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Abstract: The aim of this study was to evaluate the effectiveness of electrical tinnitus suppression in two groups of chronic severe tinnitus sufferers. Through standard tinnitus questionnaires, we compared the effectiveness of extratympanic and intratympanic auditory electrical
stimulation (AES) by cochlear implants (CI) for the suppression or abolition ofthe perception
of tinnitus and the decrease of its associated complaints. We made otolaryngological and comprehensive audiological assessment and also tinnitus measurement in each group of patients
before and after AES and 50 days later. We investigated the dimensions of psychological complaints due to chronic and disabling tinnitus by means of the tinnitus questionnaire (TQ) .
The control examination during at least seven sessions (50 days) after AES in the group of
patients without implants showed improvement in 20 of 32 patients (62.5 %); 12 (37.5 %) did
not notice any change. In the comparative group of patients with implants, improvement occurred in 16 of 20 patients (75 %); during the switch-on of the speech processor, these patients
reported significant attenuation or complete suppression of their tinnitus. Complete suppression of the tinnitus after CI was observed for 11 patients (55 %), and 5 patients (25 %) demonstrated significant attenuation of tinnitus . Nonsuppression of tinnitus was observed for only
4 patients (25 %). None of our patients was affected by an increment in the tinnitus owing to
CI. The differences of means of scores in the standard TQ were significant in both groups of
patients. A comparison of TQ score differences between patients with and without implants
showed no significance. We concluded that AES is a useful and effective therapeutic intervention in patients with tinnitus . Extratympanic AES reduces the effects of the tinnitus but presents limitations, mainly owing to the short duration of the electrical residual inhibition of the
tinnitus. CI is shown to be more efficient for the treatment of tinnitus, mainly because the electrical stimulation affects a wider area of the cochlea and is presented for longer sessions.
Therefore, patients affected by incapacitating tinnitus should be considered for continuous use
of electrical stimulation.
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T

innitus is the consciousness of sound that arises
in the head without an obvious voluntary origin
[1 ,2]. This symptom is a widespread problem
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that can cause considerable disability or handicap in
tinnitus patients. Davis [2] reported that tinnitus is a
major factor associated with hearing impairment. He
found that some 10% of all adults report prolonged
spontaneous tinnitus and that approximately 5% of
those have moderately or severely annoying tinnitus .
He also reported that 2-4% of tinnitus patients have
been referred to a hospital for their tinnitus . Coles [3]
found that 1- 2 adults in 100 report tinnitus that has had
a severe effect on their quality of life. Psychiatric
studies have indicated that tinnitus may also increase
the risk for developing a subsequent mental disorder
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[4,5]. Self-report and clinical assessments are much in
agreement. The first systematic study of self-report tinnitus appears to be that of Tyler and Baker [6].
Standard questionnaire studies have been performed
using various aspects of tinnitus complaint behavior.
As a first approach toward the specific assessment of
tinnitus-related disturbances , Hallam et al. [7] developed a self-rating scale to cover the most frequent complaints reported by tinnitus patients attending a neurootological outpatient clinic. Hiller and Goebel [8] and
Hiller et al. [9] obtained similar results. The main role
of such questionnaires lies in assessing the effectiveness of therapy using before-and-after presentations
rather than in a global evaluation of patients prior to
therapy . Various modes of treatment to suppress tinnitus have been attempted with different workers.
Auditory electrical stimulation (AES) is one treatment that has been explored for tinnitus suppression
and has shown some benefit. Historically, Feldmann reported that Grapergiesser was one of the first investigators to work on tinnitus suppression by transcutaneous
stimulation with Volta's platinum zinc cell (as cited in
Watanabe et al. [10)). Since then , numerous workers
have performed electrical stimulation with electrodes
placed at various sites and using different waveforms of
electrical stimuli.
Electrical stimulation for tinnitus suppression was
investigated by many authors who reported its effectiveness: 22% by Graham and Hazell (1987) (as cited in
Balkany et al. [11)); 57.4% by Matsushima [12]; 67 .6%
by Okusa et al. [13]; and, finally, 87% by Portman
(1979) (as cited in Balkany et al. [II)). The purpose of
our study was to evaluate the effectiveness of electrical
tinnitus suppression in two sample groups of chronic
severe tinnitus sufferers. We compared the effectiveness of AES and the role of cochlear implant (CI) for
the suppression or abolition of the perception of tinnitus , and the degree of disability owing to tinnitus was
evaluated using standard tinnitus questionnaires as well
as relative standard tinnitus questionnaires (TQs) .

