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First Experience With a New Titanium CIip
Stapes Prosthesis and a Comparison With the
Earlier Model Used in Stapes Surgery
Joachim A. Hornung, MD; Christoph Brase, MD; Alessandro Bozzato, MD; Johannes Zenk, MD;

Heinrich Iro. MD

Objectives,/Illlrothesis; The aim of the study

was to gain the frrst clinical experience with a new
titanium clip prosthesis in stapes surgery, and to
compare this model with its predecessor. We placed
particular emphasis on the practicability of fixing the
prosthesis to the long process of the incus ar.rd on the
postoperative i mprovement in hearing.
Study Design: Retrospective chart review.
Methods: The study included 23 paiienis who

had a CliP- Pislon äWengen filted and 2I patienrs
with a Soft CliP'Piston (both from Kurz Medizin-

technik, Dusslingen, Germany). Air and bone conduction were tested preoperatively and 5 to 6 weeks after
surgery in al1 patients, as well as after about l year

in a subgroup.
Results: We found a mean air-bone gap of 8.5 a
5.2 dB in the frequencies 0.5, 1, 2, and 3 kHz for the
patients with a CliP" Piston äWengen at follow-up
audiometry afier an average of 31 days, and of 6.4 +
3.7 dB for 11 patients after 412 days. The corresponding figures for patients with Soft CliP' Pistons were
8.9 + 4.1 dB after 44 days, and 6.3 :t 5.6 dB for 10
patients after 419 days. There were no statistically
signifrcant differences. All the prostheses were
implanted without difüculty.
Conclusions: The two stapes prostheses studied
gave good early audiometric results that showed no
difference. After a short lea-rning period, both could
be pushed onto the long process of the incus with similar ease, -although subjectively the new ilesign of the
Soft CliP" seemed to adapt better to the different

diameters of the process and took up less space in the

middle ear

Key Words: Otosclerosis, stapes surgery, clip
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INTRODUCTION
Right from the time when Shea first introduced
modern stapes surgery in 1956, the procedure rapidly
developed a high success rate. In experienced hands, little or no residual air-bone gap (the difference between
air and bone conduction) has in the meantime become
the standard.
Over the years, many modifrcations of the surgical
technique have constantly refrned stapes surgery. For
example, the stapedectomy originally performed was

first modified to a partial stapedectomy and later to stapedotomy. With the introduction of more advanced
appliances, the technique of stapes fenestration also
moved on from manual perforators to microdrilis and
lasers. But, on the other hand, Shea's original stapedectomy technique is still successfully used today.
Apart from the changes in the surgical technique,
the prostheses themselves have also undergone considerable modihcation. Prostheses cunently used in stapes

surgery differ in form, the diameter of the piston, the
length of the implant, and also in weight. Fluoroplastic
(Teflon@) is the material used most often for prostheses,
but stainless steel, plaiinum, and titanium are also
employed. Good postoperative results are achieved with
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the most impodant requirements for a stapes prosthesis
are good biocompatibility and adequate transmission of
sound. Stable fixation of the prosthesis on the long
process of the incus is particularly relevant to this last
requirement to achieve the main objective of stapes
surgery and provide a reliable and long-lasting improvement in hearing. The hxation necessary for most
prostheses, referred to as crimping, is cer-tainly one of
the most difhcult and, at the same time, most important
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Apart from ease of handling during the operation,
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too loose. the prosthesis may shift in position, which in
turn ma\- lead to deterioration in hearing.2 On the other
hand, crinping too tightty may cause reduced perfusion
of the long process of the incus with subsequent erosion
and neclosis. nhich also results in the loss of hearing.3
To avoid the problems of fixation, various further modifrcations have been nade to the prosthesis. One possibie

improvement was proposed

by Daniel

äWengen.

