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ABSTRACT
Objective: The aim of this study was to evaluate the audiological outcomes of bilateral stapes surgery and to determine the safety of second 
ear surgery.
Methods: Fifty-seven patients who were operated on in both ears were retrospectively analyzed. Socially serviceable hearing, air-bone gap, air-
bone gap gain, functional, and symmetrical hearing successes were evaluated.
Results: In the initial and later surgery, functional successes were 84% and 88%, respectively. The patients who had functional success after 
the first ear surgery had higher functional success after the second surgery than those who did not. Symmetrical hearing success rate was 33% 
in the first surgery and 63% in the second surgery.
Conclusion: The other ear surgery outcomes in patients who had functional success at initial surgery are as good as the first operation and 
contralateral surgery can be applied safely.
Keywords: Hearing loss, bilateral, otosclerosis, audiology, ossicular chain reconstruction

Introduction

Otosclerosis is a primary focal disease involving the bony laby-
rinth.1 The prevalence of clinical otosclerosis ranges from 0.3% 
to 0.4% in the general population, which is bilateral in 80% of 
the cases.2 The surgical treatment option for the conductive 
component of hearing loss is usually stapes surgery, but when 
the inner ear is also affected, patients may require a hearing aid 
or a cochlear implant.3 Stapes surgery is a well-defined, safe, 
and cost-effective option for the treatment of conductive 
hearing loss in patients with otosclerosis.4

The expectation of patients with bilateral disease from stapes 
surgery may be efficient and symmetrical hearing in both ears. 
Binaural hearing provides depth and localization to the stimu-
lus by combining information in the brain from the 2 ears, and 
stereophony plays an important role in this process. Interaural 
time difference (ITD) and interaural level difference (ILD) are 
peripheral determinants of binaural hearing. Interaural time 

difference is the delay of the signal reaching the 2 ears, and 
the frequencies below 850 Hz are significant predictors of 
ITD sensitivity. Interaural level difference is the intensity dif-
ference reaching the 2 ears, and the frequencies above 3 kHz 
are significant predictors of ILD sensitivity. Having bilaterally 
symmetrical thresholds is an important variable for achieving 
binaural hearing. Also, speech perception is improved in the 
presence of noise with binaural hearing. However, patients 
with bilateral disease may not be willing to take the risk of sud-
den hearing loss or vestibular complications again, which may 
develop immediately or be delayed after surgery.5,6 Therefore, 
patients may remain undecided about getting the other side 
ear surgery.

There are conflicts in the literature regarding the possible ben-
efits and risks of the other side ear surgery.5,7,8 In this study, we 
aimed to evaluate the audiological outcomes of stapes surgery, 
to determine symmetrical hearing, and to assess the reliability 
of the other ear surgery in patients with bilateral otosclerosis.

19

1

CC BY 4.0: Copyright@Author(s), “Content of this journal is licensed 
under a Creative Commons Attribution 4.0 International License.”

Available online at www.b-ent.be

mailto:mrhcyln@gmail.com
http://orcid.org/0000-0001-7330-9306
http://orcid.org/0000-0002-6958-4169
http://orcid.org/0000-0001-9398-4261
http://orcid.org/0000-0002-9287-5626
http://orcid.org/0000-0002-1700-1443
http://orcid.org/0000-0001-9874-3862
http://creativecommons.org/licenses/by/4.0/


B-ENT 2023; 19(1): 44-49 Ceylan et al. Bilateral Stapes Surgery Outcomes

45

Materials and Methods

Study Design and Study Population
This single-center retrospective study was conducted at the 
otorhinolaryngology department of a tertiary care center 
between January 2009 and March 2022. A total of 57 patients, 
who were operated on in both ears for conductive hearing loss 
and diagnosed with otosclerosis, were included. Patients who 
had revision surgery and who underwent any intervention or 
received material rather than the classical pistons, to ensure 
the continuity of the ossicular chain, were excluded from the 
study. A written informed consent was obtained from each 
patient for all diagnostic and therapeutic procedures. The 
study was approved by the local ethics committee (University 
of Health Sciences Turkey İzmir Bozyaka Training and Research 
Hospital Ethics Committee (20.04.2022 - 2022/65) and con-
ducted in accordance with the principles of the Declaration of 
Helsinki.

