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GIRIS ve AMAC: Bu ¢alismada kronik otitis mediaya (KOM)
ikincil olarak meydana gelen inkus uzun kolu defektlerinin
onariminda kemik gimento (KC) ve inkus transpozisyonu (IT)
kullanmilan hastalarin odyolojik sonuglarimin karsilagtirilmasi
amacglanmgstir.

YONTEM ve GERECLER: Klinigimizde KOM tanisi ile
ameliyat edilen ve es zamanl olarak isitme rekonstriiksiyonu
uygulanan 130 hastamin arsiv kayitlart geriye doniik olarak
incelendi. Inkus uzun kolu defekti nedeni ile KC uygulanan 23
hasta ve IT yapilan 36 hasta olmak iizere toplamda 59 hasta
calismaya dahil edildi. Inkus uzun kolu uzunlugunun 2/3'iinden
daha kiigiik olan defektler icin KC kullanilirken daha biiyiik
defektler icin IT tercih edildi.

BULGULAR: KC ve IT gruplarindaki hastalar arasinda
demografik veriler acisindan anlamh farkhilik yoktu (P>0.05).
Her iki grup arasinda ameliyat oncesi ve sonrast kemik yolu
(KY) esikleri, ameliyat oncesi hava yolu (HY) esigi ve hava-
kemik araligi (HKA) parametreleri agisindan anlamly farklilik
saptanmadr (P>0.05). Ameliyat sonrasindaki HY esikleri ve
HKA parametreleri KC grubunda anlaml olarak daha iyi
bulundu (P=0.000). Ayrica KC grubunda ameliyat sonrasi
isitme kazanci IT grubuna gére anlaml derecede daha iyiydi
(P=0.042). Her iki grubun ameliyat oncesi ve sonrasi HKA
degerleri arasindaki farklar istatistiksel acgidan anlamliyd:
(P=0.001).

TARTISMA ve SONUC: Kemik zincir rekonstriiksiyonu
otolojik cerrahlar igin hala zorlayict bir sorun olarak
goriinmektedir. Hangi rekonstriiksiyon teknigi kullanilirsa
kullamilsin ameliyat sonrasinda elde edilecek olan isitme
kazancinda kullanilan materyalin ozellikleri kadar orta kulagin
fonksiyonel durumu da son derece énemlidir. Bu c¢alismada
inkus uzun kolu defektlerinin onarumi igin kemik ¢imento
kullanimi, ameliyat sonrasindaki HY isitme esigi, HKA ve
igitme kazanci parametreleri agisindan inkus
transpozisyonundan daha iyi bulunmugtur.

Anahtar Kelimeler: Kemik ¢imento, inkus transpozisyonu,
inkus, kemik zincir rekonstriiksiyonu, ossikiiloplasti.
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ABSTRACT

INTRODUCTION: In this study, we aimed to compare the
audiological results of patients who underwent bone cement
(BC) and incus transposition (IT) to repair of incus long
process (ILP) defects secondary to chronic otitis media
(CoMm).

METHODS: The medical records of 130 patients who were
operated due to COM and underwent ossicular reconstruction
were analyzed. A total of 59 patients were enrolled in the
study, including 23 patients who underwent BC and 36 patients
who underwent IT, due to the ILP defect. BC was used for
defects smaller than 2/3 of the length of ILP, while IT was
preferred for larger defects.

RESULTS: The demographic data of two groups were similar
(P>0.05). There was no significant difference between the two
groups in terms of pre- and postoperative bone conduction
thresholds (BCT), preoperative air conduction threshold
(ACT), and air-bone gap (ABG). The postoperative ACT and
ABG parameters were significantly better in the BC group
(P=0.000). Additionally, postoperative hearing gain was
significantly better in the BC group (P=0.042). The differences
between the ABG values of both groups before and after
surgery were statistically significant (P=0.001).

DISCUSSION and CONCLUSION: Ossiculoplasty still
appears to be a challenging problem for otological surgeons.
Whatever technique is used, the functional condition of the
middle ear is as important as the features of the material used
in hearing gain to be obtained after surgery. In this study, the
use of BC for repairing of ILP defects was found better than IT
in terms of postoperative ACT, ABG and hearing gain.

