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Background: Endoscopic stapes surgery (ESS) is widely used to treat patients with otosclerosis, and 
accumulating evidence demonstrates that endoscopic stapedotomy is feasible and has similar, and often 
even better, audiological outcomes compared with microscopic stapedotomy. There is a lack of studies on 
comparisons of ESS and the audiological outcomes of ESS and microscopic stapes surgery (MSS). Therefore, 
in the present study, we investigated these to figure out if ESS could be a reasonable alternative treatment for 
otosclerosis patients. 
Methods: This was a cohort study of 65 patients with otosclerosis who underwent ESS (n=30) or MSS (n=35) 
between 2017 and 2021, whose diagnoses were mainly based on a history of progressive conductive or mixed 
deafness over 25 dB in the range of 0.25–4 kHz. Preoperative and postoperative audiological evaluation, 
including air-conduction (AC), bone-conduction (BC) and air-bone gap (ABG), was carried out using pure-
tone audiometry and performed within 4 weeks before surgery and from 1–14 months after surgery.
Results: Thirty ESS and 35 MSS patients were included. There were no significant differences in 
preoperative and postoperative pure-tone average AC (AC-PTA), BC-PTA, and ABG-PTA between the 2 
groups. Postoperative ABG ≤10 dB was found in 8 ESS patients (60%) and 15 MSS patients (43%) (P=0.168). 
AC and ABG changes in the low-frequency (LF) and mid-frequency (MF) ranges were greater than those in 
the high-frequency (HF) range for both groups (P<0.05). Although auditory changes between the 2 groups 
were similar, MSS appeared to have a better BC-PTA compared with ESS (P=0.049). Shifts in ABG and BC 
were linearly related to preoperative ABG and BC in both groups, and shifts in AC were linearly related to 
preoperative AC in the ESS group (P<0.05). 
Conclusions: ESS had a similar audiological outcome compared with MSS, and LF and MF hearing 
improved to a greater degree than HF hearing in both groups in our study. Based on the linear regression 
analysis in our study, preoperative ABG-PTA was proved to be the most efficient surgical indicator for both 
types of stapes surgery for patients with otosclerosis.
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Introduction

Otosclerosis, a progressive disease caused by genetic and 
inflammatory influences (1,2), develops within the inner 
ear’s bony labyrinth and is characterized by a pathological 
bone remodeling that could lead to stapes footplate fixation 
and progressive conductive hearing loss (HL) (3-5).

Middle ear implants, pharmacological therapies, and stapes 
surgeries could be considered for treating otosclerosis (5).  
However, middle ear implants and pharmacological therapies 
are not widely accepted due to controversial outcomes (6-8).  
Stapedotomy is currently considered the gold standard 
surgical treatment for otosclerosis (9). Shiao et al. and 
Babighian et al. demonstrated significant improvement 
in average air conduction (AC) and air-bone gap (ABG) 
(P<0.001) and no difference in bone conduction (BC) after 
surgery were reported in their cases (10,11). In their study, 
Roychowdhury et al. reported that low-frequency (LF) AC 
and ABG improved significantly more after stapedotomy 
than high-frequency (HF) AC and ABG (12).

Patients usually undergo stapedotomy via microscope. 
The endoscope was initially introduced as an alternative 
tool for viewing the middle ear during surgery (5,13). 
Recent accumulating evidence has demonstrated that 
endoscopic stapedotomy is feasible and has similar, and 
often better, audiological outcomes compared with 
microscopic stapedotomy. For instance, in a meta-analysis 
report, no statistically significant difference was found 
in surgery success rates (postoperative ABG ≤10 dB) 
between endoscopic and microscopic stapedotomy (14), 
while in another meta-analysis, a change in ABG favoring 
endoscopic stapedotomy was found (15).

Endoscopic stapedotomy has the advantages of a wide 
field of view and better visualization of the structures in the 
middle ear, which leads to reduced rates of removal of the 
scutum or injury to the chorda tympani, as well as lower pain 
scores and a lower incidence of dysgeusia in patients (15-17). 

The 1-hand technique, heating effects of the endoscope’s 
light, and lack of stereoscopic view are limitations of 
endoscopic stapes surgery (ESS) method and can sometimes 
cause surgical trauma to the chorda tympani and other 
structures in the middle ear which were supposed to be 
preserved, such as the malleus and the incus (18-20). 

