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Introduction

Chronic suppurative otitis media (CSOM) is prevalent in
developing countries like India and ismore common in lower

socioeconomic groups. The overall prevalence rate is 46 and
16 people per thousand in rural and urban populations,
respectively.1 Chronic suppurative otitis media atticoantral
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Abstract Introduction Chronic suppurative otitis media atticoantral disease (CSOM-AAD) is often
associatedwith ossicular erosion resulting in significant hearing loss. Absence of the stapes
suprastructure is a poor prognostic indicator of hearing outcome, which necessitates an
effective reconstruction technique for ossicular continuity and restoration of middle ear
volume. In the present study, we used a boomerang-shaped conchal cartilage graft.
Objective To evaluate the improvement in hearing using a boomerang-shaped
conchal cartilage graft for Type III tympanoplasty in cases of CSOM-AAD in which
the stapes suprastructure was absent and to study the incidence of intraoperative/
postoperative complications of this procedure.
Method A total of 21 patients with CSOM-AAD who were found to have absent stapes
suprastructure intraoperatively were included. A boomerang-shaped conchal cartilage
graft was placed over the stapes footplate for reconstruction following canal wall down
mastoidectomy. Pure tone audiogram (500, 1,000, 2,000 and 4,000 Hz) was done
preoperatively and at 12 weeks postoperatively. Hearing outcome and incidence of
complications were noted.
Results There was a statistically significant reduction in the hearing loss for air
conduction and air-bone gap (ABG) of 6.1 dB and 6.9 dB respectively (p< 0.05). Air-
bone gap< 30 dB could be achieved in 71.4% of the patients as compared with 23.8%
preoperatively. No significant difference was noted in the bone conduction threshold
(p> 0.05). A better hearing outcome was observed at higher frequencies (2,000,
4,000 Hz). No major complications were encountered.
Conclusion A boomerang-shaped conchal cartilage graft is effective when used for
Type III tympanoplasty, especially at higher (2,000, 4,000 Hz) frequencies, and is
comparable to newer materials such as titanium total ossicular reconstruction
prosthesis (TORP). No major intraoperative/postoperative complications were noted.
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(CSOM-AAD) disease is a disease of the middle ear charac-
terized by the presence of cholesteatoma, which is a sac-like
structure lined by squamous epithelium with bone eroding
properties. Chronic suppurative otitis media is a correctable
cause of hearing loss, which can be corrected by a surgical
procedure called tympanoplasty. Atticoantral disease almost
always requires surgical treatment in the form of canal wall
down (CWD)mastoidectomywith Type III tympanoplasty for
hearing augmentation. It has been seen in many patients
with this disease that there is ossicular erosion necessitating
intraoperative removal of the ossicles. The hearing mecha-
nism is repaired by placing a graft over the stapes headwhen
present, allowing the conduction of sound, and it is called
Type III tympanoplasty. The techniques used for reconstruc-
tion have evolved over the past 50 years and will continue to
evolve. These include ossicular repositioning, autograft
materials like cortical bone and cartilage, homograft ossicles,
synthetic materials like plastipore, hydroxyapatite and bone
cement.2,3 Recently, materials like glass ionomer cement,
titanium and gold prosthesis have been used, which are now
widely popular. However, it becomes problematic when the
stapes suprastructure is also eroded by disease and a graft
placed directly over the stapes footplate results in significant
postoperative hearing loss. At present, this problem is cor-
rected by placing a total ossicular prosthesis from the foot-
plate to the graft or a cartilage strut instead of a prosthesis. A
prosthesis has a high incidence of extrusion and a short
cartilage strut, being mechanically unstable, and does not
allow for adequate sound transmission.

To overcome these problems, we propose to use a boomer-
ang-shaped conchal cartilage graft harvested during meato-
plasty with one edge touching the stapes footplate and the
other end hitched below the bony annulus. This provides a
stable assembly, allowing sound transmission and allowing for
a pneumatizedmiddle ear even if there is some bare area over
the promontory by preventing adhesions.

