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ABSTRACT:

OBJECTIVE: To compare audiometric results between the standard total ossicular replacement prosthesis (TORP-S) and a new fat interpo-
sition total ossicular replacement prosthesis (TORP-F) in pediatric and adult patients and to assess the complication and the undesirable
outcome.

STUDY DESIGN: This is a retrospective study.

METHODS: This study included 104 patients who had undergone titanium implants with TORP-F and 54 patients who had undergone the
procedure with TORP-S between 2008 and 2013 in our tertiary care centers. The new technique consists of interposing a fat graft between
the 4 legs of the universal titanium prosthesis (Medtronic Xomed Inc, Jacksonville, FL, USA) to provide a more stable TORP in the ovale win-
dow niche. Normally, this prosthesis is designed to fit on the stapes’ head as a partial ossicular replacement prosthesis.

RESULTS: The postoperative air-bone gap less than 25dB for the combined cohort was 69.2% and 41.7% for the TORP-F and the TORP-S
groups, respectively. The mean follow-up was 17 months postoperatively. By stratifying data, the pediatric cohort shows 56.5% in the TORP-
F group (n=52) compared with 40% in the TORP-S group (n=29). However, the adult cohort shows 79.3% in the TORP-F group (n=52) com-
pared with 43.75% in the TORP-S group (n=25). These improvements in hearing were statistically significant. There were no statistically
significant differences in the speech discrimination scores. The only undesirable outcome that was statistically different between the 2
groups was the prosthesis displacement: 7% in the TORP-F group compared with 19% in the TORP-S group (P=.03).

CONCLUSIONS: The interposition of a fat graft between the legs of the titanium implants (TORP-F) provides superior hearing results com-

pared with a standard procedure (TORP-S) in pediatric and adult populations because of its better stability in the oval window niche.
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Introduction

Chronic diseases affecting the middle ear, such as cholestea-
toma and chronic otitis media, or acute pathology, such as
trauma, may damage the ossicular chain that is essential for
sound transmission from the tympanic membrane (TM) to the
inner ear. When performing middle ear surgeries, 2 main
objectives are sought: (1) the eradication of the primary disease
and (2) restoration of normal hearing.! In these cases, associ-
ated ossiculoplasty may be necessary. Ossiculoplasty differs
between adult and pediatric populations, particularly regarding
its underlying pathology. Cases requiring ossicular reconstruc-
tion in a setting of serous otitis media or congenital anomalies
are more frequent in children than in adults.? There is a contro-
versy in the recent literature regarding the progression of pedi-
atric cholesteatomas compared with those in the adult
population.3? According to the work by Cushing and Papsin,?
cholesteatomas are contained in a more restricted anatomical
space in children that makes their eradication more difficult.

Even though the first ossiculoplasties date back to the
1950s, the first ossiculoplasty using a titanium prosthesis was
realized by Stupp in 1993.16 Since then, titanium has become
a privileged material for use in ossiculoplasty. Some of its
main advantages include an excellent biocompatibility, light-
weight, and a good rigidity.n” During surgery, it is necessary
to interpose cartilage between the TM and the prosthesis to
minimize the risk of prosthesis extrusion.! With this proce-
dure, the extrusion risk is evaluated, according to initial stud-
ies, between 1% and 2% with a follow-up of up to 3years.
Audiometric results seem to be equivalent or slightly supe-
rior to those obtained with bioactive materials such as
hydroxyapatite.®-12 Operative success with ossiculoplasty is
defined as an air-bone gap (ABG) closure inferior to 20dB.
Operative success after total reconstruction with a total tita-
nium ossicular prosthesis is between 40% and 60% according
to some reports.1113-15
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Our study is based on Medtronic Universal Titanium
Prosthesis (Medtronic Xomed Inc, Jacksonville, FL., USA) that
can be assembled in 2 ways. If we keep the cup with the 4 legs, it
is designed to fit on the stapes’ head and constitutes a partial
ossicular replacement prosthesis (PORP). If we cut the cup and
keep only the fluoroplastic end, it is designed to reach the foot-
plate and constitutes a standard total ossicular replacement pros-
thesis (TORP-S). Similar to every TORP, the end surface is
small, difficult to place properly and may move during and after
surgery. Displacement of the prosthesis from the footplate can
often be the cause of suboptimal surgical outcomes. We believe
that the use of titanium prosthesis keeping its 4 legs but with
interposing a piece of fat between the legs of the prosthesis pro-
vides better stability of the prosthesis on the footplate when used
as a TORP. The objectives of this study were to compare hearing
results for TORP with a new fat interposition method (TORP-F)
with a standard method (TORP-S) and to assess the stability of
the ossicular reconstruction type and the complication rate.