The aim of the present study was to analyze and compare 
the audiological outcomes (AC, BC, ABG) in different 
frequencies (LF, MF, and HF) between 2 cohorts of patients 
with otosclerosis undergoing ESS or microscopic stapes 
surgery (MSS), and to investigate which of these could 

be an efficient surgical indicator for future clinical use. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-1252/rc).

Methods

Our clinical research design was firstly to search the medical 
record system and the audiometry system for otosclerosis 
patients who underwent either ESS or MSS and had 
complete preoperative and postoperative audiological data 
and medical records, then to summarize the descriptive data 
and compare preoperative and postoperative audiological 
data of ESS and MSS groups.

Participants

The integrity of descriptive and preoperative and 
postoperative audiological data determined the sample size 
of this cohort study. Sixty-five otosclerosis patients who 
underwent either ESS (n=30) or MSS (n=35) between April 
2017 and April 2021 at Sun Yat-Sen Memorial Hospital, 
Sun Yat-Sen University, China, were included in the present 
study. Otosclerosis diagnoses were based on a history of 
progressive conductive or mixed HL, a mean HL ≥25 dB 
in the range of 0.25–4 kHz, and normal otoscopic findings. 
Exclusion criteria were as follows: patients who had had 
former ear surgeries, malformation of the ossicular chain, 
any other causes for stapes footplate fixation, and absence of 
follow up, which reduced the potential bias as much as we 
could. Among the 65 patients, 5 reported no tinnitus before 
and after ESS, and 6 patients reported no tinnitus before 
and after MSS. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by institutional ethics board of Sun Yat-
Sen Memorial Hospital (No. SYSEC-KY-KS-2022-120), 
and informed consent was not required because this was a 
cohort and retrospective study, and all data were collected 
after the patients were discharged.

Medical records/clinical factors measurements and 
audiological measurements 

We searched the medical record system for the medical 
records of diagnosed otosclerosis patients, and we 
documented the types of surgery they underwent, and their 
sex, age, side of affected ear, operating side.

Preoperative and postoperative audiological evaluation 

https://atm.amegroups.com/article/view/10.21037/atm-22-1252/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-1252/rc
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was carried out using pure-tone audiometry. ABG was 
calculated for AC minus BC. LF referred to 0.125 and  
0.25 kHz; MF referred to 0.5, 1, and 2 kHz; and HF referred 
to 4 and 8 kHz. Pure-tone average (PTA) referred to 0.5, 1, 2, 
and 4 kHz. 

Auditory gains were calculated from preoperative and 
postoperative audiograms, and are shown as Δs.

Surgical techniques 

All surgeries were performed under general anesthesia. 
ESS was performed using a 3-mm diameter, 0° rigid 
endoscope with a high-definition camera and monitor. 
An incision was made in the posterior external ear canal, 
then the tympanomeatal flap was lifted. Attachment of 
the tympanic membrane to the malleus and to the chorda 
tympani was preserved. Atticotomy was performed for 
better exposure of the oval window region. After dislocation 
of the incudostapedial joint, the stapedius tendon and the 
posterior crus were divided by microscissors. The distance 
between the long prominence of the incus and footplate 
was measured, and then a fenestration was created in the 
footplate by a handheld microperforator. The ideal-sized 
prosthesis was inserted into the fenestration, and the hook 
was crimped on the long prominence of the incus. The 
footplate was sealed by blood. The tympanomeatal flap was 
then replaced, and the external auditory canal was packed 

with gelatin foam. MSS was performed similarly to ESS, 
with the exception of an endaural skin incision being made. 

Statistical analyses

Statistical analyses were performed using SPSS version 
26.0 (IBM, Armonk, NY, USA). First, we verified that 
our audiological data of the two groups were normally 
dis tr ibuted us ing normal i ty  test .  Then,  we used 
independent sample t-tests to compare the preoperative 
hearing parameters between the groups to verify if the 2 
groups could be considered homogeneous so that we could 
continue with the following statistical analyses. Associations 
between hearing outcomes and clinical data were analyzed 
using paired sample t-tests (comparisons of preoperative and 
postoperative audiological parameters), independent-sample 
t-tests (comparisons of auditory gains), Mann-Whitney 
U-tests, and χ2-tests (comparison of surgery success 
rates) and linear regression tests (associations between 
preoperative audiological parameters and their changes). 
Data are expressed as mean, standard deviation of the 
mean, and percentages. P≤0.05 was considered statistically 
significant and was two-sided. Bar charts and line graphs 
were made using SPSS version 26.0 and GraphPad version 
9.0, respectively.

