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Abstract

Background: Tympanic membrane grafting is one of the most common otological procedures. Underlay technique
of tympanoplasty was described by Shea in 1960. Utech in 1959 introduce the cartilage in middle ear surgery. The
search for an ideal graft material and technique for tympanoplasty was adopted by numerous contributions from
surgeons all over the world. Professor Roland Eavey in 1998 introduced a transcanal inlay technique which offers
advantages of surgical ease and speed as well as patient comfort.

Results: This study included 46 patients; 23 patients had inlay butterfly myringoplasty (group A), and 23 patients
had underlay cartilage tympanoplasty. In group A, 65 % of the patients had a completely healed tympanic mem-
brane postoperatively. Mean AB gap closure was 3.94 db. In underlay group B, 82.6% of the patients had a completely
healed tympanic membrane postoperatively. Mean AB gap closure was 4.7 db. These outcomes show no statistically
significant difference between both groups in terms of graft take and hearing improvement (p >0.1).

Conclusions: Inlay butterfly myringoplasty is an easy, reliable, and time saving procedure that should be possible as
a choice to underlay procedure. Results are comparable with underlay technique in terms of graft take rate and hear-
ing improvement. Procedure is better regarding diminishing operative time, postoperative pain, and duration before

resuming usual activities.
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Background

Myringoplasty is a surgical closure of the ear drum with-
out the manipulation of the ossicles or middle ear cavity,
while tympanoplasty consists of further getting access to
the middle ear space and eradication of the disorder if
present [1].

Medial grafting (underlay) and lateral grafting (overlay)
are 2 primary strategies. These phases describe the loca-
tion of the graft with regard to the central fibrous layer
and annulus of the tympanic membrane [2].

Underlay tympanoplasty is a particularly faster and
simpler approach than overlay. It has much less incidence
of graft anterior blunting and lateralization [3].
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Temporalis fascia and cartilage are the most typically
used grafting substances for ear drum. Cartilage become
first introduced in middle ear surgical operation via
Utech in 1959 [4]. It began to replace fascia over the past
many years because it is far less susceptible to retraction
and perforation because of its stiffness and rigidity [5, 6].

Transcanal inlay cartilage butterfly graft approach was
introduced by Professor Roland Eavey in 1998, which had
the benefits of surgical ease and speed as well as patient
comfort. This technique yielded high-quality graft take
rates and hearing results without enormous postopera-
tive complications [7].

Aim of the work

The aim of the work is as follows: to compare the inlay
butterfly cartilage myringoplasty as opposed to under-
lay cartilage tympanoplasty in particular in phases of
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the graft take rate and hearing outcome for cases of
central tympanic membrane perforation.

Methods

Ethics and consent to participate

This study was approved by the ethics committee of
Otorhinolaryngology Department, Cairo University,
with unavailable approval number. Informed written
consent to participate in the study was provided by
all participants’ parent or legal guardian in the case of
children under 16 years old.

This is a prospective analytical study in which con-
tributors with dry central tympanic membrane perfo-
rations presented throughout the period from 2017 to
2018 who had either inlay butterfly cartilage myrin-
goplasty or underlay cartilage tympanoplasty were
recruited and analyzed. We excluded cases with pre-
vious myringoplasty, cases with total perforation, and
other techniques of tympanic membrane grafting.

All patients had been subjected to detailed history
taking, full ENT exam, and otoscopic and ear endo-
scopic examination to evaluate the size and location
of the perforation which is classified to the following:
“small perforation” <3 mm (<25% of TM surface area),
“medium sized” 3-5mm (25-50%), and “large perfo-
ration” > five mm (>50%) [8, 9]. Audiological evalua-
tion was performed by means of pure tone and speech
audiometry.

This study included forty six patients. They have been
divided into 2 groups according to treatment modality
which become chosen according to surgeon preference:

Group A included 23 patients who had transcanal
technique inlay butterfly approach using tragal cartilage
combined with perichondrium on one side for tympanic
membrane perforation grafting (Fig. 1).

Surgical steps:

+ Edges of the perforation refreshed using Rosen nee-
dle and a crocodile forceps.

+ Meatal surface of tragus is injected with 1 to 3 ml of
mixture of saline adrenaline (1:200,000) solution.
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+ Tragal cartilage covered with perichondrium is har-
vested using No 15 surgical blade and small sharp
scissors.

+ Dimensions and size of perforation are estimated
by the use of right angled needle or piece of sterile
paper.

+ Tragal cartilage is refashioned 2mm wider than the
size of perforation.

+ No 11 surgical blade is used to incise the edge of the
cartilage between the two perichondrial surfaces,
developing 1 mm deep groove.

+ Cartilage is inserted via the perforation, one wing
medial and the other lateral to the edge of perfora-
tion.

+ Numerous small pieces of self-absorbed gel foam are
positioned in the external canal. Similarly, small piece
of gelfoam can be placed inside the middle ear medial
to the graft if not fitting properly in its place.

