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Abstract

Background: Tinnitus can be influenced by changes in somatosensory afference from the cervical spine
or temporomandibular area, then called somatosensory or somatic tinnitus (ST). In 2018, a new set of
diagnostic criteria for ST was agreed upon by a large group of ST experts. Currently, however, it still
requires extensive and specific expertise to diagnose ST correctly. The next step in the development

of easily applicable diagnostic criteria is to assess the diagnostic value of each individual criterion.

Objectives: The aim of this study was therefore, to further investigate the diagnostic value of these

criteria, validate them empirically and identify their sensitivity and specificity.

Methods: An online survey, questioning the presence of 12 diagnostic criteria for ST in a convenience
sample of participants with tinnitus, was launched on the online forum Tinnitus Talk, managed by
Tinnitus Hub. Participants were divided into three groups: a group with no somatic influence, a group
with some somatic influence and a group with large somatic influence on their tinnitus. Chi-square
tests were used to calculate differences between these groups. Afterwards, sensitivity, specificity,
positive and negative likelihood ratio’s (LR) and pre- and post-test probabilities were calculated for
each ST diagnostic criterion. For this analysis, all patients with some and large somatic influence were

compared as one group to the group with no somatic influence.

Results: In total, 8221 participants filled out the online survey. As expected, the diagnostic criteria for
ST are more prevalent in the groups with somatic influence, but the criterium of tinnitus modulation
also often occurs in the group with no somatic influence. The simultaneous onset or increase and
decrease of both tinnitus and pain complaints have the highest positive LR (6.29 and 10.72
respectively), next to the influence of certain postures on the tinnitus (+LR: 6.04). To rule out ST, the
absence of neck pain or tension in the neck extensor muscles are most suited, as they decrease the

post-test probability to 18 and 19% respectively.

Conclusion: The simultaneous onset or increase and decrease of tinnitus and neck or jaw pain and the

influence of certain postures are most suited to use as a single criterion for identifying patients with a
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somatic influence on their tinnitus. On the other hand, the absence of neck pain or tension in the neck
extensor muscles are valid criteria to rule out a somatic influence. Additional analysis is needed to

identify clusters of symptoms and criteria to further aid ST diagnosis.

Keywords: Tinnitus, somatic, somatosensory, diagnosis
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Introduction

Tinnitus, the perception of sound in the absence of overt acoustic stimulation, occurs in 10 to 15% of
adults (Baguley et al. 2013). Typically, tinnitus is related to hearing loss or a noise trauma, where
cochlear abnormalities are the initial source, and neural changes in the central auditory system
maintain the tinnitus (Baguley et al. 2013). Since the 1990s, scientists have described the possible
influence of somatosensory input from the cervical spine and temporomandibular area on tinnitus
complaints (Hiller et al. 1997; Pinchoff et al. 1998). In 1999, Levine first published a hypothesis for this
tinnitus subtype which he called somatic tinnitus (ST) (Levine 1999). Since then, researchers have
found brainstem connections between the somatosensory system and the auditory system in both
animal models and human studies (Lanting et al. 2010; S. E. Shore 2011; Zhan X 2006). These studies
showed that cervical and temporomandibular somatosensory information is conveyed to the brain by
afferent fibres, the cell bodies of which are located in the dorsal root ganglia or the trigeminal ganglion.
Some of these fibres also project to the central auditory system. This enables the somatosensory
system to influence the auditory system by altering spontaneous firing rates or synchrony of firing
among neurons in the cochlear nucleus, inferior colliculus or auditory cortex. In this way, the
somatosensory system may cause tinnitus and/or alter the pitch or loudness of an existing tinnitus (S.

Shore et al. 2007).

In those early days, ST was described as a subtype of tinnitus. Through the years and with evolving
knowledge however, the idea of the existence of different tinnitus subtypes, based on their aetiology,
is increasingly being abandoned. Nowadays, tinnitus experts agree that in most patients, tinnitus has
a multifactorial origin with a multitude of potential influencing factors (Cederroth et al. 2019; S.
Michiels et al. 2018; Van de Heyning et al. 2015). In the light of this evolution, ST can be defined as a
tinnitus that is influenced by the cervical or temporomandibular somatosensory system. In 2018, a
group of 15 international experts in ST (83% of the identified experts worldwide) agreed on a new set
of 16 diagnostic criteria for ST, after a Delphi study with consensus meeting (S. Michiels et al. 2018).