Data Collection and Assessment
The demographic data, pre- and postoperative audiograms of 
the patients, and the size and diameter of the pistons used 
were examined. Stapedotomy was performed using Fisch’s 
reversal steps stapedotomy where the prosthesis was placed 
before the stapes crest was removed.9 All patients underwent 
bilateral otosclerosis surgery (stapedectomy or stapedotomy). 
The patients were evaluated preoperatively with computed 
tomography and audiometry. Audiometric examination was 
also performed after the initial and sequential ear surgery. 
The ears that underwent the initial surgery were considered 
as the first ear group (n = 57), while the contralateral oper-
ated ears were included in the second ear group (n = 57). The 
median time between the 2 operations was 20.3 (range, 8-82) 
months.

Audiometry was performed with appropriate masking to obtain 
a 4-frequency (0.5, 1, 2, 3 kHz) pure tone average (PTA) for 
each patient pre- and postoperatively. Only the postoperative 
results of 1 year or longer follow-up were used.

Pure tone average of ≤30 dB was accepted as socially service-
able hearing. Air-bone gap (ABG) was calculated as the PTA for 
air conduction (AC) minus the PTA for bone conduction (BC). 
The ABG gain was calculated as the preoperative ABG minus 
the postoperative ABG at 500, 1000, 2000, and 3000 Hz in all 

patients. Postoperative ABG was calculated as the postopera-
tive AC minus the preoperative BC levels. Postoperative ABG 
ranging from 0 to 10 dB was classified as group A, 11-20 dB as 
group B, 21-30 dB as group C, and >30 dB as group D accord-
ing to the reporting guidelines from the Committee on Hearing 
and Equilibrium.10 Postoperative ABG of <20 dB is accepted 
as functional success. Later, ears were divided into 2 groups 
as the first and second ear surgery group where ABG gain and 
functional success were examined.

The sensation of sound is based on the difference in ITD and 
ILD between both ears. According to the Stenger principle, a 
person will only hear the louder sound of 2 identical tones pre-
sented to both ears simultaneously. The head shadow effect 
makes it difficult to hear sounds from the worse-hearing ear, 
and it varies with frequency for pure tones, increasing up to 
15 dB at high frequencies. According to the original “15/30dB 
Belfast Rule of Thumb” description, Smyth et al11 reported that 
if the mean threshold of AC at speech frequencies is ≤30 dB, 
or if the interaural difference is reduced to 15 dB or below, 
patients are likely to benefit significantly after surgery. In this 
study, symmetrical hearing was defined as ≤15 dB difference 
between the ears, and symmetrical hearing successes after the 
initial and later ear surgeries were examined.

Statistical Analysis
Statistical analyses were performed using the Statistical 
Package for Social Sciences version 25.0 software (IBM Corp., 
Armonk, NY, USA). Descriptive data were expressed as mean 
and standard deviation (SD), median (min-max), or number 
and frequency, where applicable. The Kolmogorov–Smirnov 
and Shapiro–Wilk tests were used to check whether the 
variables correspond to the normal distribution. The Levene 
homogeneity test was used to test the homogeneous distri-
bution assumption of the variables. To compare the means of 
independent groups, independent sample t-test was used for 
parametric tests and paired sample t-test was used to test the 
difference between the means of dependent groups. The chi-
square test was carried out to analyze significant differences 
between categorical variables. The Fisher exact test was used 
where the expected value was <5. A P value of <.05 was con-
sidered statistically significant.

Results

About 33 of the patients (58%) were females and 24 of them 
(42%) were males, with a mean age of 45.1 ± 10.2 years in the 
initial surgery. The mean follow-up was 33.6 ± 20.4 (range, 
24-98) months. Stapedotomy was performed in 108 and sta-
pedectomy in 6 ears. Three of 6 stapedectomies were in the 
first surgery group. The Fluoroplastic Causse loop pistons 
(Medtronic Xomed Jacksonville, Fla, USA) were used in all sur-
geries. The lengths of the pistons used were 4.75 mm in 99 
cases, 4.5 mm in 10, and 5 mm in 5 ears.

In the first ear group, there were 2 permanent and 3 transient 
chorda tympani injuries, 1 iatrogenic tympanic membrane per-
foration, which was reconstructed with a fat graft during the 
same season. In the second ear surgery group, there were 1 
permanent and 4 transient chorda tympani injuries. No major 
complications were observed, such as total sensorineural hear-
ing loss or an unexpected situation such as gusher.

