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Abstract Stapedotomy with implantation of an alloplastic

prosthesis is a well-established therapy for the treatment of

otosclerosis. Since the middle of 2008, a new Nitinol

prosthesis with memory function and superelastic proper-

ties has been available which is expected to make fixation

on the long process of the incus much easier. The advantage

of this prosthesis is that heat-induced wire crimping is no

longer necessary and damage to the incus caused by heat is

avoided. Since May 2008, laser-assisted stapedotomy with

implantation of a Nitinol prosthesis was performed in 21

patients suffering from otosclerosis. The prostheses used for

all patients had a size of 4.5 mm 9 0.4 mm. The patient

collective consisted of 14 women and 7 men with a mean

age of 53.4 years. Pre- and postoperatively, an ENT

examination was carried out followed by an audiological

evaluation of the hearing result. In addition, the properties

of the prosthesis (‘‘proper fitt’’, ‘‘handling’’, and ‘‘overall

rating’’) were evaluated intraoperatively by means of a test

protocol. The Nitinol prosthesis was implanted successfully

in all 21 patients. The mean air-bone gap for the frequencies

from 0.5 to 4 kHz was 9.83 dB postoperatively. Intraoper-

atively, the fit of the prosthesis was rated as ‘‘good to very

good’’, the handling as ‘‘good’’ and the overall rating of the

system was ‘‘good to very good’’. Our patient collective

showed good postoperative hearing results. Due to simple

intraoperative handling, especially placing the Nitinol

prosthesis in position, the critical work step of crimping is

no longer necessary.
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Introduction

With an incidence of 1–2% of the white population, oto-

sclerosis is among the most common causes of acquired

hearing impairment. A bony obliteration of the oval win-

dow in a patient who had already lost his hearing was

described for the first time in the 18th century. In 1894,

Politzer introduced the term otosclerosis as an entity, but it

was only in 1956 that otosclerosis was successfully treated

by stapedectomy for the first time by Shea [1]. He used a

prosthesis developed by his friend Harry Treace, which

was made of the ‘‘brand-new Teflon material’’ [2, 3]. The

technique developed by Shea continues to be valid to the

present day; however, the less invasive stapedotomy has its

benefits [4]. With this method, micro-drills or various

lasers are used to perforate the stapes footplate [5–7]. Not

only the surgery technique but also the prostheses available

to the surgeon have continued to evolve since the Teflon

prosthesis developed by Treace. Apart from Teflon, various

other materials such as titanium, gold, platinum or special

steel are employed [8, 9]. Not only are there different

options when it comes to material, the prostheses available

on the market, too, come in different varieties, with dif-

ferent types of prostheses often leading to the same post-

operative hearing results [5, 10]. The main demands on a

stapes prosthesis are good bio-tolerance, simple intraop-

erative handling and good sound transmission [11].

Notwithstanding continuous development of both the

operation technique and the prostheses, some work steps

that may have a significant impact on the operation result

continue to be difficult and critical. Especially the safe
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fixation of the prosthesis on the long process of the incus is

one of the most important and difficult parts of the oper-

ation on the success of which a good and lasting postop-

erative hearing result depends [12, 13].

Many prostheses are fastened by what is called

‘‘crimping’’ [14]. New types of prostheses such as the

‘‘Titanium Clip-Piston à Wengen’’ or the ‘‘Soft CliP Pis-

ton’’, both of which prostheses are made of titanium, are

simply slipped over the long process of the incus like a

kind of clothes peg and are held in place by the tension of

the prosthesis itself. Crimping is therefore no longer nec-

essary [15, 16].

In the ongoing search for the perfect prosthesis from the

perfect material, which mainly aims at simplifying the step

of crimping, prostheses made of Nitinol (Nickel Titanium

Naval Ordnance Laboratory) are a promising start. This

nickel titanium alloy consists of 55% nickel and 45%

titanium, has a mass of 6.5 g/cm3, and is the most widely-

known of the ‘‘shape memory alloys’’. Thanks to its shape

memory, superelasticity, and good damping capacity,

Nitinol is a highly interesting material for the development

of alloplastic prostheses.

Depending on the temperature, Nitinol can assume two

different structures. After deformation, Nitinol can reas-

sume its default shape (defined at production) when heated.

Depending on the production process, superelasticity is

another outstanding property of Nitinol. Conventionally

used prosthesis materials such as titanium only allow a

pseudoelastic deformation of *1%. With a deformation of

8%, Nitinol achieves nearly the elastic properties of natural

materials such as hair, bones, and sinews, some of which

allow form changes of up to 10% [17, 18].

In 1986, Enatsu carried out the first tests using Nitinol

stapes prostheses in cats. In 1997, Kasano repeated similar

studies and additionally examined the biocompatibility of

the Nitinol prostheses under the microscope. He did not

find any progressive bone resorption caused by Nitinol

[19].

