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http://www.m-ww.de/krankheiten/hno/tinnitus.html?gfx=0

Tinnitus Terminology

e Tinnitus: a subjective phantom
perception of sound In head or In the ears
without any external source

e Somatosound: acoustic events generated
In head or neck regions due to blood flow,
myogenic activity, vascular pulsation,
myoclonus, patulous Eustachian tube,
etc. (Jasterboff, 1990, 1995, Hazell, 1995).



Tlnnltus and Its Prevalence




Martin Luther, Ludwig van
Beethoven & Vincent van Gogh

All had Tinnitus!


http://eos.bio.tu-darmstadt.de/aglangner/tinnitus-html/sounds/5th.wav



http://www.iranian.com/Arts/2006/December/Amouie/2.html

Tinnitus Types
(Danesh, 2004)

SUBJECTIVE Only patient hears it
OBJECTIVE Both patient and clinician can
near It.

EVOKED Patients can hear and/or stop
nearing It on their own
decision

SUBOBJETIVE Neither the patient nor
clinician can hear It without
appropriate tools!




B Morthwestern Uiniversity

5. Semicircular canals 8. Vestibular nerve
6. Auditory nerve 9. Cochlea
7. Facial Merve 10. Eustachian ube



Source: Weissman JL. Hearing loss. Radiology 1996; 199:593-611



http://radiology.rsnajnls.org/cgi/content/full/216/2/342/F1A

Source; Weissman JL. Hearing loss. Radiology 1996; 199:593-611


http://radiology.rsnajnls.org/cgi/content/full/216/2/342/F11B

Intralabyrinthine
Schwannoma

MR Findings in Intralabyrinthine
Schwannomas, Clinical Radiology,
Volume 57, Issue 5, May 2002, Pages
355-358

Mary-Louise Montague, Ameet
Kishore, Donald M. Hadley and
Brian F. O'Reilly
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cochlear fluid

http://www.vimm.it/cochleé/co









SOAE

e SOAE, Left Ear, 82 years old, suffering from unilateral tinni

= OAE SYSTEM [RUVI

[Measured: 2111/2002 10:41:08 | [Ear: Lett [SOAE mode
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Tinnitus as a crossmodal
phenomenon.

e Tinnitus can be modulated and triggered by
stimuli and inputs from other sensory

modalities or sensorimotor systems. Cacace
(2003)

e |Interaction between the dorsal cochlear
nucleus and somatosensory system



Cortical Plasticity & Phantom Limb F'air{__ o

Cortex Map

Amputation of Finger

*Index finger & thumb i
normally activate !
|

restricted regions of
somatosensory cortex

Amputation of index
finger causes

expansion of thumb Fost Finger Amputation |
region !
|
thumb region invades -
cortical region :
|

3 normally activated by
____________ index finger

From Salvi, 2006




Hypothesis-Tinnitus May Anse Reorganization of the =

Central Auditory System —"Flasticity” =

Mormal =

«xnnane: HIgh Frequency Hearing Loss

Anterior-Posterior

Characteristic Frequency From Salvi, 2006 =
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techniques (Danesh et al, 2003, Tinnitus, Seeing

of the Unseeable).







Evoked Potential Studies and

Tinnitus

* No difference between CAP (Moeller, et al.
1992)

e Shorter Wave V In patients with Tinnitus
(Moeller, et al. 1992)

e Enhanced CNV amplitude in patients with
Tinnitus (Shiraishi, et al. 1991)

 Smaller N1, P2, P3 amplitudes in subjects
with Tinnitus (Attias, et al. 1993).
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How are the functional neuroimaging
techniques used In Tinnitus studies?

Dr. Frank Mirz Tinnitus Lab,
Copenhagen-Denmark









Evoked-Tinnitus Classification

Visual-motor evoked (e.g., Gaze-evoked
tinnitus)

Somatosensory-evoked tinnitus/Cutaneous-
evoked (fingers or external ear) tinnitus

Finger-movement-evoked tinnitus
Somatomotor-evoked tinnitus

Orofacial/Jaw movement evoked tinnitus

Cranio-cervical manipulations of head and
neck

Applying electrical stimulation to the
median nerve and hand region



Underlying factors of evoked
tinnitus

e Peripheral deafferentation

e Crossmodal reactive sprouting of neurons to
denervated synaptic sites (Wall et al.,1987)
(Hypotheses)

« Non-classical auditory pathways become
reactivated as an expression of neuroplasticity
(Moller and Rolins, 2002) (Speculation)



What are the other underlying
factors contributing to the
generation of evoked tinnitus?

e Regeneration and new synapse formation in
the CNS

» Ephaptic Transmission/Interactions

 Plastic changes in the CNS due to atypical
connections between the auditory and
sensory-motor systems.

e Crossmodality



PET Findings In cases with
gaze-evoked tinnitus
(Giraud et al., 1999)

e Four adults with gaze-evoked
tinnitus following
deafferentation of the 8" CN.

