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Abstract
Background and objectives

Clinical otosclerosis is a relatively common entity, accounting for 0.5%-2% of the general population.
Otosclerosis is characterized by an abnormal bone formation in the temporal bone that eventually causes
conductive hearing loss. Bilateral involvement is fairly common. Treatment can be either conservative with
medications and a hearing aid, or surgical. Stapedotomy is considered, nowadays, the most effective surgical
technique for the management of otosclerosis. The purpose of the present study is to present our long-term
results with stapedectomy, the audiological outcome, as well as the complications encountered.

Subjects and methods

This is a retrospective single-centre study. All patients diagnosed with otosclerosis and treated
operatively with a stapedotomy from January 2010 to December 2019 were included in the study.
Demographic data, air and bone conduction thresholds, complications and length of the prosthesis were
recorded.

Results

The study included a total of 72 patients. The audiological results showed a statistically significant
improvement in the air conduction thresholds in all the affected frequencies (p<0.001). Post-operative
complications included deterioration or severe hearing loss up to 100 dB (n=1, 1.39%), loss or distortion of
taste (n=4, 5.6%) and tinnitus (n=2, 2.8%).

Conclusions

Our results demonstrate that stapedotomy is an effective technique for the management of otosclerosis.
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source are credited. Otosclerosis is a progressive disease characterized by abnormal bony remodeling, which includes the
formation of new bone and bone resorption in the temporal bone [1,2]. In most cases, otosclerosis is
presented with conductive hearing loss (CHL) in the low frequencies with a Carhart notch [3].
However, progression of the disease in the cochlea may cause Sensorineural Hearing Loss
(SHL) “hyalinization” of the spiral ligament and atrophy of the stria vascularis [4].

Surgical treatment has been evolved through the years. Restoration of hearing in CHL cases and
improvement of patients’ quality of life are the main goals of treatment. Stapedotomy is considered the
most effective, up-to-date, surgical technique for the management of otosclerosis. On the other hand,
fenestration of the footplate can be performed (microscopically or endoscopically) either with the use of a
micro-drill or a laser beam [5-7].

The aim of the present study is to present our long-term results with stapedotomy for the management of
otosclerosis and compare them with the ones obtained with other techniques reported in the literature.
Also, audiological outcomes and complication rates will be presented.
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Materials And Methods
Data acquisition

The present study is a retrospective review of all patients treated with a stapedotomy for otosclerosis in our
Otorhinolaryngology department from January 2010 to December 2019. The study was approved by the
Human Research Ethics Committee of our Hospital (approval number:0105012021), and it was conducted in
accordance with the Declaration of Helsinki (1975) and its later amendments. A written informed consent
was obtained by all patients. Patients with incomplete charts and patients with a follow-up of less than a
year were excluded. A data extraction form was designed to record the following data: demographic
characteristics (including age, gender and side), surgical time, length of prosthesis and complications.

All patients had undergone preoperative and postoperative pure tone audiograms of both air and bone
conduction at the frequencies of 250 Hz, 500 Hz, 1 kHz, 2 kHz, and 4 kHz. The preoperative and the
postoperative values of the air and bone conduction pure tone thresholds were compared.

Surgical technique

Operations were performed by two experienced surgeons under general anesthesia. Briefly, in all the
patients an endaural approach with Hermann incision was made, followed by meatal incision and elevation
of the tympanomeatal flap. The posterosuperior part of the ear canal was drilled for better visualisation if
necessary. The ossicular chain fixation was confirmed. Next, the stapedius tendon was transected and the
incudostapedial joint was separated. The stapes superstructure was carefully fractured and the distance
between the oval window and the long process of the incus was measured and an appropriate-sized
prosthesis was selected. A fenestration 0.2 mm wider than the prosthesis was made in the posterior one-
third footplate of the stapes, using the special needle (small fenestra). The Richards type platinum
fluoroplastic prosthesis (0,6 mm shaft diameter) was then placed and manually crimped. The length of
prosthesis was either 4.50 mm or 4.75 mm. The tympanomeatal flap was then repositioned to its normal
position (Figure 7).
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FIGURE 1: Surgical steps of the stapedotomy technique used in our
Department.

