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Abstract
Conclusion: Cochlear implant electrode position has an impact on the rate of tinnitus suppression and generation. Objective:
Suppression of pre-operative tinnitus or a generation of a new tinnitus in cochlear implantees is a known effect of cochlear
implantation. The aim of the current study was to evaluate different cochlear implant electrode positions and their relationship
with tinnitus suppression and tinnitus generation. Method: This study retrospectively evaluated four groups of CI recipients
with radiologically evaluated electrode positions in relation to their subjective tinnitus quality, as evaluated by an analogue
loudness scale (ALS) and a questionnaire. Group 1 consisted of 19 patients with a scalar change of the electrode position.
Group 2 consisted of 18 patients with a scala tympani position and a perimodiolar electrode. Group 3 consisted of 10 patients
with a scala tympani position and a lateral wall electrode. Group 4 consisted of eight patients with a scala vestibuli position.
Results: An overall tinnitus suppression rate of 45.9% and a generation of a new tinnitus or the deterioration of an existing one
of 5.6% were observed. A significant difference in tinnitus suppression was found between groups 1 and groups 2, 3, and 4 in
tinnitus suppression and tinnitus generation.
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Introduction

The suppression of tinnitus is a well-known effect of
electrical stimulation to the cochlea [1]. Besides
transcutaneous, transtympanal, round window, and
intra-cochlear forms of cochlear stimulation [2],
effects of a cochlear implantation on tinnitus have
been described [3].
Pre-operative tinnitus in cochlear implantees is

frequently discussed and the occurrence rate varies
between 65–100% [3]. The rate of tinnitus suppres-
sion or improvement by cochlear implantation differs
in the literature between 54% [4] and 93% [5].
Although in most of the studies a positive effect on
tinnitus is associated with cochlear implantation, less
frequently an increase of tinnitus perception or even
generation of tinnitus is described. These rates were

shown to be between 0% [5] and 28% [6]. Although it
is assumed that a suppressive effect of the cochlear
implant is related to the electrical masking effect, the
knowledge about causes and contributing factors is
limited. The surgery itself, as a potentially traumatic
procedure, is assumed to have an effect on suppres-
sion and generation of tinnitus [7].
The electrode position of the cochlear implant

determines physically the interaction between
nervous structures and the cochlear implant. The
intra-cochlear electrode position can be estimated
by different radiological techniques, e.g. digital
volume tomograhy, cone beam scan, flat panel
tomography, or multi-slice computed tomography
[8], and has been shown, if sufficiently performed,
to correlate with the histologically evidenced elec-
trode position [9]. It is widely accepted that a scala
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tympani position is most favourable because of the
likelihood of a better audiological outcome with the
cochlear implant [10]. Scalar electrode changes from
the scala tympani to the scala vestibuli are less favour-
able since they cause an intra-cochlear lesion by
disrupting the basilar membrane. As some types of
tinnitus are known to be generated intra-cochlearly,
the intra-cochlear position of the electrode might have
an effect on the generation/suppression of tinnitus in
cochlear implantees. The aim of the present study
was, therefore, to evaluate the effect of the cochlear
implant electrode position on tinnitus in cochlear
implantees.

Materials and methods

A post-operative radiological evaluation of the
cochlear implant electrode position is part of our
regular clinical protocol. Out of this data pool, four
groups were retrospectively further evaluated.
The first group included 19 patients with a scalar

change of the position of the cochlear implant elec-
trode from the scala tympani to the scala vestibuli.
Fifteen patients of this group were implanted with a
Cochlear Advance Contour electrode, two with an
Advanced Bionics Helix electrode inserted without a
tool, and two with an Advanced Bionics IJ electrode.
The second group included 18 patients chronologi-
cally implanted between September 2010 and August
2011 with a Nucleus Advance perimodiolar electrode
in a scala tympani position. The third group included
10 patients chronologically implanted between June
2011 and June 2012 with a Nucleus 422 array in a
scala tympani position. The fourth group included
eight patients. In this one, the electrode was inserted
into the scala vestibuli. Scala vestibuli insertion was
related to an obstructed scala tympani (e.g. due to
meningitis, otosclerosis).
Patients were only included in one of the four

groups if two radiologists and one surgeon estimated
independently the electrode position as described
above with the grouping criteria. All patients with
electrode positions that the reviewers did not
completely agree upon were excluded (Figure 1).
To minimize a selection bias, the patients for

groups 2 and 3 were chronologically included. This
was not possible for groups 1 and 4, since these
patients are rare in our implantees population.
In all groups, a mastoidectomy and a posterior

tympanotomy followed by a round window insertion
or a modified round window approach was performed
to access the inner ear. For all patients, flat panel
tomography was performed for the determination of
the scalar position of the electrode. Determination of
the electrode position was performed with an Allura

