical study
on Acoustic CR neuromodulation between November 2011
and May 2012 in 23 study centers run by ENT specialists
located in Germany. Inclusion criteria were symptomatic
primary tonal chronic tinnitus (≥3 months), <60 dB hearing
loss for all tested frequencies (125Hz–8 kHz), and men and
women ≥ 18 years old. Patients were not included in the study
if they were found to be suffering from serious neurologic,
psychiatric, or otological disease, objective tinnitus (e.g., tin-
nitus caused bymuscle movements, vascular noise, and other
somatosounds), Meniere’s disease, and tinnitus triggered by
craniomandibular disorders.

Regular visits took place 0.5, 1, 2, 3, 6, 9, and 12 months
after treatment start. The mean age of the patients was 50.6
years at study start, and 76.3% of the patients were male
(Table 1). 62.1% of patients had undergone two or more
tinnitus treatments prior to acoustic CR neuromodulation
without significant relief. Among them 18.7% of patients had
undergone more than 5 previous tinnitus treatments. Only
15.2% of patients were treated with Acoustic CR neurostim-
ulation as a first line therapy. Most of the patients (68.2%)
suffered from bilateral tinnitus (see Table 1).

Subjects were asked what they believe was responsible
for inducing their tinnitus. We are aware about the lim-
ited reliability of subjective causal attributions to tinnitus
onset. Nevertheless, the answer to this question provides
some orientation about individual etiologic factors [35, 36].
19 (9.5%) patients responded that it is noise trauma, 22
(10.9%) hearing problems, 95 (47.3%) stress, and 65 (32.8%)
other reasons (multiple responses were allowed). The tin-
nitus severity (based on the initial TBF-12 measurement)
was slight (no handicap) for 31.8% (TBF-12 0–8 pts), mild
for 34.4% (TBF-12 9–12 pts), moderate for 24.1% (TBF-
12 13–17 pts), and severe for 9.7% of the patients (TBF-
12 18–24 pts). Tinnitus duration was less than six month
for 2.0%, between six months and four years for 32.0%,
between four years and ten years for 29.4%, and more than
ten years for 36.6% of the patients. 43.1%/11.3% showed
no hearing impairment (averaged/maximal hearing impair-
ment ≤20 dBHL), 52.8%/19.5% a mild hearing impairment
(averaged/maximal hearing impairment between 20 dBHL
and 40 dBHL), 4.1%/42.0% a moderate hearing impairment
(averaged/maximal hearing impairment between 40 dBHL
and 60 dBHL), and 0.0%/27.2% a severe hearing impairment
(averaged/maximal hearing impairment >60 dBHL).

The treatment with acoustic CR neuromodulation
required regular visits to ENT clinics. At the first visit,
a thorough pitch matching process was carried out to
determine the tinnitus frequency. Based on the evaluated
tinnitus frequency 𝑓

𝑇
, four stimulation tones were defined,

two below and two above the individual tinnitus frequency
(frequency range: [0.76𝑓

𝑇
: 1.4𝑓

𝑇
]). The amplitudes of the

stimulation tones were adjusted in order to ensure that



BioMed Research International 3

Table 1: Demographic data of study population.

Gender
male 151 (76.3%)
female 47 (23.7%)

Age
mean (std.) 50.6 yrs (10.4)

Perception of tinnitus
unilateral 63 (31.8%)
bilateral 135 (68.2%)

Pretreatment
none 30 (15.2%)
one 45 (22.7%)
≥two 123 (62.1%)

Cause of tinnitus
noise trauma 19 (9.5%)
hearing problems 22 (10.9%)
stress 95 (47.3%)

Tinnitus severity
slight (no handicap) 62 (31.8%)
mild 67 (34.4%)
moderate 47 (24.1%)
severe 19 (9.7%)

Tinnitus duration
<6 months 4 (2.0%)
6 months to 4 years 63 (32.0%)
4 years to 10 years 58 (29.4%)
>10 years 72 (36.6%)

Hearing impairment
250Hz–8.000Hz
(averaged/maximal)
≤20 dBHL 84 (43.1%)/22 (11.3%)
20 dBHL–40 dBHL 103 (52.8%)/38 (19.5%)
40 dBHL–60 dBHL 8 (4.1%)/82 (42.0%)
>60 dBHL 0 (0.0%)/53 (27.2%)

The information concerning the cause of tinnitus is based on a self-
assessment of the patient and the tinnitus severity is based on the TBF-
12 scores (missing values are not taken into account, the total number of
subjects varies between variables, and percentages are calculated without
taking missing values into account). Hearing impairment is listed with two
values: the averaged hearing impairment (in dBHL asmeasured by pure tone
audiometry as described inDINEN ISO8253-1within the range from250Hz
to 8.000Hz), for example, averaged over all frequencies of the audiogram,
and themaximal hearing impairment, for example, themaximal impairment
observed at one frequency.

all tones were comfortably audible, at the same subjective
loudness level, and slightly above the patient’s hearing
threshold.

With this information (frequency and amplitude of stim-
ulation tones), the handheld T30 CR device was programmed
with a randomized tone sequence which consisted of the
repetitive application of the four stimulation tones with a
repetition rate of 1.5Hz. Short pauses within the stimulation
signal (CycOn = 3, CycOff = 2) are utilized in order to

enhance the process of unlearning pathological tinnitus
activity [37]. The stimulation pattern containing the four
stimulation frequencies is designed to induce a phase reset of
abnormal delta oscillations at different locations within the
tonotopically organized auditory cortex (see Figure 1).

The therapy was applied using the T30 CR neurostim-
ulator, which consists of a programmable, battery-powered
device combined with a customized, open fit earphone that
utilizes a receiver-in-the-ear-canal (RIC) technology. The
prescribing clinician uses propriety software to program the
T30 CR neurostimulator.The patients were asked to use their
T30 CR neurostimulator device every day for 4–6 hours,
applying the therapy signals either continuously or splitting
up the stimulation time into sessions not shorter than one
hour. Visits to the ENT clinic took place at the beginning
of the therapy and then 0.5, 1, 2, 3, 6, 9, and 12 months after
beginning of the therapy. At each visit to the ENT clinic, the
tinnitus tone was measured by a thorough pitch matching
process and the device was reprogrammed when the tinnitus
tone was found to have changed.

The primary outcome measure of the study is the
analysis of changes in tinnitus severity, measured by the
German version of tinnitus handicap inventory (TBF-12,
Tinnitus-Beeinträchtigungs-Fragebogen) or improvement of
the Clinical Global Impression-Improvement Scale (CGI-I7).
Improvement was defined as a statistically significant (𝑃 <
0.05) reduction of scores comparing baseline values to end of
treatment (visit after 12 months). All scores were obtained in
the off-stimulation situation.

The TBF-12 tinnitus handicap inventory consists of 12
questions leading to a total score of 24 points (worst result).
Scores were categorized depending on the score recorded:
slight (no handicap) (0–8 pts), mild handicap (9–12 pts),
moderate handicap (13–17 pts), and severe handicap (18–
24 pts) [38]. CGI-I7 consists of the seven categories: very
much improved,much improved, slightly improved, no change,
slightly worse, much worse, and very much worse, expressed
by the numbers 1 to 7 (1 equals the very much improvement
category).

For the final analysis, outcome measurements for the
full 12 months of therapy were analyzed. For the statistical
analyses the 𝑡-test was utilized to evaluate the TBF-12 and
the sign test to evaluate the CGI-I7.This final analysis reports
the results of the primary (TBF-12, CGI-17) and secondary
endpoints (numeric rating scale (NRS) for tinnitus loudness
and annoyance). Additionally, the patients were asked to
report their device usage pattern to allow for the assessment
of compliance.

The 𝑡-tests were applied as paired, one sided, equal
variances, equal sample size tests to TBF-12 (total score), NRS
loudness, and NRS annoyance. Scores before and after treat-
ment were compared. Null hypothesis was the acquisition
of equal mean scores before and after treatment. Alternative
hypothesis was the acquisition of smaller means after treat-
ment.The sign test was applied to CGI. CGI was grouped in 2
categories “improvement” and “equal/worse.”Null hypothesis
was the acquisition of same number of patients in “improve-
ment” and “equal/worse” category.Alternative hypothesiswas
more patients in the “improvement” category. Significance
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Figure 1: Stimulation signal of acoustic CR neuromodulation.

level was set to 0.05. No multiple testing corrections were
applied. Missing values in the data were treated as missing
for the analysis. Data from drop-out patients was treated by
LOCF (last observation carried forward). To determine the
predictors for therapy success receiver operating characteris-
tics (ROC), curves were calculated using the 12-month data.
TBF-12 total score, NRS loudness, and NRS annoyance were
used as potential predictors and therapy success was defined
as CGI-I7 ≤ 3.

The study was performed in accordance with good
clinical practice guidelines and local ethics committees. All
participating patients gave their written informed consent.
Independent external clinical research associates and a clini-
cal physician monitored the safety of the study. Data analysis
was performed by an external contract research organization.

3. Results

189 patients finished the 12-month treatment and 11 patients
dropped out for different reasons: eight stated nontreatment
related reasons; two stated that their tinnitus did not change;
and one stated that his tinnitus got louder.

The treatment was well tolerated and no serious adverse
events (AE) were reported. An adverse event was defined as
any untoward medical occurrence. Technical and handling
problems were also documented as AE for this study. 89
product-related AEs were reported. Of these 89 product-
related AEs, 40 were device related (i.e., technical and
handling problems, rapidly solved). The other 49 AEs are
considered to be therapy related. These were an additional
atonal noise (15), additional tinnitus tone (3), increase in
tinnitus burden (2), increase in loudness (13), tinnitus fre-
quency shift (1), headaches (2), anxiety (1), tinnitus frequency
increased to >10 kHz (2), discomfort (7), itching of ear canals
(2), and otalgia (1). All adverse events were recorded as being
temporary with no permanent or sustainable features.

After 12 months, TBF-12 (total score) showed a mean
reduction of 4.1 points (−37.9%) compared to baseline (𝑃 <
0.01, df = 191, 𝑡 = −12.3, Table 2, Figures 2(a) and 2(b)):
mean TBF-12 score at baseline was 10.8 points and after
3 (6/12) months 7.9 (7.5/6.7) points. After 12 months, the
number of patients within the TBF-12 categories moderate
and severe handicap decreased from 33.8% to 13.9%, while

Table 2: Results of TBF-12 and CGI-I7 scores.

(a)

Variable Visit [month] 𝑁 Mean SD Delta 𝑃 value

TBF-12 Score

0 195 10.8 5.0 n.a. n.a.
3 193 7.9 4.7 −27.3% <0.01
6 193 7.5 4.7 −30.8% <0.01
12 195 6.7 5.0 −37.9% <0.01

(b)

CGI-I7 Patients
(after 12 months,𝑁 = 196) Number Relative number 𝑃 value
Very much improved (1) 17 8.7%

<0.01

Much improved (2) 49 25%
Slightly improved (3) 65 33.2%
No change (4) 48 24.5%
Slightly worse (5) 14 7.1%
Much worse (6) 2 1%
Very much worse (7) 1 0.5%

the number of patients within the category slight (no hand-
icap) increased from 31.8% to 64.1%. The TBF-12 based effect
size of the treatment is 0.89, which corresponds to a large
effect size.