Since 2004, middle-ear prostheses made of Nitinol have

been available for everyday clinical use for the first time. In

case of the so-called SmartTM Piston, the bracket is made

of Nitinol and makes use of the temperature-dependent

shape memory of the alloy. After the prosthesis is placed in

position at the long process of the incus, automatic

crimping is induced by heat. For this purpose, a CO2,

Argon, or KTP laser and bipolar forceps or battery-pow-

ered heating units are available. The postoperative hearing

results are comparable to those achieved with a conven-

tional prosthesis [20–25].

Since the middle of 2008 yet another Nitinol prosthesis

(Self-Crimping Super Elastic NITINOL Piston, Audio

Technologies, Italy) has been available on the market

(Figs. 1, 2). This prosthesis makes use of the superelasticity

of Nitinol as a result of which only minimal pressure of

*4 mg is necessary when slipping it on over the long

process of the incus. Due to this property of the material, the

Fig. 1 Self-Crimping Super Elastic NITINOL Piston and animation

of fixation to the long process of the incus (by kind permission of

Audio Technologies, distributed by Spiggle & Theis Medizintechnik

GmbH)

Fig. 2 Self Crimping Super Elastic NITINOL Piston positioned at

small alligator jaws forceps
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Nitinol band loop fits snugly around the long process of the

incus without further crimping and without application of

heat.

In the present study we want to present our first results

after implantation of the new Self-Crimping Super Elastic

NITINOL Piston as alloplastic prosthesis in the surgical

treatment of otosclerosis and evaluate the material prop-

erties of the prosthesis.

Materials and Methods

Since May 2008, 21 patients suffering from otosclerosis

were treated with the Self-Crimping Super Elastic NITINOL

Piston (Audio Technologies, Italy, distributed by Spiggle &

Theis Medizintechnik GmbH, Germany). Prostheses with

the size 0.4 mm 9 4.5 mm were used for all patients, the

pistons of all the prostheses were made of Nitinol.

The patient collective consisted of 14 women and 7 men

with an age distribution of 37–62 years (mean age

53.4 years). The implantation was carried out 10 times on

the right and 11 times on the left side.

In addition to an ENT medical status with ear micros-

copy, a tympanogram, a speech audiogram, a stapedius

reflex test, tests according to Weber and Rinne, and an

X-ray picture according to Schüller were performed.

The audiometric data was evaluated using the sound

threshold audiogram carried out preoperatively and

6 weeks postoperatively. The absolute hearing thresholds

and the air-bone gaps were compared.

In addition, the properties of the prostheses were eval-

uated using a test protocol including items such as ‘‘proper

fit’’, ‘‘handling’’ and ‘‘overall rating’’ which could be rated

on a 1–5 scale (1 = very poor; 5 = very good). All oper-

ations as well as the evaluation of the properties of the

prostheses by means of the test protocol were carried out

by the senior author.

Surgery was performed via enaural approach with a

relieving incision according to Heermann after adminis-

tration of general anesthesia. The stapedius tendon and the

posterior limb were cut through with multiple individual

pulses of the CO2 laser (capacity 2 W, pulse duration

50 ms). Establishment of a perforation of the stapes foot-

plate with a diameter of *600 lm was also carried out

using a CO2 laser with single-shot technique (capacity

20 W, pulse duration 50 ms), according to the description

by Jovanovic [6].

The prosthesis was then inserted in accordance with the

manufacturer’s instructions. At the end of the operation,

silicone strips and a tamponade of the meatus were inserted

for 1 week.

On the first postoperative day, the air-bone gap was

checked in all patients. After removal of the threads and the

tamponade of the meatus 7 days postoperative, pure-tone

audiometric testing was carried out. In addition, 6 weeks

postoperative another pure-tone audiometric examination

was performed at our clinic.

The statistical evaluation of our results was carried out

using Excel and SPSS 17.0.

Results

In 21 patients suffering from otosclerosis, stapedotomy was

performed using a CO2 laser with single shot technique. In

all patients, the Nitinol piston was successfully implanted;

the average incision-to-suture time was 55.32 min. Intra-

operatively no complications occurred, neither were any

persistent complications such as infections, inner ear

deafness, or persistent vertigo noted postoperatively.

The preoperative auditory diagnostic showed an average

air-bone gap in the five main frequencies (0.5–4 kHz) of

27.67 dB (Fig. 3), the absolute hearing threshold in the

frequency range 0.5–4 kHz on average reached 61.0 dB

(Fig. 4).

Postoperatively, in the main frequency range of

0.5–4 kHz, an average hearing threshold of 42.33 dB was

noted (Fig. 4). The mean air-bone gap for the frequency

range from 0.5 to 4 kHz was 9.83 dB postoperatively

(Fig. 3). Postoperatively, the air-bone gap in the four main

frequencies (0.5–4 kHz) was 15–20 dB in 6.7% of patients,

10–15 dB in 15.2% and under 10 dB in 78.0% of patients.

That means that in 78.0% of patients a reduction of the air-

bone gap down to 10 dB and less was achieved while a

reduction to under 20 dB was achieved in 100% of all

operated patients.
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Fig. 3 Average pre- and postoperative (green = preoperative,

orange = postoperative) air-bone gap in dB with different frequen-

cies in Hz
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The postoperative hearing results were gathered during

the pure-tone audiometric tests performed 6 weeks post-

operative and other tests carried out at a later time at our

out-patient department. The longest monitoring period

currently is 15 months. In none of the patients the results

have deviated from the results 6 weeks postoperative.