Xper FD20 system (Philips Medical Systems, Best,
Netherlands) with a flat panel detector. Parameters of
the system were as follows: entrance field of 22 cm;
274 mAs; 95 kV; 180� rotation; 241 projections;
filter = 0.90 mm Cu + 1.00 mm Al and posteroanter-
ior (p.a.). The focus panel distance was determined
and constant over the whole rotation at a frequency of
30 pic/s. Three-dimensional (3D) angiography was
performed in the unsubtracted mode. From this
volume dataset, the temporal bones were secondarily
enlarged (FoV of 100 mm), digitally stored, and sent
to an external workstation (Extended Brilliance
Workspace, Philips, Cleveland, OH) for two-
dimensional (2D) and 3D reconstruction.
Tinnitus was retrospectively evaluated by the

TQ12 questionnaire and a visual analogue loudness
scale (ALS;1–10).Timepoints takenof theoccurrence
of tinnitus included the day before surgery, 6 weeks to
2 months post-operatively, and at the final day of this
investigation (variable). End-points for groups 2 and
3 were between 9–30 months; for group 2, it was
between 17–30 months (mean = 23.4 months), and
for group 3 it was between 9–19 months
(mean = 14.5 months). Themean end-point for group
1 was 40.4 months (SD = 20.1 months) and for group
4 itwas 60.7months (SD=28.5months).Although the
end-point between the groupswas variable,we found it
to be comparable since the end-pointwas after the end-
point of other follow-up studies (6 months) [6], and
further changes of the tinnitus condition can be
assumed to occur rarely 6 months after the first fitting.
The first timepoint (6 weeks to 2 months) was chosen
since at this time the first fitting was performed. This
timepoint is, therefore, very well to be remembered by
the patient. In addition, the patients were questioned
whether the speech processor in operation changes the
loudness/intensity of their tinnitus. Changes in the
questionnaire scores were considered significant if
the score of the TQ12 [11] was changed by 5 points
and theALSby2points.Thestudywasapprovedby the
institutional review board (IRB-HNO-201301).

Results

The overall incidence of pre-operative tinnitus was
65.5% (36 out of 55). While in group 1, 73.6%
(14 out of 19) disclaimed pre-operative tinnitus,
50% (9 out of 18) in group 2, 60% (6 out of 10) in
group 3, and 87.5% (7 out of 8) in group 4 described
it. The mean pre-operative scores for the TQ12 and
ALS were 3.69 and 5.57, respectively.
We observed an overall tinnitus suppression rate of

45.9% and a tinnitus generation rate of 5.6%.
For group 1, two patients described generation of

tinnitus and one described an increase of loudness of a
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noise that existed before surgery. Thus, 16.7% of
patients showed a deterioration of the tinnitus situa-
tion. In 10 out of 14 patients (71.4%), suppression of
tinnitus was found post-operatively, while in four
patients no change occurred.
In group 2, we observed no generation or deteri-

oration of tinnitus, but five out of eight patients
(62.5%) showed suppression. For three patients of
this group, the tinnitus was unchanged.
In group 3, no generation or deterioration of tin-

nitus was found. In one patient (16.7%), suppression
was described and, for five patients, the situation was
unchanged.
In group 4, no patients described generation of

tinnitus. For two out of seven patients (28.6%) we
found suppression, and for four patients the situation
was unchanged.
The statistical analysis showed a significant differ-

ence as related to the deterioration effects between
group1and the controls,withno scalar change (groups
2, 3, and 4; Chi-square, p < 0.05). Additionally, a
significant difference as related to suppression was
observed between group 1 and the controls (groups
2, 3, and 4;Chi-square, p<0.05; Figures 2 and 3).This
level of statistical significancewasmainly caused by the
low degree of tinnitus suppression in groups 3 and 4.
Groups 1 and 2 had almost similar results regarding
suppression, but not for the generation of tinnitus.
Both groups included mainly patients implanted
with perimodiolar electrodes. Generation or deterio-
ration of tinnitus occurred only in group 1.
Pre-operatively, the mean TQ12 scores were 6.9 for

group 1, 3.81 for group 2, 4.8 for group 3, and
6.75 for group 4. The ALS scores were 4.21 for group