An overview of the 16 criteria can be found in supplement 1. The presence of each one of these criteria
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strongly suggests a somatic influence of a patient’s tinnitus, but the experts agreed that the presence
of just one criterion is not enough for a ST diagnosis. Additionally, they agreed that the criteria on
tinnitus modulation should be used carefully, because the ability to modulate the tinnitus alone is not
strong enough for a clear ST diagnosis. Furthermore, in some patients, the presence of another clear
influence, such as for instance an anxiety disorder or a recent noise trauma, adds to the diagnosis. It
therefore still requires a lot of expertise and experience with tinnitus in general to make a good ST

diagnosis, without the risk of under- or overdiagnosis.

Therefore, this study aims to investigate the prevalence of each one of the diagnostic criteria for ST in
a large group of people with tinnitus (ST and non-ST) and to further investigate the diagnostic value of
these criteria, validate them empirically and identify their sensitivity and specificity. This will enable us
to evaluate the diagnostic value of each criterion, to aid ST diagnosis and further develop the diagnostic

criterion of somatic tinnitus.

Methods

Survey

An online survey, in a convenience sample of participants with tinnitus, was launched on the online
forum Tinnitus Talk, managed by Tinnitus Hub, in September 2019. This survey included questions on
the presence of the diagnostic criteria for ST, together with a set of questions on other potential
influencing factors. The questions were designed by the first (SM) and last author (WS) and consisted
of 12 of the 16 diagnostic criteria for ST and a set of complementary questions about the tinnitus and
potential co-morbidities. The four remaining diagnostic criteria could not be used in the survey,
because they involve physical testing, which cannot be assessed via an online questionnaire. The
survey was trailed with a small pool of the forum’s community prior to launch. This was done to make
sure that all questions were clear and unambiguous and that no technical issues were present. The

final questionnaire consisted of 42 questions and is displayed in supplement 2.
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The survey was advertised on the Tinnitus Talk forum, the Tinnitus Hub newsletter and their social
media accounts. It was launched as an open survey, open to everyone who received the survey link. IP
check was used to identify and block potential duplicate entries from the same user. All participants
gave informed consent to use their anonymized data. No personal information was collected during

the process.

Ethical approval was obtained from the ethics committee of the Antwerp University Hospital (Ref.
19/43/485). All participants gave their written informed consent to use their anonymized data before

completing the survey.

Data analysis

First, general characteristics such as average age and gender distribution were calculated. Afterwards,
participants were divided into three groups: no somatic influence, some somatic influence and large
somatic influence. The groups were defined based on the reported diagnosis according to the physician
(question 6: What does your doctor believe is the main cause of your tinnitus?) and a question on
experienced influence from cervical spine and temporomandibular problems (question 23: Have you,
in the past 4 weeks, experienced an influence of neck or jaw problems on your tinnitus?). Patients
were categorized as ‘high somatic influence’ when their physician indicated a somatic origin of the
tinnitus and the patient answered ‘yes, every day’ or ‘yes, most of the days’ to question 23. Patients
were categorized as ‘some somatic influence’ when they indicated ‘yes, every day’ or ‘yes, most of the
days’ to question 23, but their physician did not indicate a somatic origin of the tinnitus. Patients were
additionally categorized as ‘some somatic influence’ in case their physician did indicate a somatic origin
of the tinnitus and the patient answered ‘yes, some days’ on question 23. All other patients were

categorized as ‘no somatic influence’.

Differences in the answers to the different questions between the three groups were analysed using

Chi-square tests. Correction for multiple comparison was made with the Benjamini-Hochberg false
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discovery rate procedure, using a false discovery rate of 5%. In the Results section, only the corrected

Benjamini-Hochberg P values are presented. The significance level was set at P less than .05.

