TAILOR-MADE NOTCHED MUSIC TRAINING

A THERAPY OF CHRONIC TINNITUS

Alexey Gyori
Alexey.Gyoeri@rwth-aachen.de

22" of June, 2016

Topics in Computer Music, Prof. Bientinesi, SS 2016




Conclusion: The solution to tinnitus
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INTRODUCTION AND MEDICAL BACK-
GROUND




10-15% of the general adult population

is affected by tinnitus.[4]
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How does tinnitus sound like?
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The tinnitus frequency is individual [6]
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How does tinnitus sound like?

sample 1 at 200 HZ sample 2 at 11.500 HZ

Ohttp://www.hearing.nihr.ac.uk/public/auditory-examples-sounds-of-tinnitus
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http://www.hearing.nihr.ac.uk/public/auditory-examples-sounds-of-tinnitus

Tinnitus is associated with depression,
angst, and inablity to concentrate [2]
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A selection of therapy options

Invasive "Cochlear Implants".

N

AN g; °
it . o T
('
-ﬂ\ /-ﬂ“@

b Mg

8/37



A selection of therapy options

Drug Therapy.
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A selection of therapy options

Listen to your favorite music which is only slightly modified.
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This therapy is magic?

Idea: Chronic tinnitus (may be) caused by hyperactivity in the brain and not by a
physical malfunction of the ear.[13]
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Theory of Neural Plasticity

Neural plasticity of the auditoral cortex is proven via Magnetoencephalography.[9]
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Music therapy

Rebalance the brain by listening to individually "modified" music (based on the
patient’s unique tinnitus frequency).[11, 8]
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TAILORED NOTCH FILTERING




Music notching is a filtering problem: Remove frequencies around the patient’s
tinnitus frequency.

Energy
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Demonstration

How does it sound like?
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Demonstration

How does it sound like?

Sample: Humoresken Nr. 7 in Gb Op.
101/7 by Antonin Dvoték.

16 /37



Demonstration

Kind of like this:

Sample: Humoresken Nr. 7 in Gb Op.
101/7 by Antonin Dvoirédk notched at
1200 HZ.
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You want a very narrow Band-stop (Notch) filter.
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The fitting filter type for this notching is a high order Butterworth filter. [11, 7]

Butterworth filter (low pass)

_
1+ ()2

Butterworth Filter Amplitude Response

IH(jw)l =

O w is the input frequency, w. cutoff
frequency

O H is the filter response

O n is the filter order
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Practical application

So we are using an equalizer and that’s it?
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Refinement

Yes, but optimization is possible because of lossy compression

MeS S
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Minimize the quantization error around the notch due to (lossy) compression.
This noise reduces the therapy potential.[8]

Original and Quantized Signal
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All music equally suited?
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THERAPY POTENTIAL ANALYSIS




Not all music is equally suited for

notched music therapy. [11]
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Demo

Let us compare.
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Energy is centered at the low frequency level

Brighter color = more energy
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Energy is distributed evenly

Brighter color = more energy
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The therapy potential analysis is fundamentally a spectral analysis problem.
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Practical application

After applying the therapy, Dvorék looks like this:




OUTLOOK: POTENTIAL OF SOFT-
WARE ASSISTED TINNITUS THERAPY




Going to the doctor (usually) is very inconvenient for the patient.
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Going to the doctor (usually) is very inconvenient for the patient.
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Self therapy

What benefits come from app-assisted self-therapy?

O eHealth solutions improve therapy compliance [12]
O Data collection and statistics

O transparency over therapy status
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CONCLUSIONS



What is Tailor-Made Notched Music Training?

Three straightforward algorithmical problems for a interdisciplinary solution:
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What is Tailor-Made Notched Music Training?

Three straightforward algorithmical problems for a interdisciplinary solution:

Frequency spectrum App assisted therapy,

Music Notching analysis statistics
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Critical Evaluation

What are the caveats?

O Only applicable if tinnitus is chronic and within a frequency range [11]
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Critical Evaluation

O

What are the caveats?

Only applicable if tinnitus is chronic and within a frequency range [11]
Max study group size n=100 [10]

Isolated therapy is not recommended, combined approaches of electrical
stimulation and TNMT show promise. [5, 1].

