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ABSTRACT
Background: This study assesses hearing results after ossiculoplasty with incus transposition (IT), cortical bone autograft
(CBA) and bone cement (BC).
Methods: A total of 21 patients with mild/moderate conductive hearing loss were enrolled in our study. Patients were
assigned to each of the three techniques according to length of incus defect. Pre-operative and 6 months post-operative
audiograms (PTA) were obtained and results of air bone gap (ABG) were statistically analyzed.
Results: A total of 7 patients were included in each technique. BC ABG was decreased from 26.57 (5.06) (mean (SD))
to 10.86 (6.34) with mean gain 15.71 (5.85) For IT group, the mean for pre- ABG was 33.57 with SD 5.13, it became
15.86 (1.86) after 6 months of follow-up with 17.71 (3.40) gain. For CBA, pre- ABG mean was 35.86 (5.67) that finally
became 19.14 (2.41) achieving ABG gain 16.71 (6.68). No significant statistical difference between pre-post gain in all
three surgical procedures (p-value = 0.80). Regarding side effects in each technique, infections was noted in one case of
IT and two cases of CBA, transient infection was found in one case of IT and CBA, and transient vertigo in one case of
BC with no significant difference in adverse effects between the three group (P-value= 0.494).
Conclusions: Both BC, IT and CBA are reliable techniques for ossiculoplasty with good postoperative hearing results.

The choice of the proper technique depends on length of incus defects.
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INTRODUCTION

Ossicular erosions or destruction as a consequence of
chronic suppurative otitis media are relatively common.
It usually presents with erosions of the long process of
incus due to its position and the course of blood supply.
Consequently, it results in mild to moderate conductive
hearing loss. Ossiculoplasty remains one of the challenging
operations for otology surgeons. From the mid-1990s till
our current time, various surgical techniques and materials
were proposed for this purpose. Autografting, gold
prosthesis, and hydroxyapatite are among the available
materials. However, there is no solid literature agreement
on the best available material or techniquel!l.

As stated before, the long process of the incus is a
quite common site for ossicular discontinuity leading to
the incudo-stapedial joint separation. It presents around
60 percent of ossicular defects with intact malleus handle
and intact mobile stapes. As a consequence, type II or III
tympanoplasty is considered the appropriate procedure
according to Waullstein classification™. One of the
nowadays popular techniques for the incudo-stapedial
bridging is bone cement (BC). In a recent study conducted
by Baylancicek et a/ 201481, BC was found to be a reliable,
easily available technique with results of hearing gain
comparable to partial ossicular replacement prosthesis
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(PORP) with no significant statistical difference between
both procedures. As well, Bartel et al* conducted a meta-
analysis in 2018 and concluded that incus transposition
(IT) gave comparable results to PORP especially regarding
decibels gain. In the presence of difficulties in IT, cortical
bone autograft (CBA) might present a good substitute.
In our study, we aim to present the hearing results after
ossiculoplasty with IT, CBA and BC.

METHODS

Our study was carried on patients in the Department
of Otolaryngology, Head and Neck Surgery at Menoufia
University Hospital, Menoufia, Egypt. Approval from
Institutional Review Board of Menoufia University and
informed patient consents in March 2018, were obtained
before patient recruitment.

Inclusion and exclusion criteria

All patients with a moderate degree of conductive
hearing loss resulting from either chronic suppurative
otitis media, adhesive otitis media or traumatic ossicular
dislocation, were included in our study. We also included
cases of successful tympanoplasty who suffered from
mild conductive hearing loss (CHL). Patients with
mixed hearing loss, otosclerosis, frozen attic syndrome
or extensive cholesteatoma, were excluded. All patients
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were subjected to history taking, general examination,
and otoscopic evaluation. The audiological evaluation was
based on preoperative and 6 months postoperative pure
tone audiometry (PTA) and air-bone gap (ABQG)

The operative technique

Under general anesthesia, we used end-aural approach
to elevate tympano-meatal flap. Exploration of the ossicular
defect and stripping of the mucosa covering incus and
stapes were done. Each patient was assigned to one of the
three techniques according to length of incus defect. In the
presence of incudostapedial separation or less than 30% of
incus defects, BC was used. IT was done with more than
30 % of incus defects and CBA was used in the absence
of incus.