SUBJECTS AND METHODS

pacitating tinnitus and profound hearing loss on both
sides (11 implanted with Nucleous-22 and 9 with Combi
40+ devices). All patients who were implanted were
postlingually deaf.
The members of both groups had been unsuccessfully treated by many medical methods and gave their
written consent to participate in this study. It was approved by the Iranian Cochlear Implant Center committee and a committee of the department and research
center of otolaryngology and head and neck surgery.
In the group of patients treated with extratympanic
AES (EAES), the location of tinnitus was the right ear
in 4 patients and the left in 13 patients; it was bilateral
in 13 patients and occurred in the middle of the head in
2 patients. In the group of patients treated by CI, the location of tinnitus was the right ear in 1 patient and the
left in 4; it was bilateral in IO patients and occurred in
the middle of the head in 5 patients.

Procedure
Pre- and postelectrical stimulation evaluation consisted
of a comprehensive audiological examination; history taking; medical examination; temporal bone x-ray; electrophysiological tests (e.g. , auditory brain stem response and
electrocochleography); tinnitus psychophysical measurement (pitch match and loudness matching, minimal
masking level , and residual inhibition and annoyance
scaling); pure-tone audiometry; and tympanometry.
The patients without implants received EAES with a
nucleus promontory stimulation system , which was
used for the evaluation of CI candidates . They received
bipolar stimulation under 600-Hz burst currents (square
waves) presented for a duration of 0.5 seconds in seven
sessions of 30 minutes. We measured the tinnitus severity scale (TSS) together with the loudness and pitch
of the tinnitus before and after AES.
The patients with implants were asked about the tinnitus affecting them (location, quality, tinnitus awareness, kind of noise perceived, how often it appeared,
and the like) before the implantation and after the first
switch-on of the processor.

Subjects
In the period between 1999 and 2002, we treated 52
adult patients (two groups) suffering from moderate to
severe or disabling tinnitus. One group consisted of 32
patients without implants (20 male , 12 female; mean
age , 42.19 years ; age range , 21- 67 years) affected by
tinnitus and moderate to severe hearing loss with a nucleus promontory stimulator. A second group included
20 patients with implants (12 male, 8 female ; mean age,
28.85 years; age range, 14-56 years) affected by inca-

86

Pitch Match and Loudness Balance Test
We estimated tinnitus identification parameters objectively as follows [10]. For the tinnitus pitch-match test,
we used a two-alternative forced-choice method. We
gave different pairs of pitch sounds from a clinical audiometer (Madsen OB822) at 11 frequencies (from 125 Hz
through 12 kHz); we then decreased or increased the
pitch (which was not similar to tinnitus), after which
subjects were asked to identify which one best matched
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the pitch of their tinnitus. Pitch-match test was typically multiples of I kHz. Finally, we administered an
octave confusion test for a final pitch-match test. Before
each tone pair was presented, they were adjusted to a
loudness level equivalent to that of the tinnitus.
Tinnitus loudness match was obtained at each of the
test tones used in the pitch-matching procedure. Subsequently, with the auditory threshold level (a) at that frequency, the sound was increased in I-dB steps until a
patient reported that the external tone equaled the loudness of the tinnitus. The sound level matching that of
the tinnitus (b) and the sound level a little louder than
that of the tinnitus (c) were obtained by an audiometer
(loudness balance test). We used the mean level of
loudness between points (b) and (c) as the representative loudness of tinnitus. The formula of the loudness
(expressed as decibels of sensation level [dB SL]) is as
follows:
Loudness of tinnitus = [( b