Additionally, the sensitivity, specificity, positive and negative likelihood ratios and pre- and post-test
probability were calculated for each of the diagnostic criteria for ST that were questioned. For this
analysis, the groups with some and large somatic influence were combined into one group to compare
them to the group with no somatic influence. For each criterion a two-by-two table containing the
number of true and false positives and negatives was created. Based on these tables, the sensitivity
was calculated by dividing the number of true positives by the sum of the number of true positives and
false negatives. The specificity was calculated by dividing the number of true negatives by the sum of
the number of true negatives and false positives. The positive likelihood ratio was calculated as the
sensitivity divided by 1 minus the specificity. The negative likelihood ratio was calculated as 1 minus
the sensitivity divided by the specificity. The pre-test probability was calculated as the sum of the
number of true positives and false negatives, divided by the total number of patients included in the
study. The negative post-test probability was calculated as the number of false negatives divided by
the sum of the number of false negatives and true negatives. And finally, the positive post-test
probability was calculated as the number of true positives divided by the sum of the number of true

positives and false positives).

Only complete questionnaires, without missing data, were used for the analysis. All analyses were

performed using IBM SPSS Statistics for Macintosh (version 26.0; IBM Corporation).

Results

In total, 8221 participants, averagely aged 50.73 years old (SD: 16.78), filled out the online survey
completely. In the results below, we will first describe the general characteristics of the sample,
comparing the three subgroups: no somatic influence, some somatic influence and large somatic
influence. Afterwards the presence of the 12 diagnostic criteria for ST will be compared. Finally, the

diagnostic value of each one of the 12 diagnostic criteria for ST will be presented.



130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

General characteristics
Of the total sample of 8221 participants, 73.7% (n=6056) showed no somatic influence, 25.2% (n=2072)
showed some influence of the somatic system and 1.1% (n=93) had a large somatic influence on their

tinnitus. Details on the described characteristics can be found in table 1.

No significant differences in age were found between the different groups, but there was a significant
difference in gender distribution. In the group of patients with no somatic influence, there was a higher
percentage of men than women, while in the groups with somatic influence, percentages of males and
females are more evenly distributed with higher percentages of females the higher the somatic
influence (Figure 1). Tinnitus severity and loudness differed significantly across the three groups.
Tinnitus severity was described as moderate to severe in the majority of participants in all three
groups, but the group with large somatic influence showed more variety in tinnitus severity. Whereas
in the groups with no and some somatic influence, the tinnitus severity is rated as moderate in about
45%, only 36.6% rates his/her tinnitus severity as moderate in the high somatic influence group. The
remaining participants in this group rated their tinnitus severity more to the extremes (borderline or
catastrophic). The tinnitus loudness, on the other hand, shows an increase across the groups with the

loudest tinnitus in those patients with the highest somatic influence.

PLEASE INSERT FIGURE 1

The tinnitus sound also differed significantly between the three groups, with a tendency to have more
‘mixture of tones’ and ‘pulsating tinnitus’ in the groups with higher somatic influence. Hissing and pure

tone tinnitus, on the other hand, seem to be more prevalent in the group with no somatic influence.

The presence of hyperacusis interestingly also increases with the degree of somatic influence. Whereas
45% of participants in the no somatic influence group indicates to have no hyperacusis, this percentage

gradually decreases to 30.1% in the group with high somatic influence (figure 2). The other way around,
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hearing loss seems to be more typical for tinnitus with no somatic influence (55.3%) compared to some

somatic influence (52.7%) and large somatic influence (45%).

PLEASE INSERT FIGURE 2

When looking at psychological co-morbidities, anxiety and excessive stress are more often present in
participants with some somatic influence (36.2 and 17.2%) and large somatic influence (40.9 and 18,3)

compared to participants with no somatic influence (31.7 and 12.4%).

Presence of diagnostic criteria
As can be expected, overall, the diagnostic criteria for ST are significantly more present in participants
with somatic influence than in participants with no somatic influence on their tinnitus. There are,

however, some interesting results to point out.

Tinnitus modulation by voluntary movements of or pressure on certain areas of the head or neck was
present in 74.2% of participants with large somatic influence, but also in 44.7% of participants with no
somatic influence. The presence of neck pain and diagnosed temporomandibular disorders seems to

be very typical for the group of participants with large somatic influence.

As for the tinnitus characteristics, the presence of a simultaneous onset and increase of both tinnitus
and neck/jaw complaints is rather rare in the group of participants with no somatic influence, as is the
increase of tinnitus during certain postures. The variation of tinnitus pitch, loudness and/or location is
also more typical for participants with somatic influence, but especially tinnitus loudness variation also

occurs in participants with no somatic influence.