+ Small ear pack impregnated with antibiotic ointment
is inserted into the external canal.

+ Tragal incision is closed with silk 3/0 simple inter-
rupted sutures.

Group B included 23 patients who had transcanal tech-
nique underlay tragal cartilage slice tympanoplasty.
Surgical technique:

+ Refreshment of perforation and harvesting of tragal
cartilage were done like the preceding approach.

+ Round knife is used to make a transverse incision
inside the posterior ear canal skin from 12 o'clock to
6 oclock 2mm lateral to the annulus.

+ The posterior meatal skin flap is elevated from the
underlying bone using Fisch microraspatory, until the
tympanic annulus is reached which is then dissected
with the remnant of the tympanic membrane and
reflected anteriorly.

+ The tragal cartilage graft is positioned medial to the
handle of malleus, and the tympanomeatal flap is
returned again.

+ Several small portions of self-absorbed gel foam are
positioned in the external canal.

Fig. 1 Preparation and positioning of inlay butterfly tragal cartilage
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+ Ear pack impregnated with antibiotic ointment
is inserted into the external canal, and bandage is
applied to the operated ear.

+ Tragal incision is closed by silk 3/0 simple inter-
rupted sutures.

All cases were advised postoperatively to keep the ears
dry and avoid straining and constipation. Oral antibiot-
ics and analgesics had been prescribed 1 week postop-
eratively in addition to local antibiotics drops for another
1 week for all patients. Follow-up was performed after
1 and 2weeks and 1 and 3 months post-operatively by
means of history taking, otoscopic, and endoscopic ear
examination for the assessment of graft take and pres-
ence of any complications. Take rate became assessed
and classified as complete take or partial take and com-
plete loss of the graft.

Audiological evaluation was carried out with pure
tone and speech audiometry 3 months post-operatively
through calculating the close of the air-bone gap.

Post-operative pain was recorded with the use of visible
analog scale. It was assessed subjectively via the patient
through a scale from 1 to 10.

Results
After exclusion of other techniques of myringoplasty, this
research included 46 patients. Twenty-three patients had
inlay butterfly myringoplasty (group A); 23 patients who
had underlay cartilage tympanoplasty are in group B.

The mean follow-up duration for both groups is
3.41 months.

In group A, 15 patients (65%) had a completely healed
tympanic membrane postoperatively, and 4 patients
(17%) had a partially (almost 50%) healed tympanic
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membrane postoperatively; on the other hand, four
patients (17% of the patients) had a complete loss of the
graft at the end of the follow-up period (Table 1).

In group B, 19 patients (82.6% of the cases) had a
totally healed tympanic membrane postoperatively,
while 4 patients (17.4% of the patients) had a complete
loss of the graft postoperatively at the end of the study
up period (Table 1).

The difference among each group regarding graft take
rate and closure of perforation was not statistically sig-
nificant (Table 1).

Concerning hearing improvement, in group A, the
mean preoperative AB gap was 18.53 db, while the
mean [3—-]month postoperative AB gap was 14.59 db
which became a statistically significant improvement
(Table 2).

At the same time as in group B, the mean preop-
erative AB gap was 22.61 db, and the mean 3 month
postoperative AB hole is 17.91 db, which was also sta-
tistically significant (Table 3).

In group A, 16 patients (69.6%) experienced hear-
ing improvement (i.e., decrease within AB gap), while
7 patients (30%) had no hearing improvement postop-
eratively; in group B, 19 patients (82.6%) experienced
hearing improvement, and 4 patients (17.4%) had no
hearing improvement postoperatively. The difference
among the 2 groups turned into not statistically signifi-
cant in terms of hearing improvement (Fig. 2).

Numerous factors which could have an effect on the
take of the graft had been studied additionally, which
includes age of the affected person (patients included
ranged from 15 to 60years old), site of the perfora-
tion, and condition of EAC, either wide and straight
or narrow and convoluted. The study confirmed no

Table 1 Comparison between tympanic membrane healing results in both groups

Group
Group A Group B p value
Count % Count %
Graft take Partial (50%) 4 17.5 0 0 0.149
Complete take 15 65 19 826
Complete loss 4 17.5 4 174
Table 2 Comparison between preop. and postop. AB gap in group A
Group A p value
Mean sD Median Minimum Maximum
Preop. AB gap (db) 18.53 6.56 15.00 10.00 30.00 0.001
Postop. AB gap (db) 14.59 7.73 15.00 5.00 30.00
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Table 3 Comparison between preop. and postop. AB gap in group B
Group B p value
Mean SD Median Minimum Maximum
Preop. AB gap (db) 22.61 4.49 25.00 15.00 30.00 0.001
Postop. AB gap (db) 17.91 4.43 18.00 10.00 25.00
Group A Group B P 0.00]
20 18.53 P =0.001 25 2261 ’
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Fig. 2 Comparison between mean preop. and 1-month postop. AB gap for groups A and B

statistically significant relation among these elements
and take of the graft in both groups.