+ c)/2

- a] dB SL

The criteria of objective methods for evaluating tinnitus after AES using tinnitus identification parameters
were such that the change seen as a diminishing or
worsening of tinnitus loudness match or changes in the
pitch of tinnitus occurred when reduced or increased by
at least 1,000 Hz and loudness was reduced or increased by at least 2 dB SL.
In the implanted group, subjects were asked to rate
the loudness of their tinnitus on a lO-point visual analog scale and a TSS for a total of four sessions to determine the stability of their tinnitus without treatment.
Also, to determine the quality and pitch of tinnitus, they
were asked about the kind of noise they perceived
prior, during, and after the switch-on of the processor.
The minimum level of stimulated signal that registers
as inaudible in tinnitus was recorded and termed the
minimum masking level; also, the duration of tinnitus
loudness reduction after AES was termed the electrical
residual inhibition.

Tinnitus Questionnaire
We administered the Persian version of the TQ as a
measure of dimensions of associated tinnitus complaints. (The instrument had been translated into Persian by two independent and experienced clinicians,
both fluent in English and Persian.) The questionnaire
then was retranslated and carefully compared to achieve
maximum congruence. Original and translated versions
were additionally reviewed by two other bilingual and
bicultural colleagues on our staff.
The TQ consists of 52 items that assess the subjective psychological effects of AES as described by patients. These factors included emotional distress, cognitive

distress, intrusiveness, auditory perceptual difficulties,
sleep disturbances, and somatic complaints. For each
factor, respondents were asked to indicate their agreement by circling one of the three response alternatives:
true (scored as 2), partly true (scored as 1), and not true
(scored as 0) [7]. The Cronbach alpha is high (0.910.95), indicating a high degree of internal consistency,
and the high test-retest correlation (0.91--0.94) indicates very good stability over time [14]. Improvement
or worsening of condition was determined by patients'
declaring a change in tinnitus of at least 40%.

Extratympanic and Intratympanic AES
by Cochlear Implant
AES was performed by inserting an active surface tympanic membrane electrode through the external ear inside the posterior inferior tympanic membrane and
locating a silver surface electrode on the forehead, delivered by a stimulation system (nucleus promontory
stimulator) that was used for evaluating CI candidates.
Next, we put a saline solution in the ear canal and measured four current levels: first, the smallest current level
(including sound sensation in patients); second, the tinnitus suppression level; and finally, the most comfortable level and the uncomfortable current level at which
patients felt pain. Bipolar 50-Hz burst currents (square
waves) were presented for a duration of 0.5 second. We
then stimulated the tinnitus ear at current levels, which
were at the maximum comfort level. The stimulus duration of the AES was 20 minutes for seven sessions on a
twice-weekly basis. The scope of electrical impulse differed with individual patients and depended on tinnitus
parameters and patient sensation.
The AES included levels ranging from 60 to 500 f,LAmp.
Depending on individual tolerance and frequency, it
ranged from 50 to less than 600 Hz. We performed a
statistical analysis of all relevant data with the paired
t-test.
After AES (first, mid-, and final session), we estimated the therapeutic effects by patients' subjective reports of changes of tinnitus by TQs and the pitch-match
and loudness balance tests. Changes were classified
into three groups: Tinnitus became inaudible or reduced (complete or partial residual inhibition); tinnitus
was not changed (nonresidual inhibition); or tinnitus
became worse than before AES or before CI (increment
of the tinnitus). In all patients, we performed the loudness match test, and the subjective changes on TQ
items paralleled the changes in the loudness match test.
In the patients with implants, the criteria of subjective methods also were exactly the same criteria as
those for patients without implants (the AES group):
before the implantation, after the first switch-on of the
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processor, and some 2 months later. All patients with
implants were postlingually deaf.

RESULTS
The duration of tinnitus in patients treated with EAES
ranged from 6 months to 32 years (mean, 90.19 ::!:: 92.81
months). Tinnitus duration in patients treated with CI
ranged from 12 months to 28 years (mean, 117 .60 ::!::
69.92 months). We estimated the therapeutic effects by
patients' subjective reports of changes in the tinnitus.
The tinnitus was present always or almost always for 15
(75%) and often for 5 (25%) patients with implants. The
severity of tinnitus before the CI is shown in Figure 1.
Although the characteristics of tinnitus varied considerably across subjects, all subjects considered their
tinnitus to be "intense," "relatively intense," or "moderate," affecting their lives on a daily basis. In rating average prestimulation tinnitus loudness, more than onehalf (65%) rated their tinnitus as greater than 7 on a
lO-point visual analog scale. The mean baseline loudness rating was 7.2110. Most subjects (93.4%) had experienced tinnitus for 2 years or longer.

