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Abstract 

Background Stapes prosthesis dislocation is the first cause of revision stapes surgery. To our knowledge, there 
is no data about stability of the incus attachment of manual crimped prosthesis of different materials. This study 
aimed to compare the dislocation incidence between titanium and fluoroplastic stapes prostheses.

Method A monocentric retrospective cohort study was conducted between January 2013 and June 2022 in a ter-
tiary-care center. All patients that underwent a primary stapes surgery with manually crimped fluoroplastic or tita-
nium prostheses were included. Prosthesis dislocation from the incus was identified intraoperatively or with CT scan. 
The incidence of stapedial prosthesis dislocation over time was estimated using the Kalbfleisch and Prentice survival 
analysis method. Other indications for revision surgery prior to prosthesis dislocation were considered as competing 
events. Differences in the cumulative incidence functions between the fluoroplastic group and the titanium group 
was assessed using the Gray’s test.

Results Eight hundred and fifty-five patients underwent primary stapes surgery during the study period. Fluo-
roplastic prosthesis was used in 758 (88.7%) cases and titanium prosthesis in 97 (11.3%) cases. Median follow-up 
was 51.7 months (28.4–80.1). Dislocation was observed in 23 (3.0%) patients with fluoroplastic prosthesis and none 
(0.0%) in the titanium group. The probability of prosthesis dislocation at two years after surgery was 3.5% in the Teflon 
group and 0.0% in the Titanium group. No significant difference was found in the cumulative incidence of prosthesis 
dislocation between the fluoroplastic group and the titanium group (p = 0.12).

Conclusions Despite lack of statistical power, our results suggest a trend in a more stable incus attachment of manu-
ally crimped titanium stapes prosthesis compared to fluoroplastic over time. Further prospective randomized studies 
could be valuable to assess our findings.
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Graphical abstract

Background
Otosclerosis is a common cause of conductive or mixed 
hearing-loss (CMHL) [1]. Stapes surgery is a popular 
treatment modality, with high success rates [2–5]. Various 
types of stapes prosthesis have been developed, but com-
parison of the hearing results of different materials and 
crimping methods have failed to demonstrate the supe-
riority of particular prosthesis. Fluoroplastic (Teflon) and 
Titanium manually crimped prosthesis are amongst the 
most used, and have comparable hearing results [6, 7].

As it affects young adults, the stability of the prosthesis 
over time is a major concern. Dislocation of the prosthe-
sis is the first cause of recurrence of hearing loss, leading 
to revision surgery, which has a lower success rate [8–10]. 
However, there is very little data of prosthesis dislocation 
rate after stapes surgery, even in long term studies [5, 11]. 
To our knowledge, there is no study in the literature com-
paring the risk of dislocation regarding the material used.

The aim of our study was to compare the dislocation 
rate of Teflon and Titanium prosthesis.
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Methods
This is a retrospective cohort study performed in an 
otolaryngology tertiary-care center, covering a period 
between January 2013 and June 2022. This retrospec-
tive study has been approved by the institutional review 
board “IRB 00012801” under the validation number ID 
“CE_20220726_4_OTOPIST”. The STROBE guidelines 
were used for reporting [12].

Population
All patients who underwent primary stapedotomy for 
otosclerosis between January 2013 and June 2022 were 
included. Eligible patients were identified from two 
sources, the surgical procedure register and the trace-
ability register of implanted prostheses. If the patient had 
surgery on both sides, only the first operated side was 
considered (as survival analysis depends on independ-
ence of events).

Data were collected from hospital medical records. 
The following variables were collected: age, sex, prosthe-
sis used, the delay and the motive for revision surgery if 
applicable, with detailed intraoperative findings.