Results 

Complete audiological data of 65 patients undergoing stapes 
surgery were collected and analyzed (Table 1). Incomplete 
descriptive and preoperative and postoperative audiological 
data were not collected.

A total of 30 ESS were performed on 30 patients. Five 
(16.67%) of these patients had right ear otosclerosis, 3 (10%) 
had left ear otosclerosis, and 22 (73.33%) had bilateral 
otosclerosis. Of all 30 ESS patients, 16 (53.33%) underwent 
surgery on their right ear and 14 (46.67%) underwent 
surgery on their left ear. Female patients accounted for 
66.67% (n=20) of the ESS cohort (10). The mean age of the 
ESS cohort was 39.6 years. 

A total of 35 MSS were performed on 35 patients. Seven 
(20%) of these patients had right ear otosclerosis, 6 (17.14%) 
had left ear otosclerosis, and 22 (62.86%) had bilateral 
otosclerosis. Of all 35 MSS patients, 14 (40%) underwent 
surgery on their right ear and 21 (60%) underwent surgery 
on their left ear. Female patients accounted for 71.43% 
(n=25) of the MSS cohort. The mean age of the MSS 
cohort was 40.66 years.

Table 1 Descriptive data of the 65 patients

Type of surgery ESS MSS

Sex, n (%)

Female 20 (66.67) 25 (71.43)

Male 10 (33.33) 10 (28.57)

Mean age, years 39.6 40.66

Side of affected ear, n (%)

Right 5 (16.67) 7 (20.00)

Left 3 (10.00) 6 (17.14)

Bilateral 22 (73.33) 22 (62.86)

Operating side, n (%)

Right 16 (53.33) 14 (40.00)

Left 14 (46.67) 21 (60.00)

Bilateral 0 (0.00) 0 (0.00)

ESS, endoscopic stapes surgery; MSS, microscopic stapes 
surgery. 
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Preoperative PTA tests were performed <4 weeks before 
surgery, whereas postoperative testing was performed from 
1 to 14 months (average: 3 months) after surgery, depending 
on patients’ adherence to surgeons’ instructions that they 
should go to outpatient for follow-up checks and tests  
1 month, 3 months and 6 months each, after surgery. 

Table 2 shows the preoperative and postoperative hearing 
thresholds between the 2 groups. Independent sample 
comparisons of preoperative hearing parameters (AC-
PTA, BC-PTA, ABG-PTA) between the groups showed no 
significant difference (P>0.05). 

Figure 1 shows the postoperative ABG between the 
groups. In the ESS group, 18 patients had postoperative 
ABG ≤10 dB (60%), 9 had postoperative ABG 10–20 dB 
(30%), and 3 had postoperative ABG >20 dB (10%). In the 
MSS group, 15 patients had postoperative ABG ≤10 dB 
(43%), 15 had postoperative ABG 10–20 dB (43%), and 5 

had postoperative ABG >20 dB (14%). A 2-independent 
sample Mann-Whitney U-test demonstrated that there were 
no significant differences in postoperative ABG between 
the groups (Z=–1.577, P=0.115). The effective rate, which 
was defined as the proportion of patients with postoperative 
ABG ≤10 dB, was 60% in the ESS group and 42.86% in 
the MSS group; χ2-tests showed there were no significant 
differences between the groups (χ2=1.899, P=0.168).

Tables 3,4 show the averages of preoperative and 
postoperative audiological parameters of different 
frequencies, and the comparative measures of ESS and MSS. 
In the ESS group, AC-LF (preoperative: 64.08±14.91 dB,  
postoperative: 33.00±11.07 dB), AC-MF (preoperative: 
61.67±14.19 dB, postoperative: 36.67±12.54 dB), AC-
PTA (preoperative: 60.21±14.64 dB, postoperative:  
39.38±12.55 dB), ABG-LF (preoperative: 51.00±15.61 dB, 
postoperative: 21.67±11.17 dB), ABG-MF (preoperative: 
30.89±11.48 dB, postoperative: 8.22±5.60 dB), ABG-
HF (preoperative: 28.33±12.62 dB, postoperative:  
18 .00±11 .93  dB) ,  and  ABG-PTA (preopera t i ve :  
29.74±11.16 dB, postoperative: 10.76±6.14 dB) significantly 
decreased after surgery (P<0.05); however, there were 
no significant differences in terms of AC-HF and BC-
LF, BC-MF, BC-HF, and BC-PTA (P>0.05). In the MSS 
group, AC-LF (preoperative: 6.14±11.41 dB, postoperative: 
38.57±17.26 dB), AC-MF (preoperative: 65.00±14.57 dB, 
postoperative: 40.90±16.75 dB), AC-PTA (preoperative: 
63.93±15.85 dB, postoperative: 42.89±17.89 dB), BC-
MF (preoperative: 35.67±12.34 dB, postoperative:  
29.19±12.08 dB), BC-PTA (preoperative: 35.04±13.11 dB, 
postoperative: 29.93±12.87 dB), ABG-LF (preoperative: 
48.29±10.64 dB, postoperative: 23.57±13.26 dB), ABG-