Tinnitus Suppression
After CI, 16 of the studied patients reported a significant elimination or substantial reduction of the incidence of tinnitus. Complete suppression of the tinnitus
after CI was observed in 11 patients (55%), and 5 patients (25%) indicated a significant attenuation of tinnitus. Nonsuppression of the tinnitus was observed for
only 4 patients (20%). None of our patients was affected
by an increment in the tinnitus due to CI.
Twenty of 32 patients (62.5%) in the nonimplanted
group indicated that their tinnitus was suppressed after
AES. The treatment had no effect on 12 patients
(32.5%). Tinnitus did not become worse in any of our
tinnitus sufferers. The duration of suppression after
stimulus is shown in Table 1. All 16 patients with implants experienced significant attenuation or complete
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Figure 1. Incidence of tinnitus severity before cochlear
implant.
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Table 1. Frequency Distribution of Electrical Residual
Inhibition in Patients With and Without Implants After
Auditory Electrical Suppression
Type of Electrical
Residual Inhibition
Complete electrical
residual inhibition
Partial electrical residual
inhibition
Nonelectrical residual
inhibition
Total

No. of Patients
Without
Implants (% )

No. of Patients
With
Implants (%)

5 (15.6)

II (55)

15 (46.9)

5 (25)

12 (37.5)

4 (20)

32 (100)

20 (100)

suppression of their tinnitus during the switch-on of the
speech processor. Tinnitus was not aggravated in any
patient (in either group).

Pitch and Loudness of Tinnitus
In the patients without implants, the mean difference in
the tinnitus pitch from 6,153.5 Hz (SD = 2,280.5) to
6,618.7 Hz (SD = 2,330.2) was not significant in the
suppression group nor from 6,820 Hz (SD = 2,852.5)
to 5,386 Hz (SD = 3,693) in the nonsuppression group
(p > .05). In the suppression group, the decrease in the
mean of tinnitus loudness from 7.12 dB SL (SD = 2.86)
to 4.83 dB SL (SD = 2.36) was significant (paired
t-test, p < .001), but in the nonsuppression group, the
mean difference in the loudness from 6.95 dB SL (SD =
2.02) to 7.17 dB SL (SD = 1.99) was not significant.
In the patient group with implants, we perceived no
significant differences in kind of noise, such as tinnitus
before and after CI (p > .05). The difference of the means
in the TSS from 40.36 (SD = 10.59) to 30.18 (SD =
8.63) was significant in patients with CI (p < .001).

Changes in the Tinnitus Questionnaire
We analyzed all factors of the TQ before and after intervention by EAES in all cases. In patients without implants, the decrease in the mean scores of their emotional distress factor from 52.43 (SD = 18.48) to 39.86
(SD = 22.69) was significant (paired t-test, p = .001)
and, in the CI patients, the mean differences from 52.27
(SD = 20 .75) to 35.57 (SD = 19.06) was similarly significant (p = .00l). Also, in both groups, the mean differences in the scores of the TQ-inc1uding cognitive
distress, emotional distress, emotional-cognitive distress,
intrusiveness, auditory perceptual difficulties, sleep disturbances, and somatic disturbances before and after
AES-were significant (for all,p < .05). Changes in the
scores of the TQ in both groups are shown in Table 2.
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Table 2. Differences in Tinnitus Questionnaire Mean Scores Before and After Auditory Electrical Suppression in Patients
With and Without Implants
Patients Without Implants

Psychological Complaint

Before
(Mean ::':: SO)

After
(Mean::':: SO)

Emotional distress
Cognitive distress
Emotional-cognitive distress
Intrusiveness
Auditory perceptual difficulties
Sleep disturbances
Somatic disturbances