Main Points

•	 Audiological outcomes of the contralateral ear surgery in 
patients with bilateral otosclerosis, who had functional 
success at initial surgery, are as good as the first operation 
and the other side surgery can be applied safely.

•	 While reporting the audiological outcomes of bilateral 
otosclerosis surgery, in order to avoid bias, patients in whom 
functional success could not be achieved in the initial surgery 
should also be examined and reported.

•	 Symmetrical hearing is an underestimated outcome when 
evaluating the success of otosclerosis surgery in patients 
with bilateral disease. The other ear surgery has a better 
symmetrical hearing success, but it may not provide the 
expected benefit in symmetrical hearing.
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The mean PTA of all ears was 55.24 ± 11.54 dB preoperatively 
and 30 ± 11.05 dB postoperatively. In the first ear group, the 
mean pre- and post-operative PTA values were 56.6 ± 11.25 dB 
and 31.68 ± 11.30 dB, respectively. In the second ear group, the 
mean pre- and post-operative PTA values were 53.82 ± 11.56 
dB and 28.33 ± 10.44 dB, respectively. There were no statis-
tically significant differences in the preoperative PTA results 
between the first ear group and the second ear group (P = .191). 
A statistically significant difference was found between the 
pre- and post-operative PTA values of the ears of both groups 
(P = .000 for both). However, there was no statistically signifi-
cant difference in the postoperative PTA values between the 
first ear group and the second ear group (P = .106).

Preoperative ABG, postoperative ABG, and ABG gain at each 
frequency and the average of them are given in Table 1. There 
was a statistically significant difference between the pre- and 
post-operative ABG of the first and second ear groups at all 
frequencies and at all averages. Also, there was a statistically 
significant difference in ABG gain at 1000 Hz (Table 1).

The symmetrical hearing success rate was 33% (19/57) in the 
first surgery group and 63% (36/57) in the second surgery 
group (Figure 1). The overall symmetrical hearing success rate 
was 63% (36/57). According to the evaluation of the first ear 
surgery group, there were 12 out of 57 patients with asym-
metrical hearing loss. In these asymmetrical hearing loss group, 

only 4 of them (33%) had symmetrical hearing after the ini-
tial surgery. After the initial surgery in the second ear surgery 
group, 36 of 57 patients had asymmetrical hearing loss. In this 
asymmetrical hearing loss group, 29 of them had symmetri-
cal hearing after the second surgery. The symmetrical hearing 
success rate in asymmetric patients was 78% (29/37) in the 
second surgery group. There was a statistically significant dif-
ference between the symmetrical hearing success rates of the 
first ear and second ear surgery groups (P = .003) (Figure 1) and 
in asymmetrical patients of both groups too (P = .010).

There were 50 ears (44%) in group A (0-10 dB), 48 ears (42%) 
in group B (11-20 dB), 14 ears (12%) in group C (21-30 dB), 
and 2 ears (2%) in group D (>30 dB). Regarding postopera-
tive ABG, overall functional success rate was 86%. Functional 
success rates at first and second surgery were 84% and 88%, 
respectively. Audiological outcomes and P values, including 
symmetrical success rate according to the 15/30 dB Belfast 
Rule of Thumb and functional success of the first and second 
ear groups, are summarized in Figure 1.

According to the first ear surgery postoperative ABG groups, 
the distribution of groups at the second ear surgery and func-
tional and symmetrical hearing successes are given in Table 2. 
Before the initial surgery, there were 12 asymmetrical and 45 
symmetrical hearing patients. After the later surgery, there 
were 21 asymmetrical and 36 symmetrical hearing patients.

