
Abstract The aim of this retrospective study was to eval-
uate the long-term hearing results of using costal cartilage
prostheses in ossicular chain reconstruction procedures in
subjects operated on for a middle ear cholesteatoma with
an intact canal wall tympanoplasty. Thirty-six patients
(four with bilateral disease) followed up for 10 years who
underwent an ossiculoplasty with a cartilage prostheses
between January 1987 and December 1989 constituted the
population studied. All the subjects underwent a staged
intact canal wall tympanoplasty with mastoidectomy. Os-
siculoplasty with total or partial chondroprosthesis was
performed during the second stage. The long-term out-
come was evaluated in terms of hearing according to the
guidelines of the Committee on Hearing and Equilibrium
(1995), and in terms of complications (anatomical and
functional). In 18 patients a partial cartilage ossicular re-
placement prosthesis (PORP) was used, while in 22 a to-
tal cartilage ossicular replacement prosthesis (TORP) was
used. In the PORP group the mean preoperative air–bone
gap (ABG) was 22.4 dB hearing level (HL); before the
second stage the ABG was 37.9 dB HL, at 2 years it 
was 12.1 dB HL, at 5 years 15.3 dB HL and at 10 years
15.8 dB HL. In the TORP group the mean preoperative
ABG was 31.6 dB HL; before the second stage the ABG
was 41.1 dB HL, at 2 years it was 14.4 dB HL, at 5 years
17 dB HL and at 10 years 18.5 dB HL. In both groups the
number of cases with a postoperative ABG of < 20 dB HL
remained stable (P > 0.05) over time. The failure rate was
17.5%, but only in 5% of cases was a functional revision
needed. No cases of extrusion of the prostheses were en-
countered. The use of a chondroprosthesis is associated
with functional results similar to those obtained by other

authors. The efficacy of the prostheses remains stable
over time and is associated with a very low rate of com-
plications and failures. In this series no extrusion occurred
and in no case did an infectious disease develop after car-
tilage transplantation.

Introduction

The reconstruction of the ossicular chain was first de-
scribed by Zöllner [30] in 1955. Since then several other
attempts have been made and several materials, biologic
and synthetic, have been proposed for ossiculoplasty.

In our department, when autologous ossicles were not
available we initially used dentine [29] and later a Plasti-
pore prosthesis [22]; however, while the former were dif-
ficult to obtain and to manage intraoperatively, the latter
produced a high rate of extrusion that was only partially
reduced by the interposition of cartilage between the tym-
panic membrane (TM) and the head of the shaft.

In order to overcome these problems, in 1984 we be-
gan to use homologous costal cartilage prostheses. Sev-
eral authors have reported that cartilage grafts are not suit-
able for ossicular chain reconstruction because of the high
incidence of degeneration of chondrocytes and resorption
[2, 3, 17, 26–28]. In this study, in order to determine the
postoperative stability of cartilage prostheses we re-
viewed the long-term (10 years) hearing results in a group
of patients operated on in our department for a middle ear
cholesteatoma, in whom a staged intact canal wall tym-
panoplasty with mastoidectomy (ICWT) was performed
and cartilage prostheses were used in ossicular chain re-
construction.

Materials and methods

Between January 1987 and December 1989 150 ossiculoplasty
procedures were performed in our department. Candidates for this
study were patients affected by middle ear cholesteatoma whose
ossicular chain was reconstructed with a chondroprosthesis during
the second stage of an ICWT. The clinical chart of each patient
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was reviewed and all patients were contacted and invited to visit
our clinic in order to have a complete audiological and clinical fol-
low-up. In order to analyze the long-term stability of the prosthe-
ses only those patients with a 10-year follow-up were studied. The
study group consisted of 36 patients. Mean patient age was 
38 years (range 7–69 yr); 14 were females and 22 males. Four pa-
tients had bilateral middle ear damage and were operated on both
sides. Thus, we analyzed the results of 40 ossiculoplasties.