52.43
55.07
52.83
56.47
52.01
42.92
38.58

39.86 ::'::
44.19 ::'::
41.97 ::'::
44.73::'::
37.62 ::'::
32.46 ::'::
27.73::'::

Total complaints
SD

::'::
::'::
::'::
::'::
::'::
::'::
::'::

18.48
20.36
18.70
21.79
25.99
36.32
32.36

50.66 ::':: 19.34

22.69
18.43
19.24
25.05
27 .24
32.34
30.97

39.03 ::':: 20.35

Patients With Implants

p Value
.001
.001
.005
.000
.004
.01
.02

Before
(Mean ::':: SO)

After
(Mean::':: SO)

52.27
58.75
58.58
60.05
49.99
47.60
41.11

35.57
46.46
44.13
45.35
31.08
36.90
26.60

::'::
::'::
::'::
::'::
::'::
::'::
::'::

20.75
18.27
17.86
17 .62
29.56
29.90
29.46

52.84 ::':: 14.82

.000

::'::
::'::
::'::
::'::
::'::
::'::
::'::

19.06
J 9.77
18.53
21.32
22.81
26.43
29.48

38.45 ::':: 13.99

p Value
.001
.007
.003
.004
.004
.004
.02
.001

= standard deviation.

For the comparison of the prognosis of electrical
stimulation treatment in patients with and without implants, we subtracted the first TQ scores from the second TQ scores (i.e., scores after 50 days) and compared
the result between two groups with a t-test. Interestingly, we observed no significant difference (p = .49;
Table 3). The comparison between global TQ score
means across two groups is shown in Figure 2.

DISCUSSION
Management of patients with tinnitus is an extremely
perplexing problem. Also, the treatment of tinnitus is
still an open challenge, there being no single way to resolve it to date. Tinnitus suppression is well-known to
occur during and after the treatment period with the use
of AES [15]. Also, researchers have found that in a
number of CI users, tinnitus was significantly reduced
or disappeared when their implants were switched on.

Table 3. Comparison of Tinnitus Questionnaire Mean Score
Differences Between Patients With and Without Implants

Psychological
Complaint

Patients Without
Implants
(Mean ::':: SO)

Patients With
Implants
(Mean ::':: SO)

- 13.06 ::':: 21.28
- 10.87 ::':: 16 .93

- 20.69 ::':: 18.05
- 12.26 ::':: 15.23

.23
.78

- 10.86 ::':: 15.81
- 11.74 ::':: J8.22

- 14.45 ::':: 15.66
- 14.70 ::':: 16.75

.47
.59

- 14.38 ::':: 25.86
- 12.45::':: 25.62

- 18.91 ::':: 12.56
- 10.69 ::':: 12.05

.55
.80

- 10.80 ::':: 24.53

- 14.50 ::':: 22.29

.62

- 11.57 ::':: 13.41

- 14.39 ::':: 12.57

.49

p

House and Brackmann [16] evaluated 29 CI patients
who also were experiencing tinnitus. House [17], who
initiated the CI procedure, previously observed that
electrical stimulation within the cochlea produced a
suppression of tinnitus in some patients. Electrical stimulation from the CI produced total suppression of tinnitus in 8 patients (28%) and partial suppression in 15
patients (52%), for a total of 80% of their patients experiencing some degree of tinnitus relief. No patient's tinnitus was worsened by electrical stimulation.
The CI uses alternating current rather than direct current. In our study, the percentages of patients showing
improvement in the CI group (80%) and in the EAES
group (62.5%) are comparable with those found previously; the percentages were 67% and 59%, respectively,
in Ruiz-Rico et al. [18] and 54% in Collet et al. [19] and
in House [17]. We had observed a significant decrease
in the incidence of tinnitus both in patients treated with
CI and in those treated with extratympanic AES. We
used the EAES technique only in patients who had severe tinnitus and for whom other treatments were unsuccessful. The effectiveness of electrical stimulation
depends on the characteristics of the electrical stimulus
and on the anatomical area of stimulation [20].

