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Cartilage ‘shoe’: a new technique for stabilisation of
titanium total ossicular replacement prosthesis at centre
of stapes footplate

D BEUTNER, J C LUERS, K B HUTTENBRINK

Abstract
Objectives: After tympanoplasty using a total ossicular replacement prosthesis, many unsatisfactory
hearing results are due to dislocation of the prosthesis.

Material and methods: We developed a cartilage guide for stabilising the total ossicular replacement
prosthesis in the oval window niche. An oval-shaped piece of cartilage measuring 2.5 � 3.5 mm with a
central hole was precisely punched out of a thin cartilage plate. The cartilage was placed in the oval
niche, and its hole centred the prosthesis on the stapes footplate.

Results: Hearing results in 52 patients confirmed acoustically the effectiveness of this method of total
ossicular replacement prosthesis stabilisation on the stapes footplate. Subsequent ‘second-look’ surgery
revealed stable ingrowth of the cartilage ‘shoe’ into the oval niche.

Conclusion: Such a cartilage shoe might address one of the causes of unsatisfactory hearing following
ossicular chain reconstruction with a total ossicular replacement prosthesis.
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Introduction

In order to obtain a successful hearing result after
reconstruction of a middle-ear defect, one must
provide both an intact, vibrating tympanic membrane
and a ventilated middle ear, in order to achieve reliable
conduction of sound energy. The defect in the ossicular
chain is reconstructed with a prosthesis. Recently, an
increasing number of industrially produced, alloplastic
implants have become available. Such implants must
fulfil two requirements: the material must be biocom-
patible (i.e. it must be accepted by the body tissues),
and the prosthesis must be anchored to the remnants
of the ossicular chain. It is essential that the prosthesis
is attached in a firm and stable manner. A loose con-
nection not only results in inefficient energy transfer
but also creates a risk of dislocation. This is associated
with a significant conductive hearing loss, up to the
so-called transmission block of 50–60 dB. Further-
more, scar formation, haematoma or displacement,
caused by variations in ambient static pressure, consti-
tute risk factors for post-operative dislocation of a suc-
cessfully surgically implanted prosthesis.1 Apart from
biological reasons, prosthesis displacement is the
most common cause of unsatisfactory hearing after
such surgery.2–4

In order to more successfully manage cases of type
III tympanoplasty with a preserved stapedial arch, we

developed a self-retaining, lightweight, titanium
prosthesis, fastened onto the stapes head with a clip
mechanism.5 However, if the stapes suprastructure
is missing, stable coupling of the prosthesis to the
footplate is more complicated. Total ossicular repla-
cement prostheses (TORPs), commonly used for
such large columella type III tympanoplasty pro-
cedures, only ‘adhere’ to the footplate by water
adhesion forces. Clinical observations indicate that
only rarely does a firm union develop between a
TORP and the stapes footplate. Hence, inadequate
coupling at the TORP–footplate interface may be
an important cause of a persistent post-operative
air–bone gap, and hence poor acoustic results, com-
pared with partial ossicular replacement prostheses.2

Suggestions on how to achieve a more stable, firm
coupling at the TORP–footplate joint have been
proposed. Fisch and May6 have recommended the
use of a small spike at the tip of the prosthesis
shaft, which fits into a perforation of the footplate.
However, this mechanically convincing idea is con-
sidered by many otosurgeons to pose a potential
risk for chronic otitis media, due to the opening of
the inner ear. Another proposal, involving specially
designed silicone sheets, could not guarantee perma-
nent placement of the TORP.
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In order to overcome these problems, and following
successful use of cartilage in tympanoplasty,7,8 we
designed a cartilage ‘shoe’ which fitted into the oval
window niche. A central perforation guided the pros-
thesis onto the footplate centre and prevented dislo-
cation. To facilitate such surgery, we designed a
cartilage punch. Experimental testing in temporal
bones, using laser Doppler vibrometry, demonstrated
reliable sound transfer through this central cartilage
perforation onto the footplate.9 Simulated massive
scar fixation of the cartilage shoe, by application of his-
toacryl glue, resulted in a reduction of only 5 dB of
sound conduction. These promising temporal bone
results were taken as a basis for clinical application.

This paper describes use of the cartilage punch and
reports our clinical experience with the cartilage shoe
in 52 patients undergoing TORP tympanoplasty.

Materials and methods

In cooperation with the Heinz Kurz Company (Dus-
slingen, Germany), we developed a cartilage punch
(Figure 1a) to enable production of a standardised car-
tilage shoe. This punch consisted of an oval outline
punch (2.5 � 3.5 mm) and a centre hole punch
(0.8 mm), connected with a spring. The central hole
punch telescoped into the outline punch with the
help of the spring attachment. Figure 1b shows the car-
tilage shoe with its central hole for incorporation of the
prosthesis shaft of the ‘Aerial’ type titanium prosthesis
(Heinz Kurz). In cases where remnants of the stapes
crurae persist, the cartilage shoe can be easily
trimmed at both poles (Figure 1c).