Table 2 Preoperative and postoperative PTA of audiological parameters and comparative measures of both types of surgeries

Audiological parameter ESS MSS t P value

Preoperative (dB)

AC-PTA 60.21±14.64 63.93±15.85 –0.98 0.332

BC-PTA 29.96±11.51 35.04±13.11 –1.65 0.105

ABG-PTA 29.74±11.16 28.89±8.49 0.35 0.730

Postoperative (dB)

AC-PTA 39.38±12.55 42.89±17.89 –0.90 0.370

BC-PTA 29.38±10.76 29.93±12.87 –0.19 0.853

ABG-PTA 10.67±6.21 12.96±9.18 –1.12 0.268

Results are shown as mean ± standard deviation. PTA, pure-tone averages; ESS, endoscopic stapes surgery; MSS, microscopic stapes 
surgery; ABG, air-bone gap; AC, air-conduction; BC, bone-conduction. 

Figure 1 Comparison of postoperative ABG (dB) of the ESS and 
MSS groups. ABG, air-bone gap; ESS, endoscopic stapes surgery; 
MSS, microscopic stapes surgery; ns, no statistical significance. 
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MF (preoperative:  29.33±8.08 dB, postoperative:  
11.71±9.20 dB), ABG-HF (preoperative: 27.57±14.87 dB,  
pos topera t i ve :  16 .71±12 .60  dB) ,  and  ABG-PTA 
(preoperative: 28.89±8.49 dB, postoperative: 12.96±9.18 dB)  
significantly decreased after surgery (P<0.05); however, there 
were no significant differences in terms of AC-HF, BC-LF, 
and BC-HF (P>0.05).

Table 5 shows the averages of the auditory gains of 
different frequencies of both groups, and the comparative 
measures between both types of surgeries. Auditory gain 
was defined as the difference of value between preoperative 
and postoperative audiological parameters. There were no 
significant differences in terms of AC-LF, BC-LF, ABG-
LF, AC-MF, BC-MF, ABG-MF, AC-HF, BC-HF, ABG-
HF, AC-PTA, and ABG-PTA (P>0.05), but the MSS group 
demonstrated better results for BC-PTA (P=0.049).

Table 6 shows the comparative measures of the auditory 
gains in different frequency ranges for each type of stapes 

surgery. In the ESS group, for AC, AC-LF improved 
significantly more than both AC-MF and AC-HF after 
surgery, and AC-MF improved significantly more than 
AC-HF (P<0.05). For BC, the auditory gain of BC-MF 
was significantly higher than that of BC-HF (P<0.05), but 
there were no significant differences between the auditory 
gains of BC-LF, BC-MF, BC-LF, and BC-HF (P>0.05). 
For ABG, the auditory gains of ABG-MF and ABG-LF 
were significantly higher than that of ABG-HF (P<0.05), 
but there were no significant differences between the gains 
of ABG-LF and ABG-MF (P>0.05). In the MSS group, 
for AC, the auditory gains of AC-MF and AC-LF were 
significantly higher than that of AC-HF (P<0.05), whereas 
there were no significant differences between the gains 
of AC-LF and AC-MF (P>0.05). For BC, there were no 
significant differences between the auditory gains of BC-LF, 
BC-MF, and BC-HF (P>0.05). For ABG, the auditory gains 
of ABG-LF were significantly higher than those of ABG-

Table 3 Preoperative and postoperative audiological parameters of different frequencies and comparative measures of ESS

ESS 

frequency

AC BC ABG

Preoperative 

(dB)

