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Today's agenda

1. Definition, epidemiology, and mechanisms of tinnitus

2. Treatment protocols

3. Tinnitus therapy options
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Definition

 “The perception of sound when no actual 
external noise is present”

 https://www.ata.org/understanding-facts
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Epidemiology

Tinnitus Practitioners Association (TPA) - an organization that promotes 
best practices in the care of those with tinnitus and sound sensitivity.
 Tinnitus effects 10-17% of the general population 
 30% of people over the age of  65 report tinnitus 
 5% of the general population with tinnitus seek care 
 ~2.6 million feel their tinnitus is a debilitating problem
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Types of tinnitus

There are two types of tinnitus: 
 Somatosound / Objective

 Tinnitus is audible to someone else besides the patient 
 Generally, originates from middle ear or vascular system

 Neurophysiological / Subjective
 Tinnitus is audible only to the patient
 High-frequency hearing loss is the highest predictive risk factor for tinnitus
 Strong evidence suggests that acoustic or sound therapy can help mitigate the effects of subjective 

tinnitus

Searchfield, et al., 2010; Tyler, et al., 2019
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Neurophysiological Tinnitus
Psychoacoustic Characteristics

 Frequency

 Intensity

 Location (ears, head)

 Duration (continuous, intermittent, fluctuating)

 Description (tonal, whistle, crickets, ocean waves, siren, pressure cooker)

 Single or multiple sounds
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Tinnitus Categories

A joint comprehensive tinnitus study conducted by the Kresge Hearing Research 
Laboratory and the University of Oregon Health Sciences Center Tinnitus Clinic 
revealed:

Tinnitus pitch falls largely into two broad categories: tonal and noise
 59% reported tonal tinnitus 
 25% reported noise-type tinnitus
 16% presented with a combination

For tonal tinnitus, it is often reported to be a higher pitch or frequency 
 63% indicated perceiving tinnitus between 2000 and 7000 Hz
 21% had low-tone tinnitus below 2000 Hz
 16% above 7000 Hz



What causes tinnitus?What causes tinnitus?
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Causes of tinnitus
Over 200 causes described

Changes at any point of the auditory 
pathway
 Otitis
 Otosclerosis
 Acoustic neuroma
 Meniere's disease
 Acoustic trauma
 Noise exposure
 Ototoxicity
 Presbycusis

Changes from outside the ear, 
but affect its functioning
 Metabolic
 Cardiovascular 
 Neurological
 Pharmacological
 TMJ Disorder
 Psychological
 Dietary
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Mechanisms of Tinnitus
Peripheral vs. Central Mechanisms

Does a normal audiogram mean normal auditory 
function?
 Cochlear Synaptopathy: A type of damage to the 

synaptic junction between cochlear hair cells and the 
auditory nerve that may explain the result of tinnitus 
with normal hearing thresholds

Why do some people with hearing loss have tinnitus 
and others do not?
 The non-auditory portions of the brain can inhibit or 

filter out repetitive sound, deemed unnecessary, so that 
person may not perceive tinnitus

 Another person can have the same loss, but the central 
portions do not ‘turn it off’, so that person perceives or 
“hears” the tinnitus
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Mechanisms of tinnitus
Central Nervous System changes

 Exposure to noise and other agents that induce 
tinnitus cause changes in the central auditory 
pathway secondary to peripheral damage.

 The mechanisms for tinnitus go beyond the inner 
ear and auditory nerve and effect various areas 
of the central auditory pathway, up to and 
including the Auditory cortex

 Functional MRI testing supports this by showing 
areas of the auditory cortex and other areas 
along the pathway “lighting up” in patients with 
tinnitus versus no additional activity in patients 
without tinnitus. Changes in the blood supply 
based on auditory reaction to sound can be seen.
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Neurophysiological model of tinnitus
Central Nervous System changes

Damaged hair cells leads to
 Reduction in the inhibitory capacity of the neurons that are deprived of input
 Neural hyperactivity (increased spontaneous activity) 
 Sometimes this leads to increased neural synchrony which leads to the “ringing”

Inhibitory

Excitatory
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Plasticity of The Human Auditory Cortex

What is lateral inhibition?

