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Otosclerosis is a common cause of progressive 
hearing impairment which is characterized 
by the formation of an abnormal growth of 

bone on the middle ear ossicles. This disorder affects 
the stapes footplate and in more advanced stages the 
cochlear capsule can be affected as well.1 Generally, 
bone growth may disrupt the ability of the acoustical 
signal to travel from the middle ear to the inner ear in 
an effective manner, which may result in hearing impair-

Effectiveness of stapedotomy in improving 
hearing sensitivity for 53 otosclerotic 
patients: retrospective review

BACKGROUND: Otosclerosis is a common cause of progressive hearing impairment that causes fixation of 
the stapes. Surgical intervention is the preferred treatment approach to ameliorate the conductive hearing 
loss associated with stapedial otosclerosis. However, given that it is a difficult and delicate procedure, the 
surgery may fail for a number of reasons. Therefore, it is very important to evaluate the success rate of the 
surgical approach used in each regional center.
OBJECTIVE: To examine the effectiveness of stapedotomy in improving hearing sensitivity for otosclerotic 
patients at King Abdul Aziz University Hospital in Riyadh.
DESIGN: Retrospective chart review with an analysis of pre- and postoperative surgical treatment.
SETTING: Tertiary referral otolaryngology clinic.
PATIENTS AND METHODS:  All cases who underwent stapedotomy between 1997 and 2009 were retro-
spectively reviewed. Preoperative and postoperative audiometric assessments were conducted using con-
ventional pure tone audiometry. Differences were analyzed by two-way repeated measures ANOVA.
MAIN OUTCOME MEASURE(S): Pre- and postoperative pure tone thresholds for air and bone conduction. 
RESULT:  Fifty-three  patients underwent stapedotomy. Stapedotomy yielded significant improvements in 
mean (SD)  postoperative air-conduction thresholds of about 18.7 (11.7)  dB (P<.0001) and mean (SD)  post-
operative bone-conduction thresholds of about 2 (7.2) dB (P<.05). Additionally, a significant correlation was 
found between improvement in air-conduction thresholds and the size of preoperatve air-bone gap (P<.01) 
About 70%of patients achieved an air-bone gap of 20 dB or better. None of the cases examined in this study 
exhibited sensorineural hearing loss or adverse complications following stapedotomy.
CONCLUSIONS:  Stapedotomy is a safe and effective treatment option for patients with otosclerosis. Given 
that the majority of participants in this study exhibited mixed hearing loss preoperatively, the results further 
suggest that stapedotomy can also be effective in improving thresholds for these patients.
LIMITATIONS: The sample size was relatively small. 

ment. This hearing impairment can be manifested as 
conductive, sensorineural, or mixed hearing loss de-
pending on the extent and the progress of the disease. 
If the bone growth extends into the annular ligament 
of the oval window, it can cause stapes fixation and a 
conductive hearing impairment. However, if the bone 
growth extends into the endosteal layer of the cochlea, 
then sensorineural components might be manifested. 
On the other hand, otosclerosis might result in sensori-
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neural hearing loss if cochlear otosclerosis is present.2 

However, it is more common for otosclerosis to sur-
round the stapes than to damage the inner ear. 

A diagnosis of otosclerosis is based generally on a 
clinical history of progressive hearing loss and audiolog-
ical findings. Audiological evaluation typically reveals a 
type As tympanogram which indicates increased stiff-
ness in the mobility of the tympanic membrane and the 
middle ear system. Elevated bone conduction thresh-
olds occur, particularly at 2 kHz, which is a hallmark of 
otosclerosis known as Carhart’s notch. This is due to the 
elimination of factors that contribute to hearing sounds 
through bone conduction.3 Additional diagnostic as-
sessments include an imaging investigation, which has 
been demonstrated as essential to confirm the diagno-
sis of otosclerosis.4