Postoperative 

(dB)
t P value

Preoperative 

(dB)

Postoperative 

(dB)
t P value

Preoperative 

(dB)

Postoperative 

(dB)
t P value

Low 

frequency

64.08±14.91 33.00±11.07 12.52 0.000 14.83±10.54 13.00±10.31 0.95 0.352 51.00±15.61 21.67±11.17 9.93 0.000

Mid 

frequency

61.67±14.19 36.67±12.54 10.66 0.000 30.78±11.23 28.89±11.35 1.13 0.267 30.89±11.48 8.22±5.60 12.42 0.000

High 

frequency

60.00±20.80 57.58±19.54 0.90 0.370 27.50±17.65 30.83±15.49 −1.92 0.064 28.33±12.62 18.00±11.93 3.43 0.002

PTA 60.21±14.64 39.38±12.55 8.74 0.000 29.96±11.51 29.96±11.51 0.40 0.692 29.74±11.16 10.76±6.14 9.79 0.000

Results are shown as mean ± standard deviation. PTA, pure-tone averages; ESS, endoscopic stapes surgery; ABG, air-bone gap; AC, air-conduction; BC, 
bone-conduction. 

Table 4 Preoperative and postoperative audiological parameters of different frequencies and comparative measures of MSS

MSS 

frequency

AC BC ABG

Preoperative 

(dB)

Postoperative 

(dB)
t P value

Preoperative 

(dB)

Postoperative 

(dB)
t P value

Preoperative 

(dB)

Postoperative 

(dB)
t P value

Low 

frequency

66.14±11.41 38.57±17.26 11.23 0.000 18.57±8.36 15.71±10.86 1.64 0.110 48.29±10.64 23.57±13.26 10.12 0.000

Mid 

frequency

65.00±14.57 40.90±16.75 9.89 0.000 35.67±12.34 29.19±12.08 3.90 0.000 29.33±8.08 11.71±9.20 8.16 0.000

High 

frequency

63.93±21.38 59.93±21.77 1.21 0.235 33.14±18.11 32.14±18.52 0.45 0.659 27.57±14.87 16.71±12.60 3.31 0.002

PTA 63.93±15.85 42.89±17.89 8.39 0.000 35.04±13.11 29.93±12.87 3.05 0.004 28.89±8.49 12.96±9.18 7.39 0.000

Results are shown as mean ± standard deviation. PTA, pure-tone averages; MSS, microscopic stapes surgery; ABG, air-bone gap; AC, air-conduction; BC, 
bone-conduction.
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MF and ABG-HF (P<0.05), and there were no significant 
differences between the auditory gains of ABG-MF and 
ABG-HF (P>0.05).

Figure 2 shows that there was 1 negative case in the 
ESS group and 3 in the MSS group. To be more specific, 

negative cases referred to those who had ΔABG-PTA 
≤0 dB. In both groups, the scattered points show a 
concentration of 20–40 dB for preoperative ABG. The 
line graphs and linear relationship show 2 equations—
y=0.7833x–4.1116 (R2=0.669, P<0.0001) in the ESS group, 

Table 6 Comparative measures of the auditory gains of different frequencies of each group

Frequency
ESS MSS

t P value t P value

AC

LF vs. MF 1.78 0.080 1.00 0.318

MF vs. HF 6.35 0.000 4.89 0.000

LF vs. HF 7.86 0.000 5.72 0.000

BC

LF vs. MF −0.02 0.983 −1.50 0.137

MF vs. HF 2.17 0.034 1.68 0.098

LF vs. HF 1.99 0.052 0.56 0.578

ABG

LF vs. MF 1.92 0.060 2.18 0.033

MF vs. HF 3.5 0.001 1.72 0.090

LF vs. HF 4.5 0.000 3.39 0.001

ABG, air-bone gap; AC, air-conduction; BC, bone-conduction; PTA, pure-tone averages; ESS, endoscopic stapes surgery; MSS, 
microscopic stapes surgery; HF, high frequency; LF, low frequency; MF, mid frequency.