 The capacity of an excited neuron to reduce the 
activity of its neighbors

 Lateral inhibition disables the spreading of 
action potentials from excited neurons to 
neighboring neurons in the lateral direction

Lateral inhibition - Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/Lateral_inhibitionWikipedia

Lateral inhibitory 
connections from 
neighboring 
neurons
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Impact of tinnitus

Why do individuals have 
different reactions to tinnitus?
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Impact on daily life

Only 20% of the tinnitus population find it to 
be a significant problem, yet for this group, 
tinnitus can be highly debilitating

Seidmann; Jacobsen, 1996

no impact with impact incapacitating

80%

15%

5%

5%
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Neurophysiological model of tinnitus 
Dr. Jastreboff

Auditory pathways and the limbic system

Different areas of the brain have different roles

 The limbic system is responsible for motivation, 
mood and emotion

 Tinnitus-related complaints such as insomnia, 
anxiety, depression, fear are indicative of the 
association of the limbic system

Dalgleish, 2004; Jastreboff, 1990
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Neurophysiological model of tinnitus 
Dr. Jastreboff

PERCEPTION
AUDITORY CORTEX AND OTHERS

Disabling: 5% of patients 
Intervention is essential

15% of patients
Candidate for intervention 

1

DETECTION
SUBCORTICAL

EMOTIONAL ASSOCIATIONS
LIMBIC SYSTEM

GENERATION
COCHLEA

UNCOMFORTABLE
AUTONOMIC NERVOUS SYSTEM

2

3
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Possible repercussions

 Significant tinnitus may impair quality of 
life

 Sleep disturbance
 Difficulty concentrating
 Emotional imbalance
 Decreased socialization

So that’s why I 
behave

that way!
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Today's agenda

1. Definition, epidemiology, and mechanisms of tinnitus

2. Treatment protocols

3. Tinnitus therapy options
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Acoustic Treatment Protocols

 Amplification alone-sound therapy
 Tinnitus Activities Treatment  - TAT is an intervention using 

individualized counseling (considers thoughts and emotions, 
hearing and communication, sleep, and concentration)
Richard Tyler Ph.D.- University of Iowa

 Tinnitus Retraining Therapy – TRT is a process of learning to cope 
with your tinnitus on a conscious and subconscious level; courses 
throughout year
Pawel J. Jastreboff, Ph.D., Sc.D., M.B.A..- Emory University 

 Progressive Tinnitus Management – PTM a program adopted both 
by VA and dept of defense clinics to treat tinnitus. Uses 5 different 
levels of treatment; as the levels progress, the therapy gets more 
intensive and long-term; it can use a combination of sound 
generators, masking, cognitive behavioral therapy, relaxation 
techniques; the level depends on the need of the patient
James A. Henry, Ph.D.- National Center for Rehabilitative Auditory 
Research (NCRAR)



 1

23

Acoustic Treatment Protocols

 Cognitive Habituation Tinnitus Treatment – CHaTT a combined 
approach of using cognitive behavioral therapy, habituation, and 
sound therapy; similar to PTM
Natan Bauman Ed.D, M.S. Eng., New England Tinnitus and
Hyperacusis Clinic

 Tailor –Made Notched Music Training – TMNMT using music and 
notching it centered around the tinnitus
Hidehiko Okamoto, Ph.D. National Institute for
Physiological Sciences, Japan

 Notch Therapy – NT 
KeyNumerics Medical Engineering & Signia
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Tinnitus treatment protocols

Many approaches, but they often have a great deal in common:
 Counseling of some type
 Sound therapy of some type
 No approach treats tinnitus, but rather the reaction to tinnitus
 Some potential differences are the areas emphasized in counseling, 

perspectives of directive vs. collaborative interaction with patient

Cognitive-behavioral therapy(CBT) and tinnitus
 CBT is Psychotherapy 
 Consists of face-to-face sessions; 6-18 sessions, hourly, 

over many weeks
 Performed by a licensed therapist/psychologist in CBT
 HCP may suggest CBT or make a referral
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Psychology And Tinnitus
Counseling 

Literature suggests relationship between 
depression, anxiety, and tinnitus 
Gomaa, et al., 2014

Know your limitations
Physiology and psychology are not 
independent
Go over the Game Plan!
Be supportive and positive
Be knowledgeable
Be clear
Be hopeful
Be empathetic 

Spankovich, Signia Tinnitus Workshop, Chicago (2019)



And now... what
should we do?
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Today's agenda

