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Introduction

The term far-advanced otosclero-
sis was introduced by House and
Sheehy1 to indicate clinical oto-
sclerosis with air conduction
thresholds of more than 85 dB
HL, and with non-measurable
(with a standard clinical audiome-
ter) bone conduction thresholds
in any of the speech-hearing
frequencies (500, 1000, and
2000 Hz). Otosclerosis is a disor-
der of the bone metabolism of the
otic capsule. During the active
phase or otospongiosis, immature
spongy bone arises as the normal
lamellar bone is resorbed. During
the inactive phase, dense sclerotic
bone is present.2 How exactly
abnormal bone metabolism leads
to sensorineural hearing loss has
not been elucidated yet but a few

mechanisms have been suggested.
Otosclerosis affects the endosteal
lining of the cochlea and induces
ossification of the round window
membrane and of the scala tympa-
ni.3 Sensorineural hearing loss has
also been shown to occur without
direct endosteal involvement by
the otospongiotic focus.4 In such
cases, it has been suggested
that toxic substances (proteolytic
enzymes) reach the endosteal
cochlear capsule through small
bony channels, resulting in degen-
eration (hyalinization) of the spi-
ral ligament and atrophy of the
stria vascularis.5

A definitive diagnosis of
cochlear otosclerosis can be
established when high-resolution
CT scans show the appearance of
a bony lucency forming the charac-
teristic “double ring”, which is

thought to reflect demineralized
foci of active otosclerosis.6

Moreover, sclerotic foci may nar-
row the cochlear turns, which can
be mostly seen at the basal turn.6

Up until recently, stapedectomy
and subsequent hearing aid fitting
has been the standard approach for
patients with far-advanced oto-
sclerosis,7,8 but recently cochlear
implantation has proved to yield
better hearing and communicative
skills.9

Materials and methods

During the last 10 years, our
clinic implanted 170 deafened
people, and five of them affected
by far-advanced otosclerosis were
selected for this study. These
patients met one or more of the
following criteria: 1) previous
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surgical intervention as a treatment
of their otosclerosis, 2) multiple
family precedents of otosclerosis
3) radiologically confirmed coch-
lear otosclerosis. CT scans were
graded according to Rotteveel’s
scheme10 defined as follows: type 1:
solely fenestral, either spongiotic
or sclerotic lesions, type 2: retro-
fenestral with or without fenestral
involvement and double ring
effect (type 2a), or narrowed basal
turn (type 2b) or double ring and
narrowed basal turn (type 2c)
and type 3: severe retrofenestral
(unrecognizable otic capsule), with
or without fenestral involvement. 

The standard procedure for
cochlear implantation consisted of
a cortical mastoidectomy, posteri-
or tympanotomy and electrode
insertion through a cochleostomy
located anteroinferior to the round
window.

All patients received the Coch-
lear Contour device with speech
processor 3G. The behavioral
thresholds (T-levels) and comfort
levels (C-levels) were measured
along the electrode array from
basal to apical electrodes. The
implanted devices were pro-
grammed with the ACE speech
coding strategy, monopolar 1 + 2
stimulation, and with a stimulation
rate of 1200 pulses per second;
with 12 electrodes, the total 

stimulation rate was 14400 pulses
per second.

Preoperatively, a pure-tone
audiogram was established in each
patient and the thresholds were
measured at the frequencies 0.25,
0.5, 1, 2, and 4 kHz. Speech
recognition was evaluated before
and after implantation with the
“AHEPA speech discrimination
test” which was developed for the
Greek language. The subtests of
this protocol, obtained without
lipreading, were: 1) distinction of
isolated vowels of Greek language
(open set), 2) distinction of
consonants and groups (isolated)
in Greek language, 3) distinction
of bissyllabic pseudo-words,
4) distinction from a known list
of words, 5) distinction from
couples and sequences of four
words and sentences with minimal
phonological differences, 6) dis-
tinction from a limited list of
words different in length and into-
nation, 7) distinction and perfor-
mance of the greatest possible
number of words from a flowing
simple Modern Greek text (speech
tracking), 8) distinction of bissyl-
labic words from an open list, and
9) distinction of sentences (ques-
tions). Among them, we selected
the two more representative 
subtests: 7 and 9. The speech
perception skills were evaluated at

2-3 days, 3, 6 and 12 months after
implantation. A group of age-
matched postlingually deaf adults
without otosclerosis and who
received a cochlear implant was
used for comparison.

