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INTRODUCTION

Otosclerosis is one of the main causes of conductive hearing 
loss in Caucasian adults, with a prevalence ranging from 0.006 to 
1%1-4. However, histologically, it can range from 4 to 12% and 
clinically manifests as hearing loss5-7. 

The standard of management is stapes surgery with stapes 
prosthesis placement, demonstrating a success rate ranging from 
72% to 94%. As for the success of surgery, it is usually dependent 
on factors such as the type of surgery performed, the type of 
prosthesis used, the stage of the disease and involvement of sur-
rounding structures8-11. Stapes surgery can be performed under 
general or local anesthesia with sedation. There are different 
surgical techniques, such as stapedectomy, which consists of the 

complete removal of the stapes footplate, and stapedotomy, in 
which only one perforation is made in the footplate. In addition, 
the procedure can be done with visual assistance using a micro-
scope or endoscope12,13. Some authors have identified small bony 
airspaces as risk factors for failure of the stapes surgery14-16, while 
others point to young age, active smoking17, dyslipidemia18 and 
high blood pressure19. However, authors such as Patel et al.20 re-
ported that a history of smoking was not a predictive factor in 
their series of 107 cases. Other studies pointed out that a history 
of previous surgery can be a risk factor21-23. Marchese et al.24 indi-
cate that age <50 years and a hearing loss ≥50 dB are predictive 
risk factors. Other studies describe that sex is not a predictive 
factor for surgical success, and that body mass index, although 
previously studied, is not conclusively associated with postopera-
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tive complications in stapes surgery25-27.
Given the controversies regarding the risk factors linked to 

postoperative complications or failure in stapes surgery, it is per-
tinent to explore, in the context of our hospital and patient 
population, which preoperative conditions or variables could be 
associated with unfavorable outcomes after this procedure. 
Given the dilemma that exists in different studies on multiple 
risk factors associated with surgical success or failure, we believe 
it is necessary to evaluate these factors in a sample of our patients 
who underwent stapes surgery for otosclerosis.

MATERIAL AND METHODS

Study population
An observational, retrospective, cross-sectional study was car-

ried out in the Otorhinolaryngology service of a tertiary-level 
medical unit, a regional reference centre of the Mexican Insti-
tute of Social Security in northwestern Mexico. Clinical records 
were selected by non-probabilistic consecutive sampling, corre-
sponding to patients who underwent stapes surgery for otoscle-
rosis between January 2022 and December 2024.

The sample size was calculated for a finite population, consid-
ering an annual average of 20 procedures, a confidence level of 
95%, an expected proportion of 50%, an accuracy of 5% and an 
estimated loss of 10%, obtaining a minimum required size of 90 
cases. However, due to the retrospective nature of the study, as 
well as underreporting and lack of audiological follow-up in 
some patients, the projected sample size was not reached, which 
constitutes a relevant methodological limitation.

Adult patients (18 to 80 years old) with a clinical diagnosis 
of otosclerosis, who underwent stapes surgery (stapedectomy 
or stapedotomy), performed using either an endoscopic or mi-
croscopic approach, and who had preoperative and six-month 
postoperative audiometry, were included. Cases with incom-
plete records, absence of audiological follow-up, intraoperative 
discarded diagnosis, or loss of essential clinical information 
were excluded.

Variables and measurements
Demographic variables (age, sex, state of origin), clinical vari-

ables (comorbidities such as hypertension, diabetes, smoking), 
audiological variables (audiometric thresholds and air–bone gap 
preoperatively and at 6 months postoperatively), and surgical 
variables (operated ear, stapes surgery technique – stapedotomy 
versus stapedectomy, visualization method with microscope or 
endoscope, and presence of intra- or postoperative complica-
tions) were collected. For the analysis of audiometric results, the 
pure tone average (PTA) and the air–bone gap (ABG) were cal-
culated at frequencies of 500, 1000 and 2000 Hz before surgery 
and at 6 months postoperatively. Surgical success was defined as 
a postoperative ABG ≤ 10 dB; any case with an ABG > 10 dB at 6 
months was considered failure or non-successful outcome. 