Together ri'ith Kurz Medizintechnik, in Dusslingen, Germany. he developed a novel prosthesis made of titanium;
this prosthesis no longer has to be crimped but is held
in place on the long process of the incus by means of a
specially designed clip.
Fixation is achieved by the specially shaped wire
loop and the elasticity of titanium. To fix the prosthesis
onto the long process of the incus, the clip is first laid on

the process and then pushed into position using, for
example, a tiny hook (Fig. 1, Fig. 24, and Fig. 2B). Further fixation is not necessary. äWengen, who first
inserted the new prosthesis in the year 2000, claimed
several advantages for his device.a 5 The improved
design means that the clip does not completely encircle
the long process of the incus, but coveis it only for about
60% of its circumference. This should promise less risk
of strangulation of the long process of the incus, which
rn turn reduces the likelihood of bone necrosis. Accord-

ing to äWengen, further advantages are the
Fig. 1.

CiP'

Piston äWengen (Kurz Medizlntechn k, Dusslingen,
Germany) 4.75
0.6 mm. The arrow indicates the position
(nrarked with an X) to apply the hook for clcking the prosthesis
onto the long process of the incus.

x

steps for the quality of hearing after stapes surgery.
This step is affected by a range of factors, such as the
shape and thickness of the long process of the incus,
the material used, the form of the prosthesis loop, the
instrument used to fix the prosthesis and, last but not
least, the surgeon's experience.l This means that, with
respect to the hearing improvement and long-term
stability, the resuits cannot be accurately predicted.
The right amount of force has to be used in crimping the loop properly. If crimping dudng the operation is

reduced

time taken for surgery, thanks to the easier application
of the prosthesis, and better acoustic coupling because of
the stable fixation of the head of the prosthesis.
In contrast, Schimanski reported that during the
insertion of 275 äWengen CliP" prostheses, he had difficulties in 14.5% of cases because the diameter of the
incus was either too big or too small to fix the äWengen
prosthesis correctly.6 This led to further development of
the äWengen prosthesis and the introduction of the Soft
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As the new clip is less rigid, less force should be
needed to push the clip onto the long process of the
incus. The head of the new prosthesis should adapt
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Fig 2. Left stapedotomy with a CliP! P ston äWengen (Kurz Mediz ntechnjk, Dusslingen, cermany) jn a cadaver d ssection of a temooral
bone (A) View through the auditory canal showing the prosthesis in position before it s pushed onto the incus usinq a straiqht 90. hook.
I mm loig {Srorz. Tull'rrger. Gern_an\r. tBr View lhroLgl- a oosterior ly-odnoto-y shownq the o.ostTess dfte. it Fas oeei pLshed ilro
pace. The arrow indlcates the direction in which the prosthesis has to be pushed onto the ong process of the incus. C.T. : chorda

tympani; L.Pl.
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ong process of the incus; PL. = lenticular process.
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better to the different shapes of the incus and reduce
tbe dsk of erosion as there is less application of force in
the contact with the bone.6
The aim of this study was to report the first clinical
experience with this new prosthesis and compare the
device with its predecessor. We placed particular emphasis on the practicabitity of frxing the prosthesis on the

long process of the incus and on the postoperative
improvement in hearing.

MATERIALS AND METHODS

Between July 200? and August 2008, the lirst of all 25
patients were fitted with a CliPa Piston äWengen (KuIz Medi
zintechnik), and then a further 25 patients had a Soft CliPn
Piston (Kurz Medizintechnik) implanted. These prostheses will
be rcferred to in the rest of this paper as W Clips änd Sott
Clips, respectively. Howevet only thosc patients who were
undergoing pimary stapes surgery were included in the study
presented here (23 patients with a W Clip, 21 patients $ith a
Soft Ciip). Rer.ision operations wcre not taken into account.
Both the W Clip and the Soft Clip piston had a djameter
of 0.4 mm. The length of the prosthesis varied between 4.25
mm and 5.5 mm in the two gloups, with prosthesis lengths 01'
4.5 mm and 4.75 mm being the most commonly used. The 23
patients \r'ith a W Clip were eight men and 15 women with a
mean age of 46.9 + 12.9 years (range, 23.3 68.21. The prosthesjs was implanted in the dght ear in 11 cases, ancl in the left
ear in 12 cases. Soft Clips rvere implanted in 11 men and 10
*.omen, with a mean age of 43.1 + 13.9 years (range, 1.1.563.6); nine of them were fitted in the right middle ear and 12 in
the left. A11 procedures used an endaural approach, and surgery
was performed under general anaesthetic in all except three
cases. One W Clip änd t$'o Soft Clips were inserted in the three
operations done under regional anesthesia. We per'formed a sta
pedotomy in 21 cases in the W Clip group and in 20 of the Sott
Clip group. There rvas one partial stapedectomy in each groüp.
and one full stapedectomy in the W Clip group. Perforation of
the stapes footplate rvas canied out *ith a laser ('I\'pe 40C;
Lumenis, Tel Aviv, Israel with Acuspot 712 micromanipulator)
19 times in the W Clip and 17 times in the Soft Clip group; we
used manual perforators four times in each group.
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On average, the patients with a W Clip had follow up audi
ometry 31.1 + 26.4 dajrs (range, 14-881 postoperatively, and the
patients \r'ith a Soft Clip alter.14.6 + 30.4 days (range, 12 77).