The 4.5 × 0.6 mm Teflon piston is the standard prosthe-
sis in our centre for stapes surgery. A titanium (BigEasy, 
Medtronic) 4.5 × 0.5 mm piston is used in case of selected 
intraoperative presentation: smaller shaft and foot of 
prosthesis needed (narrow oval window, facial canal or 
nerve bulging), surgeon subjective feeling for need of 
tighter crimping on the long-process (LPI) of incus (frail 
LPI, erosion of the lenticular process). The surgery is per-
formed through endaural procedure with intercartilagi-
nous incision. Stapes footplate fenestration is performed 

with a calibrated manual perforator, with or without 
assistance of a diode fibre laser. Facial canal dehiscence 
is a contraindication for laser use. If needed, connective 
tissue is used to prevent leakage around the shaft, or fas-
cia interposition to seal the oval window niche when the 
footplate is damaged.

Study outcomes
The primary endpoint was the occurrence of stapedial 
prosthesis loop dislocation from the LPI during follow-
up. Diagnosis of prosthesis dislocation was based on 
intraoperative findings during revision surgery, or on 
temporal bone CT scan with multiplanar reconstruc-
tion analysed by both a neuroradiologist and an otologist 
(Fig. 1) [13].

To avoid bias, the following situations lead to exclusion 
of the patients from the analysis: use of cement during 
the primary surgery, use of a different type of prosthesis 
(i.e., malleostapedotomy prosthesis).

The secondary outcomes were the occurrence of other 
post-operative events (sensorineural hearing loss and 
other causes of CMHL), and intraoperative findings of 
revision surgery for prosthesis dislocation. The records 
of dislocation cases were carefully reviewed for descrip-
tive analysis of the intraoperative presentation. For 
descriptive reports LPI was considered mildly eroded 
when only the lenticular process was eroded allowing 
a conventional procedure, moderately eroded when it 
compromised the attachment of the piston loop requir-
ing cement stabilisation, and severely eroded when the 
incus could not be used and malleostapedotomy was 
performed.

Fig. 1 A Left ear CT-scan with coronal reconstruction in the axis of a dislocated prosthesis. B Per-operative view of a dislocated piston 
during revision stapes surgery of a left ear
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Statistical analysis
Qualitative variables were described as the frequency 
(percentage). Normally distributed quantitative vari-
ables were described as the mean (SD) and non-normally 
distributed quantitative variables were described as the 
median [IQR]. The distribution was assessed using histo-
grams and Q-Q plots.

Patient baseline fluoroplastic and titanium group char-
acteristics were compared using Pearson’s Chi-squared 
test or Student t-tests, as appropriate, for each variable.

As subjects can experience early surgical revision for 
postoperative SNHL and other causes of revision surgery 
for recurrence of CMHL (prosthesis lateralisation with-
out dislocation from the LPI, fibrosis, malleus ankylosis) 
prior to prosthesis dislocation, the incidence of prosthesis 
dislocation over time was estimated using the Kalbfleisch 
and Prentice method [14]. The Kalbfleish and Prentice 
method provides an estimate of the cumulative incidence 
of stapedial prosthesis dislocation where we classify early 

surgical revision for postoperative SNHL and other cause 
of CMHL prior to stapedial prosthesis dislocation as com-
peting events. Differences in the cumulative incidence 
functions among groups were assessed using the Gray’s 
test [15].

All analyses were performed with statistical program-
ming language R, version 4.0.4 (R Project for Statistical 
Computing) [16]. The threshold for statistical signifi-
cance was set to p < 0.05.

Results
Population
Eight hundred and fifty-five patients were included for 
the analysis. The mean age (SD) was 45.3 (11.7) year 
old (range, 16–82). 529 (61.9%) patients were female. 
758 (88.7%) patients had a Teflon piston and 97 (11.3%) 
Titanium piston. Both groups were similar with respect 
to age and sex (Table 1). Footplate fenestration was per-
formed with laser in 54.9% of cases, and without (manual 
footplate perforator only) in 45.1% of cases.