Results

Table 1 lists the age, sex, side of
previous stapedectomy, radiografic
severity of otic capsule disease,
side of cochlear implantation,
and amount of insertion of the
electrode array for all subjects.
One patient had solely fenestral
disease, 3 patients had localized
retrofenestral disease, and one had
diffuse retrofenestral disease with
loss of the normal architecture of
the cochlea (Figure 1). All five
subjects had bilateral profound
hearing loss (mean HL >90 dB
HL). 

In all otosclerotic patients, the
basal turn was identified during
the operation and full electrode
insertion was achieved. However,
in patient 2 and 4, the otic capsule
was thicker than normal and more
drilling was required, but the
lumen of the scala tympani was
finally found. Patient 2 experi-
enced facial nerve stimulation
(FNS) as a visible movement of
facial musculature during cochlear
implant activation three months

Table 1

Age, sex, side of previous stapedectomy, grade of bone resorption on CT scans, and amount of electrode insertion in the ear under-
going cochlear implantation for five subjects with far-advanced otosclerosis

Patient Sex, age Side of previous
stapedectomy

CT scan type
(according to
Rotteveel et al.10)

Side of
implantation

Insertion of
electrode

1. F.P. 61, � Right ear 1 Right ear Full

2. T.D. 49, � Right ear 3 Right ear Full

3. N.F. 60, � Left ear 2a Left ear Full

4. A.N. 69, � Right & left ear 2b Right ear Full

5. P.E. 62, � Left ear 2a Left ear Full
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after the implantation. The FNS
could be eliminated by reducing
the C-level of basal electrode 4 by
10 steps. There was no need to
increase the pulse duration (25 µs)
to higher values. 

The mean values of behavioral
T- and C-levels of our five sub-
jects did not statistically differ
(Student t-test, p >0.05) from
those of the non-otosclerotic con-
trol group (Figure 2). Similarly,

the mean of the speech tracking,
sentences, and total scores was
slightly better in the non-otoscle-
rotic group compared to the mean
of the otosclerotic patients
(Student t-test, p >0.05) (Table 2).

Discussion

The five patients with far-
advanced otosclerosis derive sig-

nificant benefit from cochlear
implantation. In otosclerosis, the
pathologic condition is mainly
present in the lateral wall of the
cochlea and leaves the auditory
nerve uninvolved.4 Fayad et al.3

estimated the number of spiral
ganglion cells in seven temporal
bones with otosclerosis, and found
a sufficient (40% to 85% of nor-
mal) number of cells for success-
ful electrical stimulation.11

Figure 1
Axial CT scan image of the petrosal bones of otosclerotic
patient 2. On the right side, normal architecture of the cochlea
is fully lost (type 3). The piston of the previous stapedectomy
is also shown. On the left side (type 2c), the characteristic
double ring is visible (1) and the basal turn of the cochlea is
narrowed by local otosclerotic foci (2).

Figure 2
Threshold (T-) and comfort (C-) levels in otosclerotic (n = 5)
and non-otosclerotic (CTRL) (n = 10) patients.

Table 2

The mean speech tracking, sentences and total scores for 2-3 days, 3, 6 and 12 months after cochlear implantation are shown for the
otosclerotic (n = 5) and non-otosclerotic (control) (n = 10) group

Speech tracking test (%)

2-3 days 3 months 6 months 12 months

Otosclerotic group 1.8 18.2 36.3 49.7

Control group 4.6 20.0 48.2 52.2

Sentences (%)

2-3 days 3 months 6 months 12 months

Otosclerotic group 16.4 52.7 53.1 60.5

Control group 18.7 51.2 53.7 64.8

Total score (%)

2-3 days 3 months 6 months 12 months

Otosclerotic group 25.6 62.3 72.1 79.0

Control group 28.2 62.2 80.4 83.6
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In far-advanced otosclerosis,
surgical implantation may be
complicated by ossification of the
cochlea, which can be reliably
detected on preoperative CT
scans. Intraoperatively observed
ossification within the cochlear
ducts has been reported to occur
from 10 to 37% of otosclerotic
patients (Table 3). In our study, in
two (40%) patients with CT scan
type 2b and 3 respectively, the otic
capsule was thickened and
required more drilling. Thus, in
far-advanced otosclerosis, the oto-
sclerotic lesions are more exten-
sive and can also affect the
cochlear ducts. Nevertheless, in
all our cases full insertion of the
electrode array was possible. In
other studies, a full electrode
insertion was also achieved
(Table 3), except for Rotteveel’s et
al.10 study which reports partial
insertion or misplacement of the
electrode array in 10 (18%) of his
patients. In case of extensive ossi-
fication within the lumen of the
scala tympani, a number of tech-
niques have been developed in
order to enable electrode inser-
tion. A second cochleostomy with
projection to the second turn fol-
lowed can be performed to insert

the Nucleus double array
implant.19 Also, the electrode array
can be inserted into the scala
vestibuli by extending the
cochleostomy 1 to 2 mm superior-
ly.20 In Ruckenstein’s et al.12 study,
two patients had a scala vestibule
insertion because of osteoneogen-
esis of the scala tympani.