So far, rve have been able to re-examine 11 of the 23
patients with a W Clip piston after a mean of'112 r 43 days
(range, 3?3 523 days), and 10 out ol the 21 patients in the Soft
Clip piston group after 419 + 68 days (range, 359 539 days).
Investigations were carried out at frequencies of 0.25, 0-5,
1, 2, 3, and 4 kHz; these results wcre compared with tests carricd out on the day belore operation. In accordance with the
1994 güidelines of the Committee on Hearing and Equilibrium,
American Academy of Otolaryngology-Head and Neck Surgery
Foundation Inc-, the success of surgery was assessed by comparing the preoperative difference in air and bone conduction,
the air-bone gap (ABGI, with the corresponding postoperative
values. The mean value of the ABG3000 was obtained from the
lrequencies 500, 1,000, 2,000 and 3,000 Hz.? In addition, so that
rve could compare our results with those of other teams, the frecluencies 500, 1,000, 2,000 and 4,000 Hz were üsed to calculate
the ABG,1000.
Relevant data were entered into the computer. stored and
analyzed using Microsoft Ofhce Professional 2003 soltware
(Microsoft Corp., Redmond, WA) and Systat 12.0 (Systat Software Inc., Chicago, IL).
The study was conducted in accordance with the ethical
standards of the 1964 Declaration of llelsinki. After in depth
e)rplanation, the patients gave their informed consent to the
operation änd the evaluation of the results.

RESULTS
Comparison of the two study groups showed no
statistical differences in characteristics of age, sex, follorv-up period, operated ear, length of prosthesis used,
surgical technique, or method of perforation-

Postoperative recovery was uneventful

in

both

groups. There were no infections, the prostheses were
weil tolerated, and there was no sensorineural hearing
loss or vefiigo. In all cases, the clinical diagnosis ol
stapes füation was confrrmed at operation.
The mean ABG on the day before the operation for
alt patients in the W Clip group was 28.4 + 7.7 dB. The
Soft Clip group had an ABG ol26.5 t 7.3 dB, which was

statistically not significantly different. Likervise, no
Hornung et a .: New Titan um Clip Stapes Prosthes s
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Fig. 4. Left stapedotomy with a Soft
Nledizintechnik,
Dusslingen, Germany) in a cadaver

CliP' Piston (Kurz

dissection of a tempora bone. A,

C, E. and G shown for a left
handed surgeon; B, D. F, and H

shown for a rght-handed surgeon.
(A-D) Vew through the auditory

canal. (E and F) View through a
hole n the roof of the petroLrs part
of iempora bone. (G and H) Vew
through a posterior tympanotomy.
A straight g0' hook, 1-mm ong,
was used to inake the positon of
the hook clear when pushing the
prosthesis into position. The arrow
indicates the direction n which the
prosthesis has to be pushed onto
the ong process of the incus; the
arrowheads mark where pushing
prosthes s into place with a
straight hook is hlndered by the
bony posterior cana wall. C.T. :
chorda tympanr; L.Pl. : long process of the ncus; S.Pl. = short

the

process ol the ncus; LB. : incLls
body; PL. : entcuar process.