Primary endpoint
Median follow-up was 51.7  months (28.4–80.1). Over-
all, 23 of 855 patients (2.7%) had a prosthesis dislocation. 
Amongst the 23 dislocation cases, 20 (87.0%) were identi-
fied on CT-scan then confirmed intraoperatively and 3 
(13.0%) were identified on CT-scan only (revision surgery 
declined by patients). There was 23 (3.0%) dislocations in 
the Teflon group, and 0 (0.0%) in the Titanium group. The 
probability of prosthesis dislocation at two years after sur-
gery was 3.5% in the Teflon group and 0.0% in the Titanium 
group (Fig. 2). There was no statistical difference in cumu-
lative incidence function between groups (p = 0.12).

Fig. 2 Cumulative incidence functions estimaded by Kalbfleish and Prentice method. CMHL and SNHL prior to dislocation were considered 
as competing events. All patients (A), and comparing Teflon and Titanium pistons (B). CMHL_SNHL: other cause of Conductive/Mixed hearing loss 
and Sensorineural Hearing loss

Table 1 Characteristics of groups

Comparisons were performed with  Chi2 test for proportions comparison, and 
with a Student’s t-test for quantitative variables

Variable Teflon Titanium p-value

Number of patients (%) 758 (88.7%) 97 (11.3%)

Age, mean (SD) 45.2 (11.7) 45.3 (12.3) 1

Sex, n (%)

Males 283 (37.3%) 43 (44.3%) 0.48

Females 475 (62.7%) 54 (55.7%)

Footplate fenestration, n, (%)

With laser 393 (51.8%) 65 (67.0%) 0.005

Without laser 365 (48.2%) 32 (33.0%)
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Secondary endpoints
There was 17 (2.2%) revision for other cause of CMHL and 
SNHL (2 cases of recurrent CMHL with peri-prosthetic 
fibrosis found intraoperatively, and 15 cases for early SNHL 
or vertigo) in the Teflon group, and 1 (1.0%) case of early 
SNHL in the Titanium group.

Amongst the 23 dislocation cases, 3 (13.0%) had severe 
LPI erosion and malleostapedotomy was performed. Mod-
erate LPI erosion was present in 2 (8.7%) cases and cemen-
toplasty was performed. 16 (69.6%) cases had mild or no 
incus erosion, allowing conventional incudostapedotomy. 3 
(13.0%) patients with dislocation did not undergo revision 
surgery. Among the 20 cases having undergone revision 
stapes surgery, 16 (80.0%) were treated with conventional 
stapes surgery with a titanium prosthesis inserted on the 
LPI (Big Easy, Medtronic*), 2 (10.0%) with a titanium pros-
thesis inserted on the LPI stabilized with surgical cement 
(Otomimix, Olympus*) and 2 (10.0%) with a malleostape-
dotomy using a nitinol malleus-to-stapes prosthesis (SMart 
Malleus piston, Olympus*). In 4/23 (17.4%) dislocation 
cases, a triggering event was identified (2 airplane travel, 1 
acute otitis media, and 1 traffic accident).

Discussion
This is the first study comparing stability of the attach-
ment of the loop onto the LPI for two kinds of manual 
crimping stapes prostheses, fluoroplastic (Causse, 
Medtronic) and titanium (Big Easy, Medtronic). Prosthe-
sis dislocation from its attachment to the LPI is the major 
cause of revision procedures for recurrent CMHL after 
primary stapedotomy [17–19]. To our knowledge, the 
incidence of stapes prosthesis dislocation had not been 
described before.

In this large series of 855 primary stapes procedures 
over a period of nearly 10 years and with a median fol-
low-up of 51.7  months (28.4–80.1), we found 23 (3.0%) 
dislocations among the 758 fluoroplastic prostheses and 
none (0.0%) among the 97 titanium prostheses. The prob-
ability of prosthesis dislocation at two years after surgery 
was 3.5% in the Teflon group and 0.0% in the Titanium 
group. Although we were unable to show a statistically 
significant difference between the two groups, these 
results show a trend toward more stable fixation to the 
incus over time with titanium.

Clinical application of the study
Several types or brands of stapes prostheses of differ-
ent materials are available on the market. Most stapes 
prostheses require manual crimping, which is crucial 
for the success of the procedure [20, 21]. The choice of 
the prosthesis is based on multiple parameters: bio-
compatibility, safety, hearing results, stability over time, 

surgeon’s habits, price, and, probably increasingly, carbon 
footprint.