Treatment options for otosclerosis include medi-
cal treatment, amplification, and surgical intervention. 
Generally, surgical treatment of otosclerosis is consid-
ered the most effective option.5 These surgical correc-
tions may include a small opening within the central 
footplate of the stapes, which is referred to as a sta-
pedotomy or a total or partial removal of the stapes 
footplate which is known as stapedectomy. Generally, 
there are no substantial differences in both surgical 
techniques and both have been reported to yield simi-
lar clinical outcomes.6,7 A stapedotomy fenestration can 
be created by using either a microdrill or laser-assisted 
technique. Some authors prefer laser over conventional 
fenestration in stapedotomy for they believe it offers 
the advantage of higher precision in its application and 
a lower risk of footplate mobilization.8 However, others 
have reported that there are no significant differences 
in the surgical outcome or complication rates of either 
surgical technique.7,9

Overall, surgical intervention for stapes fixation is 
widely reported to yield excellent hearing results.10,11 

Surgery can close the gap in the air-bone thresholds, 
thus improving hearing sensitivity, and in some cases, 
reducing the need for amplification as well as improv-
ing tinnitus symptoms associated with otosclerosis.12,13 
Overall, surgical techniques have improved substan-
tially, thus decreasing the number of failed surgeries. 
However, given that it is a difficult and delicate pro-
cedure, the surgery may fail for a number of reasons. 
These may include displacement of the prosthetic de-
vice, erosion of the incus, or sustaining head trauma. In 
these cases, a revision might be required; however, revi-
sion surgery is less successful at improving hearing loss 
than primary surgery.14 In general, there are many fac-
tors that could contribute to the success of the primary 
procedure such as the surgeon’s experience as well as 

the anatomy and the extent of the otosclerotic focus. 
Therefore, it is very important to evaluate the success 
rate of the surgical approach used in each regional cen-
ter. Hence, the current study aimed to serve as a review 
of all patients who underwent stapedial surgery in our 
center to evaluate the efficacy of using this approach in 
managing patients with otosclerosis.

PATIENTS AND METHODS
We retrospectively reviewed charts of all otosclerotic 
patients who underwent stapedotomy between 1997 
and 2009 at King Abdul Aziz University Hospital in 
Riyadh, Saudi Arabia. All cases were surgically treated 
by the same group of surgeons using the same surgi-
cal procedure. This study was approved by the local 
Institutional Review Board of King Abdul Aziz University 
Hospital.

Pure tone audiometry was performed pre- and post-
operatively to measure the functional improvement in 
performance as a result of the surgical procedure. The 
standard audiometric assessment included pure tone 
thresholds for air conduction (AC) at frequencies of 
0.25, 0.5, 1, 2, 4 and 8 kHz and bone conduction (BC) 
at 0.5, 1, 2 and 4 kHz. The postoperative air-bone gap 
(ABG) was calculated by subtracting the postoperative 
bone conduction threshold (BCT) from the postopera-
tive air conduction threshold (ACT) as recommended 
by the Committee for Hearing and Equilibrium of the 
American Academy of Otolaryngology.15 Postoperative 
overclosure or sensorineural hearing loss was calcu-
lated by subtracting postoperative BCT from that ob-
tained preoperatively. Hearing results were calculated 
using the last audiogram obtained preoperatively and 
an audiogram obtained one year postoperatively. All 
audiologic procedures were conducted in a standard 
soundproof room using a calibrated clinical audiometer. 

Surgery was performed under general anesthesia 
using the same surgical techniques. A small-fenestra 
stapedotomy technique, which creates a fenestration 
in the stapes for the placement of the prosthesis was 
used in all surgical cases. Generally, all surgeries used 
an endaural skin incision to access the surgical site. The 
tympanomeatal flap was elevated to expose the middle 
ear structure until the annulus was reached. The ossicles 
were then inspected and their mobility was assessed by 
palpation to ensure stapes fixation. The incudostape-
dial joint was then separated and the stapedial muscle 
tendon cut to detach the stapes. The stapes super-
structure was subsequently removed to facilitate the 
prosthesis placement and the distance from the incus 
to the fixed footplate was measured and the prosthesis 
was sized accordingly. A fenestration in the stapes foot-
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Table 1. Patient demographics.

Gender
Male 24 (45.3)

Female 29 (54.7)

Surgical side
Right 31 (58.5)

Left 22 (41.5)

Type of hearing 
loss

Mixed 28 (52.8)

Conductive 25 (47.2)

n (%) unless noted otherwise.