At the visit after 12 months the results of CGI-I7 revealed
that 131 (66.9%) patients reported an improvement of their
tinnitus, that is, CGI-I7 categories 1, 2, or 3 (𝑃 < 0.01, 𝑘 = 131,
𝑁 = 196, Table 2, Figure 2(c)), 24.5% felt no change (category
4), and 8.6% reported feeling that their tinnitus had become
worse (categories 5, 6, and 7) (Table 2). After 3 months of
treatment 58.59% (𝑃 < 0.01, 𝑘 = 116, 𝑁 = 198) of the
patients reported an improvement of their tinnitus.

After 12 months of treatment the loudness of tinnitus, as
obtained by a numeric rating scale (0–100), was reduced by
11.1 points (18.9%) compared to baseline (𝑃 < 0.01, df = 194,
𝑡 = −4.53, Table 3): mean NRS loudness at baseline was
58.6 points and after 3 (6/12) months 53.7 (51.0/47.5) points.
Tinnitus related annoyance (also obtained by a numeric
rating scale (0–100)) was reduced by 14.7 points (25.2%) after
12 months of treatment as compared to baseline (𝑃 < 0.01,
df = 197, 𝑡 = −3, 14, Table 3). When asked if they are
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Figure 2: (a) TBF-12 scores at baseline and after 3, 6 and 12 months of treatment. (b) Relative TBF-12 change for the individual patients.
The position of the bar on the 𝑥-axis indicates the TBF-12 score at baseline. (c) Distribution of the CGI-I7 scores after 3, 6 and 12 months of
treatment. Stars indicate statistically significant results (𝑃 < 0.01).

Table 3: NRS scales for loudness and annoyance.

Variable Visit [month] 𝑁 Mean SD Delta 𝑃 value

NRS loudness

0 197 58.6 21.9 n. a. n. a.
3 198 53.7 20.6 −8.4% <0.05
6 197 51.0 21.5 −13.0% <0.01
12 196 47.5 24.9 −18.9% <0.01

NRS annoyance

0 198 58.3 25.2 n. a. n. a.
3 198 50.9 21.8 −12.7% <0.01
6 196 47.7 23.1 −18.2% <0.01
12 196 43.6 25.7 −25.2% <0.01

free of tinnitus, after 12 months of treatment 54.4% of the
patients reported either that they are tinnitus-free (4.1%) or
that tinnitus has no negative influence on their life any more
(50.3%).

In the course of the treatment the tinnitus pitch changed.
In average a reduction of tinnitus pitch was observed (−11.2%
after 3 months (𝑃 < 0.05, df = 361, 𝑡 = −2.44) and −15.6%
after 12 months of treatment (𝑃 < 0.01, df = 359, 𝑡 =
−3.20)). 55.6% of the patients showed a reduction of tinnitus
frequency of more than 10%, 33.1% of the patient showed an
increase of tinnitus frequency of more than 10%, and for the
remaining 11.3% of patients the tinnitus frequency changed
less than 10%. 80.0%/58.7% of patients with a reduction of
tinnitus frequency >10% showed an improvement of TBF-
12/NRS loudness, while this correlation is not significant
(chi-squared test). These tinnitus pitch changes imply an
adjustment of the therapy tones, which was done during the
regular visits.

Based on the TBF-12 scores at baseline the patients were
divided into four separate subgroups relating to tinnitus
severity slight (no handicap), mild, moderate, and severe. At
the end of the study, these scores were recorded as being
reduced by 34.1%, 36.4%, 39.0%, and 41.5%, respectively,
compared to the scores recorded at the beginning of therapy.
The NRS loudness was reduced for these same subgroups by
20.7%, 17.2%, 17.6%, and 24.7% while the NRS annoyance was
reduced by 18.5%, 21.9%, 32.2%, and 32.7%, respectively.

On average, the stimulation device was used by patients
for five hours per day. Compliance was 87% at the beginning
and fell to 73% after 12 months. “Compliance” was self-
expressed by the patients and was defined as at least 4-
hour daily stimulation. If the stimulation was split, then each
stimulation block should be at least 1 hour long.We calculated
receiver operating characteristics (ROC) curves to identify
predictors for therapy success (therapy success was defined
as CGI ≤ 3). Based on the 12-month data, the area under the
curve (AUC) was as follows: TBF-12 total score: 0.73, NRS
loudness: 0.82, and NRS annoyance: 0.83.

4. Discussion

This prospective, open-label, nonrandomized, noncontrolled
multicenter clinical study with 200 chronic tinnitus patients
demonstrates safety and good applicability, that is, good
patient compliance and low drop-out rate, of acoustic CR
Neuromodulation. 189 patients finished the 12-month treat-
ment, which demonstrates a good patient adherence.

The applied treatment, acoustic CR neuromodulation,
consists of a particular temporal pattern of stimulation
tones intending the induction of local desynchronization of
pathologically enhanced neuronal synchronization, which is
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the neuronal correlate of the tinnitus symptoms. By inducing
desynchronization, which also affects limbic structures asso-
ciated with the emotional perception of tinnitus [8, 9, 14],
the stimulation signals start the process of unlearning the
pathological signal, with the aim of resulting in a long-term
reduction of the tinnitus symptoms.

Analysis of the results of this multicenter clinical study
demonstrates significant results in both primary endpoints.
Both the TBF-12 and CGI-I7 results are statistically and clin-
ically significant after 12 months of treatment [39].The initial
tinnitus severity had only moderate effects on the treatment
effect. Furthermore, this study serves to demonstrate the
safety of acoustic CR neuromodulation, since, of all device-
related adverse events, none was serious (i.e., life threatening
or caused a hospitalization of the patient or disablement, etc.).

The final results of the RRL study, including data from
200 patients, support the results of the original RESET
study: similar results were obtained within the larger patient
population under “real life” conditions. While in the RESET
study after 3 months of treatment (group 1, same treatment
as in RRL) a change of −28.8% was obtained for the tinnitus
questionnaire (TQ), the current study revealed a change of
−27.3% in TBF-12 scores after a similar duration (visit after
3 months) and −37.9% after 12 months. This indicates that a
continuation of the treatment beyond the initial 3months can
be very beneficial for the patient. Continuous improvement
over the whole duration of the study was also found for
tinnitus loudness and annoyance and may suggest that a
treatment duration beyond 12 months may further increase
treatment efficacy.

The authors are aware of the limitations of this study,
which has been designed as an open study without a control
group.Thus, it is not possible to reach a final conclusion with
regards to what extent the observed effects are unspecific and
to what extent they actually represent the specific effects of
CR neurostimulation. However, the ongoing improvement of
patients over 12 months and their relatively high resistance
to previous treatments make placebo effects highly unlikely.
A spontaneous recovery is unlikely as well, given the relative
long tinnitus duration of most patients. In 88.1% of the
patients, a positive treatment effect over the first 3 months
(i.e., CGI-I7 ≤ 3 at month 3) correlated with a positive
treatment outcome after 12 months of therapy (i.e., CGI-I7
≤ 3 at month 12). 58.6% of the patients recorded a positive
effect after 3 months of treatment and 66.5% after 12 months.
TBF-12 improvement was seen to augment in this CGI-
I7-based responder population from −31.9% (3 months) to
−50.8% (12 months), NRS annoyance changed by −21.6% (3
months) and−35.6% (12months), andNRS loudness changed
by −16.7% (3 months) and −31.7% (12 months), while the
CGI-I7-based nonresponders showed onlymoderate changes
(TBF-12: −21.3% and −20.6%, NRS annoyance: +0.1% and
−5.4%, and NRS loudness: +3.9% and −0.3% at 3 months and
at 12 months, resp.). NRS annoyance resulted in the highest
value in the ROC test, which indicates that it is a good metric
for therapy success.Therefore, CGI-I7 combinedwith TBF-12
and NRS annoyance seems to be a reliable and easy to handle

set of questionnaires and metrics, which can be used in ENT
outpatient settings as indicators of treatment effects.

Our data (−37.9% mean change in TBF-12) can be com-
pared with recent results on effects of standard tinnitus care
and cognitive behavior therapy (CBT) [40]. Standard care
(hearing aid or tinnitus masker, 𝑛 = 161, 8-month treatment)
resulted in a change of tinnitus handicap inventory (THI)
and tinnitus questionnaire (TQ) by −11.9% and −13.3%,
respectively, while specialized care (CBT, 𝑛 = 175, 8 months
treatment) resulted in a change of THI andTQby−26.5% and
−26.2%, respectively.

Thus, in summary, the RRL study reveals that acoustic CR
neuromodulation, when applied for 12 months and used 4–6
hours per day in patients suffering from primary and tonal or
tone-like tinnitus, is a safe and feasible technique and exerts
encouraging effects on tinnitus loudness and severity.
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formerly working with ANM GmbH (Cologne, Germany).
He works as consultant for Brook Henderson Group and has
received research funding from the European Community,
the Federal Ministry of Education and Research (Germany),
the Deutsche Forschungsgemeinschaft, and the Helmholtz
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Hypersensitivity to external sounds is often comorbid with tinnitus andmay be significant for adherence to certain types of tinnitus
management. Therefore, a clear measure of sensitivity to sound is important. The aim of this study was to evaluate the validity and
reliability of the Hyperacusis Questionnaire (HQ) for use as a measurement tool using data from a sample of 264 adults who took
part in tinnitus research. We evaluated the HQ factor structure, internal consistency, convergent and discriminant validity, and
floor and ceiling effects. Internal consistency was high (Cronbach’s alpha = 0.88) andmoderate correlations were observed between
the HQ, uncomfortable loudness levels, and other health questionnaires. Confirmatory factor analysis revealed that the original
HQ three-factor solution and a one-factor solution were both a poor fit to the data. Four problematic items were removed and
exploratory factor analysis identified a two-factor (attentional and social) solution. The original three-factor structure of the HQ
was not confirmed. All fourteen items do not accurately assess hypersensitivity to sound in a tinnitus population. We propose a
10-item (2-factor) version of the HQ, which will need to be confirmed using a new tinnitus and perhaps nontinnitus population.

1. Introduction

Hyperacusis is most commonly defined as increased sensitiv-
ity to ordinary environmental sounds that would not usually
be bothersome to most individuals [1–3]. Hyperacusis is a
broad spectrum condition affecting individuals to various
degrees. The main difference between hypersensitivity to
sound and conditions such as phonophobia (fear of sound)
and misophonia (dislike of sound) is that the latter two
usually involve an emotional response to specific sounds [4].
Loudness recruitment (abnormal growth in the perception
of loudness) may be a distinct condition or can accompany
hyperacusis in people with cochlear hearing loss. Baguley
[5] suggested that loudness recruitment can be distinguished
from hypersensitivity to sound based on the intensity of the
sounds perceived as uncommonly loud (moderate intensity
in the case of loudness recruitment and low intensity in

the case of hyperacusis). He also notes that loudness recruit-
ment, unlike hyperacusis, does not vary with mood.

