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Abstract

Background: This study aims to compare the graft uptake rate and hearing improvement of fat graft versus inlay
butterfly tragal cartilage in the repair of perforations in chronic otitis media mucosal in adults.
In this retrospective study, twenty-eight patients were included with small dry anteroinferior tympanic membrane
perforations (less than 1/3 of the tympanic membrane). The age range was 18 to 44 years old. Myringoplasty was
done under general anesthesia for 8 patients with a fat graft (FG) and 20 patients with inlay butterfly cartilage graft
(IBCG). Six months postoperatively, a follow-up evaluation was done for successful graft uptake and hearing
outcomes.

Results: The success rate of graft uptake in the first group (fat graft) was 6/8 cases (75%) while in the second group
(IBCG) was 19/20 (95%) with no statistically significant difference (P = 0.0148). Also, there was no statistical
difference between the two groups as regards postoperative ABG, improvement changes in ABG, and number of
patients with improved hearing.

Conclusions: Inlay butterfly cartilage graft is a useful graft in repairing small tympanic membrane perforations as
regard graft take and hearing outcomes.
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Background
Myringoplasty is a procedure to repair tympanic mem-
brane perforation [1]. Different autologous and heterol-
ogous materials were used to repair perforations with
different techniques that require elevation of meatal
flaps [2].
Ringenberg in 1962 was the first to report a transcra-

nial approach without elevation of the tympano-meatal
flap using fat plug myringoplasty [3], while the first re-
ported cartilage usage in 1963 by Salen and Jansen [4,
5].
Various techniques of cartilage graft were applied

which are palisade, cartilage shield, perichondrium-
cartilage island flap, and inlay butterfly graft. In 1998,

Eavey was the first to describe the inlay butterfly cartil-
age graft in type I tympanoplasty through a transcranial
approach [6].
Our study compares the graft uptake and hearing im-

provement rate of fat graft versus inlay butterfly tragal
cartilage (IBCG) in the repair of small size perforations
in chronic otitis media mucosal in adults.
Fat graft myringoplasty is a safe procedure with lim-

ited postoperative care, less pain, and small invisible
scar. Fat can be taken from the ear lobule with a com-
parable success rate with myringoplasty using temporalis
fascia graft for management of small perforations with-
out support in the middle ear [7]. Also, inlay butterfly
cartilage has the same advantages as the fat graft, and it
can be inserted in the tympanic membrane with tympa-
nosclerosis. Moreover, IBCG is locked in the tympanic
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membrane as a grommet’s tube without the need for
support in the middle ear or external canal [6, 8].

Methods
Study sample
This a retrospective study was done between the years
2017 and 2019 to compare patients who underwent myr-
ingoplasty with inlay butterfly cartilage graft versus fat
graft in the repair of small size perforations in chronic
otitis media mucosal in the last 3 years. The age was be-
tween 18 and 44 years old with 17 males and 11 females.
Ethics committee approval was done. Informed written
consent was taken from patients.
The patients were divided into two groups. Group 1

involves 8 patients who underwent transcanal myringo-
plasty using a fat plug harvested from the ear lobule.
Group 2 composed of 20 patients underwent transcra-
nial myringoplasty by inlay butterfly tragal cartilage. All
procedures were done under general anesthesia.
The patients enrolled in the study were adults between

18 and 44 years old with unilateral tympanic membrane
perforation due to chronic otitis media mucosal with no
ossicular pathology. The perforation was central and less
than 1/3 of the tympanic membrane surface (less than 5
mm) in the anteroinferior quadrant of the tympanic
membrane. Moreover, there was no active infection and
pus in the last 3 months.
Patients with other etiologies of tympanic membrane

perforations were excluded: trauma, cholesteatoma, and
previous ear surgeries. Other exclusion criteria were age
under 18 years and above 44, bilateral tympanic mem-
brane perforations, tympanosclerosis, bullous myringitis,
nasopharyngeal pathology, and patients with diabetes
mellitus and chronic diseases. Also, patients with con-
genital anomalies were excluded.