Value
60
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Emotional-cogn iti ve
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Intrusiveness
Auditory perceptual
difficulties
Sleep disturbances
Somatic
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Figure 2. Comparison of global tinnitus questionnaire mean
scores for patients with and without implants. (AES = auditory
electrical suppression.)
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In our opinion, beside the characteristics of electrical stimulation, a significant factor is the continuous
use of AES. The method was explained and accepted
by all our patients . In a clinical context, we used AES
to treat people who were experiencing significant levels
of distress , to specify precisely the nature of their difficulties and to assess the outcome of specific therapeutic
intervention . We used extratympanic and intratypanic
AES with a visual analog scale, tinnitus identification
parameters, and a standard TQ.
The TQ, developed by Hallam et al. [7], represents a
promising step toward improving the description and
measurement of psychological complaints associated
with chronic tinnitus. The TQ seems to be the most comprehensive assessment of tinnitus-related complaints
[13,14]. Further, the TQ is the only instrument providing a very broad description, with six scales derived
from both factor analysis and clinical evidence [14] .
After seven sessions (50 days) of treatment by EAES,
we found a significant difference in all dimensions of
the TQ before and after electrical stimulation in patients both with and without implants (p < .05).
Continuous use of electrical stimulation by CI or external electrical stimulus seems to produce a progressive inhibition of the tinnitus in patients with distressing tinnitus . Therefore , the mechanism involved in the
tinnitus inhibition is not only tinnitus masking. Continuous electrical stimulation reduces the spontaneous firing of the ipsilateral and contralateral cochlear nerves,
probably owing to the reactivation of the efferent system. Also, the continuous use of electrical stimulation
produces a cumulative reduction of the incidence of tinnitus in patients treated with CI, and EAES causes improvement of the residual inhibition in tinnitus patients.
Although study comparisons are confounded by differences in success criteria, subject sampling, and
methodology, acute tinnitus suppression has been reported in up to 67 % of subjects [21]. The suppression
of tinnitus after AES has been widely reported [1013,15 ,16,21 ,22]. This stimulus might cause the reduction of the effects of tinnitus . Many factors could be involved in this reduction. The effects on the cochlear
nerve play an important role in the suppression of tinnitus by electrical stimulation, synchronizing discharges
of the audi·tory nerve fibers, and inhibition of the abnormal activity of the cochlear nerve. Another factor may
be the revival of the neural coding pattern of auditory
information in the neural pathways and normalization
of silent coding patterns in the auditory cortex; the
mechanisms involved in the improvement of tinnitus
effects are probably related to created neural plasticity
during that period. Also related is reactivation ofthe efferent system. The mechanism of beneficial effect by
electrical stimulation on tinnitus suppression can be
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due to increased microcirculation in part of the auditory
pathways as a reflex effect [23].
Although no specific waveform proved to be selectively effective, the frequency of stimulation was important. In general, frequencies ranging up to 600 Hz tended
to be more effective than were higher stimuli in creating suppression in the highest proportion of patients .
We can conclude that AES is a useful and effective
therapeutic intervention in patients with tinnitus . AES
appears to alleviate tinnitus by altering the acoustic pattern of the tinnitus to one that is less annoying or to
eradicate the tinnitus completely. The permanence of
the improvement varies greatly. Also, according to our
experience, we offer use of this intervention in patients
with such compliance early in their workup, because
early intervention seems to help positive plasticity of
neurons and to provide better results in tinnitus rehabilitation. Therefore, patients affected by incapacitating
tinnitus should be considered for continuous use of
electrical stimulation.
Our study measured certain therapeutic effects of
AES for tinnitus relief in patients with persistent tinnitus, but our results may have been due to treatment or
to other nonspecific effects. The adverse effects of AES
are minimal. A significant number of patients reported
improvement in hearing sensitivity and also a considerable degree of relaxation during and after AES, but this
could not be verified by objective evaluation. Possibly ,
insignificant clinical changes of the auditory threshold
occurred, as our measurements were not sufficiently
sensitive. We would stress that our results should be
viewed with caution, given the small size of our patient
sample, and we invite further study to render precise indications for AES (intratympanic or extratympanic)
that are as meaningful as possible.
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