To minimize selection bias, we excluded records without com-
plete follow-up audiometry. No images or imputed data were 
used for cases with missing data.

Statistical analysis
Quantitative and qualitative variables were recorded in the data 

collection card and later transferred to an Excel spreadsheet ver-
sion 19 for Windows, then coded and analyzed with the statistical 
program SPSS version 26 in Spanish for Windows. Descriptive sta-
tistics were used, including measures of central tendency and dis-
persion. We applied Pearson’s Chi-square to assess association and 
odds ratio to estimate risk. Differences in the ABG between peri-
operative and postoperative tonal audiometry were evaluated 
using Student’s t-test. A p value ≤ 0.05 was considered statistically 
significant. Tables were used for data interpretation.

RESULTS

Between January 2022 and December 2024, a total of 78 
patients with a clinical diagnosis of otosclerosis were identified. 
However, for inclusion in the final analysis, an essential crite-
rion was the existence of a follow-up audiometry performed six 
months after the intervention. Due to the absence of this assess-
ment in some cases, 24 patients were excluded. As a result, the 
final sample consisted of 54 patients who met all the established 
criteria, including the required audiometric follow-up (see Fig-
ure 1). The mean age of the included patients was 46.9 years 
(SD ± 11.5; range 20–68 years). Of these, 44 patients (81.5%) 
were women and 10 (18.5%) were men (Table 1). The pre-
dominant geographical origin was the state of Sonora (55.5%), 
followed by Baja California (24.1%) and Sinaloa (20.4%). 

35.2% of the patients had comorbidities (mainly arterial hy-
pertension in 20.4%), while 16.7% were active smokers. The left 
ear was most frequently affected, in 36 cases (66.7%). Carhart’s 
notch was identified in 90.7% of patients on preoperative audi-
ometry. The mean duration of hearing loss before surgery was 
8.35 years (SD ± 7.94; range 1–30 years).

 Regarding surgical characteristics, 33 procedures (61.1%) 
were performed using an endoscopic approach and 21 (38.9%) 

Figure 1.  Selection criteria and total number of patients included in the study.
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with a microscope. Intraoperative or postoperative complica-
tions were documented in 18 cases (33.3%). The most frequent 
were prosthesis extrusion in 4 cases (7.4%), persistent vertigo (n 
= 4), transient dysgeusia (n = 4), followed by profound sensori-
neural hearing loss in 1 case (1.9%), inability to place the im-

plant in 2 cases (3.7%), postoperative tympanic membrane 
perforation (n = 2), and delayed-onset facial nerve paresis (n = 
1). Although most of these complications were transient or re-
solved with conservative management, they contributed to surgi-
cal failure or prolonged recovery in several patients. No 

Table 1. Clinical and sociodemographic characteristics of patients and their association with surgical outcome (success versus failure).

V a r i a b l e C a t e g o r y n  ( % ) p - v a l u e O d d  R a t i o  ( 9 5 %  C I )

A g e  ( m e a n  ±  S D ) 4 6 . 9 3  ±  1 1 . 4 8  y e a r s  ( r a n g e  2 0 – 6 8 )

E v o l u t i o n  t i m e  ( m e a n  ±  S D ) 8 . 3 5  ±  7 . 9 4  y e a r s  ( r a n g e  1 – 3 0 )

A g e  g r o u p
≤ 4 9  y e a r s  o l d 3 1  ( 5 7 . 4 % )

≥ 5 0  y e a r s 2 3  ( 4 2 . 6 % )

S e x
M a l e 1 0  ( 1 8 . 5 % ) 0 . 3 0 0 2 . 2 6 5  ( 0 . 4 6 9 – 1 0 . 9 4 7 )