Audiological evaluation
After a full history and complete ear, nose, and throat
examination including flexible fiberoptic nasopharyngo-
scopy to exclude nasopharyngeal pathology, pure tone
audiometry was performed for all subjects using a clin-
ical audiometer and pre-operative ABG was calculated
by taking the averages of bone conduction besides air
conduction at the frequencies of 500,1000 and 2000 Hz.
The preoperative Eustachian tube (ET) function was

measured using a modified pressure equilibration
inflation-deflation test [9]. After confirmation of dryness
of both the external and middle ear by otoscopy, a probe
was fitted into the external auditory canal, and the pres-
sure was varied over ± 300 daPa. Each patient was asked
to swallow three times at intervals of 3–5 s with the nose
and mouth closed. After each swallow, the applied pres-
sure was normalized. The residual pressure after three
swallows was recorded. ET function was evaluated and

graded regarding residual pressure after each application
of positive or negative pressure. This was done to all pa-
tients 3 days before surgery.

Surgical procedure
All surgeries were done under general anesthesia using a
mask and not endotracheal tubes. The edges of perfor-
ation trimmed using a Plester sickle knife. The graft size
should be slightly larger than the trimmed perforation.

Fat graft (FG)
It was harvested from the ear lobule through a small incision
at its inferior border. The fat plug was pushed through to-
wards the middle ear. This caused inward inversion of the per-
foration edges. The graft was mobilized outwards to evert the
perforation edges by a crocodile forceps or micro-sucker. The
graft was supported by a silastic sheet disc in the external me-
atus; then, the meatus was filled with gel foam (Fig. 1).

Fig. 1 Steps of fat graft insertion: a inward inversion of the
perforation edges, b the graft is mobilized out everting edges, and c
Fat graft in place

Khafagy et al. The Egyptian Journal of Otolaryngology           (2021) 37:13 Page 2 of 5



Inlay butterfly cartilage graft (IBCG)
It was harvested through a 1-cm vertical incision on the
upper edge of the tragus coinciding with the inner part
of the end-aural incision. The IBCG was harvested with
a size 3–4 mm larger than the perforation after trimming
its edge. This is preferred over a horizontal incision to
preserve the remaining tragal cartilage if needed for fur-
ther procedure. The lateral perichondrium was removed
preserving a medial one. Then, a circumferential fissure
was created along the graft edge with a depth of about
1–1.5 mm (Fig. 2). Gently, the IBCG was applied ob-
liquely by crocodile forceps in the same way of applying
the grommet tubes. The split edge was placed to em-
brace the perforation edges; then, the position was ad-
justed using the fine tip of a sickle Plester knife. Finally,
the graft was supported by a silastic disc and the exter-
nal canal was filled with gel foam (Fig. 3).

Postoperative
All patients were discharged the same day of the surgery
with oral antibiotics amoxicillin clavulonate and para-
cetamol as analgesics for 1 week. No suction was applied
to the operated ears. Follow-up for 6 months postopera-
tively was done with an endoscopic and microscopic
examination to all patients to evaluate complete closure
of the perforation and ensure graft take success. Audi-
ometry was done only for successful cases at 6 months
postoperatively.

Statistical analysis
Fisher’s exact and chi-square tests were used to examine
the relationship between categorical variables such as
demographic data and graft uptake rates. A P value <
0.05 was considered significant.

Fig. 2 The inlay butterfly cartilage graft
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Results
In our study, 28 patients aged between 18 and 44 years
old were enrolled. All patients attended the follow-up
for 6 months. They were 16 males and 12 females who
underwent transcanal myringoplasty under general
anesthesia. The patients divided into 2 groups: group 1
composed of 8 patients with homograft fat myringo-
plasty, and group 2 composed of 20 patients with homo-
graft inlay cartilage butterfly (Table 1). No statistically
significant difference in the preoperative air-bone gap
(ABG) between the 2 groups as shown in Table 1.
Six months postoperatively, the success rate of the first

group FG was 6/8 cases (75%) while in the second group
IBCG, it was 19/20 (95%). There was no statistically sig-
nificant difference between the two groups (P = 0.188)
(Table 2). Audiometry was done on all 23 patients with
successful graft uptake and complete closure of the per-
foration. Table 2 showed no statistical significance dif-
ference between the 2 groups as regards the
postoperative air-bone gap, number of patients with im-
proved hearing, and improvement change in ABG.