The ossiculoplasty was performed in the course of a second
stage ICWT in all cases. During the first operation the tympanic
membrane (TM), when necessary, was reconstructed using calf
jugular vein (Parmatymp®), allogenic costal cartilage or temporalis
fascia. The ossicular chain was reconstructed with a partial carti-
lage ossicular replacement prosthesis (PORP) when the stapes su-
perstructure was present or with a total cartilage ossicular replace-
ment prosthesis (TORP) when the stapes superstructure was miss-
ing.

The follow-up examination included micro-otoscopy and pure
tone audiometry. The guidelines of the Committee on Hearing and
Equilibrium of the American Academy of Otolaryngology Head
and Neck Surgery [8] were followed and the pure-tone average
(PTA) was calculated as the mean of 0.5, 1, 2 and 4 kHz thresh-
olds, since at that time we did not routinely measure the pure tone
threshold at 3 kHz. Air–bone gaps (ABG) were calculated from air
conduction (AC) and bone conduction (BC) thresholds determined
in each study. Postoperative hearing gain was calculated from the
PTA before the ossiculoplasty (second-stage ICWT) and at last
follow-up examination. The change in the postoperative bone con-
duction was calculated as the preoperative minus the postoperative
pure tone bone conduction average, obtained 6 weeks after sur-
gery, at 1, 2 and 4 kHz.

Statistical analysis of the results was performed with non-para-
metric tests.

Preparation of the prosthesis and surgical technique

The cartilage is harvested from the costochondral region of young
donors whose tissues and organs have been designated for tissue
and organ donation. Donors are screened for hepatitis antigen, HIV
infection and neurologic disorders by serology and history; sub-
jects with risk factors or positive serology are excluded.

The costochondral region of these subjects is harvested in an
operating room in a sterile way at the end of the transplant proce-
dure, after all the organs have been taken. The cartilage is then im-
mersed in a rifampicin 50% solution for 24 h. The next day, in a
sterile laboratory, the perichondrium is detached from the ribs and
blocks of different shapes and sizes are cut. The blocks are then
placed in a 70% alcohol solution in a specimen bottle with a plas-
tic seal. The cartilage can be used 20 days after the preparation but
not after more than one year.

When the surgeon has determined that an implant is needed a
smaller or larger cartilage block is removed from the vial, accord-
ing to the reconstructive needs. The chondroprosthesis is sculpted
from the cartilage block with a sharp instrument and can be
trimmed with a scalpel or a diamond burr.

After the exact distance between the TM and the stapes or the
footplate has been determined, a T shaped chondroprosthesis is
prepared.

When the stapes is present and mobile a PORP is sculpted. At
the end of the shaft an indentation (1 mm wide and 0.5–1 mm in
depth) is created with a diamond burr in order to accommodate the
capitulum of the stapes. The head of the prosthesis is placed in
contact with the TM or the graft used for its repair. The short arm
of the T mimics the malleus handle if it is missing. When the
malleus is present the prosthesis can be placed parallel to it or a
groove can be created in order to accommodate the handle. If the
prosthesis is too long or the shaft is too large, it can be trimmed
with a sharp instrument until the right shape and dimensions are
obtained.

When the stapes superstructure is absent a TORP is prepared.
In this case the shaft is longer than in a PORP but the head of the

T shaped prosthesis is the same. The end of the shaft is placed on
the footplate, while the head, as for the PORP, is in contact with
the TM or the graft used for its repair. The shaft of the implant can
be trimmed in order to obtain the right length and extent; one or
more in situ attempts may be necessary. Because of their flexibil-
ity and elasticity, cartilage prostheses rarely damage the stapes or
the footplate during the surgical maneuver.

If the footplate is fixed, it can be removed and the oval window
can be grafted with calf jugular vein (POG® – Parma Oval Graft)
or other autologous materials (perychondrium, fascia, etc.) and the
TORP can be placed on the graft. When the prosthesis is in its ap-
propriate position it can be stabilized with fibrin glue or a gelatin
sponge.

