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Summary Background. A stapedectomy or stapedotomy is known as the best treatment option for patients with otosclerosis. Otosclerosis is a primary disease of the bony labyrinth capsule, which is characterized by one or more localized foci, where bone deposition
occurs repeatedly. The best and most effective treatment option is a stapedectomy or stapedotomy.
Objectives. The present study evaluated the short-term hearing results in patients with otosclerosis after primary stapes surgery.
Material and methods. In this retrospective study, the short-term hearing results of all patients with otosclerosis after a primary stapedotomy admitted to the Ahvaz Emam hospital from 2007 to 2017 was evaluated. Improvement in hearing was evaluated according
to the pre- and post-audiometry results. Air Conduction (AC), Bone Conduction (BC) and Air-Bone Gap (ABG) thresholds were recorded
at 500, 1 000, 2 000 and 4 000 Hz. SPSS software (Version 22.0) was used for statistical analysis.
Results. Of the 413 cases, 231 (55.93%) and 182 (44.07%) were females and males, respectively. The mean age of patients was 39.06
± 11.29 years. The disease in 131 (31.72%) was bilateral. The mean ABG in 341 patients (82.63%) ≤ 10 dB and in 52 patients (12.47%)
was 10–20 dB.
Conclusions. The results of the study showed that a primary stapedotomy is a successful and effective way to improve short-term
hearing results in adults with otosclerosis.
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Background
Otosclerosis is a primary disease of the bony labyrinth capsule [1], which is characterized by one or more localized foci,
where bone deposition occurs repeatedly. These foci may gradually invade the annular ligament and stapes bone and lead to
bone ankylosis and reduce or eliminate sound conduction [2].
Otosclerosis is a common cause of hearing loss in 15–50 year
old patients [3] and is bilateral in most cases (60%) [4]. Otosclerosis is a rare clinical disease, which affected 0.5–2% of the
world’s population. This disease is limited to the otic capsules
and causse progressive conductive hearing loss, as well as mixed
hearing loss, sensorineural hearing loss and vestibular disorders
[3]. However, the etiological and pathological mechanism of
the disease is not clear. Researcher believed that otosclerosis is
a hereditary illness transmitted as an autosomal dominant with
incomplete penetrance and a variable expression pattern [5, 6].
One of the main clinical findings in otosclerosis is progressive conductive hearing loss, especially at low frequencis (200–
–500 Hz), which is sometimes accompanied by sensorineural
hearing loss. Tinnitus is another common symptom of the disease [4–7]. Otosclerosis plaque is mostly (80–95%) found in the
anterior part of the oval window and causes footplate fixation
and hearing loss [6].
The best and most effective treatment option is a stapedectomy or stapedotomy [2, 8]. In the case of hearing loss with
more than 30 dB and a rinne value, surgery is the only treatment option [9, 10].
Stapes surgery includes total or partial replacement of the

upper part of fixed stapes, named stapedectomy and stapedotomy, respectively [11].
Previous studies reported the improvement of hearing in
patients with otosclerosis after a primary stapedectomy [10–
13]. However, adverse hearing results have been observed in
some patients, especially in patients with an advanced form of
the disease [3]. A delay in treatment may also lead to progression of otosclerosis and permanent deafness. Therefore, the
disease must be diagnosed at an early stage, and a stapedotomy
or stapedectomy must be performed as a selective treatment
for improvement of hearing [4].

Objectives
The present study was designed to evaluate the results of
hearing improvement after a stapedotomy in adult patients
with otosclerosis and to evaluate the effect of some variables in
post-surgical hearing results.

Material and methods
Study design
This is a descriptive study conducted on patients with otosclerosis under surgical treatment at the Ahvaz Imam Khomeini
Hospital from 2007–2017. For this purpose, after permission was
granted by the Ethics Committee of Ahvaz Jundishapur University of Medical Sciences (Ethics code: IR.AJUMS.REC.1396.1051).