1. Definition, epidemiology, and mechanisms of tinnitus

2. Treatment protocols

3. Tinnitus therapy options
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Tune out tinnitus
Unique therapies for lasting relief
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Treatments for tinnitus

Amplification

Static signal Modulated Notch therapy
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Amplification

Benefits of amplification for tinnitus

Amplification is #1 treatment for tinnitus
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Benefits of amplification for tinnitus

 “The sounds amplified by the hearing aids produce neural 
activity by the auditory system, which interferes with the 
representation of tinnitus in the central auditory system”

 Amplification helps to reduce the contrast between the tinnitus 
and the background by enriching the sound environment

 The most effective hearing aid settings for communication are 
not necessarily the best for reducing tinnitus audibility

Anderson, 2002; Searchfield, 2006
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Amplification only
Adjustments to consider

Advanced feature options within software:
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Amplification only

Dynamic Soundscape Processing 2.0
Increase awareness
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Amplification only

Dynamic Soundscape Processing 2.0
Increase awareness
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Amplification only
Adjustments to consider

 Advanced feature options within software: Sound Settings

 Using environmental noise as a natural masker by reducing the level of noise reduction
 Use a multichannel approach to noise reduction in which less noise reduction can be 

applied in the lower frequencies where “room noise” is typically present 
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Amplification only
Adjustments to consider

 Advanced feature options within software: Microphone/Audio
 Choose a fixed omnidirectional microphone mode when tinnitus 

is more intense by adding an additional program
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Amplification only
Augmented Xperience

Program Handling
Add Outdoor Sports - rename
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Tinnitus Worsened By Wearing Hearing Instruments 
Recommendations

 If amplified sound exacerbates tinnitus - turn down 
the gain, reduce MPO’s

 If the ear mold or type of instrument used is 
excluding external masking sounds - change to an 
open fit

 If tactile sensation around the ear is the cause – try 
alternative instrument styles and ear mold strategies 
~Richard Tyler, 2013

 Try notch therapy – it is possible that removal of the 
stimulus in the pitch matched area may lesson this 
reaction
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Habituation Therapy

What if amplification is not enough? 

Static signals: 
Soft and gentle sounds that take away the annoyance of tinnitus

Modulated Options: 
What could be more relaxing than the sound Ocean Waves?
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Habituation

 "It is the reduction or elimination of CNS activity in 
response to repetitive stimuli” 
(Encyclopedia of Neuroscience, 1987)

 It is a natural process of the CNS and
crucial to brain function due to its limitations   
when performing many tasks simultaneously
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Pink Noise - each 
octave carries an equal 
amount of energy 

White Noise - constant 
spectral density across all 
frequencies

Speech Noise - corresponds to 
the frequency shaping of the 
Long-Term Average Speech 
Spectrum (LTASS)

High Tone - more 
intensity in the high 
frequency region

Brownian Noise - the power 
density decreases with 
increasing frequency

Therapy signal options
Static Signals 



 1

43

Therapy Signal Options
Static Signals
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Determine the type of therapy signal
1. Individual sliders or handles to customize the frequency response
2. Master Gain control to maintain the noise’s spectral characteristics 

Therapy Signal Options
Static Signals
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Modulated sound options

 Ocean wave therapy signals mimic the sound of the sea
 A Positive, Soothing and Stress Relieving listening experience

 Rocky Beach, Paradise Beach, Boulder Beach, Pebble Beach
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Apps and Tinnitus

There is an app for that!

Sound options are expanding with environmental 
sounds and/or use of smartphone
 Manufacturer-based apps
 SimplyNoise app, SimplyRain (free), Relax 

Melodies, Calm
 Low-Cost
 Customize sound (sound is subjective)
 Downside: Can affect battery drain
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Treatments for tinnitus
Notch Therapy

 Relief without adding a masking sound
 Unique to Signia: Tuning out tinnitus for a truly peaceful experience
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Treatments For Tinnitus
Notch Therapy

 Notch therapy is designed to induce neural plasticity-based changes in the auditory system 
(auditory cortex) with the purpose of reducing the perceived loudness of tinnitus.