Prevalence of hypersensitivity to sound in adults is
estimated at 8 or 15% [6, 7]. It can influence emotional
well-being, hearing, sleep, and concentration, cause anxiety,
and interfere with speech perception in noise [8, 9]. It is
estimated that about half of patients with hyperacusis also
have a psychiatric or anxiety disorder [10]. Among the
possible etiologies of hyperacusis are conditions involving the
peripheral auditory system (e.g., Bell’s palsy, Ramsay Hunt
syndrome, noise-induced hearing loss, Ménière’s disease),
diseases and syndromes of central nervous system (e.g.,
headaches, depression, head injury, Williams’s syndrome,
learning disabilities, spinal problems), and hormonal (e.g.,
Addison’s disease) and infectious diseases (e.g., lyme disease).
However, in most cases hypersensitivity to sound has no
known cause [3].
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Hypersensitivity to sound and tinnitus (perception of
sound or noise in the absence of any external acoustic
stimulation [11]) are often comorbid. The prevalence of
tinnitus among peoplewith hypersensitivity to sound ismuch
higher than in the general population and with estimates of
40% [12], 79% [10], and 86% [13]. Similar to tinnitus, there are
several potential pathophysiological mechanisms that might
lead to hypersensitivity to sound and similar to tinnitus those
mechanisms are notmutually exclusive. Increased prevalence
of hypersensitivity to sound in a number of conditions points
to 5-hydroxytryptamine (5-HT) dysfunction as one likely
mechanism [3, 14]. Interestingly a link between tinnitus
and 5-HT dysfunction has also been proposed [3]. One of
the postulated functions of 5-HT in the auditory system is
modulating central gain [15].

Jastreboff and Hazell [16] described hypersensitivity to
sound as a pretinnitus state as it often occurs before the
onset of tinnitus. They postulated that hypersensitivity to
sound is an effect of an increased gain in the central auditory
system. Increased central gain has also been postulated as one
of the possible mechanisms of tinnitus generation [17, 18].
Association between hypersensitivity to sound, tinnitus, and
peripheral auditory system damage present in stapedectomy,
Menieres’s disease, and sensorineural hearing loss led to
hypotheses assuming peripheral contribution to the genera-
tion of hypersensitivity to sound [14].

The strong association between hypersensitivity to sound
and tinnitus may have serious implications for research and
management of both conditions. Both may have a significant
influence on patterns of auditory activity in response to
external sounds.The importance of controlling for hypersen-
sitivity to sound in neuroimaging studies of tinnitus has been
highlighted in a study by Gu et al. [19] who demonstrated
that the increase in neuronal excitability to sounds in tinnitus
patients (previously associatedwith tinnitus)may be ascribed
to hypersensitivity to sound rather than to a mechanism
specifically related to tinnitus. Several studies point to an
association between tinnitus annoyance and the presence of
hypersensitivity to sound [20, 21] where tinnitus annoyance
is higher in patients with comorbid hypersensitivity to sound.
The presence of hypersensitivity to sound can also influence
the acceptability and adherence to certain tinnitus manage-
ment options such as sound therapy. Therefore, a reliable
measure of hypersensitivity to sound is important for tinnitus
management.

There is no standard protocol for evaluating hypersen-
sitivity to sound. The most common approach includes
history taking and measuring uncomfortable loudness levels
(ULLs) as a first step in the diagnosis [22]. In people with
hypersensitivity to soundULLs are usually lower than average
over all or specific frequencies in both or one ear [5].
According to P. J. Jastreboff and M. M. Jastreboff [22], the
average ULLs for patients reporting problems with sound
tolerance are between 60 and 85 dBHL, whilst for all other
patients∼100 dBHL.ULLs of 70 dBHL or less were suggested
by Anari and colleagues as a criterion for diagnosis of hyper-
sensitivity to sound [13, 23]. One common problem with
measuring ULLs is high variability and strong dependence of
the results on the instruction given. Studies that used different

instructions found that the difference in ULLs ranged from
23 to 27 dBHL depending on the frequency [24, 25]. For
instance, Dawson Jr. [24] found that, in people with normal
hearing and no complaint of hypersensitivity to sound, ULLs
were as low as 68 dBHL for 250Hz, which will be diagnosed
as hypersensitivity to sound according to the definition of
Anari and colleagues [13]. Test-retest reliability of ULLs has
been questioned [26]. Therefore, evidence for the utility of
ULLs is mixed.

Patient-reported outcome measures (questionnaires) are
used to measure hypersensitivity to sound specific health
related quality of life and to diagnose hyperacusis. A small
number of questionnaires have been developed to date,
including the German Questionnaire on Hypersensitivity to
Sound (G Ü F [27]; German version validated in tinnitus
patients by Bläsing et al. [28]). The G Ü F assesses the
subjective distress associated with hypersensitivity to sound
which was considered a better indicator of treatment needs
than audiological findings [28]. The German version of the
questionnaire has been used in research [29]. Although the
English translation of the questionnaire is available, this
version has not been validated and has not been used in the
clinics or research.TheMultiple-Activity Scale for Hyperacu-
sis (MASH) [30] is an interview-based questionnaire which
assesses level of annoyance in relation to hypersensitivity to
sound. Finally, the Hyperacusis Questionnaire (HQ) [31] was
developed and a French version was validated using a general
population who did not necessarily complain of sensitivity to
sound. During development of the HQ normative data were
used to estimate that a score greater than 28 was significantly
different to the population totalmean score of 15 points and so
this was taken to represent “strong auditory hypersensitivity”
(hyperacusis) (maximum possible score = 42) [31]. Using
exploratory factor analysis, three factors were identified for
the HQ (attentional, social, and emotional), but together
they only accounted for 48% of the variance; that is, there
was a lot of unexplained variance and likely measurement
error [32]. Factor loadings were all above 0.3. Minor cross
loading in particular in the social factor leads us to question
the uniqueness of the subscales. Meeus and colleagues [33]
performed validation of a Dutch version of the question-
naire and identified four subscales using exploratory factor
analysis. This further calls into question the reliability of
the original questionnaire structure identified by Khalfa and
colleagues [31]. Exploratory factor analysis is recommended
during the development of questionnaires as it explores
all possible interrelationships between the set of observed
variables without postulating a theoretical structure. How-
ever, confirmatory factor analysis is necessary to assess a
premediated structure based on theory or/and exploratory
factor analysis findings [34, 35]. To date the psychometric
properties, in particular the original structure of the HQ,
have not been confirmed or assessed in a UK population;
no confirmatory factor analysis has been conducted. Yet, the
questionnaire is used in tinnitus research studies as a screen-
ing tool for exclusion of participants with hyperacusis [36–
39] and as an outcome measure of treatment-related change
[10, 33], although it was not designed with this purpose in
mind [31].
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Table 1: Descriptive statistics for the study measures.

Questionnaire/subscale Number of items Total range Descriptive statistics Reliability
Mean SD Range 𝛼 𝑁

Hyperacusis Questionnaire [31] 14 0–42 14.9 8.0 0–37 0.88 264
Attentional 4 0–12 4.0 2.7 0–10 0.71
Social 6 0–18 6.1 3.7 0–18 0.75
Emotional 4 0–12 4.7 3.0 0–12 0.77

Tinnitus Handicap Inventory (THI) [46] 25 0–100 35.0 21.6 0–94 115
Tinnitus Handicap Questionnaire (THQ) [45] 27 0–100 37.9 17.6 5.6–88.9 195
Beck’s Depression Inventory-II (BDI-II) [47] 21 0–63 7.9 7.2 0–30 54
Beck’s Depression Inventory-Fast Screen (BDI-FS) [49] 7 0–21 2.0 2.7 0–14 142
Beck’s Anxiety Inventory (BAI) [48, 55] 21 0–63 7.0 6.9 0–43 200
Uncomfortable loudness levels at 1 kHz (dB HL) — — 87.8 14.3 60–120 40
The maximum score is 42 for the HQ, 100 for THI and THQ, 63 for BDI and BAI, and 21 for the BDI-FS. The reliability alpha (𝛼) is presented for the HQ total
and subscale scores.𝑁 = effective samples.

The aim of this study was to empirically evaluate the
validity and reliability of the HQ for use as measurement
tool in a specific population, that is, adults taking part in
tinnitus research. The psychometric validation reported here
focuses on evaluating the original three-factor structure of
the HQ, particularly item identification with the three factors
and the relationship between the three factors and the overall
hypersensitivity to sound construct (score), and the reliability
(internal consistency), validity (discriminant validity), and
responsiveness (floor and ceiling effects) of the HQ using a
large UK population of research participants with tinnitus.

2. Materials and Methods

2.1. Participants and Procedures. The study was a retro-
spective analysis of data collected during a series of tin-
nitus research studies conducted at the NIHR Nottingham
Hearing Biomedical Research Unit and MRC Institute of
Hearing Research between 2008 and 2014. Studies included
randomised controlled trials (RCTs) [40, 41], clinical cohort
studies [42, 43], an imaging study usingmagnetoencephalog-
raphy [38, 39], and a feasibility study [44]. In those studies
the HQ was used either as a screening tool for exclusion of
participants with hyperacusis [39–41, 43] or for classification
of participants [38]. Additional assessments included theTin-
nitus Handicap Questionnaire (THQ) [45]; Tinnitus Hand-
icap Inventory (THI) [46]; Beck’s Depression Inventory-II
(BDI-II) [47]; Beck’s Anxiety Inventory (BAI) [48]; Beck’s
Depression Inventory-Fast Screen (BDI-FS) [49]; uncom-
fortable loudness levels (ULLs). In some cases participants
had completed the eligibility assessments for more than one
study; to prevent an overlap in the data, for these participants
only one set of questionnaire data was used. In these cases,
the most complete dataset was chosen. In total, 264 people
with tinnitus (158 male, 106 female) with an average age of
58.7 years (range: 24 to 85 years) completed the HQ and
some or most of the assessment questionnaires. Forty people
completed ULL assessment.

2.2. Missing Data. Only participants who completed the HQ
were included (𝑛 = 264). Due to variability in the eligibility
assessments or because of participants being withdrawn at
different points in their assessment, not all 264 participants
complete all of the other assessments. For the convergent
and discriminant validity therefore, we conducted pairwise
deletion to enable the use of most data; the effective samples
for each comparison are provided in Table 1.

2.3. Measures

2.3.1. Hyperacusis Questionnaire (HQ). The HQ is a two-
part questionnaire. The first part consists of binary questions
which aim to gather general information of auditory disor-
ders and noise exposure, whilst the second part consists of
14 negatively worded items, which are rated on a 4-point
scale: “no” (0 points), “yes, a little” (1 point), “yes, quite a
lot” (2 points), and “yes, a lot” (3 points). The total provides
the measure of hypersensitivity to sound with higher scores
indicating greater sensitivity. The mean global score ranges
from 0 to 42 and a global score>28 indicates hyperacusis [31].
Items related to the three subscales can also be summed to
provide subscale scores.