Commercialization of the therapy tends to "overstate" therapy success to make
money.[5]
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Pioneer eHealth Apps implement TMNMT:
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Pioneer eHealth Apps implement TMNMT:

Tinnitracks

Bills paid by three health
insurance companies in
Germany [3]
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Pioneer eHealth Apps implement TMNMT:

Tinnitracks AudioNotch :)

Bills paid by three health

. L Online site with thousands
insurance companies in

Germany [3] of users worldwide [6]
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Pioneer eHealth Apps implement TMNMT:

Tinnitracks AudioNotch ng '§

Bills paid by three health

. L Online site with thousands
insurance companies in

G of users worldwide [6] More to come once eHealth
ermany [3] acceptance increases.[12]

37/37



References |

[ Navzer D. Engineer, Jonathan R. Riley, Jonathan D. Seale, Will A. Vrana, Jai A.
Shetake, Sindhu P. Sudanagunta, Michael S. Borland, and Michael P. Kilgard.
Reversing pathological neural activity using targeted plasticity.

Nature, 470(7332):101—104, Feb 2011.

[ Luciana Geocze, Samantha Mucci, Denise Caluta Abranches, Mario Alfredo
de Marco, and Norma de Oliveira Penido.
Systematic review on the evidences of an association between tinnitus and
depression.
Brazilian Journal of Otorhinolaryngology, 79(1):106 — 111, 2013.

38/37



References Il

[1 Sonormed GmbH.
Presseinformationen tinnitracks, 2016.

[ Andrew J. Heller.
Classification and epidemiology of tinnitus.
Otolaryngologic Clinics of North America, 36(2):239-248, 2016/06/13 XXXX.

[d G.Hesse.
Newest therapeutic approaches for chronic tinnitus.
HNO, 63(4):283-290, 2015.

[§ http://www.audionotch.com/.
tinnitus frequency distribution, 2015.

39/37



References Il

[4 Dr. Adam Panagos.
Ee383 - analytic methods for discrete-time signals and systems.
University of Alabama in Huntsville, 2014.

[§ Christo Pantev, Hidehiko Okamoto, and Henning Teismann.
Music-induced cortical plasticity and lateral inhibition in the human auditory
cortex as foundations for tonal tinnitus treatment.
Frontiers in Systems Neuroscience, 6(50), 2012.

40/ 37



References IV

[3 Christo Pantev, Andreas Wollbrink, Larry E. Roberts, Almut Engelien, and
Bernd Liitkenhoner.
Short-term plasticity of the human auditory cortex.
Brain Research, 842(1):192 — 199, 1999.

[ Alwina Stein, Robert Wunderlich, Pia Lau, Alva Engell, Andreas Wollbrink,
Alex Shaykevich, Jorg-Tobias Kuhn, Heinz Holling, Claudia Rudack, and
Christo Pantev.

Clinical trial on tonal tinnitus with tailor-made notched music training.
BMC neurology, 16(1):1, 2016.

41/37



& Henning Teismann, Hidehiko Okamoto, and Christo Pantev.
Short and intense tailor-made notched music training against tinnitus: the
tinnitus frequency matters.
PloS one, 6(9):€24685, 2011.

[d C Lee Ventola.
Mobile devices and apps for health care professionals: uses and benefits.
Pharmacy and Therapeutics, 39(5):356, 2014.

[8 N. Weisz and B. Langguth.
Cortical plasticity and changes in tinnitus.
HNO, 58(10):983-989, 2010.

42 /37



Acknowledgments |

O "Play" Icons made by Appzgear from flaticon.com.

The XKCD comic is licensed under Creative Commons Attribution

O

NonCommercial 2.5 License. https://xkcd.com/license.html
Stockholm Beamer Theme licensed under GPL v3.

RWTH and HPAC logo are property of their respective owners.
The Tinnitracks logo is property of Sonormed GmbH

The Audionotch logo is property of AudioNotch

The applications used in screen-shots are property of their respective owners

o 0O O O O O

All other pictures and music are copyright-free or in the public domain.

43/ 37


flaticon.com
https://xkcd.com/license.html

Appendix: Notched Music therapy

Notching music

rigingl

1}
Lo

Power/Frequency (dB/Hz)

250 Lo 1 1 1 1 1 8 IS N N - |
125 250 500 1000 4000 12000 20000
Frequency (Hz)

44 /37



Appendix: Ideal Filter width

Based on the average frequency selectivity of a person, and is two equivalent
rectangular bandwidths (ERB). The ERB is dependent on frequency, so if your
tinnitus frequency is 10,000 Hz (10 kHz), the ERB is about 1000 Hz, which means
you'd have to get within a 1000Hz of your true tinnitus frequency (ERB = 107.94*f
+24.7 = 107.94%10 + 24.7 = 1104 Hz).

Ohttp://www.audionotch.com/blog/tinnitus/
the-definitive-guide-to-detecting-your-tinnitus-frequeny
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