Table 1.  Preoperative and Postoperative ABG, ABG Gain, and P Values at Each Frequencies

Frequencies
First Ear  

(Mean ± SD, dB)
Second Ear  

(Mean ± SD, dB) P
Overall  

(Mean/SD, dB)

500 Hz ABG gain 23.75 ± 14.62 21.07 ± 12.75 .298 22.41 ± 12.23

Preop. ABG 41.14 ± 14.30 36.32 ± 15.54 .087 38.73 ± 13.47

Postop. ABG 17.39 ± 10.70 15.25 ± 11.17 .298 16.32 ± 9.17

Pre–postop. ABG P values .000* .000* -- .000*

1000 Hz ABG gain 22.46 ± 10.90 17.54 ± 11.50 .021* 20.00 ± 9.68

Preop. ABG 35.35 ± 15.08 29.91 ± 16.38 .068 32.63 ± 14.26

Postop. ABG 12.89 ± 10.26 12.37 ± 10.48 .787 12.63 ± 9.03

Pre–postop. ABG P values .000* .000* -- .000*

2000 Hz ABG gain 16.70 ± 10.34 13.13 ± 9.71 .060 14.92 ± 8.16

Preop. ABG 28.19 ± 13.50 24.10 ± 14.48 .121 26.14 ± 12.73

Postop. ABG 11.49 ± 11.04 10.96 ± 10.94 .799 11.23 ± 9.97

Pre–postop. ABG P values .000* .000* -- .000*

3000 Hz ABG gain 12.00 ± 13.20 9.95 ± 10.21 .355 10.97 ± 9.40

Preop. ABG 22.09 ± 16.33 19.51 ± 16.64 .405 20.80 ± 15.10

Postop. ABG 10.09 ± 12.94 9.56 ± 12.97 .829 9.82 ± 11.90

Pre–postop. ABG P values .000* .000* -- .000*

Average ABG gain 18.73 ± 10.97 15.42 ± 9.91 .094 17.08 ± 8.95

Preop. ABG 31.69 ± 13.75 27.46 ± 14.81 .116 29.58 ± 13.20

Postop. ABG 12.96 ± 10.50 12.04 ± 10.72 .641 12.50± 9.55

Pre–postop. ABG P values .000* .000* -- .000*
*P < .05.
ABG, air-bone gap; Postop, postoperative; Preop, preoperative; SD, standard deviation.
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Discussion

According to the postoperative ABG outcomes of this study, 
the other side surgery in patients with bilateral otosclerosis 
was as successful as the initial surgery. Functional success 
rates in the first and second ear surgery groups were 84% and 
88%, respectively. In the literature, functional success rates 
were reported to be ranging from 91.7% to 99% in the initial 
surgery and from 87.5% to 99% in the later surgery.5,7,8,12,13 In 
our study, socially serviceable hearing in the first and second 
surgery group was 47% and 63%, respectively, indicating no 
statistically significant difference. In previous studies, socially 
serviceable hearing was reported to be 45.8% to 80.5% in 
the initial surgery and 31.3% to 80.5% in the later surgery.5,8,12 
Similar to our study, Kisilevsky et  al5 reported that socially 

serviceable hearing in both ears after later surgery was 64%, 
while it was 63% in our study. Kuo et al8 reported that although 
functional success was achieved in about 90% of the patients, 
less than half of the patients had socially serviceable hearing. 
Similarly, in our study, the socially serviceable hearing success 
rate was remarkably lower compared to the functional success 
rate at the initial and later surgeries.

Smyth et al11 reported that PTA below 30 dB or an interaural 
difference less than 15 dB might be more valuable for patients 
than the ABG closure or postoperative ABG. The patients’ main 
expectation from surgery may be an ability to hear equally well 
and symmetrical in both ears. Kisilevsky et  al5 reported ears 
with PTA below 30 dB as 73% after the initial surgery and 
64% after the later surgery. In the current study, ears with PTA 

Figure 1.  Postoperative audiological outcomes and P values of first and second ear surgery group. Note: Groups according to postoperative 
air-bone gap; Group A: 0-10 dB, group B: 11-20 dB, group C: 21-30 dB, group D: >30 dB, functional success: postoperative ABG < 20 dB, 
symmetrical hearing success: interaural difference < 15 dB.

Table 2.  Functional and Symmetrical Hearing Success and Distribution of Postoperative ABG Groups at Second Ear Surgery 
Regarding First Ear Surgery Postoperative ABG Groups.

