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ABSTRACT

Tinnitus modulation by movements of the temporomandibular joint, head and neck musculo-
skeletal structures and the eye can be found in one to two thirds of tinnitus sufferers; unfortu-
nately this condition is often overlooked by otolaryngologists. Although somatic modulation
has been initially hypothesized as a fundamental characteristic of tinnitus, there is increasing
evidence of a tight connection with disorders of non-auditory regions. The structure that mostly
modulates tinnitus is the temporomandibular joint, which mainly causes an increase in tinnitus
loudness, followed by head and neck movements that may result in an increase or decrease of
loudness and eye movements (gaze-evoked tinnitus). Besides loudness, somatic movements
can also modulate tinnitus pitch and localization. Somatosensory tinnitus is a relatively new
finding that leaves several open questions: are there individual predisposing factors to somatic
modulation? How strong is the association between the capability to somatically modulate tin-
nitus and an underlying non-auditory disorder? Why patients that have concomitant hyperacu-
sis also have higher chances of tinnitus modulation? Further basic science and clinical research
is required to address these and many other questions about somatosensory tinnitus.

KEYWORDS: Somatic modulation of tinnitus; Temporomandibular joint disorder; Somatosen-
sory tinnitus.

INTRODUCTION

Tinnitus is a widely spread symptom affecting over 16 million subjects in the US with conse-
quences, sometimes severe,' on the overall quality of life of affected individuals.>* Estimated
prevalence ranges between 12 and 16%.* Tinnitus can derive from age-related or hereditary
hearing loss,’ acute or chronic acoustic trauma,*® ototoxic drugs including aminoglycosides,
cisplatin and high doses of salicylate,”'® other hearing disorders as well as from psychological
factors such as depression, anxiety, obsessive compulsive, mood, conversion, somatoform and
other psychiatric disorders.!!?

The pitch and loudness of tinnitus can be modulated and even evoked or silenced
for a short time in some individuals by movements of the temporomandibular joint, head and
neck muscles and the eyes due to interactions between the auditory and the somatosensory
systems. This type of tinnitus, called somatosensory tinnitus, could be a direct consequence of
a disorder of non-auditory musculoskeletal structures, a fundamental characteristic of tinnitus
as hypothesized by Levine'® or, most probably, an attribute of tinnitus favored by an underlying
somatic disorder that triggers existing neural connections between somatosensory and auditory
pathways. So far, even if clinical experience suggests a direct connection, there is a lack of
studies that prove an association between modulation and a somatic disorder and, to date, no
statistically significant association between somatic disorders and higher prevalence of tinnitus
modulation following somatic maneuvers has been described.!*!
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The knowledge of the pathophysiologic basis of so-
matosensory tinnitus is constantly increasing thanks to basic
research studies on animal models. Data from animal studies
indicates the relay of afferent somatosensory information by the
trigeminal and dorsal root ganglia; somatosensory input causes
changes in the firing rate and synchrony in dorsal cochlear nu-
cleus neurons that may be at the base of somatic tinnitus.'®!”?

The modulation of tinnitus by somatic movements is
widely diffused among acute and chronic tinnitus sufferers and
has been reported to involve one to two-thirds of them with dif-
ferent patient series ranging between 65% and 83%.'%%* Several
authors have developed sets of maneuvers to modulate tinnitus;
a detailed description of these maneuvers has been published by
Won in 2013 comparing the prevalence and characteristics of
somatic modulation found in six previous studies.?

SOMATIC MODULATION OF TINNITUS
Temporomandibular Joint

The temporomandibular joint appears to be the region that
mostly modulate tinnitus. Several authors reported a prevalent
increase of tinnitus loudness following jaw maneuvers'+!%2’; this
could be explained by the mainly excitatory input of trigeminal
nerve stimulated by temporomandibular movements. Rubinstein
reported modulation of tinnitus in one-third of studied subjects
following jaw movements or pressure on the temporomandibular
joint.?* In 2003, Levine reported that up to 80% of the subjects
could somatically modulate tinnitus, mainly with jaw maneu-
vers.”” In a following study by Simmons, the authors investi-
gated patients who could modulate tinnitus by movements of the
jaw: 90% indicated that their tinnitus became louder with a jaw
clench, 41% reported that clenching caused their tinnitus loud-
ness to double, 26% to triple. In the same patient series, a large
portion of the subjects reported that jaw movements could also
alter the pitch of the tinnitus, mainly increasing it to a higher fre-
quency (91%).?! In a smaller sample, Kapoula report that 61% of
the examined patients (14/23 subjects) could modulate tinnitus
with jaw movements.* In a recent analysis of 163 patients at the
National University of Seoul, South Korea, Won reported that
all jaw maneuvers, especially clenching of teeth and opening of
the jaw with or without pressure increased tinnitus loudness.?