In the present study, we analyzed the results of reconstruc-
tion with a boomerang-shaped conchal cartilage graft over
stapes footplate by comparing the pure tone average done
preoperatively and at 12weeks postoperatively. Concurrently,
the incidence of complications – wound hematoma/infection
(donor site), facial nerve injury, postoperative sensorineural
hearing loss and disease recurrence, was noted.

Conchal cartilage has been used worldwide by neuro-
otologic surgeons for> 30 years. It has been recommended
for bridging ossicular chain defects, for tympanic membrane
reconstruction and for the repair of bony meatal wall
defects.4–8 Conchal cartilage is freely available at the surgical
site and is available in enough quantity and is of the ideal
consistency for all mastoid surgeries. The correction of
defects in the ossicular chain involves removing the eroded
ossicle, sculpting it and then repositioning it between the
remaining ossicles. Various techniques have been described
to bridge the defect between the ossicles using biocompati-
ble cement, polycel, glues, etc. Presently, no studies are
available for the use of boomerang-shaped cartilage for
Type III tympanoplasty in cases where the stapes supra-
structure is absent.

Objectives

Primary objective:

a) To evaluate the improvement in hearing by using a
boomerang-shaped conchal cartilage graft for Type III
tympanoplasty when the stapes supra-structure is
absent.
Secondary objective:

b) To evaluate the incidence of intraoperative/postopera-
tive complications in Type III tympanoplasty with boo-
merang-shaped conchal cartilage graft

Methodology

This is a ‘before and after intervention study’ conducted in
the department of ENT from May 2016 to April 2018. All of
the patients with atticoantral disease who were planned for
tympanomastoid surgery were considered for the present
study. Patients who were found to have an absent stapes
supra-structure were included in the present study with the
exclusion of thosewith a fixed or an obliterated footplate or a
dehiscent facial nerve. Convenient sampling technique was
used and a total of 21 patients were recruited according to
the above-mentioned criteria.

These 21 patients underwent ossicular reconstruction
with the use of boomerang-shaped conchal cartilage graft.

Fig. 1 Site of conchal cartilage graft (shaded area) as part of
conchomeatoplasty.
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The conchal cartilage was obtained from the conchomeato-
plasty (►Fig. 1), which is a routine step in CWD mastoidec-
tomy. This conchal cartilagewas then sculpted into the shape
of a boomerang and placedwith one edge touching the stapes
footplate and the other end hitched below the inferior bony
annulus in the hypotympanum (►Fig. 2). This provides a
stable assembly, allowing sound transmission and allowing
for a pneumatized middle ear even if there is some bare area
over the promontory by preventing the formation of adhe-
sions. A temporalis fascia graft was placed over the cartilage
graft and the cavity was lined with the temporalis fascia
graft. Antibiotic soaked absorbable Gelatin foam was then
placed in the cavity.

The patients were subjected to pure tone audiometry for
documenting the hearing loss prior to surgery at the time of
the preoperative evaluation in the out patient clinic and then
at 12 weeks after surgery at the time of review. Using Pure
tone audiometry, air conduction thresholds and bone con-
duction thresholds were measured at 250, 500, 1000, 2000
and 4000 Hz. The average hearing loss for air conduction and
bone conduction at the mentioned frequencies, and the air-
bone gap (ABG) were calculated and documented.

The independent variables that were studied included
age, gender, socioeconomic status and duration of disease.
The outcome variable studied included hearing loss in dec-
ibels for air conduction and bone conduction at 250, 500,
1,000, 2,000 and 4,000 Hz obtained from pure tone audiom-
etry both preoperatively and postoperatively. The preopera-
tive average hearing loss for air conduction and bone
conduction was compared with the postoperative values
recorded at 12 weeks. Descriptive and inferential statistical
analyses have been performed in the present study.