4 4  ( 8 1 . 5 % )

S t a t e

S o n o r a 3 0  ( 5 5 . 5 % )

B a j a  C a l i f o r n i a 1 3  ( 2 4 . 1 % )

S i n a l o a 1 1  ( 2 0 . 4 % )

C o m o r b i d i t i e s

1 9  ( 3 5 . 2 % ) 0 . 7 2 3 1 . 2 8 9  ( 0 . 3 1 5 – 5 . 2 8 1 )

H i g h  b l o o d  p r e s s u r e 1 1  ( 2 0 . 4 % ) 0 . 3 6 7 0 . 3 7 8  ( 0 . 0 4 3 – 3 . 3 5 2 )

D i a b e t e s  m e l l i t u s 7  ( 1 3 . 0 % ) 0 . 5 1 2 1 . 7 6 2  ( 0 . 3 3 6 – 9 . 2 3 4 )

D y s l i p i d e m i a 5  ( 9 . 3 % ) 0 . 6 2 5 1 . 3 5 7  ( 0 . 2 9 7 – 6 . 1 9 1 )

O b e s i t y  ( B M I  ≥ 3 0 ) 3  ( 5 . 6 % ) 0 . 4 8 1 0 . 6 1 5  ( 0 . 1 0 2 – 3 . 7 0 1 )

C a r d i o p a t h y  ( a n y ) 2  ( 3 . 7 % ) 0 . 7 2 3 1 . 0 8 9  ( 0 . 1 2 2 – 9 . 7 2 4 )

A s t h m a / C O P D 1  ( 1 . 9 % ) 1 . 0 0 0 0 . 9 7 9  ( 0 . 0 5 9 – 1 6 . 1 3 2 )

T h y r o i d  d i s e a s e 1  ( 1 . 9 % ) 1 . 0 0 0 0 . 9 7 9  ( 0 . 0 5 9 – 1 6 . 1 3 2 )

N o  c o m o r b i d i t i e s 3 5  ( 6 4 . 8 % )

S m o k i n g 9  ( 1 6 . 7 % ) 0 . 2 1 0 2 . 7 1 4  ( 0 . 5 4 6 – 1 3 . 4 8 9 )

A f f e c t e d  e a r
L e f t 3 6  ( 6 6 . 7 % ) 0 . 0 8 9 0 . 9 9 0  ( 0 . 7 8 9 – 1 . 2 4 2 )

R i g h t 1 8  ( 3 3 . 3 % )

C a r h a r t  n o t c h  i n  a u d i o m e t r y
P r e s e n t 4 9  ( 9 0 . 7 % )

A b s e n t 5  ( 9 . 3 % )

P r o c e d u r e  V i s u a l i z a t i o n
E n d o s c o p i c 3 3  ( 6 1 . 1 % ) 0 . 1 2 9 0 . 3 4 5  ( 0 . 0 8 4 – 1 . 4 1 3 )

M i c r o s c o p e 2 1  ( 3 8 . 9 % )

Po s t o p e r a t i v e  c o m p l i c a t i o n s
Ye s 7  ( 1 3 . 0 % ) 0 . 0 0 1 1 3 . 6 0 0  ( 2 . 4 7 9 – 7 4 . 6 2 2 )

N o 4 7  ( 8 7 . 0 % )

Ty p e 

P r o s t h e s i s  e x t r u s i o n 4  ( 7 . 4 % )

S e n s o r i n e u r a l  h e a r i n g  l o s s 1  ( 1 . 9 % )

I m p o s s i b i l i t y  o f  c a s t i n g  i m p l a n t 2  ( 3 . 7 % )

H e a r i n g  l o s s  a c c o r d i n g  t o  W H O

M o d e r a t e 3  ( 5 . 6 % )

S e v e r e 3 6  ( 6 6 . 7 % )

D e e p 1 5  ( 2 7 . 8 % )