Head and Neck Musculoskeletal System

Daily fluctuations in perception of tinnitus have been reported,
with some patients describing louder tinnitus upon awakening
in the morning, while others reported absence of tinnitus in the
morning, which returns during the day. Also, some tinnitus suf-
ferers have reported experiencing louder tinnitus upon awaken-
ing from a nap in the sitting position; this could be explained by
somatic factors like cervical spine muscle relaxation during the
night or stretching of the neck muscles when the head passively
falls forward while sleeping in a sitting position.
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Levine conducted a study on 70 patients and reported
that 68% of the subjects could somatically modulate their tinni-
tus with head or neck maneuvers.!* This finding was confirmed
by Sanchez and colleagues with similar results (65%).'* Kapoula
reported that 10 patients out of 23 (43%) were able to modulate
their tinnitus with head movements, 9 (39%) with muscle pres-
sure.”*

Discordant results in terms of increase or decrease of
tinnitus loudness have been reported following head and neck
maneuvers: Levine reported that 41% of the subjects could in-
crease their tinnitus, 17% could decrease tinnitus loudness and
10% could either increase or decrease tinnitus loudness depen-
ding upon the maneuver.'* On the contrary, Won reported a con-
sistent increase in all jaw maneuvers and a consistent decrease in
all head and neck maneuvers.?!

Eye (Gaze-Evoked Tinnitus)

Movements of the eye have often been reported inducing a chan-
ge in tinnitus pitch and loudness (gaze-evoked tinnitus). This
was initially reported by Whittaker in 1982 in a patient experien-
cing tinnitus shifting eye gaze from straight to side gaze in right
and left directions as a complication of acoustic neuroma sur-
gery.” Simmons found that 77% of patients who had undergone
acoustic neuroma surgery developed gaze-evoked tinnitus. In
most cases tumor removal resulted in total loss of hearing in the
affected ear; patients could hear tinnitus in the side of the acous-
tic neuroma. Interestingly, pre-existing tinnitus was a major risk
factor associated with the development of gaze-evoked tinnitus
in patients who had undergone acoustic neuroma resection.?!

Other Structures

Besides temporomandibular joint, cranio-cervical muscle and
eye movements, other structures have been also reported modu-
lating tinnitus. They include limb,'*!#2 cutaneous stimulation of
the hand and face,””*® finger movements,* thrusting of the ton-
gue in the midline, to the left, and to the right, and movements of
facial expression such as eye closure, eyebrow raise, puffing the
cheeks, baring the teeth, and pursing the lips.?!

DISCUSSION

Tinnitus modulation by somatic movements is a relatively new
finding that still requires basic science and human studies to
better understand its pathophysiologic basis and clinical corre-
lations. However, it has been reported that up to two-thirds of
subjects with tinnitus have some form of somatic modulation;
therefore this type of tinnitus certainly needs to be taken into ac-
count in future research directions.*® Also, under a clinical point
of view, somatosensory tinnitus is still widely overlooked by
otolaryngologists when approaching tinnitus patients, missing
the opportunity to highlight the presence of a disorder external
to the auditory pathways that if correctly identified and treated
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could help in obtaining satisfactory results.

To date, there are several open questions about somatosensory
tinnitus to be addressed:

1. Modulation of tinnitus is present in some subjects and is ab-
sent in others; are there predisposing factors to it? The iden-
tification of possible factors, such as gender, age, Tinnitus
Handicap Index score, type of sound and tinnitus age, that
increase the chance of tinnitus modulation could be an inte-
resting information to facilitate patient selection for further
somatic testing. Studies on larger patient series are required
to address this question.

2. Is there, and how strong it is, an association between the ca-
pability to modulate tinnitus and an underlying pathological
disorder of the involved region? Modulation seems to be fa-
vored when a musculoskeletal disorder is present,’' but can
also happen in its absence. The identification of a possible
relationship between higher prevalence of positive tinnitus
modulation following somatic maneuvers and a disorder of
the corresponding region (mainly for temporomandibular
joint and cranio-cervical regions) could facilitate the diag-
nosis of potentially overlooked temporomandibular joint or
cranio-cervical dysfunctions responsible for the somatic ori-
gin of the tinnitus and therefore indicate a treatment of these
disorders increasing chances of tinnitus improvement.