Postoperative hearing results have already been exten-
sively studied, regarding material or surgical technique 
(partial or total stapedectomy, stapedotomy with manual 
perforator, microdrill or laser…) [3, 6, 7, 22, 23]. To date, 
no stapes prosthesis exhibited significant better hearing 
results over others.

In our daily practice, 0.6  mm diameter fluoroplastic 
stapes prosthesis is our first choice for primary stape-
dotomy, whereas 0.5 mm diameter titanium prosthesis is 
used in selected situations, such as narrow oval window 
niche, thin or eroded LPI, patient having already been 
operated on with a titanium prosthesis on the contralat-
eral ear.

Limits
There are several limitations to our study: retrospective 
design, risk of loss of follow-up of patients with pros-
thesis dislocation managed in other center, and routine 
use of fluoroplastic prostheses versus selected use of 
titanium prostheses. The risk of loss of follow-up can-
not be excluded, but it is in the author’s opinion that it 
is unlikely to represent a significant number of patients, 
given that the study was performed at a referral center for 
stapes surgery and revision stapes surgery. There might 
be a selection bias on the choice of prosthesis, because 
the titanium prostheses were implanted in selected cases. 
However, this is not a favorable bias for the statistical 
results and could rather support our results, since the 
selected cases may have had a higher risk of prosthesis 
dislocation.

There was a difference in the use of laser for footplate 
fenestration between Teflon and Titanium groups, but it 
is not in the author’s opinion that it would impact stabil-
ity of piston attachment to the LPI. Manual perforator 
was routinely used till 2015, then diode fiber laser was 
most regularly used, except in cases where laser was not 
appropriate (mainly, dehiscent facial nerve) or for aca-
demic concerns (residents’ teaching). We also have been 
using increasingly more Titanium prostheses, leading to 
this difference. In the opinion of the authors, this would 
not have been a bias because the laser and non-laser fen-
estrations are calibrated with the same manual perforator 
and it would not have changed the stability of the shaft of 
the prosthesis.

Comparison with other studies
To our knowledge, there is no study comparing stability 
of prosthesis stability over time regarding the material 
used. Our study does not address hearing outcomes with 
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regard to material used, since this has been thoroughly 
described in other studies [6, 24]. We observed 20% mod-
erate and severe incus erosion in our study. In compari-
son, Lundman et al.’s study had 35% erosion in 227 first 
revision cases, Blijleven et al. 5% erosion in 63 cases, and 
Lippy et al. 23.5% erosion in 522 revisions [17–19]. The 
variability of those results could be explained by the lack 
of clear definition of incus erosion in revision stapedot-
omy. However, status of the LPI is crucial for deciding the 
most appropriate surgical technique in revision: stand-
ard technique in cases with no or mild erosion, stand-
ard technique with surgical cement stabilization in case 
with moderate erosion, malleostapedotomy in case with 
severe erosion [25].

Lundman et  al. [17] reported a longer median delay 
from primary to revision surgery (7  years 6  months; 
min = 3 months; max = 50 years) but our results are not 
directly comparable since revision patients that had 
undergone surgery before 2013 were excluded from our 
study. In our series a triggering event causing the dis-
location was found in only 17% of the cases (4/23). In 
comparison, Puxeddu et  al. [26] described 2/44 (4.5%) 
triggering traumatic events.

Conclusion
In this series of 855 primary stapes surgeries compar-
ing the risk of dislocation from the incus of two popular 
manual crimped prosthesis, we have observed 3% of dis-
location of Teflon prosthesis, against 0% of dislocation of 
titanium prosthesis. This is suggestive of a better stabil-
ity of titanium prosthesis over time, although we failed to 
establish statistical significance. Further prospective ran-
domized studies could be valuable to assess our findings.