Table 5 Auditory gains of different frequencies of both groups and comparative measures between both types of surgeries

Frequency Audiological parameter ESS (dB) MSS (dB) t P value

Low frequency AC 31.08±13.59 27.57±14.52 1.00 0.321

BC 1.83±10.63 2.86±10.31 –0.39 0.695

ABG 29.33±16.17 24.71±14.45 1.22 0.229

Mid frequency AC 25.00±12.84 24.10±14.42 0.27 0.792

BC 1.89±9.15 6.48±9.82 –1.94 0.057

ABG 22.67±10.00 17.62±12.77 1.75 0.085

High frequency AC 2.42±14.63 4.00±19.59 –0.36 0.717

BC –3.33±9.50 1.00±13.27 –1.49 0.141

ABG 10.33±16.50 10.86±19.42 –0.12 0.908

PTA AC 20.83±13.05 21.04±14.84 –0.06 0.954

BC 0.58±7.98 5.11±9.90 –2.01 0.049

ABG 18.98±10.62 15.93±12.75 1.04 0.304

Results are shown as mean ± standard deviation. PTA, pure-tone averages; ESS, endoscopic stapes surgery; MSS, microscopic stapes 
surgery; ABG, air-bone gap; AC, air-conduction; BC, bone-conduction.
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and y=1.0436x–14.225 (R2=0.483, P<0.0001) in the MSS 
group—indicating that ΔABG-PTA is linearly related to 
preoperative ABG-PTA in both groups (P<0.0001).

Figure 3 shows that there were 3 negative cases in 
the ESS group and 1 in the MSS group (ΔAC-PTA 
≤0 dB). In both groups, the scattered points show a 
concentration of 45–80 dB for preoperative AC. The 
line graphs and linear relationship show 2 equations—
y=0.5295x–11.05 (R2=0.3531, P=0.001) in the ESS group, 
and y=0.301x+1.7943 (R2=0.1034, P=0.060) in the MSS 
group—indicating that ΔAC-PTA was linearly related to 
AC-PTA in only the ESS group (P<0.05), but not in the 
MSS group (P>0.05).

Figure 4 shows that there were 15 negative cases in 
the ESS group and 12 in the MSS group (ΔBC-PTA 
≤0 dB). In both groups, the scattered points show a 
concentration of 20–50dB for preoperative BC. The 
line graphs and linear relationship show 2 equations—
y=0.3034x–8.5063 (R2=0.1914, P=0.016) in the ESS group, 
and y=0.3033x–5.5181 (R2=0.1614, P=0.017) in the MSS 
group—indicating that ΔBC-PTA is linearly related to BC-
PTA in both groups (P<0.05).

Discussion

Our analysis of the HL data for the 2 patient cohorts 
before and after ESS and MSS showed satisfactory and 
comparatively functional results. There were no significant 
differences in preoperative hearing between the 2 groups 
(P>0.05), indicating that the 2 cohorts could be considered 
homogeneous. 

In the evaluat ion of  successful  s tapes  surgery, 
postoperative ABG <10, 15, 20, and 34.5 dB have been 
reported and accepted in previous studies, with 10 dB 
considered the most accepted standard (21-26). 

In the present study, a postoperative ABG <10 dB was 
achieved in 60% of cases in the ESS group and 43% of 
cases in the MSS group, and there were no significant 
differences between the groups in terms of effective rates 
(P=0.168). Daneshi and Jahandideh reported a postoperative 
ABG <10 dB in 57.9% of cases in the ESS group and in 
40% of cases in the MSS group (27), which were similar 
to our findings. Iannella and Magliulo reported better 
outcomes; postoperative ABG <10 dB was achieved in 85% 
of cases in the ESS group and in 80% of cases in the MSS 
group (28). Although the 6 reports analyzed in Nikolaos 

Figure 2 Scatter plot and line graphs of preoperative ABG-PTA 
(dB) and ΔABG-PTA (dB) of both groups. ABG, air-bone gap; 
PTA, pure-tone averages; ESS, endoscopic stapes surgery; MSS, 
microscopic stapes surgery.
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Figure 3 Scatter plot and line graphs of preoperative AC-PTA 
(dB) and ΔAC-PTA (dB) of both groups. AC, air-conduction; 
PTA, pure-tone averages; ESS, endoscopic stapes surgery; MSS, 
microscopic stapes surgery.
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Figure 4 Scatter plot and line graphs of preoperative BC-PTA 
(dB) and ΔBC-PTA (dB) of both groups. BC, bone-conduction; 
PTA, pure-tone averages; ESS, endoscopic stapes surgery; MSS, 
microscopic stapes surgery.
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et al.’s meta-analysis indicated no significant difference in 
surgery success rates between ESS and MSS (14), hearing 
restoration success was the most significant factor in the 
choice between endoscopy or microscopy in their study.