Accompanying neck and jaw dysfunctions, such as myofascial trigger points, tension in neck extensor
muscles and bruxism, are all far more prevalent in the groups with somatic influence. It must be noted,

though, that they are also frequently present in participants with no somatic influence.

An overview of the details of these results can be found in supplement 3.
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Diagnostic value of diagnostic criteria for somatosensory tinnitus

In table 2, for each of the questioned diagnostic criteria, the sensitivity, specificity, positive and

negative likelihood ratios and pre- and post-test probability are presented.

When looking at the sensitivity and specificity values, it must be noted that specificity is generally high
to very high, whereas sensitivity is low. This indicates, for all diagnostic criteria, that there is a low

number of false positives, but a rather high number of false negatives.

In general, the pre-test probability of ST diagnosis was 26%. This probability increases for each criterion
that is present, where the absence of a criterion decreases the probability. The presence of a
simultaneous increase of both tinnitus and neck/jaw pain, increases the probability to 79% (+LR:
10,72). The presence of a simultaneous onset and the influence of certain postures increase the
probability to 69% (+LR: 6,29) and 68% (+LR: 6,04) respectively. Furthermore, the presence of
myofascial trigger points, a head or neck trauma and a TMD diagnosis, increase the probability to just
above 50%. On the other hand, the absence of neck pain and the absence of tension in the neck

extensor muscles, decreases the probability to 18% (-LR: 0,63) and 19% (-LR: 0,63) respectively.

Discussion

The aim of this study was to investigate the prevalence of each one of the diagnostic criteria for ST in
a large group of people with tinnitus (ST and non-ST) and to further investigate the diagnostic value of

these criteria, validate them empirically and identify their sensitivity and specificity.

In general, the 12 questioned diagnostic criteria for ST were more prevalent in patients with a somatic
influence on their tinnitus compared to those without a somatic influence, as could be expected. It is
important, though, to keep in mind that some of the criteria are also highly prevalent in patients with

no somatic influence.

A first criterion, that has already led to discussions in the past, is the presence of tinnitus modulation.

Several authors have stated that tinnitus modulation should be present in order to define tinnitus as
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somatic (Biesinger et al. 2015; Haider et al. 2017; Ward et al. 2015). This statement was already a point
of discussion during the consensus meeting leading to the publication of the diagnostic criteria for ST
in 2018 (S. Michiels et al. 2018). The consensus meeting panel agreed that, although somatic
modulation (especially through voluntary movements) is an important criterion, it should not be used
as a simple yes or no criterion for diagnosing ST. This statement is now confirmed by our current study
results that show that somatic modulation is indeed more prevalent in patients with somatic influence
on the tinnitus, but it also occurs in 44.7% of patients with no somatic influence. On the other hand,
25.8% of patients with somatic influence on their tinnitus, do not experience somatic modulation. It
must be noted that these percentages do not include somatic modulation through somatic
manoeuvres (Biesinger et al. 2015), because they require physical testing and cannot be questioned in
a survey. It might be possible that some of the patients with somatic influence on their tinnitus would
experience tinnitus modulation during the somatic manoeuvres, but previous research has also shown
a very high prevalence of tinnitus modulation during somatic manoeuvres in patients with no
perceived somatic influence or even elicited a sound perception in controls without tinnitus (Abel et
al. 2004). The diagnostic value analysis additionally shows that the presence or absence of somatic
modulation through voluntary movements or pressure on the head or neck as a single criterion has
very little value in ST diagnosis with a positive and negative likelihood ratio of 1.81 and 0.82

respectively.

Another criterion (point of discussion in the consensus meeting panel as well) (S. Michiels et al. 2018)
is Tinnitus accompanied by frequent pain in the head, neck or shoulder girdle or Tinnitus
accompanied by temporomandibular disorders. The panel members stated that these criteria should
be used with a certain prudence, because they also occur in patients with no somatic influence on their
tinnitus (S. Michiels et al. 2018). This statement was again confirmed by our current analysis. The
presence of these criteria increases the probability of ST diagnosis to about 50% when present, with
positive likelihood ratios of 2.73 and 3.13. But, they seem to be more important to exclude ST diagnosis

when absent (negative LR: 0.63 and 0.83). This is in accordance with previous research showing that
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the absence of neck pain, defined as a score of less than 13 points on the Neck Bournemouth
qguestionnaire, decreases the probability of neck related ST diagnosis to 19% (S. Michiels, Van de

Heyning, P., Truijen, S., De Hertogh, W. 2015).