statistically significant difference was found between the
4BG,1000 of the two groups, rvhich were 29.6 t 7.5 dB
and 28.9 = 7.5 dB, respectively. We determined a mean
ABG of 8.5 a 5.2 dB for the W Clip patients after an
avcrage follow-up period o1 31.1 + 26.4 days, and of 8.9

+

4.1 dB for the patients in the Soft Clip group after
44.6 + 30.4 days. The corresponding values for the
ABG4000 were 10.1 + 5.3 dB and 10.8 + 4.7 dB, respectively. These rvere also not significantly different. All
patients had an ABG <20 dB. The ABG was better than
10 dB in 60.97. (n:14) oi the W Clip group and in
52.3'/c ln = 11) of the Soft Clip group (Fig. 3).
The preoperative mean of bone conduction for frequencies of 1, 2. and 4 KHz rvas 28.0 - 11.0 dB in the W
Laryngoscope 119: December 2009
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Clip group and 26.7 ,r. 14.0 dB in the Soft Clip group.
The corresponding postoperative values, 27.9 r 13.1 and
27.1 + 73.9 dB, were more or less unchanged; the mcan
diffelences in bone conduction ( 0.07 r 5.0 dB for the

group rvith W Clips and 0.64 + 3.5 dB for those with
Soft Clip pistons) were thcrefore very slight.
For the 11 patients in the W Clip group followed up
again after about 1 !'ear, rve determined an ABG3000 of
6.,1 r. 3.7 dB and an ABG4000 of 7.2 L 1.0 dB. The corresponding frgurcs lor 10 patients from the Soft Clip group
were 6.3 + 5.6 dB and 1.5 ,6.2 dB, respectively. Tbe
mean bone conduction of 1. 2. and 4 KHz fiequencies lvas
24.1 + 10.9 dB in the \\ Clip group and 26.5 I 12.3 dB in
the Soft Clip group. -\11 patients had an ABG of <20 dB.

Hornung et al.:
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Fig 5. Left stapedotomy with a soft cJiP'i Piston (Kurz lvledizlntechnlk, Dusslingen, Germany) ln a cadaver dissectron ot a temporat bone.
view-through the auditory canal. {A) The prosthesis before it is pushed onto the incus using a Fisch footplate hook, tip
angied upward

90' (Storz, Tuttlingen, Germany). (B) The prosthesis after it has been pushed into p ace. The ariow indicates ihe dlrectio; in whüh tha prosthesis has to be pushed onto the long process of the incus; the arrowheads mark the bony posterior canal wall. C.T. : cnorda tympani;
L.Pl- = long process of the incus.
The ABG was better than 10 dB in nine ofthe 11 patients
(81.87o) in the W Clip group. This was also the case in

eight out ofthe 10 patients (807o) in the Soft Clip group.
The two groups were not significantly different.

On the day of the postoperative follow-up, all
patients had unremarkable frndings on microscopy of
the operated ear. None of ihe patients complained of vertigo, and all of them were satisfied with the outcome of
the operation.

In all cases, the prosthesis could be frxed to the
long process of the incus at operation. The prostheses
were pushed into position using a straight 90" hook, or a
Fisch footplate hook, with the tip angled upward g0.

long process of the incus, where it holds in position
thanks to the elastic properties of titanium.5 äWengen
reported that the first prosthesis of this type was
implanted in September 2000.
As manual crimping is no longer necessary, stapes
surgery using this new prosthesis should be easier and
quicker In contrast to the prostheses used previously,
which when crimped completely encloses part of the long
process of the incus, the new desigr does not cover the
full circumference but onl; abour 60,, ol il.'This should
protect the mucosa to a greater extent, with an associated improvement in the perfusion of the long process.

(Storz, T\rttlingen, Germany) as shown in Figure 2, Figure 4, and Figure 5.