Continuous data has been interpreted as mean and stan-
dard deviation (SD) (minimum–maximum), and categorical
measurements have been presented as percentage (%). The
Student t-test (two-tailed, dependent) has been used to find
the significance of the study parameters on a continuous
scale within one group. The mean and the SD of the hearing

loss in decibels preoperatively and postoperatively were
compared using the Paired t-test. Air and bone conduction
thresholds at individual frequencies were compared preop-
eratively and postoperatively using the paired t-test and the
Wilcoxon sign test based on the normality of distribution. All
of the statistical analyses were performed at 5% level of
significance, and a p-value< 0.05was considered significant.
The statistical software IBM SPSS Statistics for Windows,
Version 19.0 (IBM Corp., Armonk, NY, USA) was used for the
analysis of the data.

Results

Thepresentstudywasconducted inthedepartmentofear,nose
and throat of the Jawaharlal Institute of Postgraduate Medical
Education and Research among 21 patients with CSOM-AAD
disease who were found to have absent stapes suprastructure
while undergoing tympanomastoid surgery. Among these 21
patients, 54.2%were females. Themean age of the subjectswas
30.7 years old, with a SD of 9.5 years, and maximum patients
(42.9%)werefoundtobebetween21and30yearsyearsold. The
mean duration of symptoms was 3.76 years, with a SD of 2.46

Fig. 2 (A) Intraoperative picture of boomerang shaped conchal cartilage graft placed over the stapes footplate and the other end hitched under
the inferior annulus. Dome of the boomerang viewed from lateral aspect. (B) Diagram drawn from ►Figure 2.A for better illustration (SUP-
Superior, INF- Inferior).

Table 1 Distribution of air conduction thresholds before and
after surgery

Air conduction
thresholds (dB)

Percentage of
patients in the
respective group
preoperatively

Percentage of
patients in the
respective group
postoperatively

11–20 9.5 0

21–30 4.8 23.8

31–40 28.6 42.9

41–50 14.3 23.8

51–60 28.6 9.5

61–70 14.3 0!
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years. Two out of the 21 caseswere revision surgerieswhile the
rest underwent surgery for the first time.

Distribution of air conduction thresholds and ABG before
and after the surgery are shown in ►Tables 1 and 2, respec-
tively. The mean preoperative air conduction threshold was
found to be 44.4 dB, with a SD of 12.9 dB. The maximum
number of patients who had an intact stapes suprastructure
had a preoperative ABG in the 31 to 40 dB range (57.1%)
(►Table 2).

Hearing Outcome

Air Conduction Threshold
The mean preoperative air conduction threshold was
obtained at 38.3 dB� 9.3 dB as comparedwith 44.4db� 12.9
postoperatively, with a significant improvement of 6.1dB
(►Table 3). This difference was found to be statistically
significant (p< 0.05, Paired t-test).

Air-bone Gap
The mean preoperative ABG was 33 dB and the mean post-
operative ABG obtained was 26.1dB in the present study.
There was a significant improvement of 6.9 dB ABG postop-
eratively as compared with the preoperative ABG (p< 0.05,
Paired t-test) (►Table 3).

Bone Conduction Threshold
In contrast to the air conduction threshold, there was no
significant difference between preoperative and postopera-
tive bone conduction thresholds (p> 0.05) which was ana-
lyzed by the Wilcoxon sign test.

Frequency-Specific Hearing Outcomes
Significant hearing improvement was noted at high frequen-
cies thresholds (2,000 and 4,000 Hz) with this technique,
compared with insignificant improvement at low frequen-
cies. The frequency-specific hearing results obtained by this

technique showed significant improvement especially at
4,000 Hz. Both pure tone average and the ABG at 4,000 Hz
showed statistically significant improvement after surgery
(p< 0.05) (►Table 4).

Complications
None of the patients had any significant intraoperative
complications.

Two patients (9.5%) had postoperative cavity infection
that resolved with a course of antibiotics. There was no
incidence of postoperative facial nerve palsyor sensorineural
hearing loss/dead ear.