2.3.2. TinnitusHandicap Inventory (THI). TheTHI quantifies
the impact of tinnitus on daily living [46, 50]. For instance,
item 1 asks “Because of your tinnitus is it difficult for you
to concentrate?”. Each of 25 items is rated on a 3-point
scale: “yes” (4 points), “sometimes” (2 points), and “no”
(0 points). The mean global score reflects the sum of all
responses with a global score of 100 indicating greatest
impact on everyday function. Scores are interpreted using
the following categories: slight problem (0–16), mild (18–
36), moderate (38–56), severe (58–76), and catastrophic (78–
100) [51]. Newman et al. [46] described three subscales
measuring functional, emotional, and catastrophic impact of
tinnitus. However, the reliability of these subscales has been
questioned [52].
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2.3.3. Tinnitus Handicap Questionnaire (THQ). The THQ
measures the perceived degree of handicap associated with
tinnitus [45]. For example, item 1 asks “I have support from
my friends regarding my tinnitus.” For each of 27 items,
participants assign a number between 0 (strongly disagree)
and 100 (strongly agree) to indicate their agreement. All
items are negative descriptors with the exception of two items
which are reverse-scored before all the responses are summed
and weighted to give a global score out of 100. Kuk et al.
[45] identified three subscales ((1) physical, emotional, and
social effects; (2) hearing and communication ability; (3)
individual’s perception of tinnitus) but only subscales 1 and
2 were found to be reliable [45].

2.3.4. Beck’s Depression Inventory-II (BDI-II). The BDI-II
measures severity of depressive symptoms [47, 53, 54]. For
each of 21 items, participants select one of four statements
(scoring 0–3 points) according to how they have felt over the
previous two weeks. For example, item 1 measures sadness:
(0) “I do not feel sad”; (1) “I feel sad much of the time”; (2) “I
am sad all the time”; (3) “I am so sad or unhappy that I cannot
stand it.” Higher scores indicate increased levels of depressive
symptomatology. Responses are summed to form a global
score out of 63, with a score of 31–40 categorised as “severe
depression” and a score of over 40 as “extreme depression”
[47].

2.3.5. Beck’s Depression Inventory-Fast Screen (BDI-FS). The
BDI-FS is a quicker quantitative screen for depression than
the BDI, which excludes symptoms possibly related to other
medical conditions [49]. Each of the 7 items is rated on
a 4-point scale (scoring 0–3 points) with four descriptor
statements. Responses are summed to form a global score
out of 21, with a higher score indicating a higher level of
depression.

2.3.6. Beck’s Anxiety Inventory (BAI). The BAI measures 21
common symptoms of clinical anxiety [48, 55, 56]. Partici-
pants indicate the degree to which the particular symptom
has bothered them over the previous week by selecting one of
four response options (0 to 3). For example, item 1 measures
numbness or tingling: (0) “Not at all”; (1) “Mildly; it did not
bother me much”; (2) “Moderately; it was very unpleasant,
but I could stand it”; (3) “Severely; I could barely stand it.”
Again responses are summed to give a global score out of 63.
Scores of 0–21 indicate very low anxiety and scores exceeding
36 indicate cause for concern [48, 55].

2.3.7. Uncomfortable Loudness Levels (ULLs). TheULLs of 40
participants weremeasured across two of the included studies
[38, 39]. ULLs were tested using a 1 kHz pure tone delivered
to each ear using an audiometer. Tones were presented for
1 second with 1 second quiet periods and increased in 5 dB
steps until the participant responded that the sound had
reached an uncomfortable level. All participants had normal
hearing thresholds at 1 kHz. ULLs were conducted for both
ears and averaged to give a mean ULL value at 1 kHz for each
individual.

2.4. Statistical Analysis

2.4.1. Factor Structure: Confirmatory Factor Analysis. Con-
firmatory factor analysis (CFA) was conducted on HQ data
from 264 patients with tinnitus to test the fit of the 3-factor
structure devised by Khalfa et al. (Figure 1) [31]. Following
this, to evaluate a modified version of the HQ, the full
dataset (N: 264) was randomly split into two similar sized
independent groups: sample A (50% N: 132) and sample
B (50% N: 132). CFA was conducted on the data from
sample A to test the fit of a one-factor structure. Data from
sample B were used for exploratory factor analysis (method
below). CFA models were specified and estimated using
Mplus version 7 [57].

The 3-factor model included (i) one second-order factor
consistent with the global measure of “hypersensitivity to
sound” (variance fixed at 1) and three first-order factors
corresponding to the three HQ subscales (attentional, social,
and emotional), (ii) fourteen observed variables, each freely
estimated on their designated factor with zero loadings on the
other factors with error variance assumed to be uncorrelated
and random (constrained to zero).

The one-factor model was specified to include one gen-
eral factor corresponding to hypersensitivity to sound, with
fourteen observed variables corresponding to the 14 items of
the HQ and uniqueness variance associated with each item.

All 14 items of the HQ were rated using polytomous
scale. The data were modelled accordingly as categorical
variables using the robust weighted least squares estimator
(WLSMV) in Mplus [57]. Compared to other methods such
as maximum likelihood (ML) and weighted least squares
(WLS), WLSMV produces robust estimations, in particular
robust standard error and adjusted Chi-square test statistics
(𝜒2) for categorical data with small sample sizes and non-
normality in the data [58, 59]. In this study since all vari-
ables are categorical, WLSMV is estimated using polychoric
correlation matrix of the underlying continuous response
variables. These latent responses are related to the threshold
parameters of the observed categorical variables, in which the
thresholds reflect the position on the underlying continuous
and normally distributed characteristic that distinguishes the
categories of the observed polytomous variable [58]. The
factor intercorrelations were initially examined to access the
degree in which the factor relates to one another and overlaps
in content before the model as a whole was evaluated (the
second-order component of the model). Highly correlated
factors (>0.85) are evidence of poor distinction between
constructs (poor discriminant validity). Weakly correlated
factors (<0.30) indicate unrelated content that is potentially
measuring an alternative underlying construct [58, 60].

The goodness of fit was determined using WLSMV
𝜒

2 [61], Comparative Fit Index (CFI) [62], Tucker-Lewis
Index (TLI) [63], and weighted root-mean-square residual
(WRMR) [57]. An indication of good model fit is a small
nonsignificant 𝜒2 estimate (𝑝 < 0.05) that relative to the
degrees of freedom is ≤2.0, CFI and TLI estimates that
exceed 0.90 (preferably exceeding 0.95) [64], and WRMR
values below 0.95. RootMean Square Error of Approximation
(RMSEA) [65] and confidence intervals (CIs) were reported
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Figure 1: Theoretical 3-factor structure of the Hyperacusis Questionnaire (HQ). The model represents the proposed relationships between
the items (observed variables), the first-order factors consistent with attentional, social, and emotional subscales, and the second-order factor
consistent with the global measure of “hypersensitivity to sound” (variance fixed at 1). Variance fixed at 1 for second-order factor and items 2,
5, and 11.The unidirectional black arrows represent the direct effects of the second-order factor onto the three first-order factors and the direct
effects of the first-order factors onto the observed variables. The fourteen observed variables are represented as HQ1 to HQ14, with all items
only associated with their designated factor. The unidirectional grey arrows represent the error variance (𝑒) associated with each variable,
each freely estimated on their designated factor with zero loadings on the other factors with error variance assumed to be uncorrelated and
random (constrained to zero). 𝑒 = residual variance (error and uniqueness terms).

with values of less than 0.05 and CIs within 0.08 indicating
acceptable fit [58, 64, 66, 67]. These cut-off points serve as
guidelines for acceptable fit for the model that should be
evaluated alongside the other CFA findings, that is, the factor
loadings [67].

To compare the one and three factor models, the correct
𝜒

2 difference tests for nested models were assessed using the
DIFFTEST command in Mplus [57, 58].

Squared standardised factor loadings provide the basis for
interpretation of the factor loading estimates with categorical
data. Squared standardised factor loadings (and standardised
factor loadings) were therefore examined to evaluate the
amount of variance in the underlying continuous response
variable explained by the latent constructs (first-order and
second-order factors). The strength of these loadings is
relative to the amount of variance by themodel; therefore, the
higher the loading value, the less the error associated with the
model and the better the fit. Alternatively, low loadings (<0.4)
indicate measurement error and are a potential source of
poor model fit [34, 60]. Modification Index (MI) was used to
identify any misspecification in the parameters of the model,
with values exceeding 10 indicating a source of poor model
fit [60]. The Expected Parameter Change (EPC) value was
used to identify themagnitude of improvement tomodel fit if
the parameters were freely estimated in a subsequent analysis.

Together, these were only used to identify which parameters
could be adjusted if they significantly improvedmodel fit and
were supported by conceptual foundations [60, 68].

2.4.2. Factor Structure: Exploratory Factor Analysis. Data
from sample B were modelled in exploratory factor analysis
using the WLSMV estimator and oblique rotations [58, 69].
Following the Kaiser criteria, factors with eigenvalues above
1 were extracted [70]. The scree plot was also examined to
confirm factor extraction. Communalities were assessed for
each item with communalities below 0.5 taken to indicate
a large amount of unexplained variance [32, 58, 71]. Factor
loadingswere consideredmeaningful if they exceed 0.40 [34],
but to assess cross-loading, the loading estimates should be
below 0.30 [72].

2.5. Psychometric Properties. The reliability, validity, and
responsiveness of the HQ were assessed. All statistical analy-
ses were performed in SPSS (v.22.0).

2.5.1. Reliability: Internal Consistency. Internal consistency
was measured as Cronbach’s alpha with estimates 𝛼 > 0.7
and 𝛼 < 0.9 taken to indicate acceptable internal consistency
[32, 73].
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2.5.2. Validity: Convergent and Discriminant Validity. Con-
vergent validity and discriminant validity were evaluated
as Spearman’s bivariate correlations. Due to the close rela-
tionship between tinnitus and hypersensitivity to sound
(common problems with concentration/attention, stress,
hearing difficulties, participation), the HQ was predicted to
moderately correlate with tinnitus questionnaires, that is,
moderate discriminant validity.TheHQwas predicted to also
show moderate correlations with generalised depression and
anxiety, because hypersensitivity to sound is associated with
both [8, 74].

2.5.3. Responsiveness: Floor and Ceiling Effects. The HQ was
not designed for use as an outcome measure; however,
some studies still use it for that purpose [33, 40]. Therefore,
we looked for floor and/or ceiling effects which would
compromise the reliability and responsiveness of the HQ
to meaningful changes, although this does not necessarily
reflect “real world” change. Response frequency distributions
were examined to detect floor or ceiling effects at item level.
Floor or ceiling effects were identified as items where more
than 15% of respondents rated the lowest or highest possible
response option (“no” (0) or “yes, a lot” (3) on a 4-point
scale) [32]. Problematic itemswith floor effects are unlikely to
detect reductions in hypersensitivity, whilst itemswith ceiling
effects have limited sensitivity to increases in hypersensitivity.