Keywords: Bone cement, incus transposition, incus, ossicular
chain reconstruction, ossiculoplasty.
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INTRODUCTION

The main objective of surgical treatment of
chronic otitis media (COM) is to eliminate the
disease and restructure hearing. COM often affects
the ossicular chain (OC) and causes conductive
hearing loss. Although 80% of COM cases with
cholesteatoma have total or partial erosion in OC,
this rate is approximately 20% in cases without
cholesteatoma. The most frequently affected ossicle
is incus and it is followed by stapes and malleus,
respectively (1). The main reason of this situation is
that incus has weaker blood supply compared to
other ossicles. Incus long arm erosion, which is
most often accompanied with an intact malleus and
stapes, is observed among the incus defects (2,3).

An ideal ossiculoplasty technique should be
practical and its preparation steps ought to be easy
and the material used for reconstruction have to
biocompatible. There are many options in repairing
incudostapedial joint defects such as bone cement
(BC), incus transposition (IT), cortical bone,
cartilage and partial ossicular reconstruction
prosthesis (PORP). Utilization of BC in otological
surgeries has become very popular recently. BC is
inexpensive, easy to apply and provides a strong
incudostapedial joint integrity. IT was first
described by Hall and Ryztner in 1960 and used
frequently in the following years (4). The patient's
own ossicle is used in this technique therefore it
does not require additional cost. It is very fast and
easy to apply PORPs made of plastic, ceramic or
metal. However, such prostheses have some
disadvantages such as being expensive and
extrusion into the external auditory canal or being
displacement. We prefer the utilization of BC or IT
for the incus long arm reconstruction, if possible, in
our application considering all these advantages and
disadvantages.

In this study, it was aimed to compare the
audiological results of patients using BC and IT to
repair of incus long arm defects due to COM.

MATERIAL AND METHODS

Patients Selection

This retrospective clinical study was carried out
at a tertiary reference center through utilization of
patient records between the dates of January 1,
2015 and January 31, 2019. The study protocol was

approved by the Clinical Research Ethics
Committee of Derince Training and Research
Hospital (Approval number: 2019-10). All phases
of the study were conducted in line with the
principles of the Helsinki Declaration.

Archive records of 130 patients, who underwent
surgery for COM and concurrent hearing
reconstruction, were examined. Patients data were
categorized as age, gender, surgical indication,
applied surgical method, side of the disease, the
status of OC and middle ear mucosa during surgery,
complications during and after surgery, and follow-
up time. A total of 59 patients were included in the
study, including 23 patients who were applied BC
and 36 patients who were applied IT due to the
incus long arm defect. BC (Fig. 1) was used for
defects smaller than 2/3 of the incus long arm
length, while IT (Fig. 2) was preferred for larger
defects. Intact canal wall tympanomastoidectomy
(ICWT) was applied to 7 of 23 patients who were
applied BC, while type 2 tympanoplasty was
applied to 16 of them. While 28 of the 36 patients
who underwent IT were applied ICWT, type 2
tympanoplasty was applied to 8 of them. Patients
who were applied only myringoplasty, canal wall
down  tympanomastoidectomy, and radical
mastoidectomy, those who did not have hearing
reconstruction, those with OC fixation, and/or using
total ossicular reconstruction prosthesis (TORP) or
PORP for hearing reconstruction were excluded
from the study. Utilization of glass ionomer BC was
preferred in our study since it is cheaper and
provides ease of application.

Superior
A ~ B

Posterior

Figure 1. The application steps of the bone cement (straight
white arrow: chorda tympani nerve; dashed white arrow:
defective incus long arm; white arrowhead: stapes; *: bone
cement). (A) Appearance of integrity loss in the incudostapedial
joint during surgery. (B) Extending the long arm of the incus
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with glass ionomer bone cement. (C) Ensuring the integrity of
incudostapedial joint again. (D) Strengthening the joint with
repeated bone cement applications.