Ty p e  o f  p r o c e d u r e
S t a p e d e c t o m y 2 3  ( 4 2 . 6 % ) 0 . 0 0 1 1 3 . 6 0 0  ( 2 . 4 7 9 – 7 4 . 6 2 2 )

S t a p e d o t o m y 3 1  ( 5 7 . 4 % )

U p s h o t
S u r g i c a l  f a i l u r e 1 0  ( 1 8 . 5 % )

S u r g i c a l  s u c c e s s 4 4  ( 8 1 . 5 % )
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complications were observed in the remaining 36 cases (66.7%). 
A Schuknecht prosthesis (stainless steel with Teflon) was used in 
all procedures. The surgical technique was stapedotomy in 31 
cases (57.4%) and stapedectomy in 23 cases (42.6 %).

Failure of the procedure (postoperative ABG >10 dB) oc-
curred in 10 patients, corresponding to 18.5% of the series; the 
remaining 44 patients (81.5%) achieved surgical success (ABG 
closure <10 dB at 6 months). Table 1 summarizes the demo-
graphic and clinical characteristics, as well as the main findings, 
comparing the success and failure groups. 

In the bivariate analysis, no significant statistical association 
was found between surgical failure and the presence of comor-
bidities (p = 0.723; OR = 1.29, 95% CI 0.32–5.28), active smoking 
(p = 0.210; OR = 2.71, 95% CI 0.55–13.49), arterial hypertension 
(p = 0.367; OR = 0.38, 95% CI 0.04–3.35), nor between sexes 
(female versus male; p = 0.300; OR = 2.27, 95% CI 0.47–10.95). 
No association was observed with the presence of a Carhart 
notch on preoperative audiometry (p = 0.895; OR = 0.99, 95% 
CI 0.79–1.24), type of visualization (endoscopic versus micro-
scopic; p = 0.129; OR = 0.35, 95% CI 0.08–1.41), or age (< 50 
versus ≥ 50 years; p = 0.372; OR = 1.94, 95% CI 0.44–8.52). 

A significant statistical association was found between surgical 
failure, the surgical technique and the side of the operated ear. 
The probability of failure was higher in stapedectomy compared 
to stapedotomy (p = 0.001; OR = 13.6, 95% CI 2.48–74.62), and 
was also greater in left-ear versus right-ear surgeries (p = 0.001; 
OR = 13.6, 95% CI 2.48–74.62). 

A multivariate logistic regression model was applied to iden-
tify independent predictors of surgical failure. Variables included 
in the model were surgical technique (stapedectomy vs stapedot-
omy), presence of postoperative complications, sex, comorbidi-
ties, visualization method (endoscopic vs microscopic), and side 
of the operated ear. The analysis confirmed that both stapedec-
tomy and postoperative complications were independently as-
sociated with an increased risk of failure. Stapedectomy showed 
an adjusted odds ratio (aOR) of 7.52 (95% CI: 1.21–46.82; p = 
0.030), while postoperative complications had an aOR of 4.78 
(95% CI: 1.02–22.42; p = 0.047). Other variables, including male 

sex, presence of comorbidities, endoscopic approach, and left-
ear intervention, were not significantly associated with failure (p 
> 0.05 for all). The Hosmer-Lemeshow goodness-of-fit test indi-
cated adequate model calibration (p = 0.74). These findings sug-
gest that the type of procedure and the occurrence of 
complications have an independent effect on functional out-
comes, even after adjusting for potential confounders.