Methods
Population

We conducted a retrospective study by chart review of patients
who underwent total ossicular reconstruction surgery in our
tertiary care center between 2008 and 2013 by the senior
author (L.S.). The study was approved by the institutional
research ethics board and followed the standards of our institu-
tional ethics committee.

Basic conditions for which patients had undergone ossicu-
loplasty were divided into 6 categories: (1) ossicular chain
pathology: congenital anomalies, fixation, or dislocation of the
ossicular chain; (2) TM retraction with ossicular chain erosion;
(3) cholesteatoma; (4) revision of prior ossiculoplasty for fixa-
tion or dislocation; (5) chronic otomastoiditis; and (6) hypoa-
cusis from other causes.

The total number of ipsilateral otologic procedures under-
gone by each patient in the past was counted. Ossiculoplasties
performed during a scheduled second stage were also noted as
well as the presence or the absence of the malleus.

We collected all prosthesis-related complications such as
prosthesis displacement, extrusion or fixation, middle ear fibro-
sis, vertigo, and total hearing loss.

Surgical technique

The surgical technique consists of interposing a piece of fat
between the 4 legs of the prosthesis, normally designed to be
used as a PORP. The 4 legs are therefore slightly crimped
together to trap the fat piece. The fat bulges slightly between
the legs (Figure 1). Then, the prosthesis is placed directly on
the footplate. The fat piece can be harvested through the surgi-
cal incision or through a pretragal or lobule incision, large
enough to fill the space between the 4 legs of the prosthesis.
Cartilage as a disk covering the prosthesis shaft or a total

Figure 1. Total ossicular replacement prosthesis with a fat interposition
between the 4 legs.

cartilage replacing the entire TM surface was placed between
the shaft of the prosthesis and the TM to prevent extrusion.
Ossiculoplasty was done with tympanoplasty only or with
canal wall up or canal wall down tympanomastoidectomy.

Only the first ossiculoplasty surgery for each patient per-
formed by our department was analyzed to avoid statistical
biases between the groups. All subsequent surgeries were
excluded. All patients had to have a replacement of the stapes’
superstructure without removal of the footplate that had to
remain intact and mobile.

Functional results

The audiometric results consisted of 1 preoperative and 2 post-
operative ABG measurements (less than 8 months and more
than 8months). The frequencies measured were as follows:
500, 1000, 2000, 3000, and 4000Hz. An ABG of less than
20dB is considered as a postoperative success. Near success is
assigned to ABGs between 21 and 25 dB, acceptable is assigned
to ABGs between 26 and 30dB, and failure is assigned to
ABGs more than 30dB.

Pure-tone average (PTA) are reported on the level II of the
American Academy of Otolaryngology-Head and Neck Surgery
(AAO-HNS) guidelines for reporting hearing loss, which was
endorsed by the Hearing Committee of the AAO-HNS in
2012.16 The reported PTA, calculated using 500, 1000, 2000, and
3000Hz air conduction thresholds and rounded to the nearest
whole number, is plotted on the y-axis of the scattergram in
increasing 10-dB intervals from 0 to >91dB from top to bottom.

Statistical analysis

Statistical analysis was performed by a professor Miguel
Chagnon from the Department of Statistics, University of
Montreal. Categorical variables (sex, side, preoperative diagnosis,
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Table 1. Cohort data of the patients.

TORP-F (N=104), %

Mean age, y 32.3
Gender (female/male) 49.4/50.6
Pediatric/adult 32.0/68.0
Side (right/left) 44.2/55.8
Malleus presence 32.0
Total cartilage 245
Procedure
MT/T 84.3/15.7
CWU/CWD 88.2/11.8
Second-look surgery 481
Mean no. of procedures 2.4
Diagnosis
1. Ossicular chain pathology 16.4
2. TM retraction 12.6
3. Cholesteatoma 70.0
4. Revision surgery 28.2
5. Chronic otomastoiditis 15.7
6. Other causes 14.4

TORP-S (N=54), % P VALUE
272 14
40.7/59.3 1.00
53.7/46.3 .01
61.1/38.9 .07
51.9 .02
25.0 1.00
90.4/9.6 .33
55.3/44.7 <.001
2341 .003
1.8 .0003
3.7 .02
35.2 .002
55.6 .08
1.9 <.001
16.7 1.00
18.5 .50

Abbreviations: CWD, canal wall down; CWU, canal wall up; MT, mastotympanoplasty; T, tympanoplasty; TM, tympanic membrane; TORP-F, total os-
sicular replacement prosthesis with fat; TORP-S, standard total ossicular replacement prosthesis.

presence or absence of malleus, and procedure performed) were
compared using y? test. Continuous variables (age, follow-up,
number of procedures, and diagnosis) were compared using #
test. Audiograms were analyzed using analysis of variance with 2
factors: intergroup factors and interindividual frequencies. A P
value less than .05 is considered statistically significant.

