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Objective: The aim of this study was to evaluate the hearing
results of revision stapes surgery performed because of previ-
ously failed operations and to determine the causes of failure.
Study Design: Retrospective review of revision stapes
operations.
Setting: Tertiary referral center.
Patients: Sixty-three consecutive revision stapes operations
were performed in 56 patients over a period of 12 years (1992–
2004). The indication for revision surgery was recurrent or per-
sistent air-bone gap greater than 20 dB after primary surgical
treatment of otosclerosis of the oval window.
Results: All patients were operated on to improve hearing.
Sixty-three revision stapes operations resulted in closure of the
air-bone gap to 10 dB or less in 52.4% of cases. The average
postoperative air-bone gap was 13.1 dB, and the mean pure-tone
average improvement was 12.9 dB. In six patients (9.5%), re-
vision surgery produced no change in hearing, and in four

(6.3%) the hearing decreased by 5 dB or more. In one patient,
the operation resulted in a profound hearing loss. Prosthesis
malfunction was the most common primary cause of failure
(60.3%). The original prosthesis was replaced with a new one
in 48 cases. In 30 of these (62.5%), closure of the air-bone gap
to within 10 dB was achieved. In 15 cases, the prosthesis was
not replaced, and in only four of these (26.7%), closure of the
air-bone gap within 10 dB was obtained (p , 0.022).
Conclusion: Revision stapes surgery is less likely to be suc-
cessful than the primary operation. Closure of the air-bone gap
to within 10 dB was achieved in 52.4% of patients. The success
rate was better in cases where the original prosthesis was re-
placed with a new one. The risk for decreased bone-conduction
threshold does not seem to be higher than in primary surgery.
Key Words: Hearing improvement—Otosclerosis—Revision
stapes surgery.
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Otosclerosis is one of the forms of conductive hearing
loss that can be corrected by surgery. Stapedectomy and
stapedotomy, introduced by Shea (1,2), have been ac-
cepted worldwide as standard surgical techniques for
treating clinical otosclerosis. Many reports have been
published dealing with historical, audiologic, and surgical
aspects of the operation. Various materials, such as vein,
fascia, perichondrium, periosteum, fat, and blood, are
used for covering the oval window. Surgeons have always
advocated atraumatic surgery of the oval window involv-
ing minimal manipulation of the stapes prosthesis. The
primary stapes operation is usually one of the most suc-
cessful procedures (3–6).

Failure of primary stapedectomy or stapedotomy for
otosclerosis or reappearance of conductive hearing loss
after a successful surgical procedure frequently necessi-
tates a revision stapes operation. It is generally recognized
that postoperative hearing results of revision stapes

surgery are inferior to those obtained by primary oper-
ations for hearing restoration. The hearing results achieved
are dependent on the cause for revision surgery. Revision
surgery is associated with a potential risk of inner ear
trauma, and sensorineural hearing loss is more likely to
occur (7–10).

There is a disparity in hearing results between revision
stapes operations reported in the literature. The rate of
successful operations (closure of the air-bone gap within
10 dB or less) ranges from 18 to 80%. The same studies
reported the incidence of postoperative sensorineural
hearing of 0 to 20%. These disparities are mainly attrib-
utable to different primary surgical techniques used and
to the cause of failure identified at revision surgery and
the technique used to solve the specific problems. Hearing
results after revision surgery also depend on the number
of previous revisions (11–21).

PATIENTS AND METHODS

We retrospectively analyzed 63 revision stapes proce-
dures performed between 1992 and 2004 because of pre-
viously failed operations for otosclerosis. All the patients
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were operated on at the Department of Otorhinolaryn-
gology and Cervicofacial Surgery, University Medical
Center Ljubljana. Preoperatively, the patients were eval-
uated by otomicroscopy, tympanometry, and pure-tone
audiometry (PTA). Mean audiometric results were cal-
culated for the frequencies of 500, 1,000, 2,000, 3,000,
and 4,000 Hz. Preoperative PTA performed nearest to
the date of revision stapes surgery was used as the
baseline test. The indication for revision surgery was
recurrent or persistent air-bone gap (ABG) greater than
20 dB over the three-frequency range 500 to 2,000 Hz.
No patient presented with sensorineural hearing loss or
vestibular symptoms. Patients with stapes mobilization
performed as the initial surgical correction for stapedial
otosclerosis were included in the study. All the revision
procedures were carried out under local anesthesia and
with supplemental intravenous narcoleptic sedation via
a standard transcanal approach.