Audiometric evaluation showed significant improvement in 
hearing after surgery. The overall preoperative PTA (mean 
0.5–1–2 kHz) was 59.8 dB (SD ± 13.3) and decreased to 40.1 dB 
(SD ± 23.3) at six months postoperatively (p < 0.001), repre-
senting an average hearing gain of ~19.8 dB. This difference 
was equivalent to a very large effect size (Cohen’s d = 4.50) 
(Table 2). Regarding the air–bone gap, closure or reduction 
was documented at all analyzed frequencies. For example, at 
250 Hz the average ABG decreased from 45.6 dB to 22.9 dB; at 
500 Hz from 41.4 to 18.4 dB; and at 1000 Hz from 32.1 to 16.9 
dB (all p < 0.001). At 2000 Hz, the ABG reduction was smaller 
(from 16.7 to 7.8 dB), although equally significant (p < 0.001). 
The effect sizes (Cohen’s d) ranged from 1.27 to 3.69 depend-
ing on frequency, confirming the clinical relevance of the im-
provement (Table 2). Table 2 shows the average audiometric 
changes before versus after surgery, including 95% confidence 
intervals of the differences. A sensitivity analysis was performed 
excluding patients with significant comorbidities (n = 19). The 
surgical success rate remained at 82.8%, with no significant 
variation in the main ORs.

DISCUSSIONS

The results obtained in our cohort allow us to identify a series 
of clinical and surgical factors associated with the success or failure 
of stapes surgery in patients with otosclerosis. In terms of age, a 
higher failure rate was observed in patients aged 50 years and 
older. This finding is consistent with the study by Bittermann et 
al.18, who reported that an age greater than 40 years reduces the 
probability of achieving a postoperative gain of more than 20 dB 

Table 2. Pre- and post-surgical audiometric changes.

F r e q u e n c y  /  V a r i a b l e P r e o p e r a t i v e  M e a n  ( S D ) Po s t o p e r a t i v e  M e a n  ( S D ) C o h e n ’s  d 9 5 %  C I  f o r  C o h e n ’s  d H e d g e s ’ g  ( f i x e d ) S t u d e n t ' s  t  ( p  ≤  0 . 0 5 )

P TA  G l o b a l  ( d B  H L ) 5 9 . 8 4  ( 1 3 . 3 0 ) 4 0 . 0 6  ( 2 3 . 2 8 ) 4 . 4 9 9 3 . 6 0 2  –  5 . 3 9 1 4 . 4 3 5 p  =  0 . 0 0 0

A B G  2 5 0  H z  ( d B ) 4 5 . 5 6  ( 1 2 . 3 5 ) 2 2 . 8 7  ( 2 4 . 6 0 ) 3 . 6 8 9 2 . 9 3 7  –  4 . 4 3 5 3 . 6 3 6 p  =  0 . 0 0 0

A B G  5 0 0  H z  ( d B ) 4 1 . 3 9  ( 1 2 . 9 4 ) 1 8 . 4 3  ( 2 4 . 3 0 ) 3 . 1 9 9 2 . 5 3 3  –  3 . 8 6 0 3 . 1 5 4 p  =  0 . 0 0 0

A B G  1 0 0 0  H z  ( d B ) 3 2 . 1 3  ( 1 3 . 0 9 ) 1 6 . 8 5  ( 2 2 . 9 7 ) 2 . 4 5 5 1 . 9 1 5  –  2 . 9 8 8 2 . 4 2 0 p  =  0 . 0 0 0

A B G  2 0 0 0  H z  ( d B ) 1 6 . 6 7  ( 1 3 . 1 0 ) 7 . 7 8  ( 1 5 . 9 2 ) 1 . 2 7 2 0 . 9 0 9  –  1 . 6 2 8 1 . 2 5 4 p  =  0 . 0 0 0

N o t e s :  P TA  =  P u r e  To n e  Av e r a g e .  A B G  =  A i r – B o n e  G a p.  P r e o p e r a t i v e  =  e v a l u a t i o n  b e f o r e  s u r g e r y.  Po s t o p e r a t i v e  =  e v a l u a t i o n  a f t e r  s u r g e r y.  C o h e n ' s  d  v a l u e s  i n d i c a t e  a  v e r y 
l a r g e  m a g n i t u d e  o f  e f f e c t  a t  a l l  f r e q u e n c i e s ,  e v i d e n c i n g  a  s i g n i f i c a n t  p o s t o p e r a t i v e  i m p r o v e m e n t  ( p  <  0 . 0 0 1  i n  a l l  c a s e s ) .
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in air conduction. However, other studies, such as that of Yeh et 
al.21 did not find a significant association between age and hearing 
outcomes. Regarding sex, although some studies suggest a trend 
towards better results in women18,21, no statistically significant dif-
ferences were observed between men and women in our sample, 
in agreement with the findings of Yeh et al.21 and Lamblin et al.25.