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International
(CC BY-NC-SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

N. Saki et al. • Short-term hearing results in adults after a stapedotomy

Setting, participants and variables
Sampling was done by census method, and inclusion criteria
included all patients between 18–70 years of age with a clinical
diagnosis of otosclerosis undergoing stapedotomy surgery for
the first time. According to these criteria, the sample size was
542 patients. Patients with repeated surgery and incomplete
files were excluded from the study. Eventually, pre- and post-operative audiograms were available for 413 patients.
In this study, stapedotomy surgery was performed on patients with a teflon piston prosthesis by the same surgeon (first
author). Epidemiologic and clinical data included: age, gender,
unilateral or bilateral involvement and a pre- and post-operative
audiogram collected and recorded in the designed form.

Pure Tone Audiometry (PTA) evaluation
Improvement in hearing was evaluated according to the
pre- and post-audiometry results. PTA factors include Air Conduction (AC), Bone Conduction (BC) and Air-Bone Gap (ABG),
at frequencies of 500, 1000, 2000 and 4000 Hz were evaluated
before and after surgery (last follow-up session, at least 6 weeks
after surgery). Air-Bone Gap (ABG) was calculated as BC before
surgery and AC threshold after surgery. The values expressed
in dB were recorded for the mentioned frequencies. Hearing
loss in the mentioned frequencies was evaluated in five groups:
ABG below 10 dB (excellent outcome), 10–20 dB (acceptable
outcome), 20–30 dB (weak outcome), above 30 dB (very weak
outcome) and complete deafness (bad outcome).

Statistical analysis
SPSS software (Version 22.0) was used for statistical analysis. Descriptive statistics including mean, standard deviation,
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frequency and percentage of frequency were analyzed. Kolmogorov–Smirnov and Leven tests were used for normality and
variance homogeneity tests, respectively. To measure the significance of differences and compare quantitative and qualitative
variables, the t-test and chi-squared test were used, respectively. The paired t-test was used before and after surgery results.
The significance level in the tests was considered to be 0.05.

Results
Descriptive data
In the present study, 231 (55.93%) of the patients were female, and 182 (44.07%) of the patients were male. All participants were 18–67 years of age (mean age 39.06 ± 11.29).
Most of the patients (n = 197; 47.70) were in the 31–40
age group (Figure 1). The disease in 282 patients (68.28%) was
unilateral, and in 131 (31.72), it was bilateral. Surgery was performed on the right ear in 249 (60.29%) and on the left ear in
164 (39.71%) cases. The mean follow-up time after surgery was
3.27 months (range 2–7 months).
In all of the mentioned frequencies, the pre- and post-surgery AC measurement was significantly different (p < 0.05), and
the highest difference before and after surgery was observed in
low frequencies (500 and 1 000 Hz) (Table 1).

Outcome data and main results
In all frequencies except 4000 Hz, the before and after BC
measurement was significantly decreased (p < 0.05). The highest difference before and after surgery was observed at 2000
Hz. The BC pre- and post-surgery measurement at 4000 Hz was
not significantly different (Table 2).
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Figure 1. Frequency distribution of patients in different age groups by gender

Table 1. Average threshold of Air Conduction (AC) before and after surgery
p

Difference

After surgery (dB)

Before surgery (dB)

PTA

0.0001

31.70 ± 12.17

19.89 ± 12.61

51.60 ± 14.03

Hertz 500

0.0001

33.72 ± 12.74

20.64 ± 12.31

54.36 ± 13.57

Hertz 1000

0.0001

28.29 ± 13.52

22.66 ± 12.07

50.96 ± 16.76

Hertz 2000

0.0001

25.85 ± 18.92

28.30 ± 15.64

54.15 ± 19.03

Hertz 4000

Table 2. Average threshold of Bone Conduction (BC) before and after surgery
P-value

Difference

After surgery (dB)

Before surgery (dB)

PTA

0.0001

5.00 ± 8.40

15.64 ± 8.69

20.64 ± 10.40

Hertz 500

0.0001

9.04 ± 10.45

17.23 ± 10.97

26.28 ± 11.72

Hertz 1000

0.0001

13.29 ± 12.38

19.68 ± 9.85

32.98 ± 13.81

Hertz 2000

0.084

4.14 ± 16.12

24.68 ± 13.20

28.83 ± 15.88

Hertz 4000
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Table 3. Average Air-Bone Gap (ABG) before and after surgery
p