Results

Demographic data, preoperative diagnosis, and procedure type
are presented in Table 1. No statistically significant difference
was noted at the level of age, sex, or side of the ossicular replace-
ment. In total, 54 patients underwent a total reconstruction
using the standard universal prosthesis (TORP-S) and 104
patients underwent an ossiculoplasty using the modified univer-
sal prosthesis with fat interposition (TORP-F). There are rela-
tively more pediatric patients in the TORP-S group (54% versus
32%) leading to a subanalysis separating the adult and pediatric
cohorts. There were a significantly higher number of cases oper-
ated for revision of prior ossiculoplasty in the TORP-F group
(P<.001). The patients from the TORP-F group had a signifi-
cantly higher number of procedures than patients from the
TORP-S group (P=.0003) in the operated ear.

Hearing results

Preoperative and postoperative ABG results are reported in
Table 2. The first postoperative hearing tests were performed at
an average of 5.38 and 5.63months in the TORP-F and
TORP-S groups, respectively. The second hearing tests were
performed at an average of 17.1 and 18.9months in the
TORP-F and TORP-S groups, respectively. No statistically
significant differences were noted in mean first and second
follow-ups (P=.72 and P=.40, respectively). To evaluate post-
operative audiometric results, average total ABG was calcu-
lated for 500, 1000, 2000, 3000, and 4000 Hz frequencies and
classified according to 4 categories. For the combined adult and
pediatric cohort at second postoperative follow-up, there was a
44% success rate in the TORP-F group compared with only a
25% success rate in the TORP-S group. In the ABG >30 cat-
egory, which corresponds to the worst outcome, 53% of the
TORP-S fit in this category compared with 19% in the
TORP-F group. By stratifying data, the pediatric cohort shows
a 30% success rate in the TORP-F group compared with a 15%
success rate in the TORP-S group. However, the adult cohort

shows a 55% success rate in the TORP-F group compared with
38% in the TORP-S group.



Clinical Medicine Insights: Ear, Nose and Throat

Table 2. Second postoperative follow-up ABG results.

Combined cohort

Success <20
Near success 20-25
Acceptable 26-30
Failure >30

Adult cohort

Success <20
Near success 20-25
Acceptable 26-30
Failure >30

Pediatric cohort

Success <20
Near success 20-25
Acceptable 26-30
Failure >30

TORP-F (N=52), % TORP-S (N=36), %

44.2 25.0
25.0 16.7
1.5 5.56
19.2 52.8
55.2 375
24.1 6.25
10.3 12,5
10.3 43.8
30.4 15.0
26.1 25.0
13.0 0
30.4 60.0

Abbreviations: ABG, air-bone gap; TORP-F, total ossicular replacement prosthesis with fat; TORP-S, standard total ossicular replacement prosthesis.

Table 3. Differences in mean ABG for combined cohort.

1. Preoperative

2. First postoperative follow-up

3. Second postoperative follow-up

TORP-S

MEAN ABG, DB MEAN ABG, DB
37.44 39.02

29.44 23.32

26.37 26.29

Abbreviations: ABG, air-bone gap; TORP-F, total ossicular replacement prosthesis with fat interposition; TORP-S, standard total ossicular replace-

ment prosthesis.

We also compared the postoperative average differences
in mean ABG between the first postoperative follow-up and
the second postoperative follow-up (Table 3, Figure 2). To
do so, the mean postoperative ABG was subtracted from the
postoperative ABG for the 2 follow-up durations. We notice
that the differences increase with time in TORP-F group,
from 12.7 to 15.7dB, and decrease with time in TORP-S
group, from 11.1 to 8.0dB. The improvement in hearing
results at second postoperative follow-up is highly signifi-
cant in TORP-F (P<.001).

Speech discrimination scores (SDSs) were also compared
between the 2 groups. There were no significant differences in
discrimination postoperatively in TORP-F or TORP-S groups
(P>.05). Preoperative average SDS was 90.9% and 93.1% in
the TORP-F and TORP-S groups, respectively. At the first
postoperative follow-up, average SDSs were 94.2% and 89.9%,

respectively. At the second postoperative follow-up, average
SDSs were 93.3% and 87.8%, respectively. There were no sta-
tistically significant differences between preoperative and post-
operative SDS scores (P> .05).