First ear surgery 

Groups Group A Group B Group C Group D

n 25 23 8 1

Second ear surgery Group A 14 10 1 0

Group B 10 10 4 1

Group C 1 2 3 0

Group D 0 1 0 0

Functional success (group A+B) 24/25 (96%) 20/23 (86%) 5/8 (62%) 1/1 (100%)

P = .071 Symmetrical hearing 16/25 (64%) 15/23 (65%) 5/8 (62%) 0/1 (0%)

P= .712 Functional success 44/48 (91%)
Symmetrical hearing 31/48 (64%)

Functional success 6/9 (66%)
Symmetrical hearing 5/9 (55%)

Group A: 0-10 dB, group B: 11-20 dB, group C: 21-30 dB, group D: >30 dB, functional success: postoperative ABG<20 dB, symmetrical hearing: interaural difference 
<15 dB.
ABG, air-bone gap.
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below 30 dB were 47% after the initial surgery and 63% after 
the later surgery.

Symmetrical hearing is an underestimated outcome while 
evaluating the success of otosclerosis surgery in patients with 
bilateral disease. In their study using a PTA of 30 dB, Kisilevsky 
et al5 found a symmetrical hearing rate of 18% after the initial 
surgery and 95% after the later surgery. In our study, the sym-
metrical hearing success rate was 33% after the initial surgery 
and 63% after the later surgery. There are considerable dif-
ferences in the symmetrical hearing rates between Kisilevsky 
et al.’s5 and our studies. Although Kuo et al8 used a different 
evaluation method for symmetrical hearing, they reported that 
an interaural difference of AC ≤ 10 dB was achieved in only 
19% of the cases after the initial surgery and in 56% after the 
later surgery. These results are similar to our first and second 
ear group outcomes. In our study, similar to Kuo et  al5 and 
Kisilevsky et al.,8 the other ear surgery was found to be more 
beneficial in providing symmetrical hearing. According to the 
Belfast Rule of Thumb, the success rate of our study was 88% 
after the later surgery.

Reporting surgery results separately when evaluating out-
comes of patients who have had surgery on both ears may 
be biased as contralateral ear surgery is unlikely to be offered 
to patients with an unsatisfactory outcome. Similarly, Shine 
et al7 pointed out that reporting the first and subsequent sur-
gical results separately in patients with bilateral disease may 
cause this bias. It may not be possible to eliminate this bias 
that reflects the natural choice of patients in clinical practice. 
Therefore, the audiological outcomes of patients in whom 
functional success could not be achieved were also examined 
in the current study. The patients who had functional success 
after the initial surgery had remarkably higher functional suc-
cess in the other ear surgery than those who did not. However, 
there was not a statistically significant difference between 
these groups (P = .788). We believe that it would be beneficial 
to make a similar comparison in larger patient groups in fur-
ther studies. Based on these findings, the functional success 
after the initial surgery may reflect the outcome of the other 
ear surgery.

When we compared the same groups regarding symmetrical 
hearing success, although there was a higher success rate in 
patients who had functional success, there was no statisti-
cally significant difference. Of note, functional success may 
not reflect symmetrical hearing success. However, after the 
later surgery of the patient in group D, although the initial 
surgery postoperative ABG was above 30 dB, functional and 
symmetric hearing success was achieved. Providing symmet-
rical hearing in patients with asymmetrical hearing loss will 
increase the quality of life of the patients. Therefore, on rare 
occasions, a negative result obtained in the initial surgery may 
not be allowed to adversely affect the decision of the other ear 
surgery in terms of providing symmetrical hearing. In addition, 
the other ear surgery should be suggested to patients because 
it will be the best functional option for restoration of binaural 
hearing. The provision of a hearing aid in the worse ear would 
not be equivalent because of the processing time delays intro-
duced by hearing aids that completely destroy the phase cues 
at low frequencies.

Although the other ear surgery was found to be more benefi-
cial in providing symmetrical hearing, there were 21 patients 
with asymmetrical hearing after later surgery. It has been 
shown that asymmetrical hearing may increase after the other 
ear surgery in patients with bilateral otosclerosis.

The main limitations of this study are its retrospective design 
and the relatively small sample size of patients who had no 
functional success in the first ear surgery group. Therefore, 
further studies comparing the audiological outcomes of the 
other ear surgery in patients with and without functional suc-
cess need to be conducted in larger groups to obtain more reli-
able conclusions.

In conclusion, our study results showed that the audiological 
outcomes of the other ear surgery in patients who had func-
tional success in the initial surgery were as good as the initial 
operation, and contralateral surgery can be applied safely. The 
other ear surgery has better symmetrical hearing success, but 
it may not provide the expected benefit in providing symmetri-
cal hearing.
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