3. Changes that occur after somatic maneuvers are in most cas-
es transitory and last for the time the maneuver is performed
or for a short-time afterwards. However, some patients re-
ported that tinnitus changes experienced during the maneu-
ver, especially in loudness, last for longer periods of time af-
ter manipulation. This is consistent with patients who report
tinnitus disappearance after a nap or in the morning, mainly
linked to head and neck positions, and could represent a basis
for a long-lasting effect of manual therapies.

4. Hyperacusis has been recently associated to higher modu-
lation of tinnitus with somatic maneuvers of temporoman-
dibular joint and head and neck. In a large retrospective
analysis, Schecklmann reported that 27% of tinnitus patients
were positive to somatic modulation, compared to 38% of
patients with tinnitus and hyperacusis.*? This could be linked
to a higher sensitivity to somatic input in tinnitus patients
with hyperacusis that could follow a generally increased sen-
sitivity to sensory input. It would be certainly interesting to
further explore this and highlight the basis of such potential
hypersensitivity that could be useful for future therapeutic
approaches.

In the authors opinion, tinnitus modulation should
always be investigated when approaching tinnitus patients. In
positive cases, a multidisciplinary approach aimed to identify
underlying non-auditory disorders should always be sought to
increase chances of tinnitus improvement. Clinical research to
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investigate the strength of the connection between modulation
and somatic disorder, as well as possible predisposing factors is
certainly needed. Further understanding of the pathophysiologic
basis of somatic modulation of tinnitus and, especially, more
studies on larger patients series are required to address these and
many other questions about somatosensory tinnitus.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.
REFERENCES

1. Altissimi G, Salviati M, Turchetta R, et al. When alarm bells
ring: emergency tinnitus. Eur Rev Med Pharmacol Sci. 2016;
20(14): 2955-2973. Web site. http://www.europeanreview.org/
wp/wp-content/uploads/2955-2973-When-alarm-bells-ring-e-
mergency-tinnitus.pdf. Accessed August 17, 2016.

2. Heller AJ. Classification and epidemiology of tinnitus. Ofo-
laryngol Clin North Am. 2003; 36(2): 239-248. doi: 10.1016/
S0030-6665(02)00160-3

3. Langguth B, Kreuzer PM, Kleinjung T, De Ridder D. Tin-
nitus: Causes and clinical management. Lancet Neurol. 2013;
12(9): 920-930. doi: 10.1016/S1474-4422(13)70160-1

4. Seidman MD, Jacobson GP. Update on tinnitus. Ofolaryngol
Clin North Am. 1996; 29(3): 455-465. Web site. http://europe-
pmc.org/abstract/med/8743344. Accessed August 17, 2016

5. Terao K, Cureoglu S, Schachern PA, et al. Cochlear chan-
ges in presbycusis with tinnitus. Am J Otolaryngol. 2011; 32(3):
215-220. doi: 10.1016/j.amjot0.2010.02.001

6. Dawes P, Fortnum H, Moore DR, et al. Hearing in middle
age: A population snapshot of 40- to 69-year olds in the Uni-
ted Kingdom. Far Hear. 2014; 35(3): e44-e51. doi: 10.1097/
AUD.0000000000000010

7. Ralli M, Lobarinas E, Fetoni AR, Stolzberg D, Paludetti G,
Salvi R. Comparison of salicylate- and quinine-induced tinnitus
in rats: development, time course, and evaluation of audiologic
correlates. Otol Neurotol. 2010; 31(5): 823-831. doi: 10.1097/
MAO.0b013e3181de4662

8. Fetoni AR, Garzaro M, Ralli M, et al. The monitoring role
of otoacoustic emissions and oxidative stress markers in the
protective effects of antioxidant administration in noise-expo-
sed subjects: A pilot study. Med Sci Monit. 2009; 15(11) :PR1-
PR8. Web site. http://www.medscimonit.com/download/index/
idArt/878222. Accessed August 17, 2016

9. Chen GD, Kermany MH, D Elia A, et al. Too much of a good
thing: long-term treatment with salicylate strengthens outer hair