Statistics

Data were initially entered into an Excel sheet and were analyzed using the Statistical Program for Social
Sciences (SPSS) 21.0 (IBM Corporation, Armonk, NY). Categorical variables were expressed as frequencies

2021 Poutoglidis et al. Cureus 13(3): €14126. DOI 10.7759/cureus.14126 20f5


https://assets.cureus.com/uploads/figure/file/200122/lightbox_12c2fda089ca11eb907fd972683b5dd9-Figure-1..png

Cureus

250

500

1000

2000

4000

and percentages. The Shapiro-Wilk test was used to determine whether data were normally distributed. Our
data were related to each other in a non-Gaussian distribution; we, therefore, used Wilcoxon signed-rank
test for intragroup testing. A p-value of less than 0.05 was considered statistically significant.

Results

The study included a total of 72 patients, 25 males (35%) and 47 females (65%). The mean age was 44 years
(median 45). The length of prosthesis was either 4.5 mm (n=47, 65%) or 4.75 mm (n=25, 35%).The mean (*
SD) follow-up period was 13.6 (* 1.2) months. Postoperative deterioration or severe hearing loss up to 100 dB
was encountered in one patient (1.39%), loss or distortion of taste in four patients (5.6%) and tinnitus in two
patients (2.8%). Mean time of stapedotomy was 35 minutes and no other significant complications were
recorded.

The audiological results showed a statistically significant improvement in the air conduction thresholds in
all tested frequencies (250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz) (p<0.001). The mean difference in the air
conduction thresholds preoperatively and postoperatively was 30 dB in 250 Hz and 500 Hz, 27.5 dB in 1000
Hz, 22.5 dB in 2000 Hz and 15 dB in 4000 Hz. The differences in the air conduction after the stapedotomy are
presented in Table I and Figure 2. Bone conduction thresholds remained almost unchanged after surgery
and air-bone gap closed to <10db in 95% of cases. Finally, the length of prosthesis did not influence the
audiological outcomes.

Mean difference (dB) p Cl

30 <0.001 27.5-325
30 <0.001 27.5-32.5
275 <0.001 25-30
225 <0.001 20-25

15 <0.001 10-17.5

TABLE 1: Pre- and post-operative air conduction thresholds.
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FIGURE 2: Audiometric improvement after stapedotomy (250-4000 Hz).

Discussion

Clinical otosclerosis is a relatively common disease and its incidence is estimated to be between 0.5% and
2% [8]. According to the literature, otosclerosis is characterized by a female predominance, with a
female/male ratio of 2/1, and a median age of onset of 47 years (range 20-75) [9-11]. Our demographic data
are similar to those reported in the literature.

Micro-drills and laser beams are often employed to increase the precision in the fenestration of the stapes
footplate and to decrease the possibility of footplate fracture or mobilization. It has been suggested that
modern equipment reduces the postoperative complications and improves the final audiological outcomes
[12]. However, other studies demonstrate that the audiological outcomes in the laser and in the
conventional stapedotomy are similar [6]. The CO2 laser has been associated with thermal effects on the
inner ear perilymph. Acoustic trauma or even penetration of the neuro-endothelium by Argon and KTP
Lasers has been a concern about their use [13-16]. Moreover, there have been cases of delayed facial palsy
related to KTP lasers [17]. However, no statistically significant difference between laser and non-laser
stapedotomy regarding complications such as sensorineural hearing loss and tinnitus and vertigo was shown
in a meta-analysis [18]. As for our series, only two patients (2,7%) suffered a severe, persistent tinnitus.
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It is important to highlight the role of preoperative CT scan imaging. CT scan is not only recommended for
diagnostic purposes but mainly to exhibit possible surgical risks [19]. In our department, nine patients were
treated conservatively (bisphosphonates or a hearing aid) because of anatomical abnormalities in the CT
scan that could have potentially led to severe postoperative complications, like facial nerve injury or SHL. It
is worth mentioning that most studies in the literature assessing the outcomes of conventional stapedotomy
do not involve the use of CT scan imaging. Thus, some complications were not due to the lack of modern
equipment but due to the lack of pre-operative imaging. Several imaging details need to be evaluated,
including the facial nerve course, the concurrent middle and inner ear pathology, the status of the oval and
round window, the ossicular chain integrity and the jugular bulb location [20,21]. Otosclerosis is a disease
that, in most of the cases, affects the hearing bilaterally [22]. Therefore, we suggest limited or no
interventions in cases of anomalies that pose the risk of causing SHL.