A scattergram of pretreatment and posttreatment for
patients hearing results of the TORP-F and TORP-S groups
is represented in Figure 3.

Postoperative complz'catiom

Results are reported in Tables 4 and 5. The only undesirable
outcome that was statistically different between the 2 groups
was the prosthesis displacement: 7% displacement in
the TORP-F group compared with 19% in the TORP-S
group. No major complications were noted in the TORP-F
group. However, 2 cases of sensorineural hearing loss
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Figure 2. Average differences in mean air-bone gap for combined
cohort. F/U indicates follow-up; TORP-F, total ossicular replacement
prosthesis with fat interposition; TORP-S, standard total ossicular

replacement prosthesis.

(SNHL) were noted in the TORP-S group (loss of 27
and 17.5dB).

Discussion

The goal of ossicular chain reconstruction is to restore middle
ear acoustic properties by matching air to cochlear fluid
impedances. To achieve this and also to provide better pros-
thesis stability on the footplate, we modified the original
design of the Medtronic Universal Titanium Prosthesis by
keeping the 4 legs and interposing fat between them. This
modification facilitates the positioning of the TORP-F in the
oval window niche. The presence of the bulging fat helps to
keep the total prosthesis in place and stable.

Differences were found in patient baseline characteristics
between TORP-S and TORP-F groups. Separate statistical
analyses for adult and pediatric cohorts were done to control
for these differences. The other statistically significant differ-
ences observed in patient data such as canal wall up versus
canal wall down procedures, second-look procedures, total
number of procedures, tympanic pathology, ossiculoplasty, and
revision surgeries were not identified as prognostic factors for
audiometric outcome in our study.

It is important to mention that patients in the TORP-F
group had more severe disease. This is reflected by the fact
that they had more comorbidity at the time of surgery: 28.2%
of the cases were revisions of previous ossiculoplasties. Several
authors have demonstrated that revision cases have worse
outcomes than primary cases.’>!7 In the series by Woods et al,
improvement in mean ABG and average of PTA were better
in the group undergoing their first surgery compared with the
group undergoing a revision procedure. Despite this fact, we
have observed better hearing results with the fat interposition
technique than with the standard technique.

The rate of dislocation of the prosthesis reported in litera-
ture varies between 10.8% and 12.1%'318 which is slightly
higher than that reported with the new fat interposition

technique (TORP-F). Moreover, as nearly no patients (except
one) with prosthesis displacement achieved satisfactory hear-
ing results, we believe that the stability of the prosthesis is a
necessary component to surgical success. This is consistent
with previously cited studies, which stated that prosthesis or
cartilage displacement is one of the prime causes of fail-
ure.'81 The higher rate of prosthesis fixation in the TORP-F
group is not statistically significant because of the short dis-
tance between the fallopian canal and the promontory at the
level of the oval window niche resulting in friction between
the bone and the titanium ring holding the legs of the TORP
and this is not due to the fat interposition. This can be coun-
tered by a slight curettage to enlarge the niche of the oval
window.

Adult success rates (55% TORP-F versus 38% TORP-S)
were comparable with those found in literature (40%-
60%).1113-15 However, pediatric success rates (30% TORP-F
versus 15% TORP-S) were inferior to those seen in pediatric
TORRP literature (51%-80%).20-22 There are few studies avail-
able in the literature, which are done exclusively with titanium
implants on a pediatric population.?23 Michael et al?0
obtained an 80% success rate with a small cohort of 14 patients.
Nevoux et al?® obtained a 56% success rate with TORP
(n=116), with all procedures being second-look postchole-
steatoma surgeries. However, other factors can contribute to a
less hearing improvement, such as the postoperative complica-
tions, including external auditory canal or mastoid cavity
infection, middle ear fibrosis, prosthesis extrusion, TM thick-
ening or retraction, and prosthesis fixation as well. Moreover,
more than 50% of our cohort had a diagnosis of cholestea-
toma. There is actually a controversy in the literature regarding
the aggressiveness of pediatric cholesteatomas when compared
with adult cases.?? Many authors have published a recurrence
of cholesteatomas in the pediatric population which are 2 to 3
times superior than the adult population with the same diag-
nosis.»*»?5 Another study published by Palva et al* suggests
that pediatric cholesteatomas have a growth pattern that is
more aggressive and extensive than in adult population. A
more recent study demonstrated that pediatric specimens of
cholesteatomas are characterized by an epithelial matrix which
is thicker, that they express a higher level of metalloproteinase
at the matrix level, and that they have a higher and more exag-
gerated inflammatory profile demonstrating that these bio-
logical factors are in favor of a more aggressive behavior in
pediatric cases when compared with adult cases.”