DISCUSSION

In stapes surgery, many different types of prosthesis with different desigrrs and mechanisms of fixation to
the long process of the incus have been used to replace
the stapes. Most of these prostheses have one characteristic in common, a loop that has to be crimped onto the
long process of the incus. If this loop is closed too tightly,
it may lead to a perfusion disorder of the long process of
th|. incus $ ilh subsequent bone erosion or even necrosis.
Necrosis of the long process of the incus is one of the
most common reasons lor revision surgery.8 McGee and
Lesinski reported, however, that

a loop that was too
loose could also lead to notching of the bone with sequelae of erosion and necrosis, therefore, they recommended
firm fixation of the prosthesis.2,3 In order to achieve a
better connection, Kwok et al. proposed the use of prostheses with a band-like wire loop, as this could be more
easily bent around the long process, and the wider band
would allow improved pressure distribution over the mucosa in this area.r In short, horvever, crimping the wire
loop around the long process of the incus remains one of
the most dilficult steps in stapes surgery, and the result
is difficult to predict.

To avoid the difficult step of crimping, äWengen
developed a stapes implant together with Kurz Medizintechnik. This prosthesis has onll to be pushed onto the
Laryngoscope 1 19: December 2009

Fig. 6. Soft ClPrq' Pston (Kurz Ny'edizntechnik, Dussllngen, cer
many) 4.75 x 0.6 mm. The arrow indicates the postion (marked
with an X) to apply the hook for clicking the prosthesis onto the
long process of the lncus.
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TABLE

],

Operating Tir.e for the Prosthesis Used and the Side Operated On.
Left Side

W Clip piston
Soft Clip piston
Statistica
comparison of
prostheses (t tesl)
SD

:

I

Rght Sde

Operatjng
lmin)

Operaiing

Time-SD

c

(min)

T me+SD

12

53.58+2T.96

11

12

54.75+21.23

I

NS

Statisiica Cornparison
of Sides (i test)

50.64+22.42

NS

49.00+17.28

NS

NS

t
I

c
1

c
standard deviationi NS

-

t

not significani.

s

I

In the meantime, this prototype has been used successfully by several surgical teams.e 12 Hearing
outcomes are comparable with the results of standard

cess of the incus. Thanks to the new design the head
protrudes less and takes up less space in the middle
ear,

e

prostheses, but not signif,rcantly better. Even though the
advertising brochures claim that the fixation process is
simple, it still needs some practice, for example, with

The differences in design mean that the procedure
for pushing the prosthesis into place on the long process
of the incus is also somewhat different. Common to both
prostheses is that right-handers approach with the tool
from the right side (see Fig. 48, D, F, and H showing a
Soft Clip prosthesis), rvhereas left-handers come from
the left (Fig. 4.A, C, E and G). With a W Clip piston, the
tool is applied to a nipple on the head of the prosthesis
(Fig. 1, marked with an X, and Fig. 2A and B). We used
a straight 90" hook for this procedure, and were able to

I

training in the temporal bone lab.e A further problem of
the prosthesis desigr is that fixation may be extremely
difficult if the diameter of the long process of the incus
is too large or too small.6'11 In particular, Schimanski
reported that in 275 stapes operations with a W Clip
prosthesis, he had problems with fixation h 14.5c/o of
cases. In 13-57. the long process of the incus was too
thick, and in 1.1% it was too thin. If the process is too
thick, the force required to click the prosthesis into position may be so great that there is a danger of incus
luxation. If the process is too thin, the prosthesis lies too
loosely in contact with the bone, and this results in a
poor audiological outcome.G A further criticism of the
clip design was the protruding head of the prosthesis, as
it can make positioning of the prosthesis in the middle
ear ctlrncult.
Because of these criticisms, Schimanski, Steinhardt,
and Eiber, working together with Kurz Medizintechnik,
lurther modifred the äWengen prosthesis to produce the
Soft CliP@ Piston6 (shown in Fig. 4, Fig. 5, and Fig. 6).
The developers of this prosthesis reported that they
had wanted to set particularly high expectations on several points in the new design.o In order to reduce the
risk of bone erosion, the head of the prosthesis was
designed in a way intended to decrease the contact force
with the long process of the incus. In addition, they had
wanted to reduce the rigidity of the clip, so that it would
fit more readily onto processes of different diameters.
And last, the development team mentioned that the new
design of the head should facilitate intraoperative handling, as the prosthesis could be pushed onto the long
process of the incus more easily.b Schimanski et al. demonstrated this last property in a laboratory expe ment,
showing that the Soft Clip required 457. less force than
the W Clip to push it into place.6
Unlikp rhe surgical team led b; Bast.r' uhn were
unable to push the Soft Clip prosthesis over the long
process of the incus in two out of 11 patients, we have
not yet had any cases where we were unable to frx the
prosthesis and achieve good bone contact. The Soft Clip
seems easier to adapt to a somewhat thicker long pro-

Laryngoscope 1 19: December 2009
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reach the nipp)e ea.i1y in all

i^ases.