Results

Forty ossiculoplasties with a 10-year follow-up were re-
viewed. In 18 of these a PORP was utilized while in 22 a
TORP was necessary.

PORP

The pre-operative ABG was 22.39 dB HL (SD 11.6 dB
HL). Before the 2nd stage operation the ABG was 37.9 dB
HL (SD 10.86 dB HL). At 2 years post-surgery the mean
postoperative ABG was 12.1 dB HL (SD 8.1 dB HL). In
15 cases (83.3%) the ABG was < 20 dB HL and in 17
(94.4%) it was < 30 dB HL.

At the 5-year follow-up the mean ABG was 15.3 dB
HL (SD 9.7 dB HL). In 14 cases (77.7%) the ABG was 
< 20 dB HL and in 17 (94.4%) it was < 30 dB HL.

At the 10-year follow-up the mean ABG was 15.8 dB
HL (SD 10.9 dB HL) (Table 1). In 13 cases (72.2%) the
ABG was < 20 dB HL and 16 (88.8%) it was < 30 dB HL
(Table 2).

Table 3 shows the mean and the standard deviation of
the postoperative gain at different follow-up times. Statis-
tical analysis revealed that the postoperative ABG was
significantly lower than the preoperative ABG at 2 years
(P = 0.0435), while at 5 years and 10 years the difference
nearly reached statistical significance (P = 0.074). The
postoperative ABG was significantly better than the pre-
2nd stage ABG (P < 0.001). ABGs at 2, 5 and 10 years
were not significantly different. The average postopera-
tive gain decreased slightly and not significantly (P >
0.05) over the years.
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Table 1 Mean air–bone gap (ABG) and standard deviations (SD)
from the PORP and TORP groups at different follow-up times

ABG PORP TORP

Mean SD Mean SD

Pre 2nd stage 37.9 10.8 41.4 11.2
2 years 12.1 8.1 14.4 8.1
5 years 15.3 9.7 16.9 9
10 years 15.8 10.9 18.5 9.9



TORP

In 22 cases the prosthesis was placed on a mobile foot-
plate. The mean preoperative ABG was 31.6 dB HL (SD
11.9 dB HL).

At two years the mean ABG was 14.4 dB HL (SD 
8.14 dB HL). In 17 cases (63.6%) the ABG was < 20 dB
HL and in 21 (95.45%) it was < 30 dB HL.

At five years the mean ABG was 16.9 dB HL (SD 9 dB
HL). In 14 cases (63.6%) the ABG was < 20 dB HL and
in 20 (90.9%) it was < 30 dB HL.

At the 10-years follow-up the mean ABG was 18.4 dB
HL (SD 9.9 dB HL) (Table 1). In 16 cases (72.72%) the
ABG was < 20 dB HL and in 20 (90.9%) it was < 30 dB
HL (Table 2).

Statistical analysis revealed that the postoperative
ABG was significantly lower than both the preoperative
and pre 2nd stage ABG at 2 years, 5 and 10 years (P <
0.05). The average gain decreased slightly and not signif-
icantly over time (Table 3).

When the PORP and TORP groups were compared we
found that the only significant difference (P = 0.0188)
was in the mean pre-operative ABG. The two groups did
not differ in terms of postoperative ABGs; in addition the
postoperative gain did not differ.

Postoperative bone conduction change

The average postoperative high frequency bone conduc-
tion change in all the ossiculoplasty procedures was 
5.2 dB HL (SD 12.6 dB HL). In two cases (4.5%) the av-
erage bone conduction threshold decreased by more than
10 dB HL, in 26 (64.6%) it remained stable and in 12 it in-
creased by more than 10 dB HL (30.6%). No dead ears
were encountered postoperatively.