Figure 2. Surgical steps of the incus transposition technique
(straight white arrow: transposed incus; dashed white arrow:
malleus; white arrow head: chorda tympani nerve). (A)
Making a slot on the part of the incus which will sit on the
stapes superstructure by using a diamond drill. (B) Final shape
of the slot made for the stapes superstructure. (C) Creating a
notch with a diamond drill on the part of the incus which will
contact malleus. (D) Placement of the shaped incus between
malleus and stapes. (E) Application of bone cement between
malleus and incus. (F) Completed situation of incus
transposition.

Audiological Evaluation

All patients were evaluated with to pure-tone
audiometers preoperatively and postoperatively
(1st, 3rd, 6th, and 12th months) (AC 40 Clinical
Audiometer; Interacoustics, Middelfart, Denmark).
Bone conduction thresholds (BCT) and air
conduction thresholds (ACT) were recorded
separately at 0.5, 1, 2 and 4 kHz through utilization
of Hughson and Westlake method which is a
standard procedure in audiometry. Air-bone gap
(ABG) before and after surgery was calculated by
subtracting the pure tone averages of BCT from the
pure tone averages of ACT at 0.5, 1, 2 and 4 kHz
(ABG = ACT-BCT). Postoperative hearing gain in
both groups was determined through utilization of
ABG values before and after surgery.
Measurements made at the 12th postoperative
month were taken as basis for audiological
evaluations after surgery.

Statistical Analysis

Descriptive  statistics were  utilized for
calculating continuous variables (mean, standard
deviation, minimum, median, and maximum).
Mann-Whitney U test was used for non-normally

distributed data while unpaired t test was employed
for normally distributed data. Wilcoxon test was
applied while comparing the audiological
evaluations prior and subsequent to surgery and
Chi-square test was conducted for qualitative data.
P <0.05 was considered to be significant. GraphPad
Prism (version 8.2.0 for Windows, GraphPad
Software, La Jolla, CA, USA) was utilized in
conducting statistical analysis.

RESULTS

Demographic characteristics and audiological
results of patients in both groups are summarized in
table 1. No significant difference was observed in
demographic data between patients in the BC and
IT groups (P > 0.05). The significant difference was
not found between the two groups in terms of
preoperative and postoperative BCT, preoperative
ACT and ABG parameters (P > 0.05). The
postoperative ACT and ABG parameters were
found to be significantly better in the BC group (P
= 0.000). In addition, the postoperative hearing gain
was significantly better in the BC group than in the
IT group (P = 0.042). The differences between the
ABG values of both groups before and after surgery
were statistically significant (P = 0.001).
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Table 1. Demographic features and preoperative and postoperative audiological results of both groups.

Bone Cement

Age
Mean £SD 34.56 +£15.63
Median (Range) 34 (12-63)
Gender
Male 7 (%30.4)
Female 16 (%69.6)
Side
Right 13 (%56.5)
Left 10 (%43.5)
Bone conduction threshold (dB)
Preoperative
Mean £SD 12.17 £10.29
Median (Range) 8.75 (0-41.25)
Postoperative
Mean £SD 7.39+6.67
Median (Range) 5 (0-27.5)
Air conduction threshold (dB)
Preoperative
Mean £SD 44,89 +12.61
Median (Range) 40 (21.25-75)
Postoperative
Mean £SD 24.42 + 8.88
Median (Range) 25 (10-50)
Air-bone gap (dB)
Preoperative
Mean £SD 32.71+7.83
Median (Range) 32.5(18.75-46.25)
Postoperative
Mean £SD 17.03+7.24
Median (Range) 16.25 (3.75-27.5)

Hearing gain (dB)
Mean £SD
Median (Range)

(SD, standard deviation)

15.68 + 5.84
15 (6.25-25)

Incus Transposition

35.72 £ 14.69
37 (8-62)

20 (%55.6)
16 (%44.4)

22 (%61.1)
14 (%38.9)
14.30+ 8.5

11.75 (3.75-40)

11.10 +8.17
10 (1.25-35)

49.86 +11.46
50 (30-77.5)