IT and CBA

Incus was cleaned and the short process of incus or
remnant of any process was removed leaving the longer
process to fashion the incus into a "teardrop" shape. Then,
we used a micro drill to create a depression in the opposite
side of the retained process. This depression has been made
to receive stapes head. In the absence of incus, cortical
bone from the mastoid region was re-shaped to the form
with the above-mentioned criteria.

BC

The powder (polycarboxylic acid and pigments)
and the liquid (water and tartaric acid) component of
BC (Ketac Cem Radiopaque, ESPE; Dental Products,
Seefeld, Germany) were mixed till reaching paste-like
consistency then it was applied to the ossicular defect.
Then we confirmed our incudo-stapedial bridging by

palpating malleus and observing stapes and round window
membrane movement.

Statistical analysis

All data analysis was performed using R software
version 3.4.4 (R Foundation for Statistical Computing,
Vienna, Austria)Pl. Our figures were generated using the R
package “ggplot2”. Categorical outcomes were expressed
as counts/frequencies. Meanwhile, the numerical outcomes
were presented in the form of mean, standard deviation
(SD) and standard error of the mean (SEM). Qualitative
data were compared via Chi-square ()2) test. Pre-operative
and postoperative audiometric values were compared via
Wilcoxon text. Results with p-value less than 0.05, were
considered statistically significant.

RESULTS

Our study finally included 21 patients, patients with
mild incus erosions less than 30% underwent BC (33.3%),
patients with incus erosions more than 30% had IT and
rest of them underwent CBA due to the absence of incus
(33.3% for each technique).

Our patients ranged between 10-50 years old and out
of total 21 subjects, 10 patients were male with overall
47.6% (4 patients in IT, 3 patients in CBA, and 3 patients in
BC) with no statistically significant difference in age, sex
between the three groups (IT, CBA, and BC) with p-value
(0.809, and 0.826 for each age and sex). Unilateral CHL
was diagnosed in 11 patients and bilateral asymmetrical,
and symmetrical CHL was diagnosed in 4, and 6 patients
respectively. As well, partial malleolar erosions were found
in 5 patients (23.8 %) (Table 1).
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Table 1: Baseline demographics data of the included patients

Overall Incus Transposition Cortical bone autografting Bone Cement p
N 21 7 7 7
Age (%) 0.809
11-20 6 (28.6) 2 (28.6) 2 (28.6) 2 (28.6)
21-30 6(28.6) 2 (28.6) 2 (28.6) 2 (28.6)
31-40 6(28.6) 2 (28.6) 1(14.3) 3(42.9)
41-50 3(14.3) 1(14.3) 2 (28.6) 0(0.0)
Sex (%) 0.826
Male 10 (47.6) 4 (57.1) 3(42.9) 3(42.9)
Female 11(52.4) 3(42.9) 4 (57.1) 4(57.1)
Diagnosis (%) 0.826
Unilateral CHL 11(52.4) 4(57.1) 3(42.9) 4 (57.1)
Symmetrical CHL 6 (28.6) 2 (28.6) 2 (28.6) 2 (28.6)
Asymmetrical CHL 4(19) 1(14.3) 2 (28.6) 1(14.3)
Malleus (%) 0.159
Present 16 (76.2) 5(71.4) 4 (57.1) 7 (100.0)
Partial erosions 5(23.8) 2 (28.6) 3(42.9) 0(0.0)
Pre ABG* (mean (SD)) 44.52 (10.36) 33.57(5.13) 35.86 (5.67) 26.57 (5.06) 0.011
6mPost ABG (mean (SD)) 27.52 (6.38) 15.86 (1.86) 19.14 (2.41) 10.86 (6.34) 0.005
Gain ABG (mean (SD)) 17.00 (5.50) 17.71 (3.40) 16.71 (6.68) 15.71 (5.85) 0.795
Complications (%) 0.494
Transient infection 3(14.3) 1(14.3) 2 (28.6) 0(0.0)
Transient perforation 2(9.5) 1(14.3) 1(14.3) 0(0.0)
Transient vertigo 1(4.8) 0(0.0) 0(0.0) 1(14.3)
No 15(71.4) 5(71.4) 4 (57.1) 6 (85.7)

* ABG= air-bone gap

Audiometric and surgical outcomes: For IT group,
the mean for pre- ABG was 33.57 dB HL with SD (5.13)
dB, after 6 months of follow-up, it became 15.86 (1.86)
dB with mean ABG gain 17.71 (3.40) dB (Figure 1). For
CBA, pre- ABG mean was 35.86 (5.67) dB HL that finally
became 19.14 (2.41) dB achieving ABG gain 16.71 (6.68)
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Fig. 1: Box plot, dot plot and standard error of mean (SEM) for
incus transposition (IT) comparing preoperative and 6 months

postoperative air bone gap (ABG).

dB (Figure 2). In the same context, BC ABG was
decreased from 26.57 (5.06) dB HL to 10.86 (6.34) dB
with mean gain 15.71 (5.85) dB (Figure 3). No significant
statistical difference between pre-post ABG gain in all

three surgical procedures (p-value = 0.80).