This retrospective study examined all patients who
had undergone a TORP tympanoplasty using the carti-
lage shoe technique in the department of otolaryngol-
ogy, head and neck surgery, University of Cologne (a
tertiary referral centre), over a two-year period (May
2005 to May 2007). Patients were identified via a
search of the operating theatre logbooks. Data col-
lected from patients’ notes included the following vari-
ables: gender, age, surgical technique, procedure and
audiometric outcome. Post-operative pure tone audio-
grams were obtained three weeks after surgery follow-
ing removal of the surgical dressing. In each case,
post-operative air–bone gaps were calculated using
post-operative air conduction and post-operative
bone conduction thresholds at the frequencies 500,
1000, 2000, 3000 and 4000 Hz. The average five-
frequency (i.e. 500, 1000, 2000, 3000 and 4000 Hz)
air–bone gap was also calculated.

Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences version 10.0.7 for
Windows software package (SPSS Inc, Chicago, Illi-
nois, USA). The Wilcoxon test for dependent groups
was used to compare all parameters before and after
treatment. All tests were two-sided, and p values of
less than 0.001 were considered as significant.

Results and analysis

The cohort consisted of 52 patients (31 male and 21
female), with a median age of 40.7 years (range six
to 66 years). Patient and surgical procedure data

are shown in Table I, which also shows the relative
diagnostic contribution of cholesteatoma (50 per
cent) and chronic otitis media (50 per cent). Revision
cases predominated (67.3 per cent), and there were
similar numbers of canal wall down (n ¼ 27) and
canal wall up (n ¼ 25) procedures.

The optimal cartilage thickness for creation of the
shoe was found to be 200–300 mm, harvested from
the concha or tragus.9 Placement of the cartilage
shoe into the oval window niche was straightforward
in every case. In five cases, persistent remnants of the
stapes suprastructure meant that trimming of the car-
tilage shoe poles was required (Figure 1c). The resul-
tant rectangular-shaped cartilage shoe fitted tightly
between the stapedial crura, guaranteeing a stable
and reliable coupling. Figure 2a shows a typical
example after TORP insertion. The TORP, with its
stand-alone prosthesis head, could be used as a
girder, supporting the tympanic membrane recon-
struction with cartilage or fascia, especially in canal
wall down mastoidectomy, similar to the central
pole in a tent. Six months later, ‘second look’
surgery (n ¼ 3) in cholesteatoma cases always
revealed stable ingrowth of the cartilage shoe into
the oval window niche, as shown in Figure 2b.

Patients’ audiometric results are shown in Figure 3.
Bone conduction thresholds remained stable. At the
time of post-operative dressing removal, the air–
bone gap was reduced to 21 dB (down by 13 dB
from a pre-operative average of 34 dB) (Table II).
Patients’ post-operative air–bone gaps significantly
differed from their pre-operative results (Wilcoxon
test; p , 0.001 for each frequency). Testing at all fre-
quencies showed an improvement in the air–bone
gap (Table II). Interestingly, the auditory results
obtained by open and closed procedures were com-
parable, with air–bone gaps of 21.9 and 21.0 dB,
respectively.

Discussion

In recent years, titanium has become the favourite
alloplastic material for the reconstruction of a
destroyed ossicular chain.10 – 12 Besides its excellent
biocompatibility,13 – 15 this material shows definite
mechanical benefits. Stable and reliable coupling
between titanium prostheses and the remaining ossi-
cular rudiments are essential in order to achieve sat-
isfactory hearing results following ossiculoplasty.16

Tilting and/or dislocation of the prosthesis, which
prevents direct prosthesis–bone contact, are the
major causes of poor post-operative audiometric
results.2 – 4 Especially in cases in which only the foot-
plate remains, stable insertion of an ossicular pros-
thesis is a great challenge to the otosurgeon. In
such cases, current clinical practice involves peri-
operative adjustment of the TORP on the footplate
with connective tissue or cartilage.6,17,18 However,
an intra-operatively stable TORP placement poten-
tially runs the risk of dislocation after closure of the
ear. The reconstruction can fail due to a multitude
of causes, e.g.: haematoma, scar tissue formation,
middle-ear effusion, or atmospheric pressure
changes with displacement of the reconstructed
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tympanic membrane. To overcome these problems,
stable fixation on the footplate is mandatory.

This paper describes the use of a cartilage shoe,
which is placed in the oval niche on the footplate,
as a new technique for stabilisation of a TORP.
The presented short-term hearing results are promis-
ing, but long-term results with a larger sample size
will need to be analysed in order to ensure the per-
manent acoustic quality of this reconstruction. Until
now, we have not encountered a single case with a

large post-operative air–bone gap (indicating com-
plete disruption of the TORP–footplate interface).
With a reduction of the air–bone gap to 21 dB
(down by 13 dB), the auditory results for the carti-
lage shoe technique are comparable to those
obtained with other prostheses.10 – 12,19 – 25 Moreover,
since we were obliged to monitor post-operative
hearing at the time of dressing removal (due to unre-
liable follow up at later intervals), further reduction
of the air–bone gap could be expected in the long
term,5 as the post-operative middle-ear effusion typi-
cally impairs middle-ear sonic transfer. However, our
audiometric data are comparable with previously
published results only to a limited extent, because
different criteria were used. Additionally, many
other factors besides the TORP itself determine the
auditory results of the procedure, such as staging of
ossicular reconstruction, acoustic quality of the tym-
panic membrane, aeration of the middle ear and
tubal function. In our department, ossicular recon-
struction was always performed simultaneously with
surgery to eradicate disease e.g. tympanomastoidect-
omy. Better hearing results can be expected follow-
ing staged ossiculoplasty with a stable middle ear
and intact tympanic membrane.