* Increased activity in temporal-
parietal association areas
(bilateral).



PET Findings in cases with
orofacial-evoked tinnitus:
| ockwood, Salvi, Coad, etal., 1998.)




PET FIndings In cases with
orofacial-evoked tinnitus: Lockwood,
Salvi, Coad, etal., 1998.)

e Two groups: with and without tinnitus
e Monaural tonal stimulation

 OFM-induced loudness changes of tinnitus
affected the auditory cortex contralateral to
the ear in which tinnitus was perceived,
whereas unilateral cochlear stimulation caused
bilateral effects, suggesting a retrocochlear
origin for their tinnitus

 Activation in MGB, contralateral temporal lobe
and contralateral hippocampus



coronal a

Unilateral
tonal
stimulation
and PET

(bilateral
activation)

Source: Alan H. Lockwood, Richard J. Salvi et al., (1998).



Lockwood et al., 1998

B - Unilateral
 Their findings ~ctivation

suggested that the with OFM

untlateral nature of In tinnitus
subjects

blood flow patterns,
aS Shown by PET, z.= 4m.m Z=an_] {|Eﬁ:‘= right} z':= T12mm
indicates that tinnitus " % - & L, -
IS originated in the
central auditory
system and not In the
cochlea.

Source: Alan H. Lockwood, Richard J. Salvi, Mary Lou Coad, Mary Towsley,
David Wack, Brian Murphy (1998).



fMRI findings In a case with
Cutaneous-evoked Tinnitus

» Cutaneous-evoked tinnitus following de-
afferentation of the 8 cranial nerve followed by
or assoclated with de-efferentation of the facial
nerve.

 Stroking back side of the hand or touching the
finger tips resulted in tonal tinnitus

 fMRI revealed activation in the contralateral
temporal-parietal junction at the superior
portion of the lateral fissure and the lower portion
of the parietal operculum.

Cacace, Cousins, Parnes, etal., 1999.



Lateralized No

Tinnitus Tinnitus
Tinnitus
—

Inferior Colliculi Inferior Colliculi

fMRI study: Asymmetric activity of inferior colliculus in
an individual with normal hearing and lateralized
tinnitus. Asymmetric activity was normalized after
lidocaine injection and it increased after the drug effects

vanished.
Melcher et al., 2000.



Evoked Tinnitus
Case Presentation |

 Female
* Normal audiological/otological findings

« Extension and flexion of neck muscles from
anterior to postero-superior position (chin
tucks) resulted in high pitched tinnitus.



Case |
Evoked Tinnitus




Evoked Tinnitus
Case Presentation |l

Female

Moderate sudden SNHL, AD

Tinnitus at 250Hz, 4 dB SL

Candidate for habituation/masking therapy
Unilateral digital dual channel/memory ITC
Completely masks out tinnitus

Has developed “evoked tinnitus”

Rotation of the head in horizontal planes at 90degrees
generates a high pitched transient tinnitus.

Extralemniscal (non-classical) auditory pathway
stimulation.



Case Il, Unilateral Sudden SNHL,
AD, Unknown Etiology
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Complete Neck
Rotation results In
Evoked Tinnitus.






Detection of Tinnitus by MEG using
Coherence Imaging

COHERENCE SCALE

Fig 1. MEG Coherence analysis of spontaneous activity while a
patient perceived his tinnitus. MRI shows localization of
activated region in the Lefi Auditory Cortex. Red indicates
cortical areas that are highly coherent with all other bram
regions. This patient had unilateral tinnitus in the rightear.

Image Results

COHERENCE SCALE

[11E1

013

0116

Coherence (0o 1)
-

Fig 2. This patient has bilateral tinnitfus. High coherence seen in
the Right Auditory cortex even though he states both ears are
ringing. This implies a network that is more active during rest in
the auditory cortex of the right hemisphere than in the left.