At revision, the tympanic flap was elevated, the malleus
and incus were inspected by tympanoscopy, and their
mobility was assessed by palpation. The connection of
the prosthesis to the incus and its position in the oval
window niche were checked. The oval window was
closely explored and the original stapedectomy (partial
and total) or stapedotomy fenestra was inspected. The
displaced or malfunctioning prosthesis was removed
and replaced with a new Schuknecht Teflon wire-piston
prosthesis or tissue-wire prosthesis and some connective
tissue was placed around the piston. The minimum
length of the Schuknecht Teflon wire-piston prosthesis
was 4.5 mm, and its diameter was 0.6 mm. For a shorter
long process of the incus, a longer prosthesis was used.
When present, adhesions of the middle ear were dis-
sected with a microsurgical knife. Fibrous membrane in
the oval window was opened with a straight stapes pick,
and the bony closure at the fenestra was reopened with
a handheld drill. Otosclerotic regrowth was defined as
bony proliferation of the footplate. Surgical findings were
divided into several categories. The method of repair
used in revision surgery was dictated by the pathologic
findings at the time of revision.

All preoperative PTAs were obtained within 1 month
before surgery. The postoperative audiometric values
used were obtained between 1, 3, and 6 months after the
revision surgery. The average hearing loss was deter-
mined by PTA (ISOR 389) in decibels, at frequencies of

500, 1,000, 2,000, and 4,000 Hz via air-conduction
threshold (ACT) and bone-conduction threshold (BCT)
levels. ABG was calculated between ACT and BCT. The
postoperative ABG was then determined by subtract-
ing the postoperative BCT from the postoperative ACT,
as recommended by the Committee on Hearing and Equi-
librium of the American Academy of Otolaryngology–
Head and Neck Surgery (22). Postoperative overclosure
or sensorineural hearing loss was calculated by sub-
tracting postoperative BCTs from preoperative BCTs.
Descriptive and inferential statistics were performed on
all variables. Counts and percentages were used to de-
scribe nominal data. Concerning the cause of failure, the
middle ear exploration disclosed more than one possible
cause of failure. We recorded all those reported causes
and selected the one that we felt was the major factor.
The associations between various operative findings, sur-
gical techniques, number of revisions, types of prosthe-
ses, preoperative ABGs, and postoperative ABGs were
statistically analyzed using x2 and Student’s t test. A
value of p, 0.05 was considered statistically significant.
All statistical analyses were performed using SPSS for
Windows Version 11 (SPSS, Inc., Chicago, IL, U.S.A.).

RESULTS

During the period 1992 to 2004, 63 consecutive revi-
sion stapes operations were performed in 56 patients.
There were 36 women and 20 men; their average age at
the time of revision surgery was 47.3 years (range, 16–
74 years). Revision surgery was performed on 21 right
ears (33.3%) and 42 left ears (66.7%). Fifty-six cases
required one revision operation, five cases required two
revisions, and one case required three revisions. The
interval between the primary operation and revision sur-
gery ranged from 2 to 408 months (mean, 85.8 months).
In patients undergoing the second revision in the same
ear, the interval between the first and the second revision
operation was 21 months (range, 12–34 months). We
performed 41 revisions (65.1%) in patients with a pre-
vious stapedectomy, 20 revisions (31.7%) in patients
with a previous stapedotomy, and 2 revisions (3.2%) in
patients with a previous stapes mobilization.

Table 1 demonstrates mean audiometric results for
frequencies 500 to 4,000 Hz in 63 revisions. Hearing

TABLE 1. Mean preoperative and postoperative audiometric results for 63 revision stapes operations

500 Hz (dB) 1,000 Hz (dB) 2,000 Hz (dB) 3,000 Hz (dB) 4,000 Hz (dB) Average in all frequencies (dB)

Preoperative
ACT 57.8 58.5 61.1 63.2 70.7 62.3
BCT 21.3 27.1 40.3 41.3 43.1 34.6
ABG 36.5 31.4 20.8 21.9 27.6 27.7

Postoperative
ACT 43.2 45.9 47.8 50.9 59.2 49.4
BCT 24.8 29.3 39.7 43.2 44.4 36.3
ABG 18.4 16.6 8.1 7.7 14.8 13.1

