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2015 Expert Series

2015 Expert Series
with Sridhar Krishnamurti, Ph.D.

Tinnitus Mechanisms, Assessment, and 
Therapy Options 

If you are experiencing audio or visual difficulties, please contact 
AudiologyOnline at 800-753-2160
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• Brought to you in cooperation with AudiologyOnline

• Submitted to AAA, ASHA & IIHIS for one continuing education unit (CEU)

• Learning objectives for this course:
• Participants will be able to describe a method of fine tuning the frequency 

compression using real ear measures to support an evidence-based method of 
hearing aid fitting.

• Participants will be able to describe candidacy for frequency compression in the 
adult population.

• Participants will be able to discuss real world expected benefit of frequency 
compression in adult hearing aid fittings.

Introducing Sridhar Krishnamurti, Ph.D.
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Definition Demographics
 The Department of Veteran 

Affairs report that tinnitus and 
hearing loss are the number one 
and two service connected 
disabilities respectively among 
Veterans across the U.S. Armed 
Forces every fiscal year since 
2007.

 Public health problem for 
millions of people world-wide.

 Major service-related disability 
for soldiers returning from OIF 
and OEF.

Tinnitus is the perception of 
sound in the absence of external 
noise (Moller, 2011). 

Prevalence

Populations

Elderly

Military 
Personnel

Other

Types

Acute Tinnitus

Chronic Tinnitus

Bothersome 
(Distress) 20%

Non-Bothersome 
80%
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Bothersome tinnitus (distress)
 Clinician must distinguish patients with bothersome 

tinnitus from patients with non-bothersome tinnitus. 

 80/20 rule: about 80% who experience tinnitus are not 
bothered by it.

 20% of patients experience bothersome tinnitus that is 
associated with distress.

Changes in 
brain 

organization

Increased neural 
synchrony 

(deafferentation)

Increased spontaneous 
firing rates

• Roberts, Eggermont et. al. (2010) 
• Knipper, Van Dijk, Nunes, Ruttiger, Zimmermann 

(2013)
• Henry, Roberts, Caspary, Theodoroff, Salvi (2014)

Mechanisms
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Discordant dysfunction theory
 The discordant dysfunction theory postulates that the 

tinnitus signal originates in the inner ear when one type 
of sensory cells (OHCs), are more dysfunctional than 
another type (IHCs) within the same area of the basilar 
membrane in the cochlea. 

 OHCs are primarily mechanical amplifiers and help to 
enhance soft sounds by providing 40-50 dB of 
amplification. 

 IHC are the true receptors for sound transduction and 
convert mechanical energy into electrical impulses to 
reach the brain. 

Neural gain is altered 
 SNHL (involving OHC dysfunction) gives rise to a 

measurable increase in the sensitivity of a high 
percentage of neurons in the auditory pathway 
(Gerken, 1979; Gerken, Saunders & Paul, 1984). 

 Decreased auditory input to the auditory system results 
in compensation within neuronal pathways.

 The extent of OHC damage is related to tinnitus 
(Kaltenbach et al, 2004; Mitchell & Creedon, 1995).

 Synaptic reorganization can occur over time.



8/28/2015

7

Imaging Findings
 Dysfunction in primary auditory cortex

 Dysfunction in auditory association areas

 Gating mechanisms associated with Prefrontal cortex 
and limbic system
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(Adjamian, 2014)

Bothersome tinnitus (distress)
 The limbic system controls our emotions, both positive and 

negative. Fear, joy and happiness are examples of emotions 
controlled and mediated by this system.

 The autonomic nervous system deals with ‘fight or flight’ 
reactions that are involved stressful situations. This system 
may be associated with an increasing level of alertness 
(sympathetic response) or controlling negative reactions  
(parasympathetic response) such as thirst or hunger. 

 It is important to realize that the limbic (emotional) and 
autonomic nervous system are normally activated by both 
pleasant and unpleasant stimuli but their involvement in 
tinnitus is exaggerated and not habituated. 
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Adapted from Jastreboff, TRT 
model

In clinically significant tinnitus, the auditory centers are strongly connected 
to the limbic and the autonomic nervous system. 