Abbreviations
CMHL  Conductive or mixed hearing-loss
LPI  Long process of incus
CT  Computed tomography
SNHL  Sensorineural hearing loss

Acknowledgements
Not applicable.

Author contributions
SG: study design, data collection and analysis, drafting and editing of manu-
script. MD: study design, manuscript revision. AL: study design, data analysis, 
manuscript revision. DA: study design, manuscript revision, preparation of 
figures.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
The dataset supporting the conclusions of this article is available in the OPEN-
ICPSR repository at https:// doi. org/ 10. 3886/ E1817 42V2.

Declarations

Ethics approval and consent to participate
This study was submitted to the institutional review board institu-
tional review board “IRB 00012801” under the validation number ID 
“CE_20220726_4_OTOPIST”.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interest.

Author details
1 Department of Otolaryngology, Hôpital Fondation Adolphe de Rothschild, 
29 Rue Manin, 75019 Paris, France. 2 Clinical Research Unit, Hôpital Fondation 
Adolphe de Rothschild, 29 Rue Manin, 75019 Paris, France. 

Received: 16 February 2023   Accepted: 23 July 2023

References
 1. Chia EM, Wang JJ, Rochtchina E, Cumming RR, Newall P, Mitchell P. 

Hearing impairment and health-related quality of life: the Blue Moun-
tains Hearing Study. Ear Hear. 2007;28(2):187–95.

 2. Kuo CL, Wang MC, Shiao AS. Superiority of nitinol piston over conven-
tional prostheses in stapes surgery: first comparative results in the 
Chinese population in Taiwan. J Chin Med Assoc. 2010;73(5):241–7.

 3. Kisilevsky VE, Dutt SN, Bailie NA, Halik JJ. Hearing results of 1145 
stapedotomies evaluated with Amsterdam hearing evaluation plots. J 
Laryngol Otol. 2009;123(7):730–6.

 4. Bittermann AJN, Rovers MM, Tange RA, Vincent R, Dreschler WA, Grol-
man W. Primary stapes surgery in patients with otosclerosis: predic-
tion of postoperative outcome. Arch Otolaryngol Head Neck Surg. 
2011;137(8):780–4.

 5. Vincent R, Sperling NM, Oates J, Jindal M. Surgical findings and long-
term hearing results in 3050 stapedotomies for primary otosclerosis: 
a prospective study with the otology-neurotology database. Otol 
Neurotol. 2006;27(8):S25.

 6. Bansal M. Teflon implants versus Titanium implants in stapes surgery. 
Indian J Otolaryngol Head Neck Surg. 2016;68(1):16–9.

 7. Dahm V, Schwarz-Nemec U, Auinger AB, Arnoldner MA, Kaider A, Riss 
D, et al. Titanium and platinum-fluoroplastic stapes prostheses visu-
alization on cone beam computed tomography and high-resolution 
computed tomography. Life. 2021;11(2):156.

 8. Gros A, Vatovec J, Zargi M, Jenko K. Success rate in revision stapes 
surgery for otosclerosis. Otol Neurotol. 2005;26(6):1143–8.

 9. Ghonim M, Shabana Y, Ashraf B, Salem M. Revision stapedectomy with 
necrosis of the long process of the incus: does the degree of necrosis 
matter? A retrospective clinical study. J Int Adv Otol. 2017;13(1):28–31.

 10. Betsch C, Ayache D, Decat M, Elbaz P, Gersdorff M. Revision sta-
pedectomy for otosclerosis: report of 73 cases. J Otolaryngol. 
2003;32(1):38–47.

 11. Peñaranda D, Moreno S, Montes F, Garcia JM, Rico Z, Peñaranda A. Fifteen-
year follow-up of stapedotomy patients: audiological outcomes and 
associated factors in a middle income country. AUD. 2021;26(1):53–60.

 12. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke 
JP. Strengthening the reporting of observational studies in epidemiology 
(STROBE) statement: guidelines for reporting observational studies. BMJ. 
2007;335(7624):806–8.