 The goal is to lessen neural hyperactivity by strengthening the weakened inhibitory networks in 
the frequency band for an individual’s tinnitus.
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Psychoacoustic Measure of Tinnitus
Pitch Matching

 Stimulus: pure tone or narrowband noise

 125 to 12000 Hz

 Test one ear at a time

 Start at 1000 Hz and go up in frequency

 Present tones at 5-10 dB above the hearing threshold until 
closest match is found 

 Always determine the hearing threshold at the tinnitus pitch

http://www.tinnitusresearch.org/en/documents/downloads/TRI_Tinnitus_Flowchart.pdf. 
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Psychoacoustic Measure of Tinnitus
Loudness Matching

The initial intensity (i.e. starting point) of the stimulus should be below the hearing threshold 
level, at the frequency matched during Pitch Matching

 Increase the stimulus in 1 dB steps until it is equal in loudness to the loudness of the tinnitus

 Test one ear at a time

 Tinnitus Loudness SL = dB HL (match) – dB HL (hearing threshold)

Tinnitus 4KHz  70dB 

Threshold -4KHz   60dB 

10 dB SL

http://www.tinnitusresearch.org/en/documents/downloads/TRI_Tinnitus_Flowchart.pdf
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Signia Notch Therapy

A filtered notch (0.5 octave), centered at the pitch of the tinnitus, is provided 
through the hearing aids

By notching the amplification we attack tinnitus on two fronts: 
 Enhancing the auditory environment to compensate for the hearing loss
 Suppressing the tinnitus associated neural hyperactivity by stimulating lateral inhibition 

The brain is trained to provide more inhibition to the area of the notched amplification

The result is a decrease in the 
perception of tinnitus loudness
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Signia Notch Therapy

Notch therapy showed clear improvement 
in as few as three weeks and maintained 

the benefit past six months*. 

*Powers, L., dos Santos, G.M., & Jons, C. (2016, September). Notch Therapy: A new approach to tinnitus treatment. AudiologyOnline, Article 18365
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Signia Notch Therapy
6-month Evaluation 

Six-month evaluation of notched environmental sound therapy
 34 patients
 Mean age: 56
 Subjective chronic tonal tinnitus
 Mild to moderate hearing loss
 Group 1: commercially available BTE
 Group 2: same but with TF-matched spectral notch activated, 0.5 octave wide
 Subjective measure: TQ 52
 Objective measure: Neural long-term habituation correlates, expressed as l-hab gain factor 
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Signia Notch Therapy
Subjective Results

(Lars et al Submitted for publication)

Commercially available behind-the-ear 
hearing aids were modified so that a 
frequency band of 0.5 octave,  entered on the 
patient’s tinnitus frequency, was blocked out.
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Tailor-made Notch Music Study
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• In the target group, tinnitus loudness 
was significantly reduced after 12 
months of treatment compared to 
baseline.

• In contrast, for the placebo group 
significant differences from baseline 
were not found, indicating that a 
systematic change in tinnitus 
loudness was not present in these 
groups.

Tailor-made notched music treatment
Key points

Tinnitus loudness

Subjective distress

Handicap
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Signia Notch Therapy

Candidates for Notch Therapy

 Tonal Tinnitus: pure-tone, whistling, ringing or 
humming sound

 Any type and degree of hearing loss

Tinnitus pitch assessment via Connexx 9 software

 Easy step-by-step process
 No additional tools required
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Signia Notch Therapy
Pitch Matching
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Signia Notch Therapy
3 Options For Pitch Matching
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Signia Notch Therapy
Frequency Check
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Signia Notch Therapy
Activate Notch
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Signia Notch Therapy
Notch Active- Shown On Fitting Curve Screen
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Representation of the notch filter when performing 
a tonal sweep with real ear measures

Signia Notch Therapy
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Speech map with 4K Hz Notch
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Signia Notch Therapy
Recommendations

 We recommend that the notch be placed in all programs. 

 The width of the notch is only 0.5 octave and therefore should not interfere with 
normal conversation.

 However, the option of choosing to active specific programs “notch free” is 
provided for flexible, individualized therapy. 

 The data suggests that longer wearing times are better than shorter; especially if 
the prescribed gain is mild and therefore, the notch depth is shallower.



 1

66

Signia Notch Therapy
Resources

 1
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Other Resources
Signia Website – Pages For Professionals & For Consumers

https://www.signia-pro.com/en-us/business-support/tinnitus/
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Signia Notch Therapy
Resources
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Thank you for
joining us today!