Figure 1. Mean (SD)  air-conduction thresholds in dB are compared for the 
pre- and postoperative measurements as a function of frequency (Hz).

plate was created and sized using a microdrill to allow 
placement of the prosthesis. Different prostheses were 
used. After placing the prosthesis, a gelfoam was ap-
plied around it to keep it in place. The tympanomeatal 
flap was then repositioned followed by closing of the 
endaural incision. The corda tympani was preserved in 
all cases. All patients were discharged from the hospital 
the day following the surgery; no complications were 
reported.

Differences between pre- and postoperative mea-
sures were analyzed by two-way repeated measures 
ANOVA with treatment (pre- and post-operative results) 
and frequency (.25, .5, 1, 2, 4, and 8 kHz) as the within 
subject variables. Post hoc analyses were completed 
using paired t tests after applying Bonferroni correc-
tion for multiple comparisons. To examine the factors 
that could influence the extent of improvement in ACTs 
postoperatively, a regression analysis was conducted. 
SPSS version 16 was used for the analyses.

RESULTS
From 64 cases identified, 11 were excluded for having 
had revision surgery (2 patients) or lacking complete 
preoperative and/or postoperative data (9 patients). 
The remaining 53 patients were 24 (45.3%) females and 
29 (54.7%) males (Table 1). The mean (standard devia-
tion) age of patients at intervention was 37 (17) years, 
with a range of 19 to 69 years. 

Stapedotomy yielded significant improvements in 
mean (SD) postoperative air-conduction thresholds of 
about 18.7 (11.7)  dB (P<.0001) and mean (SD)  postop-
erative bone-conduction thresholds of about 2 (7.2) dB 
(P<.05). Additionally, a significant correlation was found 
between improvement in air-conduction thresholds and 
the size of preoperatve air-bone gap (P<.01) 

Mean differences in ACTs for the pre- and postop-
erative measurements indicated that the main effect of 
treatment was significant [F (df 1, 52)=124.1, P<.0001] 
(Figure 1). The postoperative ACTs were lower, indicat-
ing an improvement from preoperative ACTs. The main 
effect of frequency was statistically significant [F (5, 
52)=26.7, P<.0001] indicating that differences in thresh-
olds occurred across the tested frequencies. Mauchly’s 
test indicated that the assumption of sphericity had 
been violated χ2(14)=142.560, P=.001, therefore de-
grees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity (e=.484). The results 
showed that there was a significant effect of frequency, 
F(52, 125.877) = 26.703, P<.0005 .

There was also a significant interaction for the 
main effect effects of treatment and frequency [F (5, 
52)=57.5, P<.0001].  However, Mauchly’s test indicated 

that the assumption of sphericity had been violated 
χ2(14)=87.557, P=.001, therefore degrees of freedom 
were corrected using Greenhouse-Geisser estimates of 
sphericity (e=.590). The results showed that the interac-
tion was significant [F(2.951, 153.435)=57.48, P<.0005]. 
These results suggest that improvement in thresholds 
postoperatively was not consistent across the different 
frequencies.  Specifically, post hoc analyses showed 
that postoperative thresholds were lower than pre-
operative thresholds (P<.0001) across all the different 
frequencies except at 8 kHz. Link to SPSS reports for 
Figure 1 (https://goo.gl/hZ0ItV), Figure 2 (https://goo.
gl/qf94da) and Figure 3 (https://goo.gl/UtN977).

The main effect of treatment on BCTs was significant 
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Figure 2. Average bone-conduction thresholds in dB (±SD) are compared for 
the pre- and postoperative measurements as a function of frequency (Hz).

Figure 3. Average air-bone gaps in dB (±SD) are compared for the pre- and 
postoperative measurements as a function of frequency (Hz).

[F (1, 52) =4.1, P<.05] (Figure 2). Postoperative thresh-
olds were lower than the preoperative thresholds, but 
the difference was small as suggested by the small F 
value. The main effect of frequency was significant [F 
(3, 52)=24.5, P<.0001]. Mauchly’s test indicated that 
the assumption of sphericity had been violated χ2(5)= 
34.941, P=.001, therefore degrees of freedom were 
corrected using Greenhouse-Geisser estimates of 
sphericity (e=.72). The results showed that there was a 
significant effect [F(2.181, 113.417)=24.54, P<.0005]. 
Post-hoc analyses revealed that BCTs improved post-
operatively only at 2 kHz (P<.0001) but not at .5, 1, and 
2 kHz. 