The cost of stapes surgery varies and primarily depends on the equipment that is selected. The application of
lasers in stapes surgery and especially the CO2 laser has been significantly linked to increased cost [23].

Conclusions

The present study indicates that conventional stapedotomy is a safe procedure providing good audiological
outcomes and at the same time remains cost-efficient. Preoperative CT scan imaging is mandatory to avoid
intraoperative and postoperative complications. There is not yet evidence to prove that laser fenestration of
the footplate is superior to the conventional technique and further prospective studies to investigate this
aspect are needed.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. "G.Papanikolaou” Human
Research Ethics Committee issued approval 0105012021. The present study was approved by the Human
Research Ethics Committee of "G.Papanikolaou" hospital (approval number 0105012021). Animal subjects:
All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Quesnel AM, Ishai R, McKenna M]J: Otosclerosis: temporal bone pathology. Otolaryngol Clin North Am.
2018, 51:291-303. 10.1016/j.0tc.2017.11.001
2. Wolfovitz A, Luntz M: Impact of imaging in management of otosclerosis . Otolaryngol Clin North Am. 2018,
51:343-355. 10.1016/j.0tc.2017.11.005
3. McElveen JT Jr, Kutz JW Jr: Controversies in the evaluation and management of otosclerosis . Otolaryngol
Clin North Am. 2018, 51:487-499. 10.1016/j.0tc.2017.11.017
4. IshaiR, Halpin CF, Shin JJ, McKenna M], Quesnel AM: Long-term incidence and degree of sensorineural
hearing loss in otosclerosis. Otol Neurotol. 2016, 37:1489-1496. 10.1097/MAO.0000000000001234
5. Nazarian R, McElveen JT Jr, Eshraghi AA: History of otosclerosis and stapes surgery. Otolaryngol Clin North
Am. 2018, 51:275-290. 10.1016/j.0tc.2017.11.003
6. Parida PK, Kalaiarasi R, Gopalakrishnan S: Diode laser stapedotomy vs conventional stapedotomy in
otosclerosis: a double-blinded randomized clinical trial. Otolaryngol Head Neck Surg. 2016, 154:1099-1105.
10.1177/0194599816635132
7. Plodpai Y, Atchariyasathian V, Khaimook W: Endoscope-assisted stapedotomy with microdrill: comparison
with a conventional technique. ] Med Assoc Thai. 2017, 100:190-196.
8. Kolo ES, Ramalingam R: Hearing results in adults after stapedotomy. Niger Med J. 2013, 54:236-239.
10.4103/0300-1652.119617
9. Crompton M, Cadge BA, Ziff JL, et al.: The epidemiology of otosclerosis in a British cohort . Otol Neurotol.
2019, 40:22-30. 10.1097/MA0.0000000000002047
10.  Strombick K, Lundman L, Bjorsne A, Grendin ], Stjernquist-Desatnik A, Dahlin-Redfors Y: Stapes surgery in
Sweden: evaluation of a national-based register. Eur Arch Otorhinolaryngol. 2017, 274:2421-2427.
10.1007/s00405-017-4510-2
11.  Quaranta N, Piccininni K, Romanello M, Lucidi D, Sergi B: The impact of intra-operative factors in
otosclerosis outcomes: retrospective study in a tertiary centre. Acta Otorhinolaryngol Ital. 2019, 39:197-
204. 10.14639/0392-100X-2004
12.  Wegner I, Kamalski DM, Tange RA, Vincent R, Stegeman I, van der Heijden GJ, Grolman W: Laser versus
conventional fenestration in stapedotomy for otosclerosis: a systematic review. Laryngoscope. 2014,
124:1687-1693. 10.1002/lary.24514
13.  Coker NJ, Ator GA, Jenkins HA, Neblett CR: Carbon dioxide laser stapedotomy: a histopathologic study. Am |
Otolaryngol. 1986, 7:253-257. 10.1016/s0196-0709(86)80047-3
14. Haéusler R, Messerli A, Romano V, Burkhalter R, Weber HP, Altermatt HJ: Experimental and clinical results
of fiberoptic argon laser stapedotomy. Eur Arch Otorhinolaryngol. 1996, 253:193-200. 10.1007/BF00171127