Discussion
In our study, successful graft take is 95% in group 2 with
IBCG with no statistically significant difference when
compared to group 1 with fat graft uptake of 75%. Our
success rate in IBCG is in line with the success rate of
other studies and literature which showed a rate

between 71 and 100% [8]. In 2005, Couloigner et al.
showed graft healing rates were 71% for the butterfly
technique using Eavey’s procedure as modified by
Lubianca [10], while Riss et al. in 2016 showed a higher
graft success rate 85.7% in pediatric patients [8]. In
2006, Ghanem et al. expanded IBCG to repair larger per-
foration of the tympanic membrane with a 92% success
rate in patients aged 2 to 20 years old [11]. This may be
explained by the fact that IBCG can be stabilized much
better in its place, needs minimal blood supply for heal-
ing, and resist more the effect of mild infection.
Fat is an hourglass plug technique that does not need

middle ear support and does not show collapse [12]. Unfor-
tunately, the success rate of fat graft in this study is 75%. It
is a low success rate when compared to other studies. Ring-
enberg [3], Chalishazar [13], and Mitchel et al. [14] reported
success rates of 87% and 92%, respectively. This may be
due to inappropriate randomization of patients and a small
sample of patients in whom we used fat as a graft.
Hearing improvement is the other outcome measured

in our study. Audiometry was done 6months postopera-
tively, with the calculation of ABG, to the patients with a
successful graft taken and complete closure of the perfor-
ation. Postoperative ABGs were improved in 20 patients
(4 in group 1 and 16 in group 2). There was no statistical
difference between the 2 groups as regards postoperative
ABG, the number of patients with improved hearing, and
improvement changes in ABG (Table 2).
In group 1 with a fat graft, four patients out of six had

improved hearing (66.6%). Previous literature showed
wide variations of postoperative hearing improvements.
While Hagemann and Housler [15] in 2003 had 21 pa-
tients with hearing improvement of their 44 patients
(47.72%), Liew et al. [16] recorded an improvement in
11 of their 15 patients (73.3%).

Table 1 Preoperative demographic and audiological data

Variable Fat graft
N = 8 (28.57%)

IBCG
N = 20 (71.43%)

P value

Male 5 11 1.00

Female 3 9

Preoperative ABG (dB)

0–10 dB – – 0.3896

11–20 dB 6 17

20–30 dB 2 3

Table 2 Comparison of surgical and audiological outcomes

Variable Fat graft IBCG P value

Successful closure of TM 6 19 0.188 Fisher’s exact test

Non-successful closure of TM 2 1

Postoperative ABG (dB)

0–10 dB 4 16 0.877 chi-squared

11–20 dB 2 3

Changes in ABG (dB)a

< 0 dB 2 3 0.672 Fisher’s exact test

0–10 dB 4 15

11–20 dB ____ 1

Hearing improvement (number of patients)

Improved 4 16 0.562 Fisher’s exact test

Non-improved 2 3

ABG preoperative ABG
aPost-operative

Fig. 3 Steps of IBCG: a circumferential splitting, b insertion of IBCG
as grommets, and c, d graft in place
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In group 2 with IBCG 16 patients had hearing im-
provement (80%). Eavey [6] stated that all his pediatric
patients had a normal postoperative hearing with an
average hearing of 12 dB. Ghanem et al. [11] reported
acceptable hearing results for large perforations after
IBCG despite the need for mastoidectomy in many pa-
tients. In his study hearing in the 0–10 dB range follow-
ing surgery were doubled from 16 to 32 ears with a
statistically significant difference. Other studies like
Mauri et al. [17] and Wang and Lin [18] showed a sig-
nificant improvement in hearing results for patients with
IBCG, but the difference between these 2 groups (IBCT
and underlay cartilage graft) was not statistically
significant.
The average time of performing that type of repair in

our study was 35min. Both types are easy, simple, and
quick techniques for the repair of small tympanic mem-
brane perforation without iatrogenic trauma to the mid-
dle ear. Surgery performed under general anesthesia
using mask without need postauricular incisions or ele-
vation of tympanomeatal flap [14].
Our study sample is small, and we recommend other

prospective randomized large sample studies to get more
precise results especially since these two types of grafts
are underused. Although the sample size is small, a
higher study power may be able to show a statistically
significant difference in the outcome.

Conclusions
Inlay butterfly cartilage graft is a useful graft in repairing
small tympanic membrane perforations as regards graft
take and hearing outcomes.
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