The presence of comorbidities, particularly arterial hyperten-
sion, was associated in our series with a higher frequency of post-
operative complications and lower rates of air–bone gap (ABG) 
closure. Although this association has not been systematically 
explored in the reviewed literature, it is plausible that chronic 
vascular diseases affect cochlear perfusion and functional recov-
ery after surgery. Similarly, active smoking was associated with 
reduced hearing gain, likely due to its negative effect on the tis-
sue repair mechanisms of the middle ear. 

One of the most consistent findings in the literature is the 
relationship between preoperative ABG size and postoperative 
outcomes. In both our cohort and the studies by Yeh et al.21 and 
Khorsandi et al.18, an ABG ≥50 dB was associated with lower rates 
of hearing success. In our analysis, a preoperative ABG ≤50 dB 
appeared as a risk factor but was not significant. Carhart’s notch 
was a frequent finding in patients with partial procedural failure, 
and its presence has been linked to reduced postoperative im-
provement in bone conduction, especially at high frequencies. 
Lamblin et al.25 showed that patients with Carhart’s notch have 
lower hearing gain at 4 kHz, suggesting a possible pre-existing 
cochlear involvement or greater susceptibility to intraoperative 
trauma, although in our sample it was not significant. 

Regarding the type of stapes procedure, most surgeries in our 
institution were performed as stapedotomies. Our findings rein-
force the evidence supporting this technique as less invasive and 
associated with lower rates of fistulas and fibrosis compared with 
stapedectomy28,29. In fact, Khorsandi et al.13 did not find signifi-
cant differences between the two techniques in terms of ABG 
closure, but highlighted a lower incidence of complications with 
stapedotomy. In our cohort, the route of visualization, either by 
microscope or endoscope, did not show significant differences, 
consistent with the findings of Yeh et al.21, who emphasized that 
the choice of the visual instrument should be based on the expe-
rience of the surgeon’s experience rather than on inherent tech-
nical superiority. 

The presence of intra- or postoperative complications, such 
as persistent vertigo, fibrosis of the oval window, or prosthesis 
displacement, was significantly associated with surgical failure, 
which had already been widely documented by Babighian et al.30. 
These findings highlight the importance of meticulous surgical 
technique and adequate postoperative follow-up to optimize 
hearing outcomes.

In our cohort, there was a statistically significant improve-
ment in postoperative hearing thresholds at six months, with a 
reduction in PTA from 59.84 dB to 40.06 dB and a very large ef-
fect size (Cohen’s d = 4.499). This finding is consistent with what 
was reported by Edizer et al.31, who documented an improve-
ment in PTA from 56.1 dB to 34.1 dB after stapedotomy, also 
statistically significant (p < 0.001). Regarding the air–bone gap 
(ABG), our series showed relevant reductions in all analyzed fre-

quencies, particularly at 250 Hz and 500 Hz. This pattern was also 
identified by Andersen et al.32, who reported an average preop-
erative ABG of 25.7 dB that decreased to 6.9 dB at 12 months 
postoperatively. Similarly, Nash et al.33 observed a reduction in 
ABG from 28.9 dB to 3.3 dB at six months after surgery and to 
3.1 dB at one year after surgery, confirming the stability of ABG 
closure over time. 