1, 2.41 for group 2, 3.5 for group 3, and 4.63 for
group 4.

Non-users of the speech processors

While mean TQ12 and ALS scores without SP chan-
ged in group 1 and group 2 after surgery, at the
6 weeks to 2 months time-point (group 1 TQ12 =
6.3; ALS = 3.5; group 2 TQ12 = 2.5; ALS = 1.8) and
the changes were significant by the end-point of
observation (group 1 TQ12 = 6.22; ALS = 3.15; group
2 TQ12 = 1.91; ALS = 1.25), the tinnitus situation for
groups 3 and 4 was less affected. If we exclude the
patients with generation of tinnitus, TQ12 and ALS
scores for group 1 were 5.06 and 3.18, respectively,
for 6 weeks to 2 months, and 4.06 and 2.43, respec-
tively, for the end-point (Figure 4).
MeanTP12 andALS scores changed in group 3 and

group 4 after surgery, at the 6 weeks to 2 months time-
point (group 3TQ12=5.4;ALS=3.1; group 4TQ12=
9;ALS = 6). Further changeswere observed at the end-
point for both groups (group 3TQ12 = 5.9; ALS = 3.6;
group 4 TQ12 = 7.75; ALS = 4.5) without SP.

A B

C

Figure 1. (A) Scala tympani position of an electrode. (B) Scala
vestibuli position of an electrode. (C) Scalar change of electrode
position.

0

2

4

6

8

10

12

ST/SV, n = 14 Controls,  n = 23

Figure 2. Difference in tinnitus suppression in patients between
group 1 (scalar changing) and control groups 2, 3, and 4 (Scala
tympani position or scala vestibuli position) with previous tinnitus.
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Figure 3. Difference in tinnitus generation/worsening between
group 1 (scalar changing) and control groups 2, 3, and 4 (Scala
tympani position or scala vestibuli position).
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Usage of the SP

While mean TQ12 and ALS scores with SP changed
in group 1 and group 2 after 6 weeks to 2 months
(group 1 TQ12 = 5.2; ALS = 2.6; group 2 TQ12 = 1.4;
ALS = 0.63) and showed a significant change at the
end-point of observation for both groups (group
1 TQ12 = 5.71; ALS = 2.31; group 2 TQ12 =
1.13; ALS = 0.68), the tinnitus situation for groups
3 and 4 was less affected. If we exclude the patients
with generation of tinnitus, the TQ12 and ALS scores
for group 1 were 4.06 and 2.18, respectively, for
6 weeks to 2 months and 3.13 and 1.56, respectively,
for the end-point (Figure 4).
We observed changes in mean TP12 and ALS

scores in groups 3 and 4 after 6 weeks to 2 months
(group 3 TQ12 = 5.3; ALS = 3.4; group 4 TQ12 =
8.25; ALS = 4.8) and further changes at the end-point
of observation (group 3 TQ12 = 5.6; ALS = 3; group
4 TQ12 = 7; ALS = 4) with SP.