Susan M Bowyer , et al 2008




Detection of Tinnitus by MEG using
Coherence Imaging

Fig 3. Cortical activity in the 1-50 Hz range is seen in 2 conditions A) eves open, B) eves closed in the right
auditory cortex. Note high coherence is seen in the right auditory cortex i both conditions. This patient had
unilateral tinnitus in the left ear.

Susan M Bowyer , et al 2008






Tinnitus Self Assessment
Questionnalres

THI (Newman et al., 1996)
RQ(Wilson et al., 1991)

lowa Set of Questionnaires (Dr. Rich Tyler)
— lowa Tinnitus Handicap Questionnaire
— lowa Tinnitus Activities Questionnaire

Sound Therapy Option Profile (STOP): aool

for Selecting Devices Used in Tinnitus Treatment 9/4/2006 Craig W. Newman, Ph.D. &
Sharon A. Sandridge, Ph.D., Cleveland Clinic, Cleveland
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Quasimodo visits his doctor " Hell Beils, Hell’s Bells.”










Figure 1. A Vicious Circle of Symptoms

/TINNITUS\

DEPRESSION STRESS / ANXIETY

\ FATIGUE /




Comments made by some clinicians to their
tinnitus patients about tinnitus treatment
(Danesh, 2002 Tinnitus study)

e “Go and live with it!”
e “Nothing can be done!”

e “If | knew how to cure It, | will be a rich
person!™

 “| could cure you If you had cancer!”

o “Fifty percent of the people with tinnitus
like yours commit suicide!!”






http://www.ata.org/










0 0 O O 0
il i i it i it i it

:

O A O A A A
w@\§\md\m\§\m\§\mﬁmuﬁmuﬁmu@mu@

EUM N
00

I
WL

WA

i i i it e S

0







1t 1
i

it
i

I
Il

1

g

UGG A Ot

g













Residual Inhibition

intensity

o

ﬂﬁ“ﬁh‘*&h%
@ tinnus
m&w&*&"ﬂ_ _

perception threshold

-

tme



Tinnitus Management with
Amplification

 Bilateral Hearing Loss plus bilateral tinnitus
e Unilateral heari

“—

_ #_;_

............ EARIN V7

Inventor Thomas A. Edison



Management of Unilateral Sensorineural Hearing Loss Associated
with Tinnitus (Partial List) (Andreassen & Danesh, 2007)

GENDER | AGE ETIOLOGY EAR/ MANAGEMENT RESULTS
HL
F 47 Idiopathic Sudden RE Hearing Aid plus Habituation Complete Masking
Hearing Loss Mod/ Therapy
Severe
M 57 Idiopathic Sudden RE Hearing Aid plus Habituation Complete Masking
Hearing Loss Severe | Therapy
F 73 Meniere’s Disease LE Amplification plus Habituation Sig. Less
Severe | Therapy Consciousness
M 36 Idiopathic Sudden RE Amplification plus Habituation Sig. Less
Hearing Loss Mild Therapy Consciousness
F 58 Idiopathic Sudden RE Amplification plus Habituation Complete Masking

Hearing Loss

Mod

Therapy




e



http://www.uihealthcare.com/depts/med/otolaryngology/clinics/tinnitus/treatment.html#Sound
http://www.uihealthcare.com/depts/med/otolaryngology/clinics/tinnitus/treatment.html#Sound
http://www.uihealthcare.com/depts/med/otolaryngology/clinics/tinnitus/treatment.html#Sound

Tinnitus Management:
Retraining and Habituatior










Habituation Protocol

1. Remove negative connotation toward
tinnitus

2. Alleviation of Fear from tinnitus

3. Improve understanding and control to
remove negative connotations

4. patient education
5. spend time with your patient
6. show sympathy but not pity!