The presence of a simultaneous onset or increase and decrease of tinnitus and neck/jaw problems
and the influence of certain postures, on the other hand, all have a very large positive likelihood ratio
(6.29, 10.72 and 6.04 respectively). These criteria were already included in the first set of diagnostic
criteria for ST, published by Sanchez et al. in 2011 (Sanchez et al. 2011). Additionally, the simultaneous
increase and decrease of tinnitus and neck problems and the influence of certain postures were also
identified as positive prognostic indicators for decrease in tinnitus severity after cervical spine
treatment (S. Michiels et al. 2017). Therefore, we suggest to use these criteria as primary inclusion

criteria in future studies on ST.

Further analysis of the diagnostic criteria, to identify a cluster of criteria with both high sensitivity and

specificity, is planned and will be published in a separate paper.

Apart from differences in the prevalence of ST diagnostic criteria, our sample with somatic influence
on their tinnitus also showed a significantly higher prevalence of hyperacusis, anxiety and excessive
stress. The higher prevalence of hyperacusis in patients with ST is confirmed by a study on TRI data in
2014 (Schecklmann et al. 2014), but was contradicted by a study of Cederroth et al. (Cederroth et al.
2020) and Vielsmeier et al. Future studies investigating the prevalence of hyperacusis in patients with
and without ST in a more controlled environment, using the Hyperacusis Questionnaire (Khalfa et al.
2002), are needed to confirm our results, as the current information is based on a single question
(question 13). (Vielsmeier et al. 2012). It would not be surprising that hyperacusis would be more
prevalent in patients with ST, since hyperacusis also occurs as part of some chronic pain syndromes
(such as fibromyalgia) that are more prevalent in ST than non-ST. Suhnan et al. (Suhnan et al. 2017)
indicated that the central sensitisation, typical in chronic pain syndromes, may alter the activity at

sensory convergence points in the thalamus and brainstem centres and give rise to hyperacusis.
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The higher prevalence of anxiety and excessive stress in the ST groups has, to our knowledge, never
been reported. A previous study by our group though, showed slightly higher percentages of a negative
perceived effect by anxiety and stress on tinnitus severity in the ST group (S. Michiels et al. 2019).
However, these differences were not significant. Although we could not find any supporting studies in
literature, it seems logical that anxiety and excessive stress are more frequently reported in the ST
groups. This, because both symptoms have also been reported to be more prevalent in neck pain and
temporomandibular disorders (TMD), two conditions that are strongly associated with ST (Elbinoune
et al. 2016; Kobayashi et al. 2017; Ortego et al. 2016; Schmitter et al. 2019; Sojka et al. 2019). Future
research is needed to investigate if the higher prevalence of anxiety and excessive stress in ST is solely
due to the higher prevalence of neck pain or TMD or if there are other explanatory mechanisms

involved.

Additionally, our ST groups were characterized by a higher percentage of women and different tinnitus
severity, loudness and type of sound compared to the non-ST group. The fact that women are more
represented in the ST groups is in accordance with a previous study investigating the effect of gender
on the effectiveness of tinnitus treatments (Van der Wal et al. 2020). This analysis also showed a more
even distribution of men and women in a group of TMD related ST compared to a higher number of
men in the other groups. Other studies also found a higher prevalence of women in ST (Vielsmeier et
al. 2012), which can be explained by the higher prevalence of both neck pain and TMD in women (Hogg-

Johnson et al. 2008; Marpaung et al. 2018).

The differences in tinnitus severity, loudness and type of sound, on the other hand, were not confirmed
in the study of Vielsmeier et al. (Vielsmeier et al. 2012). Furthermore, other studies confirmed the
absence of a difference in tinnitus severity, loudness and type of sound between patients with ST and
other types of tinnitus (S. Michiels et al. 2019; S. Michiels, Van de Heyning, P., Truijen, S., De Hertogh,
W. 2015; S et al. 2015). The differences between the current study and previous studies on the tinnitus

severity and loudness, though, is that previous studies used averages to compare patients with ST to
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patients with non-ST, while we used data from categorical values where no average can be calculated.
This gives us more information on the distribution of our sample across the different tinnitus loudness

and severity categories. Calculating averages would even out the observed differences.