To explain the wide range of stapes surgery success rates, 
prosthesis displacement and alterations of the ossicular 
chain or oval window must be noted as the main causes of 
failure. Additionally, patients with oval window disturbances 
presented significantly lower hearing success rates compared 
with patients with ossicular chain or prosthesis malfunctions 
(P=0.03, χ2 test) (11).

The statistical significance between preoperative and 
postoperative averages of AC-PTA, BC-PTA, and ABG-
PTA in both groups were reported in the present study. 
There were no significant differences in either group in 
terms of postoperative ABG-PTA outcomes (10.67±6.21 
vs. 12.96±9.18 dB, P=0.268) and ΔABG-PTA (10.67±6.21 
vs. 12.96±9.18 dB, P=0.304). However, in Gulsen and 
Karatas’s study (24), the ESS group showed a slightly better 
postoperative ABG-PTA outcome (7.4±4.8 vs. 8.7±3.4 dB), 
and there was also no significant difference between the 
groups in terms of hearing gains (P>0.05). 

Our findings indicated that AC-LF, AC-MF, AC-PTA, 
ABG-LF, ABG-MF, ABG-HF, and ABG-PTA significantly 
decreased after ESS (P<0.05), and AC-LF, AC-MF, AC-
PTA, BC-MF, BC-PTA, ABG-LF, ABG-MF, ABG-HF, and 
ABG-PTA significantly decreased after ESS (P<0.05). Shiao 
et al. reported similar outcomes (10); the average (0.5, 1, 2, 
and 3 kHz) AC (from 56.0±13.5 to 40.3±16.4 dB) and ABG 
(from 28.8±8.8 to 11.3±11.1 dB) significantly decreased 
after endaural stapes surgery (P<0.001), while the average 
BC showed no significant deterioration (from 27.5±10.7 
to 28.5±11.9 dB, P=0.128). Eighty-six percent of the cases 
Babighian and Albu’s review demonstrated that the BC 
threshold remained unchanged after stapes surgery.

Moreover, greater LF and MF auditory gains were 
shown in both groups in terms of AC and ABG than HF 
auditory gains. In contrast, auditory gains of BC-MF were 
significantly greater than the auditory gains of BC-LF 
and BC-HF in the ESS group (P>0.05). There were no 
significant differences among BC-LF, BC-MF, and BC-HF 
in the MSS group. Similarly, Roychowdhury et al. found 
that ABG-LF improved significantly more than ABG-
LF after stapedotomy (12), and presented a simple linear 
regression model demonstrating that ΔAC (y) decreases 
as the frequency (x) increases [y=–0.003853x+34.76 
(R2=0.951), P<0.001], and indicated that there was 
no significant difference between preoperative and 

postoperative thresholds at 8 kHz. One hypothesis could 
be that the surgical wound is on the vestibular window and 
HF soundwaves cause vibrations only on the basement 
membrane around the vestibular window, therefore LF and 
MF data have better post-stapedotomy outcomes than HF.

In our study, there were no significant differences in 
terms of the auditory gains (AC-LF, BC-LF, ABG-LF, AC-
HF, BC-HF, ABG-HF, AC-PTA, and ABG-PTA) between 
the groups except for BC-PTA, which slightly favored the 
MSS group (P=0.049). Likewise, Sproat et al. reported 
reductions of BC-HF (1, 2, 4 kHz) 6±9 dB in the ESS group 
and 11±10 dB in the MSS group (29); that reduction was 
significantly different between the groups, slightly favoring 
the MSS group. 

Taking all hearing outcomes and the comparisons into 
account, we can conclude that the 2 types of stapedotomies 
showed similar audiological outcomes. What’s more, for 
further and more precise investigations of comparisons of 
audiological outcomes between the 2 types of stapedotomies, 
Babbage et al. proposed that extended HF (9–16 kHz) data 
could be more sensitive to compare audiological outcomes 
between different surgical methods, which could be 
considered in future clinical applications (30). 

Preoperative ABG and AC have been found to be 
significant prognostic factors for postoperative hearing 
outcome in otosclerosis patients. Preoperative ABG 
in particular has been demonstrated to be a significant 
prognostic factor at multiple frequencies. However, 
preoperative BC has not demonstrated any influence on 
postoperative outcomes (31,32). 