Page 113



http://www.europeanreview.org/wp/wp-content/uploads/2955-2973-When-alarm-bells-ring-emergency-tinnitus.pdf
http://www.europeanreview.org/wp/wp-content/uploads/2955-2973-When-alarm-bells-ring-emergency-tinnitus.pdf
http://www.europeanreview.org/wp/wp-content/uploads/2955-2973-When-alarm-bells-ring-emergency-tinnitus.pdf
http://europepmc.org/abstract/med/12856294
http://europepmc.org/abstract/med/12856294
http://www.sciencedirect.com/science/article/pii/S1474442213701601
http://europepmc.org/abstract/med/8743344
http://europepmc.org/abstract/med/8743344
http://www.sciencedirect.com/science/article/pii/S0196070910000384
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4264521/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4264521/
http://journals.lww.com/otology-neurotology/pages/articleviewer.aspx%3Fyear%3D2010%26issue%3D07000%26article%3D00020%26type%3Dabstract
http://journals.lww.com/otology-neurotology/pages/articleviewer.aspx%3Fyear%3D2010%26issue%3D07000%26article%3D00020%26type%3Dabstract
http://www.medscimonit.com/download/index/idArt/878222
http://www.medscimonit.com/download/index/idArt/878222

OTOLARYNGOLOGY

ISSN 2470-4059

cell function but impairs auditory neural activity. Hear Res.
2010; 265(1-2): 63-69. doi: 10.1016/j.heares.2010.02.010

10. Sheppard A, Hayes SH, Chen GD, Ralli M, Salvi R. Re-
view of salicylate-induced hearing loss, neurotoxicity, tinni-
tus and neuropathophysiology. Acta Otorhinolaryngol Ital.
2014; 34(2): 79-93. Web site. http://www.actaitalica.it/is-
sues/2014/2-2014/01-ralli-abstract.html. Accessed August 17,
2016

11. Salviati M, Bersani FS, Valeriani G, et al. A brain centred view
of psychiatric comorbidity in tinnitus: From otology to hodology.
Neural Plast. 2014; 2014: 817852. doi: 10.1155/2014/817852

12. Cianfrone G, Mazzei F, Salviati M, et al. Tinnitus holi-
stic simplified classification (THoSC): A new assessment for
subjective tinnitus, with diagnostic and therapeutic implica-
tions. Ann Otol Rhinol Laryngol. 2015; 124(7): 550-560. doi:
10.1177/0003489415570931

13. Levine RA. Somatic modulation appears to be a fundamen-
tal attribute of tinnitus. Proceedings of the Sixth International
Tinnitus Seminar. Cambridge, UK; Tinnitus and Hyperacusis
Center; 1999.

14. Sanchez TG, da Silva Lima A, Brandao AL, Loren-
zi MC, Bento RF. Somatic modulation of tinnitus: Test re-
liability and results after repetitive muscle contraction trai-
ning. Ann Otol Rhinol Laryngol. 2007; 116(1): 30-35. doi:
10.1177/000348940711600106

15. An YH, Choi A, Yoon S, Shim H. Comparison of clinical
characteristics and somatic modulation between somatic tinnitus
and otic tinnitus. Audiol Neurotol Extra. 2011; 1(1): 9-19. doi:
10.1159/000332048

16. Zhou J, Shore SE. Convergence of spinal trigeminal and co-
chlear nucleus projections in the inferior colliculus of the gui-
nea pig. J Comp Neurol. 2006; 495(1): 100-112. doi: 10.1002/
cne.20863

17. Shore SE, Roberts LE, Langguth B. Maladaptive plasticity
in tinnitus--triggers, mechanisms and treatment. Nat Rev Neurol.
2016; 12(3): 150-160. doi: 10.1038/nrneurol.2016.12

18. Sanchez TG, Guerra GCY, Lorenzi MC, Brandao AL, Ben-
to RF. The influence of voluntary muscle contractions upon the
onset and modulation of tinnitus. Audiol Neurotol. 2002; 7: 370-
375. doi: 10.1159/000066155

19. Levine RA, Abel M, Cheng H. CNS somatosensory-auditory
interactions elicit or modulate tinnitus. Exp Brain Res. 2003;
153(4): 643-648. doi: 10.1007/s00221-003-1747-3

Otolaryngol Open J

Open Journal

()penventio

PUBLISHERS

http://dx.doi.org/10.17140/0OTLOJ-2-125

20. Abel MD, Levine RA. Muscle contractions and auditory
perception in tinnitus patients and nonclinical subjects. Cranio.
2004; 22(3): 181-191. doi: 10.1179/crn.2004.024

21. Simmons R, Dambra C, Lobarinas E, Stocking C, Salvi R.
Head, neck, and eye movements that modulate tinnitus. Semin
Hear. 2008; 29: 361-370.