34.13 +10.04
33.75 (17.5-57.5)

35.25 + 8.84
33.25 (16.25-52.5)

22.93+7.38
17.25 (5-37.5)

12.31+6.34
11.25 (3.5-31.25)

Postoperative ABG distribution of both groups
is summarized in table 2. The mean follow-up time
of the patients was 17.7 + 6.81 months (range 12 to
40). In the postoperative follow-ups, there were no
complications observed in any patient such as
extrusion of transposed incus into the external
auditory canal, temporary or permanent facial
paralysis, sensorineural hearing loss, perilymph
fistula, tympanomeatal flap necrosis, external
auditory canal stenosis and vertigo continuing for
more than 48 hours.

0.777

0.06

0.726

0.412

0.062

0.133

0.000

0.255

0.000

0.042

Table 2. Distribution of postoperative air-bone gap values

according to groups.

Postoperative ABG
Reconstruction n <20 dB 20-30dB >30 dB
technique
Bone cement 23 17 6 -
(74%) (26%)

Incus 36 23 7 6
transposition (63.9%) (19.4%) (16.7%)
Total 59 40 13 6

(67.8%) (22%) (10.2%)

(ABG, air-bone gap)
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DISCUSSION

COM surgery aims to obtain an intact tympanic
membrane, dry middle ear mucosa and functional
eustachian tube as well as to reconstruct the OC to
in long-term follow-ups (5,6). In our study, < 20 dB
ABG has been obtained in 67.8% (40/59) of all
patients during long-term follow-up. These results
are compatible with other studies reported in the
literature previously (5,7-10). Furthermore, when
all patients were evaluated together, preoperative
ABG was 34.26 + 8.48 dB, postoperative ABG was
20.63 + 2.27 dB and postoperative hearing gain was
13.63 + 6.32 dB.

A wide variety of materials can be utilized for
hearing reconstruction, such as autologous grafts
(tragal or conchal cartilage, cortical bone,
autologous incus or malleus, etc.), BC (glass
ionomer or hydroxyapatite) and synthetic
prostheses (PORP or TORP). Factors such as
experience of the surgeon, condition of the middle
ear mucosa, stapes mobility and the presence of a
functional eustachian tube as well as reconstruction
technique are also important in success of the OC
repair (10). We think that autologous grafts are the
most suitable reconstruction material due to their
excellent tissue compatibility, no cost and low
extrusion rates. As such, use of BC or IT were
preferred for the repair of incus long arm defects
proper instead of PORP in our study.

BC which is used mostly in orthopedic
procedures, craniofacial surgeries and dental
intervention, has become an indispensable part of
otological surgeries in the recent years. BC is
utilized in numerous different areas in otological
surgeries such as repair of ossicular defects in
different sizes, fixation of the pistons used in
otosclerosis surgery or ossicular reconstruction
prostheses such as PORP and TORP, as well as
lengthening of the incus long arm in revision stapes
surgery (3,11-14). Two different types of BC are
used in otological surgeries which are glass
ionomer and hydroxyapatite. It has been reported
that successful results have been obtained thanks to
the utilization of both types of BC in hearing
reconstruction.  Gérard et al. (11) used
hydroxyapatite BC for the lengthening of the
defective incus long arm and malleostapedopexy in
their studies. The rate of lowering of ABG below

better transmit the sound to the inner ear. OC
reconstruction is difficult even for experienced
otologic surgeons from time to time and < 20 dB
ABG is considered a successful functional outcome
20 dB was reported as 95 % and 82.5%,
respectively in this study. Olgun et al. (15) stated in
their study that 68.9% (20/29) of the patients had
ABG decreased below 20 dB. Somers et al. (2)
similarly used hydroxyapatite BC in order to
provide transmission between the incus and stapes
and reported that they achieved 90% improvement
in hearing. Furthermore, the authors stated that the
audiological results obtained with BC are better
than those to whom IT was applied. Similarly, the
results obtained in our study also show the fact that
the audiologic results of BC is better compared to
IT. As such, we think that the use of BC should be
preferred instead of IT for the repair of the incus
long arm defects in all appropriate cases.