Discussion

The effect of cochlear implantation on tinnitus is well
known, mainly in terms of suppression, but also, to a

lower extent, generation of tinnitus [6]. Since the
generation of tinnitus is known to be associated
with intra-cochlear trauma (acoustic or mechanical),
the impact of cochlear implantation—as a positive
factor in terms of electrical masking and a possible
negative impact due to the surgical trauma—is of high
relevance.
The current explanation for the suppression of

tinnitus is based on the masking effect due to the
electrical current provided through the implant itself
[7]. Based on this assumption, it could be speculated
that suppression should be independent of the
electrode position and electrode design.
Our data describe a statistically significant differ-

ence concerning the suppressive effect of a cochlear
implant between the study groups with a scalar
change in electrode position and with regularly
positioned electrodes in the scala tympani or scala
vestibuli (Figure 2). Looking further into the
electrode types used, excluding scalar change as a
contributing factor, and if we assume that a scalar
vestibuli-positioned electrode is more distant to the
spiral ganglion cells, we see an advantage of closely
positioned perimodiolar electrodes (group 2, rate of
suppression 62.5%) over more distant spiral
ganglion-positioned electrode arrays (groups 3 and
4, rate of suppression 16.7% and 28.5%, respec-
tively) for suppression of pre-operative tinnitus.
Based on this, we can assume that the distance of
the electrode to spiral ganglion cells might be a factor
not only for audiological outcome, but also for
tinnitus suppression.
Besides the positive effect of the cochlear implan-

tation itself, two additional factors can be assumed
to affect the suppression of pre-operative tinnitus:
(1) intra-cochlear trauma by the electrode; and (2)
perimodiolar position.
An explanation for the positive effect of cochlear

implantation-induced injury might be given by the
work of Salvi et al. [12], which showed cortical
re-organization after cochlear injury. Such plasticity
has been demonstrated both in animals [13] and in
humans with high-frequency hearing loss [14,15].
The implantation itself should lead to a second central
re-organization through neuroplasticity of the central
auditory pathway. The marked neuroplastic changes
within the cortex associated with a cochlear implant
use have been described by Giraud et al. [16]. It can
be assumed that a third re-organization occurs if
cochlear implantation is associated with a cochlear
trauma, as described for group 1.
The more positive effect of perimodiolar

electrodes (group 2) in comparison with lateral
wall-positioned electrodes (group 3) or scala
vestibuli-positioned arrays (group 4) might be
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Figure 4. (A) Mean tinnitus changes evaluated by the ALS ques-
tionnaire with and without audio processor in groups 1 and
2 excluding cases of tinnitus generation. (B) Mean tinnitus changes
evaluated by the TQ12 questionnaire with and without the audio
processor in groups 1 and 2, excluding cases of tinnitus generation.
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caused by a more current-focused interaction of the
cochlear implant electrode with the tonotopic posi-
tioned spiral ganglion cells, related to their distance
to the cells.
The negative side-effect of a scalar change in

group 1 was that the rate of tinnitus generation
(16.7%) was higher in comparison with group
2 (0%) and group 3 (0%). A cochlear injury with
subsequent peripheral and central re-organization
[12] could even be the explanation in the case of
tinnitus generation.
The role of the SP was also asked in the ques-

tionnaire. Using the SP led to a significant decrease
in the ALS and TQ12 scores in cases with pre-
operative tinnitus, mainly in groups 1 and 2. Inter-
estingly, non-usage of the SP also led to a decrease of
the tinnitus and ALS and TQ12 scores in compar-
ison with the pre-operative data (Figure 3A and B).
For groups 3 and 4, the data were almost
unchanged.
The suppressive effect of the SP is a well-described

observation. A sub-group-specific suppression with-
out using the SP has never been described before and
needs to be further evaluated. A purely intra-cochlear
injury-related re-organization of the pathway might be
an explanation for this effect, since lateral wall elec-
trodes (group 3) are known to be less traumatic than
the perimodiolar electrodes used by the majority of
patients in groups 1 and 2. The limited effect of
cochlear implantation on tinnitus in group 4 might
be explained by the intense pre-operative intra-
cochlear changes in this group.
Based on the evaluated data, two mechanisms of

tinnitus suppression by cochlear implantation can be
assumed: (1) re-organization by electrical stimulation;
and (2) re-organization by intra-cochlear trauma.
Based on the data for group 1, the re-organization
after cochlear implantation can be assumed to also
generate tinnitus.

Conclusion

Cochlear implant electrode position has an impact on
the rate of tinnitus suppression and generation.
Although a traumatic position has the highest rate
of tinnitus suppression, it cannot be favoured since it
is associated with tinnitus generation. Even not wear-
ing the SP has a positive effect on tinnitus suppression
compared with the pre-operative tinnitus situation in
specific sub-groups.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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