OHNS Guideline #1,2a & 2b
1. Clinicians should perform a targeted history and physical 

examination at the initial evaluation of a patient with 
presumed primary tinnitus to identify conditions that if 
promptly identified and managed may relieve tinnitus. 

2a. Clinicians should obtain a prompt, comprehensive 
audiologic examination in patients with tinnitus that is 
unilateral, persistent (< 6 months), or associated with 
hearing difficulties.  

2b. Clinicians may obtain an initial comprehensive audiologic
examination in patients who present with tinnitus 
(regardless of laterality, duration, or perceived hearing 
status). 

OHNS Guidelines, 2014, Volume 151
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Tinnitus Evaluation

 Determine the impact of tinnitus on the patient’s life

 Determine auditory aspects related to tinnitus

 Characterize the type of tinnitus

 Determine possible etiology

 Determine treatment strategy for tinnitus

Tinnitus-Related Distress

Negative 
Emotions

Concentration 
Problems

Sleep 
Disturbances

Determine if the impact of 
tinnitus on the patient’s life

 Is it 
bothersome?

 Is it non-
bothersome?
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Significant benefit for clinical success observed with at least a 40 percent 
reduction in the TRQ score (Davis, Paki, and Hanley, 2007).       

Determine auditory aspects 
related to tinnitus

 Audiograms: hearing closer to normal vs. sensorineural 
hearing loss

 Tympanometry

 DPOAES: OHC function

 BBN MLs

 LDLs
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RE LE

Type A A

MEP 5 5

SC 1.6 0.5

CV 1.6 1.5

Grad. 0.7 0.5

Left 
Contra

Right
Ipsi

Right
Contra

Left Ipsi

500 Hz 95 85 95 90

1000Hz 85 90 85 85

2000 Hz 90 90 90 90

EXAMPLE:

SRTs: 10 dB, 
bilaterally
WRs: 96% for RE & 
92% for LE @ 50 
dBHL, bilaterally

Characterize the type of 
tinnitus

 Frequency matching

 Loudness matching

 Subjective vs. objective

 Steady vs. pulsatile

RE LE

Frequency
matching

10 kHz 9 kHz

Loudness 
matching

60 dBHL 55 dBHL

BBN MMLs 38 dBHL 38 dBHL

EXAMPLE:
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Type Unilateral vs. bilateral Pulsatile vs. steady

Hearing loss Conductive vs.
sensorineural 

Sudden vs. gradual 
onset

Possible Etiology NIHL, ototoxic drugs
Meniere’s Disease;
AN?

Idiopathic

Vertigo Cochlear Retrocochlear or 
central

Distress Anxiety or depression Cognitive decline

Determine possible etiology

Determine treatment strategy 
for tinnitus

 Sound therapy devices (STDs)

 Hearing Aid Management (HAM)

 Cognitive Behavioral Therapy (CBT)

 Tinnitus Retraining Therapy (TRT)
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Type Hearing loss+Tinnitus Tinnitus

HAM STDs, CBT, TRT

Assessment Audiological measures BBNMML

Treatment Hearing aid TRT, CBT, Sound
therapy devices

Primary goal Amplification Habituation

Distress Evaluate change Evaluate change

Sound Therapy Option 1: Tinnitus 
Maskers

 Three types of therapeutic sound have been 
recommended for relief from tinnitus (Henry et al., 
2008).
 Soothing sound is used to induce a sense of relief from 

stress or tension caused by tinnitus.

 Background sound is an effective in managing tinnitus by 
reducing the contrast between the tinnitus percept and 
the acoustic environment.

 Interesting sound is used to directly or indirectly shift 
attention away from tinnitus.
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Sound Therapy Option 2: 
Neuromonics

 Intervention with NTT involves at least 6 months of 
using a proprietary, wearable listening device 2 to 3 
hours per day. 

 The Neuromonics device is similar to an MP3 player or 
New Age music that is specially selected for relaxation-
inducing (Henry et al., 2008).