Operative success with TORP-F is more significant
among the pediatric cohort because most of the pediatric
complications or undesirable outcomes were linked to pros-
thesis displacement. About 20% of complications or undesir-
able outcomes in the TORP-F pediatric group and 75% of
pediatric complications or undesirable outcomes in the
TORP-S group were due to prosthesis displacement. These
differences can be explained by the increased stability
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Figure 3. Scattergram of pretreatment hearing results of the (A) TORP-F group and (B) TORP-S group. Pure-tone averages (PTAs) are represented on
the y-axis and word recognition scores (WRSs) are represented on the x-axis. Each number represents the number of patients whose audiometric data
place them into a certain square. Posttreatment scattergram for (C) TORP-F patients and (D) TORP-S patients. Most patients have improvement in their
hearing, predominantly in their PTAs. In TORP-F group, most of the WRSs vary from +20% to —20%, which is not clinically significant. The number of
patients who improved their WRS more than 40% is represented in the boxes of the left upper quadrant of the scattergram. In the TORP-S group, most of
the WRSs vary from +10% to —20%, which is not clinically significant. The number of patients who worsen their WRS more than 20% is represented in the

boxes of the right upper quadrant of the scattergram.

rendered by the new TORP-F technique compared with the
TORP-S technique, which would be able to minimize pros-
thesis displacements.

An important aspect of this technique is that the prosthesis
is easier to place on the footplate. It is immediately stable per-
mitting cartilage manipulation and TM repositioning with a
low risk of displacement. The open platform of the prosthesis
allows the surgeon to observe the position of the bottom end of
the prosthesis during placement, and the claw-like design of
the prosthesis prevents it from tipping or moving. The interpo-
sition of fat provides lasting contact between the prosthesis and
the footplate. This contact prevents displacement of the pros-
thesis despite the TM healing in addition to the sealing effect

of any potential leakage of perilymph created during the proce-
dure. It also protects the footplate by avoiding penetration of
the shaft of the prosthesis into the inner ear.

This demonstrates the security of this technique supported
by the fact that bone conduction and SDS in TORP-F patients
were not different postoperatively from the preoperative data.
No cases of SNHL or intralabyrinthine displacement were
noted in the TORP-F group. In addition, no cases of vertigo
or sinking of the prosthesis in the inner ear are visualized on
the postoperative scan performed in the failure cases.

When we started to use fat between the legs of the prosthesis,
we were afraid that the piece of fat would be resorbed and that
there would be an increase in TORP-F displacement rate. This
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Table 4. Postoperative complications for combined cohort.

TORP-F (N)
Complications
EAC infection 1
Vertigo 1
Sensorineural hearing loss 0
Mastoid cavity infection 1
Otitis media 0
Middle ear fibrosis 2

TORP-S (N) P VALUE
0 1.00
0 1.00
2 12
0 1.00
1 .34
0 .55

Abbreviations: EAC, external auditory canal; TORP-F, total ossicular replacement prosthesis with fat interposition; TORP-S, standard total ossicular

replacement prosthesis.

Table 5. Postoperative undesirable outcomes for combined cohort.

TORP-F, %
Undesirable outcomes
Prosthesis extrusion 4.2
TM thickening 4.8
Prosthesis displacement 6.8
Prosthesis fixation 5.8
TM retraction 1.0
TM atelectasis 1.9

TORP-S, % P VALUE
5.6 .70
1.9 .66
18.5 .03
0 1.00
1.9 1.00
1.9 1.00

Abbreviations: TM, tympanic membrane; TORP-F, total ossicular replacement prosthesis with fat interposition; TORP-S, standard total ossicular

replacement prosthesis.

was not the case. We identified on the revision cases of the 6.8%
displaced TORP-F that the fat and the legs were covered by a
new mucosa, increasing its stability and remained in the oval
window niche; however, the axis of the TORP-F was displaced.

Limitations

The limitations of our study include loss of long-term follow-
up. Loss of follow-up can be attributed to the fact that the
hospitals in which the study was conducted were tertiary care
centers, and many long-term follow-ups may have occurred out
of these hospitals, in local clinics or in primary care settings.
The nonrandomized and retrospective nature of this study is
also a limitation. Moreover, statistically significant differences
remain between cohort patient data.

Conclusions

Fat interposition technique is safe and easy to perform. Fat
interposition between the 4 legs of a partial ossicular recon-
struction prosthesis (TORP-F) compared with the TORP-S
provides better postoperative audiometric results at 17 months
tollow-up in both pediatric and adult populations.
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