Fig. 2: Box plot, dot plot and standard error of mean (SEM) for
cortical bone autografting (CBA) comparing preoperative and 6

Boxplot, dotplot and SEM plot of CBA
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Boxplot, dotplot and SEM plot of BC
Gray dots=sample data points, Black dot=outlier, Blue dot=mean, Red=95% confidence interval
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Fig. 3: Box plot, dot plot and standard error of mean (SEM)
for bone cement (BC) comparing preoperative and 6 months
postoperative air bone gap (ABG).

In terms of Belfast Rule of Thumb, 4 patients in each
of the three technique (57.14 %), achieved less than 15 dB
interaural difference or less than 30 dB hearing thresholds
for PTA (Figure 4).

15/30 dB rule of thumb
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Fig. 4: Bar plot demonstrating the hearing results of the three
different techniques (IT, CBA, and BC).

Two patients within the IT group had complications,
one had a transient infection and the other had tympanic
membrane (TM) perforation (14.3%). For CBA group,
two patients had infection (28.6%) and one patient had
transient TM perforation (14.3%). Only one patient in
the BC group had transient vertigo post-operatively that
resolved spontaneously (14.3%). No significant difference
in adverse effects between the three groups was found
(P-value= 0.494)

DISCUSSION

In our study, we present the hearing results after three
different techniques of ossiculoplasty in our medical
center. IT, CBA, BC gave nearly similar ABG gain 17.71
(3.40), 16.71 (6.68), 15.71 (5.85) dB with no statistically
significant differences among the three techniques making
them as reliable techniques for cases with erosions in
the long process of incus in cases with moderate hearing
loss. With intact and mobile stapes in addition to other
ossicular defects, two methods of tympanoplasty (namely
IT and III) constitute the choice for ossicular reconstruction
either by a direct columellar effect of tympanic membrane

or interposing graft/prosthesis between malleus handle
and stapes!’!. Several materials have been proposed as
a graft for ossiculoplasty® . The first autografting
experience was introduced in 1960 by Hall and Rytzner!'?.
Autografting, which can be done via two methods (IT, and
CBA), is considered to be the most available option and
takes advantage of being bio-compatible and low cost. In
contrast, homograft might undergo complete resorption or
carry microscopic prions disease. As well, allografting!'®!, in
spite of being made to be bio-compatible, is still expensive
and till now, there is no solid literature agreement regarding
the effectiveness of each one of allografts. Regarding the
use of IT technique, Zhang et al in 20111, firstly, reported
that titanium prostheses added no more benefit compared
to non-titanium ones and Bartel ez a/ in 2018, secondly,
concluded that IT gave comparable efficacy as PORP. We,
also, here propose CBA for ossicular reconstruction in
cases of moderate hearing loss. According to our findings,
it gave results similar to IT and hence, can serve as the
second option in the absence of incus remnants suitable
for IT.

BC was firstly introduced from the dental field. It
becomes popular nowadays with promising hearing
outcomes!!*1>16, Moreover, some argue that it can be used
for lengthening of incus or even complete restoration of
connection between malleus and stapes. However, results
might be lower with a large gap due to incus defects.
Despite the alleged neurotoxicity of BC, we did not note
this side effect in our sample and, as well, no articles
reported on this issue till now!!’..

Our study summarizes the hearing results after three
different techniques of ossicular reconstruction. We also
provide a clear plan for ossicular reconstruction in cases
of moderate hearing loss according to the complete/partial
absence of incus. However, this report, still, might have
several limitations as low sample size, and relatively short
term of follow-up (6 months). Hence, more trials with
longer follow-up periods are recommended.

CONCLUSION

This study compares the hearing results of BC, IT,
and CBA. All techniques demonstrated to be effective
and reliable with good postoperative hearing results with
no significant difference between all of them. IT & CBA
could be used for large incus defects and BC is a good
alternative for closing small incudo-stapedial joint defects.
The choice of the proper technique depends on the length
of incus defects.
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