In our patients affected by oto-
sclerosis, T- and C-levels were
found to be higher than the medi-
an value of those in non-otoscle-
rotic patients with a cochlear
implant. This was attributed to
otospongiotic changes that occur
in otosclerosis, resulting in abnor-
mal bone conductivity with
decreased resistance. Because the
impedance of bone decreases, it is
likely that more current spreads
outside the cochlea away from the
auditory nerve.17

Otosclerotic patients achieved
excellent speech perception after
implantation and obtained almost
similar results to those achieved
by the control group. According to
our protocol, speech perception
skills of the otosclerotic patients
gradually improved with time in a
period of one year. All these
patients were able to converse
over the telephone using their

implants and performed very well
on the distinction of sentences
subtest.

FNS is a well-known adverse
effect of cochlear implants. In far-
advanced otosclerosis, the report-
ed incidence of FNS in cochlear
implant recipients varies widely
from 17% to 78% (Table 3). In our
clinic, 4 (2.3%) out of 170
cochlear implantees experienced
FNS and among them one patient
had otosclerosis. FNS has been
reported to occur as a result of an
electrical shunt between the
cochlear ducts and the facial
nerve.21 The massive bone resorp-
tion in otosclerosis and a gradual
thinning of the bone between the
facial nerve and cochlea might
contribute to this shunt.16,17 In
Rama-López’s study14 no FNS was
noted among 30 patients and their
strategy consisted of inactivation
of the implicated electrodes.
However, this may result in
decreased performance if too
many electrodes must be inactivat-
ed. A technique called variable-
mode programming can also solve
FNS22: while the non-offending
electrodes receive normal pulses,
the offendig electrodes receive
wider pulses. In our study, the
variable-mode programming was
not used since setting the current
level below the threshold for FNS
did not significantly reduce
speech perception.

It has been suggested that FNS
is caused by the more distal elec-
trodes of the array (deeper in the
cochlea), especially the electrodes
(e.g. 12 to 20) that are adjacent to
the superior aspect of the basal
turn and thus in close proximity
with the geniculate and
labyrinthine segment of the facial
nerve.16,23 However, this is not
always the case since in our
patient experiencing FNS, the

Table 3

According to the literature, incidence of otosclerotic patients presenting intra-
operatively with basal turn ossification, degree of insertion of the electrode array

and postoperative facial nerve stimulation
-: not reported

Nb of Intraoperative Insertion of the Facial nerve
patients basal turn electrode stimulation

ossification

Ruckenstein (12) 8 3 (37%) Full 2 (25%)
Quaranta (13) 9 3 (33%) Full 3 (33%)
Fayad (3) 20 6 (30%) Full 0 (0%)
Rama-López (14) 30 4 (13%) Full 0 (0%)
Marshall (15) 30 3 (10%) Full 5 (17%)
Rotteveel (10) 53 17 (32%) Partial (18%) 20 (38%)
Bigelow (16) 4 – – 3 (75%)
Muckle (17) 4 – – 3 (75%)
Rayner (18) 9 – – 7 (78%)
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responsible electrode was in the
proximal portion of the array
(electrode number 4). In this
patient, having CT scan type 3, the
FNS is possibly more related to
the location of the bone resorp-
tion. Marshal et al.15 demonstrated
that severity of bone resorption
on CT scans is correlated with
the likelihood on FNS. Surgical
methods were also advocated to
resolve the facial nerve stimulation
such as the use of a perimodiolar
hugging electrode array in order to
place the electrode as close as pos-
sible to the auditory nerve resulting
in lower T- and C-thresholds,10

or the reimplantation with newer
devices.24 Our patient presenting
with FNS was implanted with the
Cochlear Contour device, which
was a perimodiolar hugging elec-
trode array.

In conclusion, patients suffering
from far-advanced otosclerosis
may benefit from cochlear implan-
tation with performance scores
comparable to non-otosclerotic
implantees. The surgeon should be
aware that extensive otosclerotic
bone resorption on CT scans might
predict difficulties during elec-
trode insertion and higher proba-
bility on FNS. After sufficient
drilling of the thickened otic cap-
sule until a lumen is visualized,
full electrode array insertion can
mostly be performed. Moreover,
FNS can mostly be overcome by
appropriate resetting of the current
levels for comfort level without
affection overall speech discrimi-
nation performance.
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