Themean follow-up period of the patients included in the
present study was 11.7 months (3–24 months). None of the
patients had disease recurrence during the follow-up period.

Discussion

Chronic suppurative otitis media atticoantral disease is
known for cholesteatoma formation leading to ossicular
erosion and various other complications. The standard of
care for atticoantral disease is surgery. Ossiculoplasty is
required in between 40 and 90% of all tympanoplasties.9

The present study included 21 patients who had CSOM-
AAD and were found to have absent stapes supra-structure
during tympanomastoid surgery, and a boomerang-shaped
conchal cartilage graft was used for ossicular reconstruction.

Why the boomerang shape? A boomerang is a thrown tool
that traditionally has two arms at an angle. In the present
study,when a boomerang-shaped conchal cartilage graft was
used, it not only enabled sound conduction by maintaining
contact between the neo-tympanum and the stapes foot-
plate, but the apex of the boomerang is believed to act as a
fulcrum providing leverage which is then transmitted to the
stapes footplate.

Second is the stability of the graft. While one arm of the
boomerang rests on the stapes footplate, the other arm lies in
thehypotympanumhitched under the inferior bonyannulus.
This gives anchoring stability to the graft and prevents
unwanted displacement of the graft/lateralisation of the
graft that is a common disadvantage encountered while
using a cartilage strut or a titanium Total Ossicular Replace-
ment Prosthesis (TORP).

Third, the loss of ossicles with the exemption of a mobile
stapes footplate often results in a conductive hearing loss of
60 dB. As compared with a normal middle ear, if a Type IV
tympanoplasty were to be done, it would result in a shallow
middle earwith a significant reduction inmiddle ear volume as
well as a loss of ossicular coupling (►Fig. 3). A boomerang-

Table 2 Distribution of air-bone gap before and after surgery

Preoperative
Air-bone
gap(dB)

Percentage of
patients in the
group
preoperatively

Percentage of
patients in the
group
postoperatively

11–20 9.5 38.1

21–30 14.3 33.3

31–40 57.1 28.6

41–50 19.0 0.0

Table 3 Comparison of the preoperative and postoperative hearing levels

Hearing thresholds Preoperative mean� SD Postoperative mean� SD Difference T value p-value

Air conduction 44.4dB� 12.9 dB 38.3� 9.3dB 6.1 dB 2.12 0.048�

Air-bone Gap 33 dB� 8.5 dB 26.1� 7.3dB 6.9dB 2.87 0.027�

Abbreviation: SD, standard deviation.
�Paired t-test.
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shapedgraftmaintains themiddle ear volumefor aerationwith
abowing architecture from the footplate to thehypotympanum
(►Fig. 4), which is believed to better withstand the poor
negative pressures in themiddle ear as comparedwith synthet-
icmaterials or struts. It alsoprevents the formationofadhesions
between the neotympanum graft and the promontory.

Using this technique, the mean preoperative ABG was
found to be 33 dB� 8.54 dB. We have obtained a mean
postoperative ABG of 26.1 dB� 7.31 dB. There was a signifi-
cant improvement of 6.9 dB in ABG postoperatively
(p< 0.05). No significant changes in preoperative and post-
operative bone conduction threshold were noted (p> 0.05).

Our patients had absent stapes supra-structure, which
can theoretically result in a hearing loss of up to 60 dB due to
loss of ossicular coupling. The present study has an innate
fallacy in that it inevitably includes a certain number of
cholesteatoma hearers, that is, patients who have a choles-
teatoma sac bridging the ossicular defects and hence have a
good preoperative hearing. In such cases, the eradication of
the disease per se leads to a loss of this pathologic sound
transforming mechanism which worsens hearing, based on
the extent of the disease. Even though the result of 6.9 dB is
statistically significant, its clinical significance should be
interpreted considering this fallacy.