A striking aspect is the magnitude of the effect observed in 
our cohort, higher than that documented by other studies. For 
example, Edizer et al.31 found an average ABG gain of 20.7±11.4 
dB, with more noticeable improvements at low frequencies 
such as 500 Hz and 1000 Hz, which was also observed in our 
results, although with greater dispersion at 2000 Hz. In addi-
tion, while our study showed improvements in all the analyzed 
frequencies, in other studies such as that of Edizer et al.31 the 
gain in bone conduction was statistically significant only at 2000 
Hz. This finding was associated with the disappearance of the 
Carhart notch, a phenomenon not evidenced with the same 
consistency in our series. 

Our findings confirm substantial postoperative improve-
ments in hearing thresholds, comparable in direction but supe-
rior in magnitude to those reported by other international series. 
This supports the clinical effectiveness of stapes surgery and sug-
gests that local operative conditions and the technique employed 
may play a key role in functional hearing gain31-33.

Among the limitations of the study are its retrospective de-
sign, the limited sample size, and the possibility of selection bias 
due to the exclusion of incomplete files. In addition, psychoso-
cial variables were not evaluated, nor were postoperative quality-
of-life scales used. These limitations could influence the 
interpretation and generalizability of the results.

Although this study was conducted in a tertiary hospital with 
expertise in stapes surgery and with standardized surgical proto-
cols, its findings may be applicable to similar institutions in re-
gional or national contexts that share comparable organizational 
and demographic characteristics. However, they should be inter-
preted with caution when extrapolated to hospitals with lower 
surgical volumes, differences in staff training, or populations 
with different characteristics, such as a higher proportion of pa-
tients with complex comorbidities or limited access to postop-
erative audiological follow-up. The reproducibility of results in 
other settings will require further validation through multicentre 
or prospective studies with larger samples.

Statistical consistency and limitations
The statistical analysis in this study demonstrated internal 

consistency and methodological rigor across both bivariate and 
multivariate models. In the bivariate analysis, the only variables 
significantly associated with surgical failure were the stapedec-
tomy technique and the presence of postoperative complica-
tions, both showing identical odds ratios (OR = 13.6, 95% CI 
2.479–74.622). While this initially suggested a potential duplica-
tion error, further review confirmed that this finding reflected a 
high degree of collinearity between the two variables, as most 
complications occurred in patients undergoing stapedectomy. A 
multivariate logistic regression model was applied to adjust for 
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this collinearity and revealed that both stapedectomy (adjusted 
OR = 7.52; 95% CI 1.21–46.82) and postoperative complications 
(adjusted OR = 4.78; 95% CI 1.02–22.42) remained indepen-
dently associated with failure. The Hosmer-Lemeshow test sup-
ported the model’s adequacy (p = 0.74). Audiometric outcomes 
were statistically robust, with significant postoperative improve-
ments in PTA and ABG at all frequencies (p < 0.001), and large 
effect sizes (Cohen’s d > 1.2). However, limitations include a 
relatively small sample size and the retrospective nature of the 
study, which may reduce statistical power and limit causal infer-
ence. Future studies with larger cohorts and prospective designs 
are warranted to validate these findings.

CONCLUSIONS

Stapes surgery for otosclerosis performed in a tertiary care 
hospital in northwestern Mexico showed a high hearing success 
rate (81.5%), defined as obtaining an ABG ≤10 dB six months 
after the procedure. Clinical factors such as age, sex, comorbidi-
ties, smoking, type of surgical visualization, preoperative ABG 
and the presence of a Carhart notch did not show a statistically 
significant association with surgical failure. However, a significant 
relationship was identified between failure and stapedectomy, as 
well as with the affected side of the ear, highlighting the impact 
of intraoperative technical decisions on functional outcomes.

Audiometric analysis showed significant improvements in air 
conduction thresholds and air–bone gaps at all evaluated fre-
quencies, with large to very large effect sizes, greater than those 
reported in international studies. These findings confirm the 
clinical efficacy of the intervention and reinforce the usefulness 
of stapedotomy as the preferred technique.
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