3. Results

3.1. Inspection of the Distribution of Scores. Descriptive statis-
tics for all questionnairemeasures are shown in Table 1.Mean
scores for all the questionnaires were at the lower end of
the scoring range, with BDI, BAI, and BDI-FS recording
the lowest means relative to their maximum possible score.
Scores for tinnitus severity in relation to the THI grading
system were moderate (<38/100 in each case). Frequency
distributions for global HQ scores are given in Figure 2. The
HQ scores were slightly skewed towards the lower end of the
scales, with a mean score of 14.7. This mean score was almost
identical to the mean questionnaire score (15.0) identified by
Khalfa and colleagues [31]. Just under half the participants
(124 out of 264) were above 14.7, whilst only 19 out of the 264
participants were above 28 and therefore were identified as
experiencing hyperacusis.

3.2. Factor Structure: Confirmatory Factor Analysis

3.2.1. Three Factor Structure. First-order factor correlations,
standardised factor loadings, standard error, and squared
standardised factor loadings for the observed variables and
latent constructs are summarised in Table 2. Correlations
between the first-order factors (three subscales) were above
0.70 (Table 2), indicating that there was a degree of overlap
between the factors.

Model fit was poor; the WLSMV 𝜒2 was significant
(280.77 (df = 75), 𝑝 < 0.001), and relative to the degrees of
freedom, the estimate was significantly higher (3.74) than the
critical ratio cutoff (≤2.0). Although the TLI (0.92) and CFI
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Figure 2: Distribution of Hyperacusis Questionnaire total scores.
The diagnostic criterion is represented with a black bold line (—).
The mean score for the current study is presented as a black bold
dotted line (- - - - -). According to the criteria identified by Khalfa et
al. [31], only 7% of participants indicate hypersensitivity, whilst 47%
of participants were above our mean score.

(0.94) were both within the acceptable criteria (marginally
below 0.95), both the RMSEA (0.1; CI = 0.09–0.12) and
WRMR (1.28) estimates were exceptionally higher than the
a priori cutoff for establishing adequate fit.

Examination of the squared standardised factor loadings
showed that all three first-order factors (attentional, social,
and emotional) had high loading values with the second-
order factor (over 70% of variance). The loading values for
the items ranged from 0.09 to 0.87, with the majority above
0.4. For ten items over 50% of the variance was explained by
the first-order factor in which the items are assigned to. For
the remaining four items, the standardised factor loadings
were low (<0.6), with item 1 below acceptable (0.3). The
squared loading values mirrored these loadings (<0.4). The
social factor only explained 32% of the variance in items 5
and 6, the emotional factor explained 33% variance in item
11, and the attentional factor only explained an unacceptable
9%variance in item 1.There is a large amount ofmeasurement
error that the model cannot explain.

Examination of the modification index revealed the
presence of 18 large modification indices (>10). These MIs
indicated serious cross-loading between each factor and a
number of items. The EPC values indicate that if these
parameters were freely estimated, then the improvement
to the model would be marginal. Due to the amount of
MIs, the small EPC values, and the fact that the model has
poor fit statistics, it would make no logical sense to adjust
these parameters. A one-factor model might provide a better
explanation for the data.

3.2.2. One-Factor Structure. Model fit again was poor; the
WLSMV 𝜒2 (429.88 (df = 77), 𝑝 < 0.001) and all approx-
imation fit indices failed to meet criteria for a good fit.
The squared standardised factor loadings indicated the same
problematic items (Table 2). The correct 𝜒2 difference tests
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Table 2: Standardised factor loadings (standard error), 𝑅-squared values, and factor correlations for the three-factor model and one-factor
model of the Hyperacusis Questionnaire.

Three-factor model One-factor model
𝐹1 𝐹2 𝐹3 𝑅

2

𝐹1 𝑅

2

Items
HQ1 0.30 (0.07) 0.09 0.23 (0.10) 0.05
HQ2 0.74 (0.04) 0.54 0.73 (0.05) 0.54
HQ3 0.78 (0.03) 0.60 0.73 (0.05) 0.53
HQ4 0.94 (0.02) 0.87 0.85 (0.03) 0.72
HQ5 0.57 (0.05) 0.32 0.55 (0.07) 0.31
HQ6 0.57 (0.06) 0.32 0.65 (0.06) 0.42
HQ7 0.75 (0.05) 0.57 0.77 (0.05) 0.59
HQ8 0.73 (0.04) 0.51 0.65 (0.05) 0.43
HQ9 0.83 (0.03) 0.69 0.80 (0.04) 0.64
HQ10 0.84 (0.04) 0.70 0.80 (0.05) 0.64
HQ11 0.50 (0.05) 0.33 0.52 (0.07) 0.27
HQ12 0.82 (0.03) 0.73 0.81 (0.04) 0.66
HQ13 0.72 (0.05) 0.60 0.66 (0.06) 0.43
HQ14 0.84 (0.03) 0.66 0.76 (0.04) 0.57

Construct
Hypersensitivity to sound 0.88 (0.03) 0.86 (0.03) 0.87 (0.03) — — —
𝑅

2 0.77 0.75 0.75 — — —
Factor correlations
𝐹1 1 — — —
𝐹2 0.75 (0.04) 1 — — —
𝐹3 0.77 (0.03) 0.75 (0.04) 1 — — —

The factor loadings (standard errors) and squared factor loadings (𝑅-squared) for the 14 items and the first-order factors (three-factor model only). The values
presented in bold have poor associations with their designated factor, all below the recommended cutoff < 0.40.The correlations between the first-order factors
were all strong. 𝑅2 = 𝑅-squared. 𝛼 = Cronbach’s alpha. HQ = Hyperacusis Questionnaire; 𝐹1 = attentional; 𝐹2 = social; 𝐹3 = emotional.

Table 3: Exploratory factor analysis: factor loadings, communalities, and eigenvalues for the two-factor extraction.

Items 𝐹1 𝐹2 Communality
HQ2 Harder to ignore sounds in everyday situations 0.48 0.22 0.38
HQ3 Trouble reading in noise 0.79 −0.02 0.61
HQ4 Trouble concentrating in noise 0.83 0.11 0.79
HQ7 Particularly sensitive to or bothered by noise 0.37 0.37 0.41
HQ8 Noise unpleasant in certain situations 0.18 0.62 0.52
HQ9 Think about the noise before going out −0.04 0.97 0.90
HQ10 Turn down invitation because of noise 0.04 0.85 0.75
HQ12 Stress and tired ness reduce ability to concentrate 0.95 −0.20 0.75
HQ13 Less able to concentrate at end of day 0.81 0.02 0.67
HQ14 Certain sounds cause stress and irritation 0.49 0.34 0.51

Eigenvalues 5.25 1.40 —
The factor loading estimates presented in bold are above the recommended cutoff (>0.4) and indicate which factor the item is associated with. Two items show
cross-loading, with estimates above 0.3 on the second factor for item 14, whilst item 7 does not load onto either factor. 𝐹1 = attentional; 𝐹2 = social.

indicate that the restricted one-factor model significantly
degrades the fit of the model (𝜒2diff (2) = 108.573, 𝑝 <
0.001).These findings suggest that one-factormodel does not
provide an alternative solution for the data.

3.2.3. Exploratory Factor Analysis. Having removed the four
problematic items identified in both CFA models (items 1,
5, 6, and 11), the data from sample B was modelled using

WLSMV and oblique rotations estimates. Examination of the
eigenvalues (>1) and scree plot revealed a two-factor solution
(Table 3). Factor 1 consists of 6 items (attentional items) and
factor 2 consists of 3 items (social items). One item (Item 7)
did not load onto either factor, with low loading estimates
across both (<0.4). Items have loading estimates above the
desired criteria and showminimal evidence of cross-loading,
except for item 14. For the most part, the communalities were
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Table 4: Interitem correlations between all fourteen items of the Hyperacusis Questionnaire.

Attentional Social Emotional
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14

Attentional

Q1 1
Q2 0.20 1
Q3 0.12 0.46 1
Q4 0.17 0.54 0.69 1

Social

Q5 0.16 0.29 0.31 0.42 1
Q6 0.13 0.36 0.25 0.32 0.20 1
Q7 0.15 0.46 0.37 0.50 0.21 0.31 1
Q8 0.16 0.34 0.32 0.41 0.42 0.29 0.36 1
Q9 0.17 0.38 0.35 0.38 0.22 0.29 0.35 0.53 1
Q10 0.15 0.30 0.24 0.34 0.17 0.27 0.32 0.45 0.72 1

Emotional

Q11 0.06 0.32 0.34 0.33 0.17 0.30 0.28 0.21 0.31 0.23 1
Q12 0.20 0.43 0.47 0.55 0.36 0.29 0.38 0.35 0.30 0.29 0.38 1
Q13 0.18 0.34 0.38 0.48 0.29 0.17 0.31 0.26 0.31 0.33 0.36 0.69 1
Q14 0.14 0.42 0.42 0.53 0.35 0.33 0.54 0.45 0.44 0.38 0.39 0.48 0.42 1

Correlations ranged from extremely low to high. The majority of the items showing low to moderate correlations with each other.
Correlations presented in bold are below the recommended cutoff (0.3), indicating weak relationships between items.

acceptable (>0.50), expect for item 2 and again item 7 which
were below < 0.4. Low loading and the low communality
suggest that item 7 is unrelated to the underlying construct
being measured by the two factors and therefore provides
little information on hypersensitivity. Finally the two factors
moderately correlatedwith each other indicating that they are
measuring different aspects of hypersensitivity.

3.3. Reliability: Internal Consistency. Interitem correlations
are presented in Table 4. The correlations ranged from 0.06
to 0.72. Item 1 displayed extremely low correlations with
the rest of the items (<0.2), particularly with item 11 (0.06)
indicating no relationship between the item contents. The
interitem correlations for the social subscale indicate that
items 5 and 6 are unrelated (<0.3) to the other items
in the subscale indicating poor internal consistency. The
rest of the items have low to moderate correlation with
each other, suggesting variability in item content. Only one
correlation, between item 9 and item 10, indicates high
internal consistency (above 0.7). In contrast, Cronbach’s
alpha estimates for the HQ global score were high (𝛼 =
0.88) and subscale scores were all above the specified criteria
(𝛼 > 0.7).

3.4. Validity. Convergent validity between the HQ and ULLs
was moderate (r = −0.535) suggesting that the two tools
are measuring different constructs with some association.
Discriminant validity was as predicted (Table 5). HQ scores
showedmoderate positive correlationswith the twomeasures
of tinnitus severity (THI and THQ) and the three general
health measures (BDI, BDI-FS, and BAI). Therefore, with
regard to these measures, the HQ demonstrates acceptable
discriminant validity indicating that it measures construct(s)
that are distinct from tinnitus specific and more general
health domains.

Table 5: Correlations between the global scores of the six question-
naire measures.