Using the test protocol, the prostheses inserted by the

surgeon have been given the following ratings: the fit of the

prosthesis was rated as ‘‘good to very good’’ (equivalent to

a score of 4.3), the handling as ‘‘good’’ (a score of 4.0) and

the overall rating of the system was ‘‘good to very good’’ (a

score of 4.4) (Fig. 5).

Discussion

Currently, a number of different types of prostheses are

available for implantation of a stapes prosthesis in the

framework of a stapedotomy. Most prostheses are fastened

to the long process of the incus with a loop by means of

so-called ‘‘crimping’’ 14]. Crimping is the most difficult

step during stapedotomy, since too tight fastening of the

loop on the long process of the incus may cause reduction

of the blood supply, which may lead to a risk of erosion or

even necrosis of the incus process. Damage of the process

of the incus has been described several times in literature

and has been subject to controversy [13, 26]. Excessive

crimping or insufficiently tight fastening of the prosthesis

both result in the same poor hearing results for the patient.

The potential effects on the process of the incus vary

strongly and may even cause full-blown necrosis of the

incus process, which in some cases may occur as late as

after 10 years [27, 28].

In recent years, efforts have been made to simplify the

method of fixing the prosthesis to the long process of the

incus with the help of improved prostheses. In 2000, Daniel

à Wengen for the first time used a prosthesis which is fixed

to the long process of the incus simply by slipping it on

carefully and which is held in place by the tension of the

prosthesis itself [16, 29]. With this so-called clip prosthe-

sis, crimping is no longer necessary. The prosthesis was

further developed by Eiber and Schimanski until it reached

the form of the Soft CliP Piston [15].

Apart from the design of the prosthesis as such,

enhanced bio-materials have been used in the development

of the prosthesis, which also aim at simplifying crimping.

One of the materials used is Nitinol, the most widely

known of the ‘‘shape memory alloys’’. Thanks to its shape

memory, superelasticity and good damping capacity, Niti-

nol is particularly well-suited for the development of

alloplastic prostheses. Depending on the temperature,

Nitinol can assume two different structures. After defor-

mation, Nitinol can reassume its default shape (defined at

production) when heated. Superelasticity is another out-

standing property of Nitinol.

In the present study, we used a Nitinol prosthesis with

superelastic properties. Thanks to this superelasticity, only

minimal pressure is required so slip the prosthesis over the

long process of the incus, and the Nitinol band fits snugly

around the long process of the incus without further

crimping.

The high concentration of nickel justifies the question as

to any intolerance reactions and allergies. Following

implantation, Nitinol forms a titanium oxide layer similar

to the surfaces of pure titanium prostheses. This oxide layer

largely prevents the discharge of nickel into the sur-

rounding tissue [30, 31]. In many studies, both in vitro and

in vivo, it was possible to show that nickel concentration

was slightly increased in some cases but never reached

toxic levels.

So far in our study, 21 patients have been treated suc-

cessfully with the self-crimping superelastic Nitinol piston.

Intra- or postoperative complications have not occurred.

The postoperative hearing results after implantation of the
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prosthesis can be compared with the results after insertion

of a crimping prosthesis such as the K-Piston, or the Clip

prosthesis according to à Wengen, or the Soft-CliP-Piston.

The evaluation of the test protocols has shown good to very

good results for proper fit and handling of the prosthesis as

well as the overall rating of the prosthesis system by the

surgeon. However, although intraoperative handling is

simple, the positioning of the prosthesis requires a sufficient

degree of experience on the part of the stapes surgeon.

Due to the superelasticity of the prosthesis, it is not

possible to adjust the prosthesis to anatomical variations by

making minimal changes to the shape of the prosthesis.

Therefore, according to our experience until now, the use

of a superelastic Nitinol prosthesis cannot be recommended

in case of very narrow anatomical conditions, e.g. an

overhanging facial nerve.

The longest postoperative monitoring period so far has

amounted to 15 months. Therefore, further testing of the

hearing results of our patients is important because only

these results will show if the new Nitinol prosthesis can

guarantee good and firm hold to the long process of incus.

A summary of the results after insertion of a nickel

titanium piston with memory properties during operative

repair of otosclerosis was presented on 21/05/2009 at the

80th Annual Meeting of the Annual Meeting of the German

Society of Oto-Rhino-Laryngology, Head and Neck Sur-

gery in Rostock.

Conclusions and Clinical Relevance

Due to simple intraoperative handling, especially in plac-

ing the new Nitinol prosthesis in position, the critical work

step of crimping is no longer necessary. Fixation of the

prosthesis does not have to be induced by heat. Very good

postoperative hearing results are achieved while the rate of

intraoperative complications is low. However, the posi-

tioning of the prosthesis requires a sufficient degree of

experience on the part of the stapes surgeon. In order to

allow a precise evaluation of the results it is planned to

increase the size of the patient collective and to gather

long-term results.
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