Failures after the second-stage operation

In two patients recurrent cholesteatoma occurred; a revi-
sion canal wall tympanoplasty was performed in one pa-
tient and a revision intact canal wall tympanoplasty in the
other patient. In one patient a perforation of the TM oc-
curred and was not repaired. In four patients a retraction
pocket occurred. Functional revision was needed in one
patient where the prosthesis was replaced twice because it
was found to be short the first time and malacic the sec-
ond time.

No cases of extrusion were encountered and to our
knowledge no infectious disease or Creutzfeld Jakob dis-
ease (CJD) has so far developed in any patient.

Discussion

Our results show that the use of a homologous costal car-
tilage prosthesis is associated with good and stable post-
operative hearing and a low incidence of failures. The
long-term hearing function in ears reconstructed with ei-
ther a PORP or a TORP remained stable over time. The
postoperative ABGs were significantly lower than the
preoperative ABGs at all follow-up times and the postop-
erative hearing gain decreased slightly and not signifi-
cantly over time. The number of patients with a functional
failure (ABG >30 dB HL) at 10 years was between 9 and
11%.

As previously noted, in this group of patients the pres-
ence of the stapes superstructure influenced only the pre-
operative ABG but not the postoperative hearing. Both
partial and total prostheses had the same mean postopera-
tive gain when the ABG preceding the second-stage oper-
ation, and thus the ossiculoplasty, was considered. How-
ever the percentage of patients with an ABG of 0–20, al-
though not significant, was higher in the PORP group
than in the TORP group at 2 and 5 years, while at 10 years
no differences were evident.

Goode and Nishihara [14] reported that the “ideal” 
ossiculoplasty should have the following characteristics:
(a) prosthesis mass lower than 40 mg; (b) proper tension
of the prosthesis; (c) angle between TM and the stapes
less than 45 degrees; (d) prosthesis with a head angled at
about 30 degrees in order to increase the surface area con-
nected to the TM.

Costal cartilage prostheses let us perform ossicular
chain reconstruction procedures that fulfill all these re-
quirements. T shaped cartilage prostheses have a weight
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Table 2 Percentage of cases
falling in the different ABG
bins in the PORP and TORP
groups

PORP TORP

Pre 2nd 2 yr 5 yr 10 yr Pre 2nd 2 yr 5 yr 10 yr

ABG 0–10 dB HL 0 50 33.3 44.4 0 36.4 31.8 18.2
ABG 11–20 dB HL 5.6 33.3 44.4 27.8 4.6 40.9 31.8 54.5
ABG 21–30 dB HL 22.2 11.1 16.7 16.7 13.6 18.2 27.3 18.2
ABG > 30 dB HL 72.2 5.6 5.6 11.1 81.8 4.5 9.1 9.1

Table 3 Post-operative gain in the PORP and TORP groups at
different follow-up times

PORP TORP

Mean SD Mean SD

2 years 25.8 13.6 27 15.9
5 years 22.6 16.6 24.5 15.6
10 years 22.2 17.7 23 17.6



not exceeding 40 mg; in addition we can sculpture pros-
theses of the required shape and length with extreme ease
according to the intraoperative findings. The angle with
the stapes footplate or superstructure often approximates
to 0 degrees; in fact the head of the prostheses is placed
under the TM, not under the malleus, and the angle be-
tween the head and the shaft can be varied according to
the intraoperative findings. The proper tension for the
prostheses is obtained by trimming the shaft. Performing
the ossiculoplasty during the second-stage operation lets
us insert the prostheses when the TM is intact and the
middle ear space is stable, making the operation easier.

Both the partial and total chondroprostheses showed
good stability over time and the number of functional re-
visions required was negligible. Although the TORP shaft
is longer and thinner than in a PORP, chondromalacia and
resorption did not occur more frequently than in the
PORP group. The reason for the long-term stability of
these prostheses could be found in both the physical char-
acteristics of the material and the stability of the middle
ear cavity.