Difference

Before surgery (dB)

After surgery (dB)

PTA

0.0001

27.23 ± 10.77

4.03 ± 6.39

31.28 ± 10.07

Hertz 500

0.0001

24.36 ± 12.23

3.94 ± 6.42

28.30 ± 11.24

Hertz 1000

0.0001

17.02 ± 12.18

2.98 ± 4.50

20.00 ± 11.37

Hertz 2000

0.0001

21.91 ± 13.81

4.15 ± 7.96

26.06 ± 12.85

Hertz 4000

Table 4. Improvement of Air-Bone Gap (ABG) after surgery
Total

Hertz 4000

Hertz 2000

Hertz 1000

Hertz 500

ABG result

(82.63) 341

(81.36) 336

(84.75) 350

(82.57) 341

(81.84) 338

0–10 dB
excellent outcome

(12.47) 52

(13.08) 54

(11.38) 47

(12.59) 52

(12.83) 53

11–20 dB
acceptable outcome

(2.72) 11

(3.15) 13

(1.94) 8

(2.66) 11

(3.15) 13

21–30 dB
weak outcome

(1.45) 6

(1.69) 7

(1.21) 5

(1.45) 6

(1.54) 6

very weak outcome

(0.73) 3

(0.73) 3

(0.73) 3

(0.73) 3

(0.73) 3

complete deafness
bad outcome

The difference between pre- and post-surgery ABG was significant (p < 0.05), and the highest difference before and after
surgery was observed at low frequencies (500 and 1000 Hz)
(Table 3). After surgery, ABG in 82.63% and 95.1% of patients
reached to below 10 and 20 dB, respectively. Complete deafness was reported in 3 patients. The best hearing outcomes
were observed at 2000 Hz (Table 4).
A significant relationship between improvement in postsurgery BC, AC and ABG variables considering age, gender and
involvement (unilateral or bilateral) was not observed in any of
the frequencies (p > 0.05).

Discussion
In this study, most patient were in the 31–40 age group, and
females were more nemerous than males. The results of various
studies indicate a higher incidence of disease in females [1, 5,
6, 10, 13–17]. In the present study, unilateral involvement was
observed in 68.28% of cases, and in 60.29% of patients, surgery
was performed on the right ear. In the study conducted by Saki
et al., most of the patients had unilateral involvement, and only
in 18.2% of cases was bilateral involvement observed [13]. In
some studies, left ear involvement was reported more often
[16, 18, 19].
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Interpretation and generalizability
In the present study, BC hearing improvement at different
frequencies was 7.9 dB. The audiological evaluation showed
different results concerning post-surgery BC. In some studies,
constant BC thresholds were reported, while different degrees
of progressive sensorineural hearing loss were shown in other
studies. Mahafza et al. reported significant mean differences in
pre- and post-surgery BC (hearing improvement) at 500–4000 Hz
frequencies, which was 3.1 dB [16]. Redfors and Möller showed
that post-surgery BC was significantly improved, which equaled
6 dB [20]. These findings are consistent with our results. Bernardo et al. showed a significant improvement in post-surgery BC
at all frequencies except 4000 Hz, and mean improvement at all
frequencies was 4.7 dB [6]. On the other hand, in all audiometry
conducted by Nair et al. [9], Hossain et al. [10] and Quaranta et
al. [21], there was no significant change in BC rates observed
at the mentioned frequencies. These results are not consistent
with the findings of our study.
In the study by Dankuc et al., pre- and post-mean BC at
frequencies of 500, 1000 and 4000 Hz was not statistically significant, and it was concluded that the surgery had no effect on