HQ THI THQ BDI-II BDI-FS BAI
HQ 1
THI 0.49 1
THQ 0.40 0.66 1
BDI-II 0.37 0.45 0.47 1
BDI-FS 0.32 — 0.21 — 1
BAI 0.38 0.38 0.28 0.68 0.48 1
The correlations between the HQ and all other measures were moderate
indicating acceptable discriminant validity. HQ = Hyperacusis Question-
naire; THI = Tinnitus Handicap Inventory; THQ = Tinnitus Handicap
Questionnaire, BDI-II = Beck’s Depression Inventory-II, BDI-FS = Beck’s
Depression Inventory-Fast Screen; BAI = Beck’s Anxiety Inventory.

3.5. Responsiveness: Floor and Ceiling Effects. Response fre-
quency distributions for each HQ item are displayed in
Table 6. All fourteen items failed tomeet the a priori criterion
for acceptable floor and ceiling effects. Twelve items (items
4, 12, 14, 13, 3, 2, 11, 9, 7, 1, 10, and 6) showed floor effects,
with 17% to 71% of participants scoring “0.” Item 6 (70%),
item 10 (68%), and item 1 (68%) had extreme floor effect
with over two-thirds of participants scoring “0.” Two out of
the twelve items (items 4 and 12) that showed floor effects
also showed mild ceiling effects, with 17% of participants
scoring “3.”The remaining two items (items 8 and 5) showed
ceiling effects, with 25% and 45% of participants, scoring
“3,” respectively. Therefore, these response options are not
reliably distinguishing between participants and cannot be
considered responsive to changes, at least in this particular
population.

4. Discussion

The current study evaluated psychometric properties of the
HQ in a large UK population of research participants with
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Table 6: Response frequency distributions (%) for each Hyperacusis Questionnaire item.

Frequency of responses for items (%) Mean (±SD)
0 1 2 3

1 Use earplugs or earmuffs to reduce noise 67.8 24.2 4.5 3.4 0.44 (0.74)
2 Harder to ignore sounds in everyday situations 34.5 37.9 19.7 8.0 1.01 (0.93)
3 Trouble reading in noise 31.8 33.3 22.7 12.1 1.15 (1.01)
4 Trouble concentrating in noise 17.4 35.2 30.3 17.0 1.47 (0.97)
5 Difficulty listening to conversations in noise 8.7 20.1 28.4 42.8 2.05 (0.99)
6 Tolerate noise badly 70.5 17.8 5.7 6.1 0.47 (0.85)
7 Particularly sensitive to or bothered by noise 54.5 32.2 10.6 2.7 0.61 (0.78)
8 Noise unpleasant in certain situations 13.6 31.8 29.5 25.0 1.66 (1.00)
9 Think about the noise before going out 52.7 24.2 12.9 10.2 0.81 (1.02)
10 Turn down invitation because of noise 68.2 19.7 7.2 4.9 0.49 (0.83)
11 Sounds bother you more in quiet places than noisy 39.0 36.4 15.9 8.7 0.94 (0.95)
12 Stress and tired ness reduce ability to concentrate 19.3 39.0 25.0 16.7 1.39 (0.98)
13 Less able to concentrate at end of day 29.9 37.1 22.0 11.0 1.14 (0.97)
14 Certain sounds cause stress and irritation 22.3 41.3 23.9 12.5 1.27 (0.95)
Response frequency distributions presented in bold indicate that more than 15% of respondents rated the lowest or highest possible response option. All
fourteen items showed either floor or/and ceiling effects (>15%).

tinnitus. Despite the high internal consistency estimates,
analyses did not confirm the original three factor solution
proposed by Khalfa et al. [31] for our UK research pop-
ulation data. Large amounts of cross-loading between the
questionnaire items and high correlations between the factors
suggested that a one-factor solution is more likely optimal.
However, a one-factor solution similarly indicated a poor fit.
Four out of 14 items (items 1, 5, 6, and 11) had factor loadings
below 0.4 in both models tested potentially suggesting that
the wording of these problematic items in relation to this
particular population is more likely the cause of poor fit in
the three-factor solution. The poor fit could at least in part
be due to some population (tinnitus specific) factors. Item
1 asks “Do you ever use earplugs or earmuffs to reduce your
noise perception?” and although intended to assess attentional
component of hyperacusis in a general population [31],
within a tinnitus population using ear protection in normal
environments is not encouraged, hence the possibility that
people with tinnitus will refrain from using earplugs or ear
muffs. Item 6 also showed floor effects; it asks “Has anyone
you know ever told you that you tolerate noise or certain kinds
of sound badly?”. The floor effects seen in this item could
potentially reflect the management strategy for tinnitus such
as sound therapy and exposure to moderate levels of back-
ground noise; in particular, tinnitus habituation therapies
(e.g., tinnitus retraining therapy) combine education with
sound [75, 76]. Item 5 asks “Do you have difficulty listening
to conversations in noisy places?”. A possible reason it might
not fit with the social subscale is that similar difficulties are
reported due to hearing loss and tinnitus but not necessarily
to hypersensitivity to sound. Finally, item 11 asks “Do noises
or particular sounds bother you more in a quiet place than
in a slightly noisy room?”. Some people with tinnitus will
use background noise to “drown out” or mask their tinnitus,
while quiet environment can exacerbate their tinnitus and so

generally tend to avoid quiet [77]. Consequently, these items
were removed and a two-factor solution, with an attentional
and social component with the 10 items was identified using
exploratory factor analysis.

In terms of convergent and discriminant validity, mod-
erate correlations were observed for all measures suggesting
that the HQ is measuring an alternative construct to these
measures; in particular, the HQ measures a construct that is
different to the sensitivity to loud sounds measured as ULLs.
However, due to the differences in measures used to test
convergent and discriminant validity (a psychoacoustic test
and questionnaires, resp.), it is hard to definitively establish
the level of discriminant validity. To provide clarity on this,
one recommendation for future studies is to assess convergent
validity using a questionnaire measure of hyperacusis.

It is worth noting that only 19 out of 264 participants
were classified as hyperacusic according to the criterion of 28
points or more proposed by Khalfa et al. [31]. That indicates
the prevalence of hyperacusis in the UK tinnitus research
population of about 7.2% which is considerably lower than
previously reported for the tinnitus population [10, 12, 13],
suggesting that the criterion score might be too high. The
criterion score greater than 28 for diagnosing significant
hypersensitivity to sound was also questioned byMeeus et al.
[33], who reported that most of patients who reported lower
tolerance for noise and fear of noise scored below 28 on the
HQ.

The HQ was developed to quantify and characterise
hypersensitivity to sound and not to be an outcome measure
[31]. It is, however, used as an outcome measure [33, 40]. All
items showed floor (12 items) or ceiling effects (2 items) with
two items showing extreme floor effects where over 60% of
participants scored “0.” This indicates that those response
options do not reliably distinguish between participants
and would not be responsive to changes in severity in this
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particular population. Therefore, we conclude the 14-item
HQ is not a sensitive measure of outcome.

5. Conclusions/Recommendations

(i) The HQ does not provide a valid overall measure
of hypersensitivity to sound in the UK population
with tinnitus. The structure of the questionnaire was
not confirmed. Until an appropriate questionnaire
is developed, we recommend the removal of con-
founding items and evaluation of a 10-item (2-factor)
version of the questionnaire in a new tinnitus and
perhaps nontinnitus population.

(ii) The diagnostic criterion (28 points) needs to be
reevaluated. In order to stratify severity, one sug-
gested method is through the use of anchor questions
which can provide external indicators of severity.This
strategy has been used in development of the Tinnitus
Functional Index and also for identifying meaningful
change scores [78–80]. For sensitivity to sound at
screening, stratification can be based on response
levels in the anchor question, by directly compar-
ing them to the overall score on the questionnaire,
providing a practical interpretation of the scores that
reflects the patients’ opinions.

(iii) A questionnairemeasure of sensitivity to sound that is
more suitable for use in tinnitus research population
should be identified or developed.

(iv) For completeness the HQ needs to be validated in
general (including UK) populations, and validation
should include test-retest and convergent validity.
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Lärmbekämpfung, vol. 42, no. 1, pp. 18–20, 1995.

[24] J. K. Dawson Jr., “A comparison of physical measurements of
pure-tones, third-octave bands of noise and third-octave bands
of speech to subjective judgments of audibility threshold, MCL
and UCL for three normally hearing listeners,” Independent
Studies and Capstones Paper No. 306, Washington University
School of Medicine, Program in Audiology and Communica-
tion Sciences, St. Louis, Mo, USA, 1981.

[25] D. M. Hawkins, Monographs on Applied Probability and Statis-
tics, Chapman & Hall, London, UK, 1980.

[26] D. Baguley and G. Andersson, Hyperacusis: Mechanisms, Diag-
nosis, and Therapies, Plural Publishing, San Diego, Calif, USA,
2007.

[27] M. Nelting and N. K. Finlayson, G Ü F-Geräuschüberempfin-
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Background.We investigated the validity of the two hyperacusis items of the TSCHQ (Tinnitus Sample CaseHistoryQuestionnaire)
from the TRI (Tinnitus Research Initiative) database by comparing them with the German hyperacusis questionnaire GÜF.
Methods. We investigated the association of the GÜF with the TSCHQ screening questions for both the sum score and the single
items with correlation, contrast, principal component, and discriminant analysis in a sample of 161 patients with chronic tinnitus.
Results.TSCHQ items and theGÜF total scorewere significantly associatedwith a special focus on fear and pain related hyperacusis.
Factor analysis of the GÜF revealed the three factors “fear and pain related hyperacusis,” “hearing related problems,” and “problems
in quality of life.” A discriminant analysis showed a sensitivity of 64% and a specificity of 71% of the TSCHQ items for the
establishment of tinnitus patient subgroups with and without hyperacusis. Discussion. Both hyperacusis TSCHQ items can serve
as screening questions with respect to self-reported hyperacusis in chronic tinnitus with a specific focus on fear and pain related
hyperacusis. However, the multiple dimensions of hyperacusis should be considered for diagnosis and treatment in both scientific
and clinical contexts.

1. Introduction

Hyperacusis has several definitions, but all of them include
intolerance to “normal” sounds [1]. “Normal” is defined as
an intensity or volume of a perceived sound that would
not bother a person with “standard” hearing. Hyperacusis is
described in terms of discomfort, pain, hypersensitivity, or
hyperresponsiveness and can be related to the domains “loud-
ness,” “annoyance,” “fear,” and “pain” [2]. The importance of
anxiety and avoidance behavior in hyperacusis was recently
corroborated [3].

Two inventories exist for the assessment of hyperacusis.
The first inventory differentiates hyperacusis into the fac-
tors “cognitive reactions to hyperacusis,” “actional/somatic
behavior,” and “emotional reaction to external noises” (Gerä-
uschüberempfindlichkeitsfragebogen; GÜF: engl. hypersen-
sitivity to sound questionnaire) [4]; the second defines it

using attentional, social, and emotional dimensions (hyper-
acusis questionnaire; HQ) [5].