The current study provides important information to aid the identification of patients with somatic
influence on their tinnitus, but some limitations should be pointed out. As in every survey-based study,
we largely rely on self-reported information, also for the identification of the somatic influence. This is
why we did not use one single question to identify the magnitude of the somatic influence, but a
combination of two questions, combining the diagnosis of the treating physician to the perception of
the participant. Since the percentage of patients with somatic influence on their tinnitus in our sample
strongly corresponds to the percentage we observe in the tinnitus clinic of the Antwerp University
Hospital and to previously reported prevalence (Vielsmeier et al. 2012), we are convinced that our
large sample size has evened out potential imperfections. Additionally, using the self-reported
information on somatic influence has prevented us from too much circular reasoning. This is always a
difficulty to overcome in diagnostic value studies on conditions where no objective diagnostic tests

exist.

In conclusion, the simultaneous onset or increase and decrease of tinnitus and neck or jaw pain and
the influence of certain postures, are most suited to use as a single criterion for identifying patients
with a somatic influence on their tinnitus. On the other hand, the absence of neck pain or tension in
the neck extensor muscles are good criteria to rule out a somatic influence. Additional analysis is
needed to identify clusters of symptoms and criteria to further aid ST diagnosis. This analysis will be

published in a separate paper.

Acknowledgements
SM, HG and WS were responsible for the design of the study and composing the survey. SM additionally

drafted the manuscript and contributed to the data processing and interpretation.

13



302

303

304

305

306

307

308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

WS additionally contributed to the drafting of the manuscript and data interpretation. HG and MV
were responsible for evaluating, launching and promoting of the survey and contributed to the drafting
of the manuscript. EC was responsible for the data processing and contributed to the drafting of the
manuscript and data interpretation. AG contributed to the drafting of the manuscript and the data

interpretation.

References

Abel, M. D., Levine, R. A. (2004). Muscle contractions and auditory perception in tinnitus patients and
nonclinical subjects. Cranio, 22, 181-191.

Baguley, D., McFerran, D., Hall, D. (2013). Tinnitus. Lancet, 382, 1600-1607.

Biesinger, E., Groth, A., HGing, R., et al. (2015). Somatosensoric tinnitus. HNO, 63, 266-271.

Cederroth, C. R, Gallus, S., Hall, D. A., et al. (2019). Editorial: Towards an Understanding of Tinnitus
Heterogeneity. Front Aging Neurosci, 11, 53.

Cederroth, C. R, Lugo, A., Edvall, N. K., et al. (2020). Association between Hyperacusis and Tinnitus. J
Clin Med, 9.

Elbinoune, I., Amine, B., Shyen, S., et al. (2016). Chronic neck pain and anxiety-depression:
prevalence and associated risk factors. Pan Afr Med J, 24, 89.

Haider, H. F., Hoare, D. J., Costa, R. F. P., et al. (2017). Pathophysiology, Diagnosis and Treatment of
Somatosensory Tinnitus: A Scoping Review. Front Neurosci, 11, 207.

Hiller, W., Janca, A., Burke, K. C. (1997). Association between tinnitus and somatoform disorders.
Journal of Psychosomatic Research, 43, 613-624.

Hogg-Johnson, S., van der Velde, G., Carroll, L. J., et al. (2008). The burden and determinants of neck
pain in the general population: results of the Bone and Joint Decade 2000-2010 Task Force
on Neck Pain and Its Associated Disorders. Spine (Phila Pa 1976), 33, S39-51.

Khalfa, S., Dubal, S., Veuillet, E., et al. (2002). Psychometric normalization of a hyperacusis
questionnaire. ORL J Otorhinolaryngol Relat Spec, 64, 436-442.

Kobayashi, F. Y., Gaviao, M. B. D., Marquezin, M. C. S., et al. (2017). Salivary stress biomarkers and
anxiety symptoms in children with and without temporomandibular disorders. Braz Oral Res,
31, e78.

Lanting, C. P., de Kleine, E., Eppinga, R. N., et al. (2010). Neural correlates of human somatosensory
integration in tinnitus. Hear Res, 267, 78-88.

Levine, R. A. (1999). Somatic (craniocervical) tinnitus and the dorsal cochlear nucleus hypothesis. Am
J Otolaryngol, 20, 351-362.