Retraining

e 1. To gradually reduce the strength of the
REACTION against tinnitus

e 2. Provide a continuous sound

3. The presence of any continuous stimulus
results in a process called habituation,
whereby the individual responds less and
less to the stimulus



= Pre-Conditioning Stage

NEUROMONICS STIMULUS

ALISNILNI

TINNITUS PERCEPTION

A 4

= Active Treatment Stage

NEUROMONICS STIMULUS

TINNITUS PERCEPTION

a
rd

TIME




Tinnitus Pathogenesis

Audiological
*Hearing loss uncovers noise floor

Neurological
» Conditions a limbic system
enhancement
» Neurological starvation
| i) or leading to rewiring
\) %6 @ 34; » Alterations in processing
N / patterns e.g. gain changes

* Decreased sound tolerance

Psychological
» Sleep & concentration disturbance
 Lack of control

» Fear and anxiety

» Stress increases ANS arousal




Hearing Threshold Limit (dB HL)
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Presenter
Presentation Notes
A treatment regime consisting of:
novel & patented acoustic therapy
individually prescribed for each patient (compensation for hearing loss)
provided via a portable device
plus education & counseling 
from a specialist clinician


Concelived in Western Australia 17 yrs ago, at
Curtin University of Technology

Iterative development process:

4 randomized controlled studies over > 200
subjects

> 2500 private practice patients since April 2004
Delivery system evolved substantially

Regulatory clearance in Aust, NZ, Singapore &
USA
Accredited Providers; >30 clinics in Australasia, &
>50 clinics in USA, incl. The Cleveland Clinic/ other
major specialist tinnitus clinics  pavis, 2008



Customisaiion: Speciral Meodification

Typical tinnitus sufferer
has hearing loss >4kHz
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Spectral Composition of Music
vs. Hearing Thresholds of
Typical Clinic Patient Sample

Davis, 2008



Tinnitus and decreased sound tolerance are related to neuro-
plastic changes in response to hearing loss and negative
cognitions

First quantify patient’s individual needs &severity
Only management required for a mild problem

When more severe, a comprehensive rehab program is required
to address all underlying factors

Range of options: acoustics & counselling = best practice
Hearing aid candidacy in only 20-30 % of cases

TRT can be effective when done comprehensively
Neuromonics Is a newly available treatment option

For any clinic, counselling and relaxation training Is critical
Evidence based practice, including post-therapy measures



A neural Network Model for
Tinnitus
Fujimoto, Nagashino, Kinouchi,
Danesh and Pandya (2006)
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http://froogle.google.com/froogle_url?q=http://www.tinnitusearringing.com/&fr=AAL7HWxPNFr1zANz3SbmCoMAAAAAAAAAAA
http://www.lifesvigor.com/pimages/445134.jpg
http://www.tinnitusformula.com/detail.aspx?ID=1
http://www.tinnitusformula.com/detail.aspx?ID=12




Biofeedback and Neurofeedback

» Biofeedback iIs a learned ability to control
physiologic processes such as body temperature or
heart beat. Neurofeedback Is a form of biofeedback
which controls the electrical activity of the brain
such as frequency, location or amplitude of specific
EEG activity.

 Studies show down regulation of the amplitude of
beta-activity.

Gosepath et al (2001)



Electrical Stimulation

Both DC and AC have been used (mainly
AC)

DC (direct current) to round window or
promontory could reduce tinnitus
DC may produce permanent tissue damage

AC (alternating current) External stimulus
on promontory transtympanically and
transcutaneously in pre and post auricular
regions










tg. 2 The new-deweloped head-set applicator for the TCL-system. A

ynthetic head hand-construction is adjusted and fastened to the upper

Fig. 1 The new-developed TCL-system with four different diode ead of the patient. The microlens laser fibre is positioned within the

lasers (4 =635 nm-830 nm) and integrated power meter. The  Stiemalauditory meatus nearby the tympanic membrane (in defined
' ; - ; ' . ; osinon) and 15 mmobalised by a micro-tnpod with ear speculum at

laserhght 15 delivered in the centre of the laser umt through the . lareral site

attached microlens laser fibre. The irradiation is activated by a timer

5. Tauber - W, Beyer - K. Schorn - R. Banmgartner

%%Transmeatal cochlear laser (TCL) treatment of cochlear dysfunction:
A feasibility study for chronic tinnitus :




Laser and Tinnitus Studies

« Nakashima et al (2002):No significant difference was
observed between the active and placebo laser groups with
regard to outcome of loudness, duration, quality, and
annoyance of tinnitus. Transmeatal low-power laser
irradiation with 60 mW is not effective for the treatment of

tinnitus.

« Tauber et al. (2003) used transmeatal cochlear laser
therapy. After a follow-up period of six months tinnitus
loudness was attenuated in 13 of 35 irradiated patients,
while two of 35 patients reported their tinnitus as totally
absent (some success).
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