In their study, Bittermann et al. found that a smaller 
preoperative ABG (≤30 dB) could lead to a better 
postoperative ABG (≤10 dB), while a large preoperative 
ABG (>30 dB) and preoperative AC (>50 dB) could lead to a 
better AC (>20 dB) (33).

In the present study, we analyzed the statistical 
association between preoperative ABG-PTA, AC-PTA, BC-
PTA, ΔABG-PTA, ΔAC-PTA, and ΔBC-PTA.

In terms of the association between preoperative 
ABG-PTA and ΔABG-PTA in both groups, we found 
the concentration of scattered points to be 20–40 dB for 
preoperative ABG-PTA. In the ESS group, for preoperative 
ABG-PTA >20 dB, ΔABG-PTA improved more than 10d B, 
which is considered successful from a surgical perspective. 
In the MSS group, for preoperative ABG-PTA >25 dB, 
ΔABG-PTA improved more than 10 dB. Furthermore, 
we found a greater number of successful cases and less 
negative values in the ESS group (1 negative case vs. 3). 
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In the ESS group, ΔABG-PTA was linearly related to 
preoperative ABG-PTA, indicating that preoperative ABG-
PTA could explain 66.9% of the change of ΔABG-PTA. In 
the MSS group, ΔABG-PTA was also linearly related to the 
preoperative ABG-PTA, indicating that preoperative ABG-
PTA could explain 48.3% of the change of ΔABG-PTA. 

In terms of the association between preoperative 
AC-PTA and ΔAC-PTA in both groups, we found the 
concentration of scattered points to be 45–80 dB for 
preoperative AC-PTA, as well as a greater number of 
successful cases and less negative values in the MSS group 
(3 negative cases vs. 1). In the ESS group, ΔAC-PTA was 
linearly related to preoperative AC-PTA, indicating that 
preoperative AC-PTA could explain 35.31% of the change 
of ΔAC-PTA. However, in the MSS group, ΔAC-PTA was 
not linearly related to the preoperative AC-PTA (P>0.05).

In terms of the association between preoperative 
BC-PTA and ΔBC-PTA in both groups, we found the 
concentration of scattered points to be 20–50 dB for 
preoperative BC-PTA, as well as a greater number of 
successful cases and less negative values in the MSS group 
(15 negative cases vs. 12). In the ESS group, ΔBC-PTA was 
linearly related to preoperative BC-PTA, indicating that 
preoperative ABG-PTA could explain 19.14% of the change 
of ΔBC-PTA. In the MSS group, ΔBC-PTA was also 
linearly related to the preoperative BC-PTA, indicating that 
preoperative BC-PTA could explain 16.14% of the change 
of ΔBC-PTA.

These findings draw a reasonable conclusion that 
stapedotomy is greatly effective for patients with 
preoperative ABG-PTA 20–40 dB or preoperative AC-
PTA 45–80 dB, and that ESS seems to be the better option. 
Patients with preoperative ABG-PTA <20 dB or >40 dB 
and preoperative AC-PTA <45 dB or >80 dB could seek 
other more suitable approaches, such as a hearing device. 
We did not discuss the prognostic use of preoperative BC-
PTA in the present study due to multiple failed cases in 
both groups. However, this warrants further investigation 
for prospective clinical use. Among preoperative ABG-
PTA, preoperative AC-PTA, and preoperative BC-PTA, 
preoperative ABG-PTA was found to be the best indicator 
for stapes surgery success. 

Our study was l imited by the small  number of 
samples and the lack of regular and long-term, follow-up 
audiological data. In the future, we will expand the number 
of research samples and create a more detailed and statistic 
plan for descriptive and audiological data collection.

Conclusions

The findings of our study indicate that postoperative 
audiological outcomes, surgery success rates, and audiological 
changes between both types of surgeries are comparable, 
except for changes in BC-PTA, which favored the MSS 
group. MSS also improved BC-LF and BC-HF. Moreover, 
shifts in ABG and BC were linearly related to preoperative 
ABG and BC in both groups, and shifts in AC were linearly 
related to preoperative AC in the ESS group (P<0.05). Based 
on linear regression analysis, preoperative ABG-PTA was 
the most efficient surgical indicator for both types of stapes 
surgery for patients with otosclerosis. We propose that ESS 
could be a more effective alternative treatment for HL caused 
by otosclerosis, and preoperative ABG-PTA could work as a 
useful clinical indicator for therapeutic choices.
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