Marpaung, C., Lobbezoo, F., van Selms, M. K. A. (2018). Temporomandibular Disorders among Dutch
Adolescents: Prevalence and Biological, Psychological, and Social Risk Indicators. Pain Res
Manag, 2018, 5053709.

Michiels, S., Ganz Sanchez, T., Oron, Y., et al. (2018). Diagnostic Criteria for Somatosensory Tinnitus:
A Delphi Process and Face-to-Face Meeting to Establish Consensus. Trends Hear, 22,
2331216518796403.

Michiels, S., Harrison, S., Vesala, M., et al. (2019). The Presence of Physical Symptoms in Patients
With Tinnitus: International Web-Based Survey. Interact J Med Res, 8, e14519.

Michiels, S., Van de Heyning, P., Truijen, S., et al. (2017). Prognostic indicators for decrease in tinnitus
severity after cervical physical therapy in patients with cervicogenic somatic tinnitus.
Musculoskelet Sci Pract, 29, 33-37.

Michiels, S., Van de Heyning, P., Truijen, S., De Hertogh, W. (2015). Diagnostic value of clinical
cervical spine tests in patients with cervicogenic somatic tinnitus. Phys Ther, 95.

14



347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380

381

Ortego, G., Villafane, J. H., Domenech-Garcia, V., et al. (2016). Is there a relationship between
psychological stress or anxiety and chronic nonspecific neck-arm pain in adults? A systematic
review and meta-analysis. J Psychosom Res, 90, 70-81.

Pinchoff, R. J., Burkard, R. F., Salvi, R. J., et al. (1998). Modulation of tinnitus by voluntary jaw
movements. American Journal of Otology, 19, 785-789.

S, M., W, D.H,S,T,, etal. (2015). Cervical spine dysfunctions in patients with chronic subjective
tinnitus.

Sanchez, T. G., Rocha, C. B. (2011). Diagnosis and management of somatosensory tinnitus: review
article. Clinics (Sao Paulo), 66, 1089-1094.

Schecklmann, M., Landgrebe, M., Langguth, B., et al. (2014). Phenotypic characteristics of
hyperacusis in tinnitus. PLoS One, 9, e86944,

Schmitter, M., Kares-Vrincianu, A., Kares, H., et al. (2019). Chronic stress and temporalis muscle
activity in TMD patients and controls during sleep: a pilot study in females. Clin Oral Investig,
23, 667-672.

Shore, S., Zhou, J. X., Koehler, S. (2007). Neural mechanisms underlying somatic tinnitus. In B.
Langguth, G. Hajak, T. Kleinjung, et al. (Eds.), Tinnitus: Pathophysiology and Treatment (pp.
107-+).

Shore, S. E. (2011). Plasticity of somatosensory inputs to the cochlear nucleus - Implications for
tinnitus. Hearing Research, 281, 38-46.

Sojka, A., Stelcer, B., Roy, M., et al. (2019). Is there a relationship between psychological factors and
TMD? Brain Behav, 9, e01360.

Suhnan, A. P., Finch, P. M., Drummond, P. D. (2017). Hyperacusis in chronic pain: neural interactions
between the auditory and nociceptive systems. Int J Audiol, 56, 801-809.

Van de Heyning, P., Gilles, A., Rabau, S., et al. (2015). Subjective tinnitus assessment and treatment in
clinical practice: the necessity of personalized medicine. Curr Opin Otolaryngol Head Neck
Surg, 23, 369-375.

Van der Wal, A,, Luyten, T., Cardon, E., et al. (2020). Sex Differences in the Response to Different
Tinnitus Treatment. Front Neurosci, 14, 422.

Vielsmeier, V., Strutz, J., Kleinjung, T., et al. (2012). Temporomandibular joint disorder complaints in
tinnitus: further hints for a putative tinnitus subtype. PLoS One, 7, e38887.

Ward, J., Vella, C., Hoare, D. J., et al. (2015). Subtyping Somatic Tinnitus: A Cross-Sectional UK Cohort
Study of Demographic, Clinical and Audiological Characteristics. PLoS One, 10, €0126254.

Zhan X, T. P. a. D. R. (2006). Projections of the second cervical dorsal root ganglion to the cochlear
nucleus in rats. J. Comp. Neurol., 496, 335—-348.

15