ACT, air-conduction threshold level; BCT, bone-conduction threshold level; ABG, air-bone gap.
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gain was obtained in all frequencies, especially in the
middle frequencies. The main postoperative ABG was
13.1 dB; at 3,000 Hz, it was 7.7 dB; and at 2,000 Hz,
it was 8.1 dB. Table 2 shows the average hearing im-
provement for all patients grouped into 10-dB incre-
ments. Forty-two patients had a hearing improvement of
11 dB or more. Table 3 demonstrates ABG closure within
10 dB, 20 dB, 30 dB, and more after revision surgery.
Thirty-three revisions (52.4%) had postoperative ABG
closed to within 10 dB. Successful postoperative ABG
closure to within 20 dB was obtained in 79.4%. Six
patients had further revision surgery, and one of them
had to be reoperated on for the third time. After second
revision, one patient had the postoperative ABG closed
to within 10 dB; in two patients, the postoperative ABG
was closed to within 20 dB; and in one patient, it was
closed to within 30 dB. In one patient, sensorineural
deafness occurred after the second operation. In the
patient undergoing three revision operations, ABG clo-
sure to within 10 dB was obtained after the first and
second revisions. Seventeen months after the first revi-
sion in this patient, the mean ABG was 35 dB, and
34 months after the second revision, the mean ABG was
28 dB. Six months after the third revision, the ABG was
16 dB.

The most common cause of failure was prosthesis dis-
placement (47.6%). Displacement of the prosthesis out
of the oval window occurred in 18 cases (28.6%), dis-
placement at the level of the wire attachment to the incus
occurred in 6 cases (9.5%), and displacement from the
oval window niche and incus occurred in 6 cases (9.5%).
In eight cases (12.7%), well-positioned prostheses were
fixed in the middle ear by adhesions (Table 4), and the
original prosthesis was replaced with a new one in six
cases. Postoperative closure of ABG to within 10 dB
was achieved in three cases and to within 20 dB in two
cases. Hearing deteriorated in one patient.

Table 5 indicates the status of the incus and malleus at
revision surgery. In 18 cases (28.6%), the incus was
fixed by dense fibrous tissue in the middle ear. Partial
erosion of the long process of the incus was noted in
four cases (6.3%), and fixation of the incus and malleus
was noted in one case (1.6%). This case was managed
with an oval window to the malleus prosthesis.

Table 6 shows the status of the oval window on ex-
ploration. Revision surgery was most frequently re-
quired because of bony regrowth at the fenestra in the
oval window (30.2%). Two patients had undergone a

previous stapes mobilization. On exploration, fibrosis
tissue overlying the oval window niche was found in 10
cases (15.9%). In all of them, the tissue-wire prosthesis
was used in previous stapes operations. In one case
(1.6%), a subluxated footplate was found on surgical
exploration.

On revision, the original prostheses were mostly
replaced by the Schuknecht Teflon wire-piston prosthe-
ses (84.7%). Nineteen patients (30.2%) had the tissue-
wire prostheses replaced by pistons. A prosthesis of
incorrect length was found in 18 cases (28.6%). Schuknecht
Teflon wire-piston prostheses of the same type and di-
mension were used in eight revision operations (12.7%).
In one case only (1.6%), the piston was replaced by the
tissue-wire prosthesis (Table 7). The original prosthesis
was replaced by a new one in 48 cases, which resulted in
an ABG closure to within 10 dB in 30 cases (62.5%). In
15 patients, the original prosthesis was left in place; in
only four of these (26.7%), the ABG closed to within
10 dB. The difference between both groups was statis-
tically significant (p , 0.022).

DISCUSSION

The potential for hearing improvement in revision
stapes surgery is dependent on the pathologic findings at
surgery. This is often attributable to less-than-ideal pre-
servation of normal anatomy. Hearing results are evaluated
by a postoperative ABG. Successful revision surgery
was often defined as a closure of ABG to within 10 dB
and was achieved in 18 to 80% of the cases reported
by various authors. Significant postoperative hearing
gain indicated by postoperative ABG closure to within
20 dB was reported in 54 to 92% of cases (8,10–12,
15,16,20,21,23–27). Our results, indicating ABG closure
to within 10 dB in 52.4% of cases and closure to within
20 dB in 79.4% of cases, are comparable with those of

TABLE 4. Status of prosthesis at the time of revision, and
frequency of postoperative air-bone gap closure