2021 Poutoglidis et al. Cureus 13(3): e14126. DOI 10.7759/cureus.14126 4 0of 5


https://dx.doi.org/10.1016/j.otc.2017.11.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.otc.2017.11.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.otc.2017.11.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.otc.2017.11.005?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.otc.2017.11.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.otc.2017.11.017?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MAO.0000000000001234?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MAO.0000000000001234?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.otc.2017.11.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.otc.2017.11.003?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0194599816635132?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0194599816635132?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/29916630/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0300-1652.119617?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0300-1652.119617?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MAO.0000000000002047?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MAO.0000000000002047?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00405-017-4510-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00405-017-4510-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14639/0392-100X-2004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.14639/0392-100X-2004?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lary.24514?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/lary.24514?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0196-0709(86)80047-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0196-0709(86)80047-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/BF00171127?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/BF00171127?utm_medium=email&utm_source=transaction

Cureus

15.

16.

17.

18.

19.

20.

21.

22.
23.

Jovanovic S, Anft D, Schonfeld U, Berghaus A, Scherer H: Influence of CO2 laser application to the guinea-
pig cochlea on compound action potentials. Am ] Otol. 1999, 20:166-173.

Jovanovic S, Schonfeld U, Fischer R, Déring M, Prapavat V, Miiller G, Scherer H: Thermic effects in the
"vestibule" during laser stapedotomy with pulsed laser systems. Lasers Surg Med. 1998, 23:7-17.
10.1002/(sici)1096-9101(1998)23:1<7::aid-1sm2>3.0.co;2-t

Ng M, Maceri DR: Delayed facial paralysis after stapedotomy using KTP laser. Am J Otol. 1999, 20:421-424.
Fang L, Lin H, Zhang TY, Tan J: Laser versus non-laser stapedotomy in otosclerosis: a systematic review and
meta-analysis. Auris Nasus Larynx. 2014, 41:337-342. 10.1016/j.anl.2013.12.014

Dhooge I, Desmedt S, Maly T, Loose D, Van Hoecke H: Long-term hearing results of stapedotomy: analysis
of factors affecting outcome. Eur Arch Otorhinolaryngol. 2018, 275:1111-1119. 10.1007/s00405-018-4899-2
Purohit B, Hermans R, Op de Beeck K: Imaging in otosclerosis: a pictorial review . Insights Imaging. 2014,
5:245-252. 10.1007/s13244-014-0313-9

Ayache D, Lejeune D, Williams MT: Imaging of postoperative sensorineural complications of stapes
surgery: a pictorial essay. Adv Otorhinolaryngol. 2007, 65:308-313. 10.1159/000098850

Ealy M, Smith RJH: Otosclerosis. Adv Otorhinolaryngol. 2011, 70:122-129. 10.1159/00032.2488

Casazza GC, Thomas AJ, Dewey ], Gurgel RK, Shelton C, Meier JD: Variations in stapes surgery cost within a
multihospital network. Otolaryngol Head Neck Surg. 2019, 161:835-841. 10.1177/0194599819855055

2021 Poutoglidis et al. Cureus 13(3): e14126. DOI 10.7759/cureus.14126

50f5


https://pubmed.ncbi.nlm.nih.gov/10100517/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/(sici)1096-9101(1998)23:1<7::aid-lsm2>3.0.co;2-t?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/(sici)1096-9101(1998)23:1<7::aid-lsm2>3.0.co;2-t?utm_medium=email&utm_source=transaction
https://pubmed.ncbi.nlm.nih.gov/10431880/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.anl.2013.12.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.anl.2013.12.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00405-018-4899-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00405-018-4899-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s13244-014-0313-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s13244-014-0313-9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000098850?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1159/000098850?utm_medium=email&utm_source=transaction
https://dx.doi.org/ 10.1159/000322488?utm_medium=email&utm_source=transaction
https://dx.doi.org/ 10.1159/000322488?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0194599819855055?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0194599819855055?utm_medium=email&utm_source=transaction

	Conventional Microscopic Stapedotomy: An Obsolete Technique or Still the Gold Standard for the Management of Otosclerosis?
	Abstract
	Background and objectives
	Subjects and methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Data acquisition
	Surgical technique
	FIGURE 1: Surgical steps of the stapedotomy technique used in our Department.

	Statistics

	Results
	TABLE 1: Pre- and post-operative air conduction thresholds.
	FIGURE 2: Audiometric improvement after stapedotomy (250-4000 Hz).

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