Baglam et al. (3), Bayazit et al. (12),
Baylangicek et al. (16) and Brask (17) have
reported the rate of lowering ABG to 20 dB and
below as 81.6% (111/136 patients), 78.6% (33/42
patients), 90.4% (19/21 patients) and 83.3%
respectively in studies where incudostapedeal joint
repair was performed using glass ionomer BC.
Postoperative ABG was lowered to 20 dB in 74%
of patients in the BC group and below 25 dB in all
patients (100%) in our study.

BC application technique has some key points.
Meticulous bleeding control should be done in
order to achieve strong osseointegration. OC
surface and middle ear mucosa should be
completely dry and also all mucosal tissues and
epithelial residues on OC should be removed
(15,18). Care should be taken to ensure that the BC
should not be fluid too much during application and
its viscosity should be a little high. If the BC is not
in the proper consistency it will not stay in the
desired area during the period until the BC freezes.
Some authors have reported that aluminum-
containing glass ionomer BC has possible
neurotoxic effects and even there are cases which
have ended with death (19-21). However, Alkan et
al. (22) reported that they did not detect any signs
of toxicity in electromyography and
histopathological examination in their studies
investigating the short- and long-term neurotoxic
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effects of glass ionomer BC. Similarly, Baylangicek
et al. (16) mentioned that they did not find any
toxic effects or inflammation findings in their
studies using glass ionomer BC. No toxic effects
were observed regarding the use of glass ionomer
BC in our study. There are different information in
the literature on the toxic effects of BC. As such,
we think that it will be more appropriate to protect
the facial nerve and stapes base from BC in patients
with facial canal dehiscence and in patients whose
stapes bases are intervened.

The main advantages of the IT technique can be
stated as the incus, which is used as an autologous
graft, is already present in the surgical field, the
biocompatibility is extremely high and the risk of
extrusion is very low. Although rarely partial or
total necrosis, fusion, fixation to the external
auditory canal and displacement can be observed,
IT is still one of the most widely used
ossiculoplasty techniques in our day (23).
Especially, if IT will be preferred in COM surgery,
the incus must be carefully examined under a
surgical microscope and must be cleaned
completely from the epithelial residues and shaped
by suitable drilling. It has been reported in various
studies in the literature that the rate of reduction of
ABG below 20 dB by IT is 54-79% after 1 year and
63% after 4 years (24,25). Emir et al. (10), O'Reilly
et al. (23) and Farrior and Nichols (26) have
reported in their studies that this rate was 51.8%
(79/136 patients), 66.4% (91/137 patients) and 59%
(47/80 patients) respectively. In another study,
Siddiq and East have reported the rate of lowering
of ABG below 20 dB in the short and long-term
follow-up of patients as 79% and 71%, respectively
(27). ABG was lowered below 20 dB and 25 dB in
% 63.9 and 83.3% of the patient group subjected to
IT respectively in our study. Moreover, all patients
in this group had a hearing gain of more than 10
dB. The success rate obtained in terms of ABG
parameter in patients undergoing IT in our study is
similar to the ones obtained in literature.

CONCLUSION

Ossicular reconstruction still appears to be a
challenging problem for otological surgeons. There
are different options which can be utilized
according to the ossicular chain defect of the
patient. However, regardless of the reconstruction

technique used, the functional condition of the
middle ear is as important as the specifications of
the material utilized in hearing gain to be obtained
subsequent to surgery. Bone cement usage for
repairing the incus long arm defects was found to
be better than incus transposition in terms of
postoperative air conduction threshold, air-bone
gap, and hearing gain parameters in this study.

ABBREVIATIONS

COM: chronic otitis media; OC: ossicular chain;
BC: bone cement; IT: incus transposition; PORP:
partial ossicular reconstruction prosthesis; ICWT:
intact canal wall tympanomastoidectomy; TORP:
total ossicular reconstruction prosthesis; BCT: bone
conduction threshold; ACT: air conduction
threshold; ABG: air-bone gap.
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