In contrast, in order to click the Soft Clip piston
onto the long process of the incus, the hook has to be
placed between the upper and lower loops of the prosthesis (see Fig. 6, marked with an X, and Fig. 4 and Fig. 5).
This was more difficult than the procedure with the W
Clip piston, as applying a straight hook is sometimes
greatly hindered by the bony posterior canal wall (see
arrowhead on Fig.48 and D). This is the case when a
right-handed surgeon operates on the left ear, and when
a left-handed surgeon operates on the right ear. Instead
of a straight hook, therefore, we employed a Fisch footplate hook, tip angled upn'ard 90" (Storz), which is
curved close to the tip. Contact with the bony posterior
canal wall could then easily be avoided (Fig. 5A and B:
the arrowheads mark the bony posterior canal wall).
This tool facilitated pushing the prosthesis into place, in
both the right and left ears.
Because of the initial diffrculty in finding the right
tool to push the prosthesis into place, we gained the subjective impression that the learning curve for positioning
the Soft Clip was somewhat longer than for the W Clip
piston. Objectively, however, this was not confirmed by
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the operating times recorded, as there was no significant
difference. Operating time was 52.17 + 2I.54 minutes
for the W Clip and 52.29 t 19.39 minutes for the Soft
Clip. Irrespective of the type of prosthesis implanted,
there was only a very small time difference between the
operations on the left side (54.17 t 21.13 minutes) and
on the right side f49.9 = 19.5 minutes), and this was not
statistically signihcant tsee Table I).
We were unable to subjectively conhrm the 45%
reduction in the force lequired to push the Soft Clip piston into place, as reported b1' the developers.6
Hornung et a.: New Titanium Clip Stapes Prosthesis
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The postoperative audiological outcome is, of course,
of particular interest when considedng a new middle ear
prosthesis. In this respect s'e found no difference
between the two prostheses (see Fig. 3 ). Our early audiological results for both the Soft Clip and the W Ctip
were in the same audiometric range as those measured
by other surgical teams.e 1113
At the present time, we are using the new clip
design in our department. We have found that, after a
little practice, both the W Ciip and the Soft Clip pistons
can be quickly and securely frxed to the long process of

the incus. There is no need for the difficult crimping
step. Making a direct comparison between the two clip
prostheses, we prefer the Soft Clip piston, because it
seems to be easier to adapt to the long process of the
incus ät operation and takes up less space in the middle
ear. We believe that the special design of these two prostheses ensures better perfusion of the long process of the
incus in the long term and this, in turn, means that better long-term results can be expected. Whether this is
really the case will not become known until the long-

term results from a large patient population

are

available.

CONCLUSION
After a short learning curve, both the CliPli Piston
äWengen and the Soft CliPo Piston could be frxed by
merely clicking the prosthesis onto the long process of
the incus. Classic crimping is no longer necessary for either of these designs. The good hea ng results
measured audiometrically for the two pistons were not
significantly different and correlate well with the findings of other surgical teams. The lesser force needing to
be applied and the lesser rigidity of the Soft CtiPo Piston
loop found in vitro were not confirmed subjectively in
vivo. Nevertheless, we had the impression that the Soft
CliPo fitted the different processes of the incus better,
and that the head of the prosthesis took up less space in
the middle ear Whether the modihed design of the Soft
CIiPG Piston has further long-term advantages over the
CliP6 Piston äWengen, especially with respect to the fit
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ol the prosthesis head on the process of the incus, needs
to be determined in a large-scale study and re-evaluated
after follow-up for several years.
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