There was a mean improvement in ABG [F (1, 
52)=115.7, P<.0001] (Figure 3). Additionally, ABGs 
differed across the four frequencies [F (3, 52)=67.2, 
P<.0001]. Mauchly’s test indicated that the assumption 
of sphericity had been violated χ2(5)=17.860, P=.001, 
therefore degrees of freedom were corrected using 
Huynh-Feldt estimates of sphericity (e=.87). The results 
showed that there was a significant effect of frequency 
[F(2.627, 136.596)=67.2, P<.0005]. Post-hoc analysis 
showed that ABG consistently decreased with increas-
ing frequency (P<.01), but was smallest at 2 kHz (P<.01). 
Additionally, ABG was dependent on the frequency as 
suggested by the significant interaction [F (3, 52)=20.5, 
P<.0001]. Post hoc t tests showed that postoperative 
ABGs were consistently smaller than preoperative 
ABGs (P<.01) across the different tested frequencies. 

 A modest correlation was found between improve-
ment in ACTs and the size of preoperative ABG (r=0.43, 
95% CI 0.18- 0.63, P<.0012) (Figure 4). Specifically, a 
larger improvement in ACTs was found as preoperative 
ABG increased. These results suggest that patients with 
mixed hearing loss are likely to show less improvement 
than those with conductive impairment. 

DISCUSSION
Stapes surgery is the preferred treatment for conduc-
tive hearing loss secondary to stapedial otosclerosis.16,17 

However, many surgeons favor stapedotomy over sta-
pedectomy because theoretically it carries less risk to 
the inner ear structure.18,19 Given the delicate nature 
of the surgical procedure, it is important to evaluate 
the effectiveness of the surgical methodology used 
in remediating stapes fixation in each regional center. 
Hence, the purpose of this study was to examine the 
success of stapedotomy procedure in our center, espe-
cially since it is considered one of the largest otology 
centers in the region. 

Generally, stapedotomy provides excellent results 
for correcting conductive hearing loss in patients with 
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Figure 4.  A modest correlation between improvement in preoperative to 
postoperative ACT versus the size of preoperative ABG (r =0.43, 95% CI 
0.18-0.63,  P<.0012).ACT improved  for each patient. Change in ACT was 
calculated by subtracting the postoperative ACT from the preoperative ACT.

otosclerosis. As demonstrated in Figure 1, improve-
ment in ACTs can be observed. This improvement in 
postoperative thresholds occurred at frequencies be-
tween .25-4 kHz, with no statistically significant im-
provement for 8 kHz. Overall, these results are con-
sistent with that reported in the literature.20-23 Using 
a four frequency pure tone average (0.5, 1, 2, 4 kHz), 
mean improvement after surgery was 18.7 dB. This 
might be slightly less than that reported in previous 
studies.23,24 However, our results demonstrated that im-
provement in ACTs was dependent on the preopera-
tive ABG such that the greater preoperative ABG, the 
larger improvement in ACTs after surgery (Figure 4). 
These findings are generally consistent with previous 
reports.25 Therefore, given that the majority of patients 
in this study exhibited mixed hearing loss (69.8%), less 
improvement in ACTs is expected in comparison with 
results in patients with conductive hearing loss who 
might have larger preoperative ABGs. 

Stapes surgeries are generally considered success-
ful in improving hearing for the majority of treated 
patients. However, one of the known potential risks 
following stapes surgery is sensorineural hearing loss 
especially at the higher frequencies. Generally, senso-
rineural hearing loss is considered a rare complication 
of stapes surgery and it is anticipated that less than 
1% of cases develop sensorineural hearing loss.26-28 In 
the current study, ACTs remained unchanged after sur-
gery in three cases (5.6%) and a rather slight increase in 
thresholds occurred at the higher frequencies (4 and 8 
kHz). As discussed above, the size of the preoperative 
ABG is likely to contribute to the lack of improvement 
in the ACTs for these patients. Additionally, consistent 
with these results, some studies reported less benefit 
from stapes surgery at higher frequencies.29,30 The lack 
of improvement in thresholds at high frequencies has 
been attributed to the effect of surgical trauma, peri-
lymph leakage, and the noise generated by the surgi-
cal drilling on the sensory cells.31 Postoperative over-
closure or sensorineural hearing is typically determined 
by subtracting postoperative BCT from that measured 
preoperatively.25,32 In the current study, overclosure is 
defined as a change in BC pure-tone average (PTA) of 
15 dB or more.24 Using these criteria, none of the cases 
examined in this study exhibited sensorineural hearing 
loss following stapedotomy. 

