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Outer or middle ear
Cochlea - hair cell damage
The auditory nerve
The central auditory nervous system
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•Change or loss of hair cell function 
•Changes baseline neuronal 
activity
•Some hair cells may fire 
continuously
•May cause auditory sensations at 
or near the frequencies of the 
lesion
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•The tectorial membrane rests on the 
outer hair cells, not  the inner hair cells
•Damage to the outer hair cells may 
result in collapse of the tectorial 
membrane onto the inner hair cells 
•This collapse results in a constant firing 
of neural activity of the inner hair cells 
•This is interpreted as sound when it 
reaches central parts of the nervous 
system 

•Jim Henry, Ph.D. June 2003
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Cortical
Stimulation Lead

Implantable 
Pulse Generator

Programming 
System
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Tinnitus Characteristics

Subject Age M/F PTA (dB) Side Duration (yrs) Frequency (Hz) Loudness (dB) Min. Masking Level (dB)

1 32 M 87 R 14 4700 102 65

2 56 F 33 L 13 2150 41 59

3 58 F 62 R 3 2600 29 74

4 54 M 17 L 12 6400 52 72

5 42 M 68 R 10 2000 66 69

6 57 M 17 B* 17 6400 21 18

7 67 F 53 L 48 3400 62 51

8 67 M NR L 9 6400 41 64
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Pt.

Objective Measures Subjective Measures Quality of Life Measures

Loudness

(dB)

Masking Level

(dB)

Effectiveness

(0-100)

Loudness

(0-100)
TRQ THQ BDI

1
-22

(21%)
+2

(4%)
+65
(NA)

-10
(20%)

-59
(61%)

-24
(25%)

-30
(94%)

2
+29

(72%)
+10

(17%)
+30
(NA)

-5
(7%)

-15
(22%)

-7
(15%)

-2
(15%)

3
+21

(71%)
+6

(8%)
+5

(NA)
-5

(10%)
-10

(35%)
-5

(13%)
-4

(100%)

4
-7

(12%)
-38

(53%)
0

(0%)
+10

(13%)
-6

(12%)
-12

(24%)
-12

(43%)

5
+21

(32%)
+2

(3%)
0

(0%)
0

(0%)
-5

(8%)
-18

(29%)
+2

(14%)

6
-10

(16%)
+5

(9%)
0

(0%)
+15

(18%)
-27

(34%)
-15

(20%)
-11

(85%)

7
+15

(69%)
+10

(58%)
+20
(NA)

-10
(11%)

-25
(65%)

-22
(42%)

-2
(18%)

8
-9

(21%)
-32

(50%)
0

(0%)
0

(0%)
-24

(62%)
-39

(80%)
-8

(67%)

Degradation No change Improvement

³ 20% change < 20% change 0% change < 20% change ³ 20% change
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First report of tinnitus suppression with TMS was 2003 (Plewnia et al.; Langguth et al.)
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