Costal cartilage is thicker and more resistant than the
conchal or tragal cartilage which is usually used in mid-
dle-ear surgery. The use of 1 × 1 cm cartilage blocks lets
us sculpture very robust prostheses that seldom necrose or
lose their stiffness. The stability of the middle ear space
and the low rate of anatomical failures encountered in this
consecutive series contribute to the stability of the pros-
theses.

In short-term follow-up studies several authors [4, 5, 9,
11, 13, 15, 16, 19, 21, 22, 24, 25] reported that an ABG of
< 20 dB HL was reached in from 49 to 100% of ears when
a fitted incus or a synthetic partial prosthesis (polyethyl-
ene, ceramic or gold) was used and in from 43 to 85% of
ears when a total prosthesis was used.

At middle-term follow-up (3–5 years), Smyth [25] re-
ported that with a Plastipore® partial prosthesis 43% of
patients had an ABG of < 10 dB HL, and with a total pros-
thesis 22% had an ABG of < 10 dB HL; Mangham and
Lindeman [19] and Grote [15] noticed that with partial
synthetic (Plastipore®, Ceravital and hydroxylapatite)
prostheses the percentage of ears reaching an ABG of 
< 20 dB HL ranged from 54% to 100% while with total
prostheses the percentage of ears reaching an ABG < 2 dB
HL ranged from 25 to 66%.

Farrior and Nichols [10] reported that in their experi-
ence with autologous ossicular grafts at 5 years the 57%
of cases reconstructed with a total ossicular chain prosthe-
sis had an ABG lower than 15 dB HL while at 10 years
only 28% retained the same ABG. At long-term follow-up
(10 years) patients with the stapes had a mean ABG of
18.7 dB HL and patients without the stapes had a mean
ABG of 28 dB HL. Fifty per cent of the ears reconstructed
with a partial prosthesis had an ABG of < 15 dB HL while
only the 28% reconstructed with a total prosthesis had an
ABG of < 15 dB HL.

Although similar, the results of this study should be
only cautiously compared with those reported by other au-
thors because of the wide differences in the analyses of

the hearing data and the very few reports of long-term
hearing results (> 3 years).

The rate of complications described in this series was
very low. No cases of dead ear were encountered, proba-
bly because of the elasticity of the cartilage that rarely
traumatizes the inner ear, and there were no cases of ex-
trusions. Chole and Kim [7] in a series of 187 ossiculo-
plasties performed with cartilage prostheses reported no
extrusions. The extrusion rate of synthetic materials used
for ossicular chain reconstruction is quite variable: high
for the Plastipore prostheses [5, 13, 18, 22, 24], lower for
the hydroxyapatite, ceramic and composite prostheses [4,
9, 11, 13, 15, 21]. The risk of extrusion is low, as it is for
ossicles; however, unlike ossicles, cartilage does not fix
the scutum, the promontory or the facial nerve [10].

The safety of ossicular homografts has been ques-
tioned, especially concerning transmission of the acquired
immunodeficency syndrome (AIDS) and CJD [12]. To
our knowledge, although we have used cartilage homo-
grafts since 1984, no case of infectious disease has oc-
curred after cartilage transplantation. We believe that the
clinical and serological screening to which organ donors
are submitted, the treatment of the cartilage with ri-
fampicin and ethanol, and the minimal vascularization of
this tissue significantly reduce the risk of infection.

The efficacy of ethanol in killing the human immuno-
deficency virus has been previously shown [1, 23]; more-
over there has been no report of transmission of CJD after
tympano-ossicular homografts [6]. To date the best way to
protect people from CJD remains clinical and pathologi-
cal screening [20].

The present study proposes costal cartilage as the ma-
terial of choice when autologous ossicles are not avail-
able. In fact this cartilage has proven to have all the fea-
tures the ideal prosthesis should have: availability, versa-
tility, biocompatibility and low cost.
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