On the other hand, BC PTA could improve with sur-
gery due to the Carhart effect in which BC thresholds 
are depressed at 2 kHz due to impedance mismatch 
between the middle and inner ear as a result of the 
fixation of the stapes.33 In the current results, a mean 
(SD) improvement of 2 (7.2) dB was achieved postop-

eratively with the largest gain (4.4 dB) occurring at 2 
kHz (Figure 2). For the remaining frequencies, there 
was no statistically significant difference. Generally, dif-
ferent results have been reported for improvement of 
BCTs after stapes surgery. For example, results varied 
from no change to an improvement of 7 dB post sur-
gery.24,34-37 Therefore, our results are within those re-
ported in the literature. In theory, the improvement in 
BCT is dependent on the extent of restoration of the 
stapes footplate. This is particularly important given 
that sensitivity by BC is dependent on the effective 
transmission of the vibration to the cochlear fluid by 
direct compression of the otic capsule initiated by the 
stapes footplate.38 

Successful stapes surgery is typically defined as a 
closure of the ABG of 10 dB or better. In this study, 
ABG is calculated as the difference between the post-
operative AC and BC thresholds and presented in 10 
dB increments as recommended by the committee on 
hearing and equilibrium guidelines for the evaluation 
of results of treatment of conductive hearing loss.15 
Overall, mean ABG closure was within 10 dB in 32.1% 
of cases, between 11-20 dB in 37.7% of cases, be-
tween 21-30 dB in 22.6% of cases, and >30 dB in 7.5% 
of cases. It might be difficult to compare these results 
with previous studies, given that some previous studies 
calculated ABG by subtracting the preoperative BCT 
from the postoperative ACT.23,39-41 Previous studies 
demonstrated that using the preoperative BCT instead 
of postoperative BCT could inflate the success rate be-
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cause of ABG overclosure due to the Carhart effect.42,43 
The percentage of patients who have an ABG within 10 
dB perhaps is considered relatively less than desirable. 
However, it has been suggested that patients with an 
ABG greater than 10 dB had mixed sensorineural hear-
ing loss preoperatively;19 the majority of our patients 
had mixed hearing loss. Additionally, many authors 
consider an ABG within 20 dB satisfactory.25,44 The 
overall percentage of patients that achieved an ABG 
within 20 dB in this study was about 70%. On the other 
hand, one should consider the possibility of a reduc-
tion or a complete closure of ABG due to a decreased 
bone conduction, which is considered an adverse post-
operative complication for stapes surgery. 

In general, there were no adverse events reported 
during the period of this study. One of the rare compli-
cations of stapes surgery is the development of repara-
tive granuloma, which involves an excessive inflamma-
tion that forms granulation tissue around the prosthesis 
and the oval window.45 Symptoms may develop within 
one to eight weeks after surgery and typically present 
as sensorineural hearing loss and vertigo.46 None of 
the participants involved in this study developed gran-
ulomatous reaction or any other complications as a re-
sult of the surgery.

The ratio of females to males in this study was 
0.83:1, which is less than that reported in previous 
studies. It has been shown that females are affected 
more frequently than males, with a female-to-male ra-

tio of 2:1.47 These differences perhaps are related to 
cultural differences where women in the region of the 
study are less likely to seek medical help than males. 
Overall results demonstrated that stapedotomy is a 
safe and effective treatment option for patients with 
otosclerosis. However, given the delicate nature of 
this surgical procedure, the experience of the surgeon 
could play a major role.48-50 

In summary, our results demonstrated successful im-
provement in hearing thresholds following stapedoto-
my with a low rate of complications. None of the cases 
exhibited sensorineural hearing loss postoperatively. 
Therefore, these results suggest that stapedotomy 
can serve as a safe and effective treatment to amelio-
rate thresholds in otosclerotic patients and those with 
mixed hearing loss. 
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