From a psychoacoustical perspective, hyperacusis is rela-
ted to loudness recruitment. Loudness recruitment can usu-
ally be found in hearing loss with abnormal rapid increases of
perceived loudness with increasing sound intensity [6].There
is evidence that hyperacusis and loudness recruitment are not
identical [7], but the two phenomena are also not exclusive
from each other [2, 6].

The analysis of a large tinnitus database [8] revealed that
hyperacusis is highly prevalent among patients with chronic
tinnitus and that hyperacusis characterizes a specific subtype
of tinnitus patients with a greater need for treatment [9].
Thus, screening tools for hyperacusis are necessary in the
diagnostic assessment of chronic tinnitus.We investigated the
validity of the two hyperacusis items (“Do you have a problem
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tolerating sounds because they often seem much too loud?
i.e., do you often find too loud or hurtful sounds which
other people around youfindquite comfortable?” “Do sounds
cause you pain or physical discomfort?”) of the TSCHQ
(Tinnitus Sample Case History Questionnaire) [10] from the
TRI (Tinnitus Research Initiative) database [8], by correlating
them with the German GÜF. First, we specified descriptive
data of the different hyperacusis measures in a sample
of 161 patients with chronic tinnitus. Second, we investi-
gated the association of the screening items with the GÜF
sum score using correlational analyses. Further fine-grained
analyses included linear discriminant, principal component,
and correlation analyses with tinnitus-specific and tinnitus-
unspecific parameters to assess the dimensions of hyperacusis
which can be measured with the screening items. These
analyses were performed to assess the validity of the TSCHQ
screening items as screening parameters for hyperacusis as
identified with the GÜF.

2. Materials and Methods

The 161 subjects were patients of the Interdisciplinary Tin-
nitus Center at the University of Regensburg (Regensburg,
Germany). Tinnitus diagnosis at the Department of Otorhi-
nolaryngology and the Department of Psychiatry included
a complete otologic and audiologic examination with pure
tone audiometry, tympanometry, and otoscopy. Patients gave
written informed consent for their data to be used in the
Tinnitus Research Initiative database which was approved
by the Ethics Committee of the University Hospital of
Regensburg (Germany; reference number 08/046).

Patients completed the tinnitus questionnaire (TQ; range:
0–84) [11, 12], the Tinnitus Handicap Inventory (range:
0–100) [13], five numeric rating scales for the assessment
of tinnitus loudness, annoyance, discomfort, ignorability,
and unpleasantness (scale: 0–10), the Geräuschüberempfind-
lichkeitsfragebogen (GÜF; engl. hypersensitivity to sound
questionnaire; range 0–45) [4], a German version of a quality
of life scale (WHOQOL-BREF; scores 4–20) [14], and the
Beck depression inventory (BDI; range: 0–63) [15]. In the
quality of life scale high scores indicate high quality of life;
in all other scales high scores indicate high burden. The
TQ contains different subscales: emotional distress, cognitive
distress, sleep disturbance, auditory perceptual difficulties,
somatic complaints, and intrusiveness.

We used the two screening questions for hyperacusis as
indicated by the Tinnitus Sample CaseHistoryQuestionnaire
[10]: (1) “Do you have a problem tolerating sounds because
they often seem much too loud? That is, do you often find
too loud or hurtful sounds which other people around you
find quite comfortable?” with the answers “never, rarely,
sometimes, usually, or always” on a scale from 1 to 5;
(2) “Do sounds cause you pain or physical discomfort?”
with the answers “yes, no, or I do not know.” We named
these screening questions “loudness hyperacusis” and “pain
hyperacusis” based on a recent review paper from worldwide
hyperacusis experts [2]. They defined loudness hyperacusis
as “. . .present when moderately intense sounds are judged

to be very loud compared with what a person with normal
hearing would perceive.” With respect to pain hyperacusis
they state the following: “Some with hyperacusis experience
pain at much lower sound levels than listeners with normal
hearing.”

Statistical analyses were performed with SPSS 22 (SPSS
Inc., USA). First, sample characteristics were calculated by
using mean ± standard deviation and absolute and rela-
tive frequencies of hyperacusis for the sample. Second, we
investigated the association of the hyperacusis parameters
by correlating the GÜF sum score and the hyperacusis
screening questions.Third, based on these analyses we aimed
at defining two groups of tinnitus patients, with and without
hyperacusis, and calculated a linear discriminant analysis
using theGÜF sum score as the independent variable. Fourth,
we calculated associations of the screening questions with
the single items of the GÜF to investigate the association
on a single item level. Complementary, we did a principal
component analysis (PCA) with the principal axis factoring
method using varimax rotation and three factors to validate
the factor structure of the validation of GÜF. The PCA was
done with and without the hyperacusis screening items, for
the whole sample and for the subgroup with only hyperacusis
to test for possible influences of sample and analysis bias.
Fifth, we correlated the resulting factors with tinnitus- and
non-tinnitus-related parameters to control for the external
validity of these factors. Correlation analyses for metric
variables were done with Pearson correlation coefficients, for
categorical variables with chi-square test of independence,
and for mixed metric and categorical variables by using
Student’s 𝑡-tests or analyses of variance (ANOVAs). For PCA,
we report the highest factor loading per item.

3. Results

3.1. Sample Characteristics. Patients were 53.4 ± 12.1 years
old, 65.8% male (106 of 161), and had a tinnitus duration of
117.4 ± 105.3 (𝑛 = 151) months and a tinnitus distress level
of 43.7 ± 15.8 as indicated by the TQ and of 51.7 ± 23.6
as indicated by the THI. The BDI showed mild depressivity
(8.3 ± 6.0) which was mirrored by diminished quality of life
scores (physical health: 14.5 ± 3.2 (𝑛 = 159); psychological
health: 13.9 ± 2.9 (𝑛 = 159); social relationships: 14.5 ± 3.6
(𝑛 = 160); environment: 16.4 ± 2.3 (𝑛 = 160)). Sixteen (9.9%)
showed purely right, 34 (21.1%) purely left, and 111 (69%)
tinnitus in both ears or within the head. Mean hearing level
was 23.1 ± 15.5 dB HL (𝑛 = 148). Numeric ratings were in
the upper half of the scale (loudness: 6.7 ± 2.2; discomfort:
7.3±2.2 (𝑛 = 159); annoyance: 6.9±2.4; ignorability: 7.0±2.4;
unpleasantness: 7.0 ± 2.3). The mean hyperacusis score as
obtained by the GÜF was 15.4 ± 9.2. In comparison to the
tinnitus sample of the validation paper [4] GÜF values were
comparable (17.8 ± 9.2). For the pain hyperacusis screening
question, 102 (63.4%) answered with yes and 59 (36.6%) with
no. An additional 19 subjects rated the questionwith “I do not
know” and were not considered in this analysis. Regarding
the loudness hyperacusis question, 16 (9.9%) answered with
never, 16 (9.9%) with rarely, 58 (36%) with sometimes, 27
(16.8%) with usually, and 44 (27.3%) with always.
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Figure 1: Association of pain and loudness hyperacusis screening question (a), of the GÜF (engl. hypersensitivity to sound questionnaire)
sum score and pain hyperacusis screening question (b), and of the GÜF and the loudness hyperacusis screening question (c).

3.2. Correlation Analyses of Hyperacusis Scores. Association
analyses are shown in Figure 1. The chi-square test showed
a significant association of both screening questions
(𝜒2 = 50.147; df = 4; 𝑝 < 0.001). The higher the prevalence
of loudness hyperacusis (from never to always) the higher
the frequency of patients reporting pain hyperacusis, with
“never” and “rarely” showing almost no positive pain
hyperacusis answers. Pain hyperacusis was associated with
increased GÜF scores (yes: 18.2 ± 8.1; no: 10.7 ± 9.3;
𝑇 = 5.385; df = 159; 𝑝 < 0.001) and loudness hyperacusis was
positively associated with the GÜF score (𝐹 = 11.089; df =
4,156; 𝑝 < 0.001) with no differences between the answers
“never” and “rarely” (𝑝 = 0.749), a significant difference
between “rarely” and “sometimes” (𝑝 = 0.005), no difference
between “sometimes” and “usually” (𝑝 = 0.149), and no
difference between “usually” and “always” (𝑝 = 0.209). The
answers “never” and “rarely” differed from the other three
answers (all 𝑝-values < 0.005), and the answer “sometimes”
differed from “always” (𝑝 = 0.001). To sum up, patients
reporting pain hyperacusis and at least “sometimes” in the
loudness hyperacusis screening question seem to suffer from
hyperacusis as identified with the GÜF.

We defined groups of tinnitus patients with and with-
out hyperacusis based on these values (hyperacusis: pain
hyperacusis = “yes” and loudness hyperacusis≥ “sometimes”)
and calculated a linear discriminant analysis using the GÜF
sum score as the independent variable. Wilks lambda was
significant (𝜆 = 0.821; 𝜒2 = 29.312; df = 1; 𝑝 < 0.001)
meaning that 82% of the total (within and between groups)

variability could not be explained by the group difference. For
all the cases, 70.8%were classified correctly with sensitivity of
64.3% and specificity of 81.0%. The cut-off was at 14.59 GÜF
sum score. Student’s 𝑡-test between groups was significant
(no hyperacusis: 10.71 ± 18.47; hyperacusis: 18.47 ± 8.00;
𝑇 = 5.683; df = 159; 𝑝 < 0.001).

3.3. Correlation Analyses on Item Level. On the item level
both screening items were significantly (on a Bonferroni
level) associated with GÜF items 3, 5, 6, 10, 13, and 14
which are associated with hearing problems and fear-related
emotion or behavior such as withdrawal. Hearing related
items 8 and 3 were highly associated with the loudness
hyperacusis screening question, and earache item 11 was
especially associated with pain hyperacusis (see Table 1).

Principal component analyses (PCAs; Table 1) with all
GÜF and the two hyperacusis screening items fulfilled
the statistical requirements (Kaiser-Meyer-Olkin measure:
KMO = 0.901; Bartlett’s test: 𝑝 < 0.001). Factor one con-
sisted of the GÜF items which were not associated with
the screening items as indicated by 𝑡-contrasts and 𝐹-tests
except for item 10 (anger about loud sounds). This factor
represents problems or emotional distress related to reduced
quality of daily life including family-related problems, ruined
life, social withdrawal, and disturbed enjoyment of music
amongst others. We name this factor “quality of daily life.”
Factor two consists of GÜF items which represent fear and
fear-related behavior such as avoidance behavior of sounds,
but also one earache itemand the two screening items for pain
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Table 2: Association of hyperacusis factors with nonhyperacusis parameters.