BC at the mentioned frequencies. However, at the 2000 Hz frequency, a significant difference between pre- and post-surgery
BC was observed, and the means of BC were 35.75 and 31.97,
respectively [22]. The significant decrease in the BC threshold at
the 2000 Hz frequency led to a reduction in ossicles fluctuations
in otosclerosis and internal stimulation problems, especially at
a frequency of 2000 Hz [22]. In the present study, the highest
rate of improvement in BC was observed at a frequency of 2 000
Hz, which is attributed to Carhart’s notch phenomenon.
A worse BC threshold in the short term after surgery was reported by Tange and Grolman, which may be caused by cochlear
trauma. However, this did not lead to weaker results [23].
The aim of otosclerosis surgery was improvement of AC and
ABG closure. Therefore, one of the main evaluation factors in
stapedotomy surgery is AC threshold improvement [16]. In the
present study, AC hearing improvement at different frequencies
was 29.9 dB, which is undoubtedly good and is consistent with
the results of other similar studies [10, 15, 16]. In our study, the
highest pre- and post-surgery differences were observed at low
frequencies (500 and 1000 Hz).
The mean difference in pre- and post-surgery AC (hearing
improvement) in the studies conducted by Hossain et al. [10],
Mahafza et al. [16] and Dankuc et al. [22] were 23.58, 24.2 and
18.67, respectively, which was more significant at low frequencies. These results suggest the effectiveness of otosclerosis
treatment, especially at low frequencies, which is consistent
with our results. The biggest improvement in AC threshold was
observed at low frequencies [6]. Overall, the short-term results of the post-surgery AC were excellent in all research. For
example, in the study by Kolo and Ramalingam [3], the mean
difference between pre- and post-surgery AC at the mentioned
frequencies was 21.48 dB. This threshold was 21.58 in study of
Nair et al. [9].
In this study, we showed that the differences between preand post-surgery ABG at all frequencies was statistically significant, with more differences observed at low frequencies (500,
1000 Hz). The benefits of surgery include reduction or closure
of ABG in post-surgery PTA (short term & long term) and hearing improvement, which was reported in several studies [6,
24]. Baradaranfar et al. [25] showed that the mean ABG at frequencies of 500–4000 dB decreased from 41.2 to 12.4 dB three
months after surgery. In the study of Dankuc et al., the mean
differences of pre- and post-surgery ABG at all frequencies was
significant and equal to 19.92 (from 27.12 to 7.5 dB post-surgery) [22]. In the study conducted by Kolo and Ramalingam significant improvement in hearing after the first surgery was observed, and the mean differences of pre- and post-surgery ABG
at frequencies of 0.5, 1, 2 and 4 Hz were significantly decreased
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(from 43.14 to 19.17 dB). Better post-operative hearing results
at lower frequencies can be due to the fact that higher frequencies are usually more affected by the disease process [3]. Our
results showed significant improvement in hearing, especially
at low frequencies, which is consistent with previous studies.
In the present study, the post-operative ABG threshold in
83% of cases reached below 10 dB. The incidence of complete
deafness after primary stapes bone surgery in this study was
lower than other studies (0.4 to 3%) [11, 16, 19]. In the study
by Hossain et al., ABG below 10 dB and complete deafness
was 84% and 2%, respectively [10]. Sensorineural hearing loss
(SNHL) in the study conducted by Nair et al. [9] and Vincent et
al. [17] was 1% and 0.7%, respectively.
Good surgical results (ABG ≤ 10 dB) were below 80% in
some studies [14–16, 19]. In the study of Saki et al. [13], ABG below 10, between 10–20, above 30 and complete deafness was
63.9, 29.9, 2.5 and 1%, respectively. Bagherian [2015] showed
a significant decrease in the mean difference between pre- and
post-operative ABG following otosclerosis surgery [18]. Dankuc
et al. showed that an ABG threshold below 20 dB and 10 dB was
97% and 70%, respectively [22]. In general, good post-operative
auditory results have been reported in several studies; however,
some differences in the auditory results of different studies can
be related to the size of the sample examined, the size and type
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of prosthesis, as well as the severity of the disease [26], but
these factors were not taken into consideration in this study.
Differences in the results can be attributed to sampling size
and the population studied, the severity of the disease, or even
the surgical technique, and the expertise and experience of the
surgeon.

Conclusions
An improvement in hearing regarding a decrease in AC,
BC and ABG showed that in 95%, the ABG threshold reached
below 20 dB, which indicates successful surgery results in the
short term (mean follow-up 3.27 months). Therefore, primary
stapedotomy surgery in patients with otosclerosis is effective in
short-term improvement in adults. Further multi-centered prospective studies with a larger sample size are recommended under standard conditions and with a long-term follow-up period.
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