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Structural and functional neuroplasticity 

of tinnitus-related distress and duration



Agenda

• Background  - From the ear to the brain

• Neuropsychological frameworks

• Tinnitus - distress and duration

• Results of neurophysiological and neuroanatomical studies

and discussion
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Plasticity in the auditory cortex

Bartels et al., 2007



The alliance of the tinnitus triad
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The auditory „phantom pain“

d
e

 R
id

d
e

r 
e

t 
a

l.
 (

2
0

1
1

),
 P

N
A

S

“ .. that phantom perception arises as the consequence of

multiple parallel overlapping dynamic brain networks ..”

“ .. we hypothesize that both tinnitus and phantom pain are

perceptual states of continuous learning, where — in

the absence of an external input — the phantom percept is

reinforced and the connection with aversive emotional

associations is continuously updated.”

“Through the involvement of learning mechanisms, the

phantom percept becomes associated to distress, which in turn

is reflected by a simultaneously coactivated nonspecific

distress network consisting of the parahippocampal area, ACC,

anterior insula, and amygdala.



Source density in alpha1 higher for high distress patients

Tinnitus and distress
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Source density in alpha2 higher for high distress patients



Subjective aspects of tinnitus
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Data driven PCA identifies two main factors:

1. Tinnitus distress

2. Tinnitus duration/presence



Subjective aspects of tinnitus

M
e

ye
r 

e
t 

a
l.

 (
2

0
1

4
),

 N
e

u
ra

l P
la

st
ic

it
y



Correlation with psychopathological data

Meyer et al. (2014), Neural Plasticity
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Correlation with 

psychopathological data

Duration

Präsenz

Meyer et al. (2014), Neural Plasticity

AAAA

BBBB

DDDD

CCCC



La
n

d
g

re
b

e
 e

t 
a

l.
 (

2
0

0
9

)

Structural 

Neuroimaging of 

Tinnitus



Negative Correlation „Distress - Volume“ 
(n=256, corrected for multiple comparisons)

Meyer, Neff, Liem, Kleinjung, Weidt, Langguth, Schecklmann (in prep.)

Reduced cortical volume in 

the bilateral auditory cortex 

and the right anterior insula



Meyer, Neff, Liem, Kleinjung, Weidt, Langguth, Schecklmann (in prep.)

Negative Correlation „Distress - Area“ 
(n=256, corrected for multiple comparisons)

Area contributes (not thickness) 

contributes to the finding of 

structural plasticity in bilateral 

auditory cortex 



Correlation „Distress - Thickness“ 

Meyer, Neff, Liem, Kleinjung, Weidt, Langguth, Schecklmann (in prep.)



Correlation „Duration - Thickness“ 

Meyer, Neff, Liem, Kleinjung, Weidt, Langguth, Schecklmann (in prep.)

Anterior ACC/subcallosal area =>

Gateway in the serotonergic limbo-

thalamocortical circuit

(Rauschecker et al. 2010, Neuron)



De Ridder et al. (2013)



Summary

• Evidence that TI must not be considered a homogeneous 

group.

• Long duration since onset of tinnitus does not necessarily 

result in emotional distress

• Non-distressed TI may have better noise cancelling system or 

top-down coping strategies

• Cortical surface area and cortical surface may change 

specifically as function of tinnitus-related distress and 

duration

• EEG- and MRI based brainprints may help to classify distinct 

tinnitus subtypes and may further development of 

neuromodulatory treatment.



Thanks for your attention !!

Before brain imaging always think of



Functional-structural Network Model 

of Tinnitus Pathophysiology

(modified after De Ridder et al. (2013))

Red circles: results corrected for multiple comparisons

Blue circles: uncorrected results
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Neuronal synchronicity

Cochlear damage results in partial deafferentiation and
breakdown of lateral inhibition of frequency gradients in the
auditory cortex.

When local inhibition is reduced the neighbouring modules
“take over” the recent representation due to increased
excitation.

Eventually, this leads to subjective abnormal sound sensations.

Thalamocortical (TRN) dysrhythmia contributes to the
generation of this vicious circle.

The tinnitus triad: auditory, attentional and emotional circuits
start to ally.



Resting-state EEG in tinnitus persons
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Neuroanatomical alterations in tinnitus individuals