With regard to tissue handling, it is important to
note that the cartilage plate should be denuded
from the adherent perichondrium prior to punching.
A puncture through the stringy perichondrium often
requires additional trimming. To trim the cartilage
plate to a specific thickness, we use a cartilage
cutter device (Heinz Kurz company, Dusslingen,
Germany) which can produce cartilage plates of
between 0.7 and 0.1 mm thickness. The cartilage

FIG. 1

(a) The cartilage punch used to produce the cartilage ‘shoe’,
consisting of an outline punch, a centre hole punch, a spring
and an ejection needle. (b) The cartilage shoe, incorporating
the prosthesis foot of a titanium total ossicular replacement
prosthesis. (c) The anterior and posterior poles of the
cartilage shoe can be cut away in cases with persistent crura

remnants.

FIG. 1

Continued.
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shoe should be punched out of the thinnest cartilage
plate, preferably 0.2–0.4 mm, in order to reduce fric-
tion of the TORP in its guide hole.

The surgeon should ensure that any remaining
granulation tissue is completely removed from the
bony surface of the niche and the footplate, in
order to achieve optimal contact with the bony foot-
plate and to obtain maximum stabilisation of the
reconstruction. Remnants of cholesteatoma tissue
in the oval window niche preclude obliteration by
the cartilage shoe.

. After tympanoplasty using a total ossicular
replacement prosthesis (TORP),
unsatisfactory hearing results are often due to
dislocation of the prosthesis

. This paper reports a new method of TORP
stabilisation, using a cartilage ‘shoe’ placed in
the oval window niche

. Initial, short-term hearing results in 52
patients confirmed the quality of TORP
anchoring on the stapes footplate

. The risk of TORP dislocation can be
diminished by using such a cartilage shoe

The marginally larger diameter of the cartilage
shoe (2.5 � 3.5 mm), compared with the stapes
footplate,26 is a prerequisite for a secure and tight
grip between the promontory and facial canal wall.

The cartilage shoe stabilises the TORP on the centre
of the footplate surface, which is the optimal site for
energy transfer.27 Ingrowth of connective tissue into
the contact zone between the TORP and the footplate,
resulting in diminished transfer characteristics, must be
avoided. The cartilage shoe by itself does not prevent
lifting of the prosthesis, as the prosthesis base is not
firmly attached to the bone of the footplate. Therefore,
the prosthesis head is always covered by cartilage plates
of the reconstructed tympanic membrane, which hold
the prosthesis base in good contact with the footplate.

In order to achieve an even more stable attach-
ment, we designed a TORP holder with

FIG. 2

(a) Intra-operative view of the cartilage ‘shoe’ in the oval
window niche, guiding a total ossicular replacement
prosthesis (TORP) onto the footplate centre. (b) View at
revision surgery, showing a reliable TORP position, without

pathological findings.

TABLE I

PATIENT AND SURGICAL DATA

Parameter n (%)

Gender
Female 21 (40.4)
Male 31 (59.6)
Pathology
Cholesteatoma 26 (50.0)
Chronic otitis media 26 (50.0)
Revision case 35 (67.3)
Procedure
Canal wall up 25 (48.1)
Canal wall down 27 (51.9)

FIG. 3

Patients’ pre- and post-operative audiometric results, for use of
a cartilage ‘shoe’ in type III tympanoplasty (n ¼ 52).
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osseointegration on the stapes footplate. Animal
experiments and finite element model simulation28

have been performed, but this technique requires
definitive placement of the TORP at a second
stage. However, a major drawback of a TORP
durably fixed to the stapes footplate might be a
potential risk of cochlear damage. As we know
from case studies, iatrogenic extraction of the
stapes can occur by accident,29 although native
osseous integration of a titanium prosthesis on the
stapes footplate has not been demonstrated with
convincing evidence. Therefore, as long as osseointe-
gration is not an issue in current clinical practice,
we would favour the cartilage shoe technique in
columella type tympanoplasty. Future studies of
long-term audiometric results will need to exclude
non-mechanical factors, such as persisting aeration
problems, in order to specify the long-term acoustic
quality of the reconstruction in vivo.
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TABLE II

PATIENTS’ AUDIOMETRIC RESULTS�

PTA (dB) ABG (dB)

Pre-op 57.1 34.4
Post-op 42.5 21.5
Improvement 14.6 12.9

�For 0.5–4 kHz. PTA ¼ pure tone average; ABG ¼ air–bone
gap; pre-op ¼ pre-operative; post-op ¼ post-operative
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