OHNS Guideline #7

Clinicians should recommend a hearing aid evaluation 
for patients with hearing loss and persistent, 
bothersome tinnitus. 
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Hearing aids and tinnitus
 Amplify environmental sounds and suppress tinnitus

 For patients with significant SNHL, the enriched 
background sound is further amplified by hearing aids 

 Separate tinnitus control program available

 Possible to mix background signals with specific 
hearing aid programs
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Therapy Signals

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

Ocean Waves - modulated therapy signals, 
producing a sound similar to waves arriving 
on the shore line

Hearing Aids

 Surr, Montogmery, and Mueller (1985): About half of 
200 new hearing aid users reported partial or total 
relief from tinnitus after hearing aid use. 

 Surr, Kolb, Cord, and Garrus (1999): Means scores 
on the Tinnitus Handicap Inventory (THI) were 
significantly reduced after hearing aid use.

 Trotter and Donaldson (2008): More than two thirds 
of consecutive patients (2,153) who were fitted with 
hearing aids over a 25-year period reported 
improvements in tinnitus. 
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OHNS Guideline #9

Clinicians should recommend cognitive behavioral 
therapy to patients with persistent, bothersome tinnitus. 

Cognitive Behavioral Therapy 
(CBT)

 CBT is not intended to eliminate the tinnitus or reduce 
its perceived loudness.  CBT is intended to reduce 
reactions to tinnitus and to aid in coping with the 
deleterious effects of tinnitus on quality of life.

 Henry (2005) recommends educational counseling that 
includes maintaining: 1) avoidance of exposure to loud 
noise, 2) a background of constant low-level sound, 3) 
a healthy life-style, 4) a busy schedule, 5) educational 
awareness of tinnitus.
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OHNS Guidelines, 2014, 
Volume 151

Tunkel et al,. 2014

Vicious-circle model of tinnitus 
(Kroner-Herwig, 1997)

Dysfunctional 
appraisal and 

evaluation

Dysfunctional 
coping

Operant 
factors 

(avoidance 
behavior)

Tinnitus-
related 

annoyance, 
discomfort, 

and suffering

Failing of 
sensory and 
emotional 
habituation

Tinnitus 
perception

Focusing of 
attention
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OHNS Guideline #6
Clinicians should educate patients with persistent, 

bothersome tinnitus about management strategies.

Sound therapy facilitates tinnitus habituation by decreasing the 
strength of the tinnitus signal. In practice, this is achieved by 
instructions to the patient to avoid silence and to enrich the 
background sound environment.

Sound therapy facilitates tinnitus habituation by decreasing the 
strength of the tinnitus signal. In practice, this is achieved by 
avoiding silence and to enrich the background sound 
environment. 

Habituation insures that neural activity of tinnitus is blocked from 
reaching the limbic and autonomic nervous systems.

Tinnitus Retraining 
Therapy

 Basis for Jastreboff
model: Tinnitus 
generation may involve a 
dysfunction  of the outer 
and inner hair cells but is 
associated with 
increased spontaneous 
activity of auditory nerve 
fibers and/or abnormal 
patterns of activity in the 
auditory pathways that 
can be erroneously 
interpreted as sound.

 Both limbic and 
Autonomic nervous 
systems are involved 
leading to distress.
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Objectives of TRT (Henry et 
al., 2007)

 Primary objective of TRT is habituation of the negative 
reactions associated with the tinnitus (achieved through 
structured educational counseling).  

 The second objective can be met only if the primary 
objective has been achieved and involves habituation 
of tinnitus from conscious perception (sound therapy).

 For sound therapy, patients with more severe tinnitus 
are normally fitted with ear-level wearable devices 
(maskers and hearing aids).

OHNS Guideline #3

Clinicians should not obtain imaging studies of the 
head and neck in patients with tinnitus, specifically to 
evaluate the tinnitus, unless they have 1 or more of the 
following: tinnitus that localizes to 1 ear, pulsatile
tinnitus, focal neurological abnormalities, or asymmetric 
hearing loss. 



8/28/2015

25

Upcoming study
 fMRI of mechanisms involved in tinnitus masking

 Structural MRI

 fMRI studies are useful in discovering the underlying 
mechanisms in tinnitus which lead to new tinnitus 
management choices.

3T vs. 7T

The 7T Seimens
scanner has 
higher spatial 
resolution and a 
greater signal-
to-noise ratio 
than the 3T 
scanner.
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fMRI: baseline, masking 
applications