22. Won JY, Yoo S, Lee SK, et al. Prevalence and factors asso-
ciated with neck and jaw muscle modulation of tinnitus. Audiol
Neurootol. 2013; 18(4): 261-273. doi: 10.1159/000351685

23. Rubinstein B. Tinnitus and craniomandibular disorders is
there a link? Swed Dent J Suppl. 1993; 95: 1-46.

24. Kapoula Z, Yang Q, L& TT, et al. Medio-lateral postural in-
stability in subjects with tinnitus. Front Neurol. 2011; 2: 35. doi:
10.3389/fneur.2011.00035

25. Levine RA. Somatic tinnitus in tinnitus: Theory and manage-
ment. BC Decker. 2004; 108-124.

26. Whittaker CK. Tinnitus and eye movement. Am J Otol. 1982;
4(2): 188.

27. Cacace AT, Cousins JP, Parnes SM, et al. Cutaneous-evoked
tinnitus. II. Review Of neuroanatomical, physiological and fun-
ctional imaging studies. Audiol Neurootol. 1999; 4(5): 258-268.
doi: 10.1159/000013849

28. Sanchez TG, Marcondes RA, Kii MA, Lima AS, Rocha
CAB, Ono CR. 4 different case of tinnitus modulation by tactile
stimuli in a patient with pulsatile tinnitus. Presented at the Se-
cond Meeting of the Tinnitus Research Initiative. Monaco, Eu-
rope; 2007: 21-23.

29. Cullington H. Tinnitus evoked by finger movement: Brain
plasticity after peripheral deafferentation. Neurology. 2001;
56(7): 978. doi: 10.1212/WNL.56.7.978

30. Sanchez TG, Rocha CB. Diagnosis and management of
somatosensory tinnitus: Review article. Clinics. 2011; 66(6):
1089-1094. doi: 10.1590/S1807-59322011000600028

31. Saldanha AD, Hilgenberg PB, Pinto LM, Conti PC. Are
temporomandibular disorders and tinnitus associated? Cranio.
2012; 30(3): 166-171. doi: 10.1179/crn.2012.026

32. Schecklmann M, Landgrebe M, Langguth B. TRI Databa-
se Study Group. Phenotypic characteristics of hyperacusis in
tinnitus. PLoS One. 2014; 9(1): e86944. doi: 10.1371/journal.
pone.0086944

Page 114



http://www.sciencedirect.com/science/article/pii/S037859551000047X
http://www.actaitalica.it/issues/2014/2-2014/01-ralli-abstract.html
http://www.actaitalica.it/issues/2014/2-2014/01-ralli-abstract.html
http://www.hindawi.com/journals/np/2014/817852/
http://aor.sagepub.com/content/124/7/550.long
http://aor.sagepub.com/content/116/1/30.short
http://www.karger.com/Article/FullText/332048
http://onlinelibrary.wiley.com/doi/10.1002/cne.20863/abstract%3FsystemMessage%3DWiley%2BOnline%2BLibrary%2Bwill%2Bbe%2Bunavailable%2Bon%2BSaturday%2B3rd%2BSeptember%2B2016%2Bat%2B08.30%2BBST/%2B03:30%2BEDT/%2B15:30%2BSGT%2Bfor%2B5%2Bhours%2Band%2BSunday%2B4th%2BSeptember%2Bat%2B10:00%2BBST/%2B05:00%2BEST/%2B17:00%2BSGT%2Bfor%2B1%2Bhour%2B%2Bfor%2Bessential%2Bmaintenance.%2BApologies%2Bfor%2Bthe%2Binconvenience
http://onlinelibrary.wiley.com/doi/10.1002/cne.20863/abstract%3FsystemMessage%3DWiley%2BOnline%2BLibrary%2Bwill%2Bbe%2Bunavailable%2Bon%2BSaturday%2B3rd%2BSeptember%2B2016%2Bat%2B08.30%2BBST/%2B03:30%2BEDT/%2B15:30%2BSGT%2Bfor%2B5%2Bhours%2Band%2BSunday%2B4th%2BSeptember%2Bat%2B10:00%2BBST/%2B05:00%2BEST/%2B17:00%2BSGT%2Bfor%2B1%2Bhour%2B%2Bfor%2Bessential%2Bmaintenance.%2BApologies%2Bfor%2Bthe%2Binconvenience
http://www.nature.com/nrneurol/journal/v12/n3/full/nrneurol.2016.12.html
http://www.karger.com/Article/Abstract/66155
http://link.springer.com/article/10.1007/s00221-003-1747-3
http://www.tandfonline.com/doi/abs/10.1179/crn.2004.024
http://www.karger.com/Article/Abstract/351685
http://journal.frontiersin.org/article/10.3389/fneur.2011.00035/full
http://www.karger.com/Article/Abstract/13849
http://www.neurology.org/content/56/7/978.short
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3129953/
http://www.tandfonline.com/doi/abs/10.1179/crn.2012.026
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0086944
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0086944

	_GoBack