 13. Williams MT, Ayache D. Imaging of the postoperative middle ear. Eur 
Radiol. 2004;14(3):482–95.

 14. Kalbfleisch J, Prentice R. The Statistical Analysis of Failure Time Data, 
Second Edition. In 2011. p. 247-77.

 15. Gray RJ. A class of K-sample tests for comparing the cumulative incidence 
of a competing risk. Ann Stat. 1988;16(3):1141–54.

https://doi.org/10.3886/E181742V2


Page 7 of 7Gargula et al. Journal of Otolaryngology - Head & Neck Surgery           (2023) 52:52  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 16. R Core Team (2022). R: a language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, Austria. URL 
https:// www.R- proje ct. org/.

 17. Lundman L, Strömbäck K, Björsne A, Grendin J, Dahlin-Redfors Y. Otoscle-
rosis revision surgery in Sweden: hearing outcome, predictive factors and 
complications. Eur Arch Oto-Rhino-Laryngol Off J Eur Federation Oto-
Rhino-Laryngol Soc (EUFOS) Affil Germ Soc Oto-Rhino-Laryngol—Head 
Neck Surg. 2020;277(1). Disponible sur: https:// pubmed. ncbi. nlm. nih. gov/ 
31549 194/

 18. Blijleven EE, Wegner I, Tange RA, Thomeer HGXM. Revision stapes surgery 
in a tertiary referral center: surgical and audiometric outcomes. Ann Otol 
Rhinol Laryngol. 2019;128(11):997–1005.

 19. Lippy WH, Battista RA, Berenholz L, Schuring AG, Burkey JM. Twenty-year 
review of revision stapedectomy. Otol Neurotol. 2003;24(4):560–6.

 20. Huber AM, Ma F, Felix H, Linder T. Stapes prosthesis attachment: the effect 
of crimping on sound transfer in otosclerosis surgery. Laryngoscope. 
2003;113(5):853–8.

 21. Skinner M, Honrado C, Prasad M, Kent HN, Selesnick SH. The incudostape-
dial joint angle: implications for stapes surgery prosthesis selection and 
crimping. Laryngoscope. 2003;113(4):647–53.

 22. Cuda D, Murri A, Mochi P, Solenghi T, Tinelli N. Microdrill,  CO2-laser, 
and piezoelectric stapedotomy: a comparative study. Otol Neurotol. 
2009;30(8):1111–5.

 23. Barbara M, Lazzarino A, Mure C, Macri C, Volpini L, Monini S. Laser versus 
drill-assisted stapedotomy for the treatment of otosclerosis: a rand-
omized-controlled trial. J Int Adv Otol. 2011;7:283–8.

 24. Faramarzi M, Roosta S, Daneshian N. Comparison between fluoroplastic 
and platinum/titanium piston in stapedotomy: a prospective, rand-
omized clinical study. J Int Adv Otol. 2020;16(2):234–40.

 25. Pitiot V, Hermann R, Tringali S, Dubreuil C, Truy E. Revision stapes surgery 
for lysis of the long process of the incus: comparing hydroxyapatite bone 
cement versus malleovestibulopexy and total ossicular replacement 
prosthesis. Eur Arch Otorhinolaryngol. 2016;273(9):2515–21.

 26. Puxeddu R, Ledda G, Pelagatti C, Salis G, Agus G, Puxeddu P. Revision 
stapes surgery for recurrent transmissional hearing loss after stape-
dectomy and stapedotomy for otosclerosis. Acta Otorhinolaryngol Ital. 
2005;25(6):347–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.R-project.org/
https://pubmed.ncbi.nlm.nih.gov/31549194/
https://pubmed.ncbi.nlm.nih.gov/31549194/

	Comparison of dislocation rates of Teflon and Titanium stapes prostheses: a retrospective survival analysis on 855 patients
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Background
	Methods
	Population
	Study outcomes
	Statistical analysis

	Results
	Population
	Primary endpoint
	Secondary endpoints

	Discussion
	Clinical application of the study
	Limits
	Comparison with other studies

	Conclusion
	Acknowledgements
	References