All of our patients underwent canal wall down mastoid-
ectomy due to advanced disease or unreliable follow-up.
Şevik Eliçora et al stated that CWD mastoidectomy is done
primarily to obtain a dry and safe ear, hence even if the
hearing is the same it may be regarded as successful.10

However, in the present study, hearing reconstruction is
done with a boomerang-shaped conchal cartilage over a
mobile stapes footplate.

Shinnabe et al stated that aeration around the stapes had a
positive correlation with postoperative hearing results.11

CWD mastoidectomies typically result in middle ear air
spaces being reduced to that contained behind the tympanic
membrane graft, which has a small effect on middle ear
sound transmission, which is further worsened by poor
eustachian tube function. A boomerang-shaped conchal
cartilage, in addition to providing ossicular coupling, also
improves middle ear aeration by increasing the middle ear
volume especially around the stapes footplate.

Gupta et al conducted a study to compare the hearing
outcomes in various tympanoplasties using autologous incus
grafts and achieved an ABG of< 30 dB in 70% of the patients
who underwent Type III tympanoplasty.12 Desaulty et al
conducted a study using autografts (incus and cortical

Table 4 Comparison of the hearing outcomes at low frequencies and at high frequencies

Parameter compared Preoperative
mean(dB)

Postoperative
mean (dB)

Mean difference(dB) T value p-value

Air Conduction thresholds at low
frequencies (250, 500, 1000 Hz)

43.65 39.37 4.2 1.47 0.157

AC thresholds at high frequencies
(2,000, 4,000Hz)

45.60 38.10 7.5 2.201 0.040�

�Paired t-test.

Fig. 3 Ossicular erosion leaving only the mobile stapes footplate in
place. Showing a shallow middle ear cavity if type IV tympanoplasty
were to be done.

Fig. 4 Boomerang-shaped conchal cartilage graft placed over the
footplate while the other end is hitched under the inferior annulus
with significant gain in middle ear volume.
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bone) inType III tympanoplastywhen stapes supra-structure
was absent and achieved an ABG � 30 dB in 78% of the
patients.13 The results of these studies which have used
autografts are comparable to the results of our study.

In a study conducted by Şevik Eliçora et al, 50 patients
underwent Type III tympanoplasty over stapes footplate
using either hydroxyapatite TORPs, autologous cortical
bone or ossicles. Of these, the best results were obtained
when the incus was used for reconstruction with a signifi-
cant improvement of 8.09 dB in the ABG resulting in a
postoperative ABG of 27.6 dB,10 stating the sustainability
of autografts in the evolution of ossicular reconstruction.
This is also supported by a study conducted byMalhotra et al
which showed that the hearing outcomes obtained with
autologous TORPs (cartilage and cortical bone) were as
successful as those obtained using titanium prostheses.

Gostian et al studied 42 ears that underwent Type III
tympanoplasty using titanium TORP. They studied that the
displacement of the prosthesis is amajor cause of conductive
hearing loss, resulting in up to 50 to 60 dB, known as
‘transmission block’. To overcome prosthesis displacement,
Gostian et al used a cartilage shoe over the oval window to
anchor the TORP. They achieved a postoperative ABG< 30 dB
in 76% as comparedwith 64% preoperatively. They also noted
that the hearing gain was poorer in canal wall down proce-
dures as compared with intact canal wall procedures. After
CWD surgery (n¼ 18), the PTA-ABG was reduced from a
mean (SD) of 33.0 dB to 24.6 dB.14 In our study, the stable
assembly made by the boomerang shape and its one end
hitching below the inferior annulus is believed to overcome
the aforementioned ‘transmission block’.

Iñiguez-Cuadra et al stated that ‘successful hearing’ that
is, an ABG< 20 dB, may be obtained in 20 to 55% of those
patients inwhom the stapes supra-structure ismissing. They
conducted a study using titanium TORP in 85 patients. The
ABG improved from a preoperative mean of 23.84 dB to a
postoperative mean of 15.41 dB (mean improvement of
8.43 dB).15 However, this includes both Canal wall up
(CWU) and CWD procedures. ►Table 5 shows the final
hearing outcomes as a result of the present study in compar-
ison to other Type III tympanoplasties using various recon-
struction materials.