No. (%) ,10 11–20 dB 21–30 dB .30 dB

No pathologic
findings 25 (37.7) 11 6 4 4

Displacement at
oval window 18 (28.6) 10 6 1 1

Displacement at incus 6 (9.8) 4 1 1 —
Displacement at oval

window and incus 6 (9.8) 3 2 1 —
Fixed by adhesions 8 (13.1) 5 2 1 —

TABLE 2. Air-conduction threshold hearing
improvement after revision stapes surgery

Hearing change No. %

Improved .30 dB 13 20.6
Improved 21–30 dB 15 23.8
Improved 11–20 dB 14 22.2
Improved 0–10 dB 12 19.0
Unchanged 5 7.9
Worsened 3 4.8
Dead ears 1 1.6

TABLE 3. Frequency of air-bone gap closure to within
10 dB, 20 dB, 30 dB, and more after revision stapes surgery

dB No. %

,10 dB 33 52.4
11–20 dB 17 27.0
21–30 dB 8 12.7
.31 dB 5 7.9
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previously reported series. The degree of hearing gain
also depends on the number of previous revisions. The
chance of hearing improvement drops by 10% with each
successive revision (12). Only in two of the five patients
with two revisions was the postoperative ABG closure to
within 10 dB obtained.

Prosthesis malfunction was the most common cause
for primary stapes surgery failure in our study (60.3%).
Displacement of the prostheses from the oval window,
from the incus, and from the oval window and incus
occurred in 30 cases (47.6%). The rate of prosthesis
displacement in the published series is 18 to 82%, and
must be lower in the series with a higher proportion of
previous stapes mobilization procedures (7–12). Most
probably, many of these prosthesis displacements could
have been avoided if the proper length of prosthesis had
been selected on the basis of accurate measurements of
the distance between the incus and the oval window.
Displacement of the prosthesis from the oval window
may contribute to formation of fibrous membrane. The
fibrous membrane over the oval window can be opened
with conventional instruments or with laser (8,13,14).

In patients with well-positioned prostheses, eight
prostheses (12.7%) were fixed in the middle ear by
adhesions; in 18 cases (28.6%), the incus was fixed by
dense fibrous tissue. Adhesions in the middle ear fixing
the ossicles and prosthesis have been reported in several
series as a common cause of primary stapes surgery
failure (10,14–16). These results seem to be less fre-
quently reported for stapedotomy, probably because of
the less traumatic technique used and because of the
absence of graft placement (23). This is in keeping with
our observation that adhesions occur more frequently in
patients with a previous stapedectomy (20.6%) and are
less common in patients with previous stapedotomy
(7.9%). This high incidence of middle ear adhesions
relative to the rates reported in the literature may be
attributable to the nonuse of laser techniques in the pri-
mary stapes operation (6,9). In ears with adhesions
identified as the only probable cause of failure, prosthesis

removal gave only a slight mean improvement. Lippy
et al. (24) showed that it is better to leave the stapes
prosthesis in place: in 11 of 13 cases studied, replacing
the prosthesis did not result in hearing gain, and in two
cases the hearing even deteriorated. A possible cause of
unfavorable results after stapes surgery is partial fixation
of the malleus caused by calcification of the anterior
mallear ligament and anterior mallear process. Partial
mallear fixation leads to functional failure in 37.5% of
cases of stapes revision surgery (28). A reduced mobility
malleus caused by stiffening of the ligaments not only is
difficult to assess by palpation but also can be easily
overlooked (29).

Among other oval window problems, lateralization of
the oval window membrane with the resultant inefficient
function of the prosthesis emerged as probably the most
significant one. Extrusion of the prosthesis out of the
oval window and bony regrowth were common intraop-
erative findings in the series studied. Including the two
previous mobilization cases, bony regrowth was the
cause of failure in 30.2% of our cases, which exceeds the
rates reported in previous studies. In all cases, the orig-
inal prosthesis was replaced with a new one. It may be
that these findings represent a late manifestation of long-
standing otosclerosis. New bone formation at the oval
window may drive the prosthesis out of the fenestra.
New bone may accumulate after the prosthesis has been
displaced from the oval window niche or because too
short a prosthesis has been inserted (10,14,18).