Factor 1 loadings
Quality of daily life

Factor 2 loadings
Fear-pain hyperacusis

Factor 3 loadings
Hearing-related problems

Mean hearing level
𝑟 = 0.184; 𝑝 = 0.025 𝑟 = −0.052; 𝑝 = 0.534 r = 0.253; p = 0.002

THI r = 0.499; p < 0.001 𝑟 = 0.310; 𝑝 < 0.001 𝑟 = 0.101; 𝑝 = 0.201

BDI r = 0.426; p < 0.001 𝑟 = 0.323; 𝑝 < 0.001 𝑟 = 0.141; 𝑝 = 0.098

Quality of life: physical health r = −0.361; p > 0.001 𝑟 = −0.263; 𝑝 = 0.001 𝑟 = −0.206; 𝑝 = 0.009

Quality of life: psychological health r = −0.497; p < 0.001 𝑟 = −0.312; 𝑝 < 0.001 𝑟 = −0.159; 𝑝 = 0.045

Quality of life: social relationships r = −0.351; p < 0.001 𝑟 = −0.241; 𝑝 = 0.002 𝑟 = −0.147; 𝑝 < 0.063

Quality of life: environment r = −0.368; p < 0.001 𝑟 = −0.195; 𝑝 = 0.014 𝑟 = −0.162; 𝑝 = 0.040

TQ total score r = 0.543; p < 0.001 𝑟 = 0.316; 𝑝 < 0.001 𝑟 = 0.204; 𝑝 = 0.010

TQ emotional subscore r = 0.563; p < 0.001 𝑟 = 0.340; 𝑝 < 0.001 𝑟 = 0.088; 𝑝 = 0.280

TQ cognitive subscore r = 0.560; p < 0.001 𝑟 = 0.275; 𝑝 = 0.001 𝑟 = −0.089; 𝑝 = 0.280

TQ intrusiveness subscore r = 0.366; p < 0.001 𝑟 = 0.287; 𝑝 < 0.001 𝑟 = 0.211; 𝑝 = 0.008

TQ auditory subscore
𝑟 = 0.258; 𝑝 = 0.001 𝑟 = 0.327; 𝑝 < 0.001 r = 0.553; p < 0.001

TQ sleep subscore r = 0.201; p = 0.011 𝑟 = 0.052; 𝑝 = 0.516 𝑟 = −0.119; 𝑝 = 0.139

TQ somatic subscore r = 0.264; p = 0.001 𝑟 = 0.181; 𝑝 = 0.025 𝑟 = 0.190; 𝑝 = 0.018

Rating scale loudness
𝑟 = 0.106; 𝑝 = 0.179 𝑟 = 0.161; 𝑝 = 0.041 r = 0.202; p = 0.010

Rating scale discomfort r = 0.180; p = 0.023 𝑟 = 0.159; 𝑝 = 0.046 𝑟 = 0.016; 𝑝 = 0.845

Rating scale annoyance
𝑟 = 0.107; 𝑝 = 0.177 r = 0.232; p = 0.003 𝑟 = 0.154; 𝑝 = 0.051

Rating scale ignorability
𝑟 = 0.184; 𝑝 = 0.020 r = 0.222; p = 0.005 𝑟 = 0.169; 𝑝 = 0.032

Rating scale unpleasantness
𝑟 = 0.102; 𝑝 = 0.198 r = 0.222; p = 0.005 𝑟 = 0.159; 𝑝 = 0.044

Bold font indicates the highest association within each external parameter; please note that quality of life is inversely coded explaining the inverse correlation
coefficients.

and loudness hyperacusis.However, the loudness hyperacusis
question asked about loud and also hurtful sounds. Thus, we
call this factor “fear-pain hyperacusis component.” The third
factor is related to “hearing difficulties.” PCA without the
screening items showed the same factor structure except for
item 10 (anger about loud sounds) which then was added
to the factor “fear-pain hyperacusis” (Kaiser-Meyer-Olkin
measure: KMO = 0.904; Bartlett’s test: 𝑝 < 0.001). Data of
this PCA are not shown in Table 1. PCAwithout the screening
items and including only hyperacusis patients (as defined
by the screening items; see above; see Table 1) also showed
a comparable factor structure except for items 1 (fear of
former not-disturbing sounds) and 15 (disturbed enjoyment
of music) which was added to the factor “hearing problems”
and except for item 10 (anger about loud sounds) which
was added to “fear-pain hyperacusis” (Kaiser-Meyer-Olkin
measure: KMO = 0.832; Bartlett’s test: 𝑝 < 0.001).

3.4. External Validation of the Generated Hyperacusis Factors.
We extracted the three factors with regression analyses and
correlated the individual factor loadingswith nonhyperacusis
parameters to test for external validity (Table 2).The first fac-
tor “quality of life” was specifically associated with THI, BDI,
and quality of life scales, the numeric rating scale discomfort,
and the scores of all TQ subscales except for the auditory
subscale. The second factor “fear-pain hyperacusis” was asso-
ciatedwith the numeric rating scales: annoyance, ignorability,

and unpleasantness. Factor three “hearing-related problems”
was associated with the numeric rating loudness, the mean
hearing level, and the auditory subscore of the TQ.

4. Discussion

It was recently demonstrated in a large worldwide sample
of tinnitus patients that the prevalence of hyperacusis in
chronic tinnitus is about 55% [9]. Hyperacusis was defined by
the screening question “Do sounds cause you pain or phys-
ical discomfort?” which corresponds to “pain hyperacusis”
according to the recent classification by Tyler and colleagues
[2]. In the present sample which only included patients
from the Tinnitus Center Regensburg (Germany) a similar
prevalence of 63% was found. We defined the parameter
“loudness hyperacusis” based on the classification of Tyler et
al. [2] as the answer to the question “Do you have a problem
tolerating sounds because they often seem much too loud?
That is, do you often find too loud or hurtful sounds which
other people around you find quite comfortable?” In our
sample 19.8% of the patients answered “never” or “rarely,”
while 36% reported suffering from loudness hyperacusis
“sometimes” and 44.1% “usually” or “always.”ThemeanGÜF
sum score in our sample was 2.4 points lower than in the
original validation sample [4].However the validation sample
[4] consisted only of tinnitus patients reporting hyperacusis.
Themean score of both samples was in the medium impaired
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quartile of theGÜF (quartiles: light,medium, heavy, and very
heavy). Prevalence of over 50% in our former and the present
analysis and of about 40% in earlier studies [6] highlights a
major role of hyperacusis in chronic tinnitus and the need
for detailed assessment of this comorbid condition. This is
particularly relevant because of the high need of therapy in
this subgroup of patients with chronic tinnitus [9].

Since a detailed assessment of hyperacusis by specific
questionnaires is not feasible in clinical routine, there is a
need for validated screening questions. Based on this idea,
we aimed at testing the suitability of the TSCHQ items for
“pain hyperacusis” and “loudness hyperacusis” as screening
questions for hyperacusis in chronic tinnitus. Indeed, both
questions correlated significantly with the GÜF sum score,
the here defined measure for hyperacusis. It turned out
that the best cut-off for the five-point scale of loudness
hyperacusis is between “rarely” and “sometimes” based on
association of loudness hyperacusis with pain hyperacusis
and the GÜF sum score (Figure 1). To conclude, both screen-
ing items might be helpful in screening tinnitus patients for
hyperacusis.

On the other hand it turned out that most of variability
of the group difference based on the GÜF sum score is not
explained by only focusing on the screening items. After
dividing the sample into groupswith andwithout hyperacusis
based on the two screening questions a discriminant analysis
was calculated based on the GÜF sum score. With a cut-
off of 14.59 GÜF scores Wilks 𝜆 and 𝑡-test between groups
were significant; however 82% of variability is not explained
at 71% correctly classified patients. This could be due to the
multidimensional character of hyperacusis which cannot be
fully identified with these measures. A further explanation
may be that the screening items and the GÜF are measuring
slightly different dimensions of hyperacusis.

The item-based analyses including 𝑡-tests, ANOVAs, and
PCAs showed that both screening questions are associated
with a factor which we defined as “fear-pain hyperacusis”
which included items with fear-related and avoidance behav-
ior content and pain-related items. One GÜF item regards
earache, one screening item asks directly about pain, and
one screening item asks about loud and hurtful sounds. Our
findings confirm that the screening questions are mainly
addressing fear- and pain-relatedmechanisms of hyperacusis
in chronic tinnitus. It also implies that both screening
questions addressing similar aspects of hyperacusis despite
the different wording. Face validity is not fulfilled for these
two questions, which might be related to the context of
the data collection. The two hyperacusis questions are part
of 35 questions about the tinnitus case history. Thus, even
if these two questions are sensitive for the detection of
hyperacusis and even if their wording refers to the two main
aspects of hyperacusis (loudness and pain) they seem not to
be sensitive enough to differentially detect the hyperacusis
aspects “hearing difficulties” and “quality of life.” This view is
also confirmed by the high intercorrelation of both screening
questions.

Beside fear-pain hyperacusis, other hyperacusis-related
dimensions in chronic tinnitus were found to be associated
with quality of daily life and hearing problems. The factor

structure showed high external validity as shown by corre-
lations with tinnitus-specific and tinnitus-unspecific param-
eters. Quality of life was associated with tinnitus, depressivity,
and quality of life questionnaires. Hearing problems were
related to mean hearing loss, tinnitus loudness, and the audi-
tory subscore of the TQ. Fear-pain hyperacusis was related
to annoyance, ignorability, and unpleasantness of tinnitus.
Two conclusions can be drawn. First, patients with tinnitus,
hyperacusis, and hearing loss cannot assign their hearing
difficulties and their impaired quality of life specifically to
one of the three conditions. This has to be considered in
the interpretation of questionnaire scores. In other words,
if a patient scores high in hearing difficulties in the hyper-
acusis questionnaire, hearing loss and tinnitus have to be
considered as relevant confounding factors. Second, different
dimensions of hyperacusis have also been postulated. An
expert consensus suggested that loudness, fear, annoyance,
and pain comprise hyperacusis [2].Thepostulated annoyance
dimension which is defined as “negative emotional reaction
to sounds” manifesting as “irritation, anxiety, and tension”
might be closely related to our fear-pain factor. The fear
dimension of hyperacusis was thought to reflect avoidance
behavior. Our analysis suggests that annoyance and fear
hyperacusis are highly associated and can be represented in
one dimension. Typically, anxiety disorders are associated
with avoidance behavior as stated in the classification systems
DSM 5 and ICD-10 [16, 17].The role of anxiety and avoidance
behavior in hyperacusis was recently corroborated [3]. The
initial validation of the GÜF revealed the factors “cognitive
reactions to hyperacusis,” “actional/somatic behavior,” and
“emotional reaction to external noises” [4]. The hyperacusis
questionnaire (HQ) showed three factors: attentional, social,
and emotional [5]. To sum up, although the multiple dimen-
sions of hyperacusis are not yet well understood, there is clear
evidence for the factors fear, pain, and loudness. Components
such as hearing problems, quality of life, cognitive and
emotional reactions, and behavioral responses should be the
focus of future studies.

5. Conclusion

Wecould demonstrate that the screening items of the TSCHQ
are suitable to screen patients with chronic tinnitus for
hyperacusis and are particularly sensitive for the hyperacusis-
related aspects fear and pain. Our analyses revealed quality
of life and hearing as further important dimensions of
hyperacusis. In the assessment of the impact of hyperacusis
on quality of life and hearing, tinnitus and hearing loss have
to be taken into account as confounding factors.
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