Iñiguez-Cuadra et al, on using titanium TORPs, achieved
better sound transmission at higher frequencies
(2,000,4,000Hz) than at low frequencies (500Hz,1,000Hz).15

Choi et al noted that air conduction threshold and ABGs had
significant improvement mainly at lower and mid-range fre-
quencies following surgery for chronic otitis media, and that
the majority showed unfavorable results at high frequencies
and recommended hearing rehabilitation at high frequen-
cies.18 In contrast to their study, our technique shows signifi-
cant improvement at high frequencies and is comparable to the
study conducted by Iñiguez-Cuadra et al, who used titanium
prosthesis. This suggests that boomerang-shaped conchal car-
tilage graft for Type III tympanoplasty when the stapes supra-
structure is absent is indeedaneffective techniqueforossicular
reconstruction, and thehearingoutcomesare comparablewith
those of other studies using newer materials like titanium and
hydroxyapatite, which are used for the same purpose. This
technique particularly favored better hearing outcomes at
4,000Hz. Thus, even in this modern era with the continuous
evolution of materials that can be used in tympanoplasty,
conchal cartilage graft remains a good alternative for Type III
tympanoplasty when the stapes supra-structure is absent.

The advantages of this technique are that conchal cartilage,
being anautograft, is a safematerial, readilyavailable at the site
of surgery, fromconchomeatoplasty,which is routinelydoneas
part of the surgery following canal wall downmastoidectomy.
There is no risk of extrusion/migration. It is free of cost unlike
other artificial biomaterials such as titanium prosthesis which
are expensive, thus limiting its use in patients of low socioeco-
nomic status especially when CSOM has been found to be
closely linked to poor socioeconomic status.

Disadvantages of autografts like bone and cartilage in-
clude the chance of resorption over a long time and extended
duration of surgery for sculpting the grafts.15 However,
studies have shown that for chronic ear disease with poor
eustachian tube function and revision surgeries, autologous
materials are more advantageous as comparedwith synthet-
ic prostheses.5

The limitations of the present study are that the postop-
erative hearing was assessed only at 12 weeks, and a longer
follow-up is necessary aswe are largely unaware of the plight
of hearing as far as long-term benefits are concerned. There
have been many other studies which are of the opinion that
short-term results are a more accurate reflection of tympa-
noplasty, as the long-term results are dependent on several
factors such as eustachian tube function, middle ear mucosal
condition and stability, fibrosis, adhesions, tympanosclero-
sis, etc.12,19 Our study also had a limited sample size of 21

Table 5 Comparison of the final hearing outcome of the current study with similar studies

Study The material used for reconstruction Postoperative air-bone gap � 30 dB obtained in
cases with <30 dB Postoperative air-bone gap

Current study Boomerang-shaped conchal cartilage graft 71.4%

Gostian et al14 Titanium prosthesis with cartilage shoe 76%

House et al16 Titanium/plastipore 77.8%

Gupta et al12 Autologous bone 70%

Desaulty et al13 Autologous bone 78%

Gardner et al17 Titanium TORP 70%

Abbreviation: TORP, total ossicular replacement prosthesis.
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due to the short duration of the study. As a result, we were
also unable to compare the hearing outcomes of boomerang
shaped conchal cartilage graft with other methods of recon-
struction such as cartilage struts and titanium TORP.

Conclusion

The present before and after intervention study conducted
among patients with CSOM-AAS with an absent stapes
supra-structure has shown that boomerang-shaped conchal
cartilage graft effectively improves hearing when used for
Type III tympanoplasty over the stapes footplate. No signifi-
cant intraoperative or postoperative complications were
noted with the boomerang-shaped conchal cartilage graft.
A significant improvement in air conduction threshold and
ABGwas noted at 4,000 Hz as compared with other frequen-
cies using this technique.
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