Otosclerotic or other bony regrowth may occur while
the prosthesis is still in the oval window niche. It can
impede the motion of the prosthesis and cause differential
movement between the incus and the attachment wire,
resulting in incus erosion (10,19). At revision surgery,
bony regrowth in the oval window was noted in three of
our four cases with incus erosion. In previously reported
series, erosion of the incus was found in 4.8 to 43.2% of
cases (7,8,10,18). Some authors have advocated reposi-
tioning the prosthesis higher on the incus. This is some-
times difficult to do because of the taper of the proximal

TABLE 5. Status of the incus and malleus at revision surgery, and frequency of postoperative air-bone gap closure

No. (%) ,10 dB 11–20 dB 21–30 dB .30 dB

No pathologic findings 33 (52.4) 16 10 4 3
Regrowth of otosclerotic lesion 19 (30.2) 11 5 2 1
Growth of fibrous tissue 10 (15.9) 3 2 2 1
Footplate subluxation 1 (1.6) 1 — — —

TABLE 6. Status of the oval window at the time of revision, and frequency of postoperative air-bone gap closure

No (%) ,10 dB 11–20 dB 21–30 dB .30 dB

No exchange 15 (23.8) 4 4 4 3
Tissue-wire replaced with piston 19 (30.2) 10 7 1 1
Longer piston 15 (23.8) 9 4 1 1
Replaced with the same type 8 (12.7) 5 1 2 —
Thinner and longer piston 2 (3.2) 2 — — —
Piston after mobilization 2 (3.2) 2 — — —
Wider piston 1 (1.6) 1 — — —
Piston replaced with tissue-wire 1 (1.6) 1 — — —
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portion of the incus long process and because of the
position of the horizontal part of the facial nerve. If the
long process of the incus is not long enough, the pros-
thesis must be attached to the malleus (21). In all our
cases with incus erosion, the prosthesis was removed out
of the oval window, and a new, longer prosthesis was
placed on the proximal portion of the incus.

Fibrous tissue covering the fenestra was a common
finding, noted in 15.9% of our cases, and may have been
a consequence of a preexistent, perilymphatic fistula,
which had closed spontaneously. Smyth and Hassard
(23) demonstrated that a small-fenestra stapedotomy is
less likely to result in fistula formation than stapedec-
tomy. In our series, fibrous tissue covering the oval niche
was found in eight cases with primary stapedectomy and
in two cases with primary stapedotomy. Perilymphatic
fistula was not found in any revision case. Openings in
the oval window membrane can be created carefully and
safely without the use of the laser. Small openings allow
for the discovery of fixed fragments of the footplate or of
the entire fixed stapes footplate. Many authors do not
recommend the violation of the oval window tissue seal
at revision stapes surgery, or are supportive only of
limited opening created with a laser (13,20,21).

Our policy for revision stapes surgery is to examine
closely both the attachment of the prosthesis to the incus
and the conditions that prevail in the oval window niche.
In many cases, the position of the prosthesis in the oval
window was less than ideal, and the prosthesis was in-
adequately attached to the incus. In addition, bony re-
growth in the oval window niche was present in several
cases. In such cases, at revision stapes surgery the orig-
inal prostheses were replaced with the new ones. Pistons
can be easily and safely removed without disturbing the
patient’s inner ear. Tissue-wire prostheses are more dif-
ficult to remove because they are firmly incorporated
within the oval window seal (9,16,21,26). Safe removal
without a laser is possible, but it carries a slightly higher
risk of causing sensorineural hearing loss. In our study,
tissue-wire prostheses were replaced with wire-pistons
in 19 patients (30.2%). Only one of them suffered a
decline in the postoperative BCT level. The original
prosthesis was replaced with a new one in 48 cases. In

30 of these (62.5%), closure of the ABG to within 10 dB
was achieved. In 15 cases, the prosthesis was left in
place, and closure of the ABG to within 10 dB was
achieved in only four (26.6%); three showed BCT dete-
rioration. The difference was statistically significant
(p , 0.022).

CONCLUSION

According to the authors reporting on their experience
with revision stapes surgery, the likelihood of success is
lesser in revision operations than in the primary proce-
dures. The hearing results are dependent on the cause for
the revision stapes surgery. This is often because of less-
than-ideal preservation of normal anatomy, and the
method of repair is usually determined by the pathologic
findings at the time of revision. Recurrent or persistent
conductive hearing loss was found to be most commonly
attributable to the less-than-ideal position of the pros-
thesis in the oval window and to its inadequate attach-
ment to the incus. Other causes included bony regrowth
at the oval window and the presence of fibrous tissue in
the middle ear. The success rate was better in cases
where the original prosthesis was replaced with a new
one. In the absence of labyrinthine disturbances, the
prosthesis should be removed safely from the vestibule
without the use of a laser.
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