In group A, the mean operative time was 50.88 min;
on the other side, in group B, the mean operative time
was 110.87 min. Operative time became significantly
decreased in group A than in group B.

Postoperative pain was studied with the use of visual
analog score. In group A, the mean postoperative pain
score was 1.59, and the average duration before resum-
ing normal life was 3 days. In group B, the mean postop-
erative pain score was 3.91, and the average length before
resuming usual activities was 6.39 days.

Postoperative pain and period before resuming com-
mon activities were considerably decreased in group A
than in group B.

Postoperative middle ear infection took place in 2
patients in group A and in one patient in group B. Both
had been treated with systemic and local antibiotics;
however, the graft was lost.

One patient in group A had otomycosis of EAC and
was treated with local mopping and antifungal ear drops
and resolved after 2 months, without affecting the take of
the graft.

Discussion

Utech in 1959 was the first to introduce cartilage in mid-
dle ear surgical procedure. Cartilage has begun to replace
fascia over the past decades [4]. It has been used with
many modifications with more than 23 types described
with the aid of Mirko Tos [10].

Cartilage grafts are much less liable to retraction and
perforation, but there are some doubts regarding acoustic
outcomes [11]. Latest research failed to reveal any statis-
tical difference in postoperative hearing when cartilage is
compared to fascia or perichondrium as grafting material
in tympanoplasty [5].

Many research found out no significant difference
between cartilage grafting and temporalis fascia grafting
concerning graft take rates and hearing improvements
rate, although some suggested that cartilage graft had a
slightly high incidence in take rate, postoperative hear-
ing, and air bone gap closure [12, 13].

Professor Roland Eavey in 1998 brought a transca-
nal inlay technique which offers benefits of surgical
ease and velocity as well as affected person consolation
[7]. He studied 9 children, with small- to medium-sized
perforations. Complete closure of the tympanic mem-
brane became performed in all cases. Pure tone averages
improved from 5 to 20 db, with a median of 12 db. No
good sized postoperative headaches occurred [7].

Dr. Eavey stated benefits for his new technique to be
transcanal, less anesthesia time, no need for EAC pack-
ing, better immediate postoperative hearing, and rapid
return to work and activities [7].

Our current study covered 40 patients, divided into 2
equal groups: group A, who underwent inlay butterfly
myringoplasty, and group B, who underwent underlay
cartilage tympanoplasty.

Nineteen patients in group A (82.6%) had a healed
tympanic membrane postoperatively (11 complete clo-
sure and 3 partial closure); on the other hand, in group
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B, 19 patients (82.6% of the patients) had a totally healed
tympanic membrane postoperatively. The difference
between both groups was not statistically significant (p
= 0.149). Take rates in each group are similar with other
researches.

Eavey’s inlay butterfly myringoplasty technique became
used by many authors; Lubianca-Neto in 2001 studied 20
adult cases with a graft take rate of 90% [14]; Anand et al.
in 2002 additionally operated 20 patients with a graft take
rate of 90% [15]; Wang and Lin in 2008 operated forty-
eight ear with a closure rate of 85% [16]; Alain et al. in
2016 operated 33 cases with total, subtotal, and annular,
and the graft take rate was 94% [17].

In literatures, graft take rate for underlay cartilage tym-
panoplasty ranged between 91 and 98% [18, 19].

In this study, the mean AB gap closure in group A after
3months was 3.94 db, while in group B, the mean AB
gap closure was 4.7 db. The difference between the two
groups was not statistically significant; outcomes are
comparable however barely less than other researches.
This may be because of the incredibly short follow-
up period in our study, and pure tone audiometry was
carried out 3 months postoperatively, while in most
researches, it was performed 6 months postoperatively.

For inlay butterfly myringoplasty, the mean air bone
gap closure was 12 db for Eavey in 1998 [7], 15 db for
Anand et al. in 2002 [15], 6.3 db for Wang and Lin in
2008 [16], and 27.1 db for Alain et al. in 2016; this big
improvement in this study was due to the large average
preoperative AB gap being implied mainly for total and
subtotal eardrum perforations [17].

In literatures, mean AB gap closure for underlay carti-
lage tympanoplasty ranged between 9 and 12 db [18, 19].

In our study, the operative time was significantly
reduced in group A than in group B (p <0.001).

Postoperative pain and duration before resuming regu-
lar activities were significantly reduced in group A than
in group B (p <0.001); that was because in group B, the
operative technique included 2 incisions: one for tra-
gal cartilage harvesting and the other for elevating tym-
panomeatal skin flap which add some morbidity to the
technique.

The limitation of our study is the relatively short dura-
tion of follow-up and exclusion of cases with total and
subtotal ear drum perforations. A longer follow-up of up
to 1year would further validate the findings of the study.

Conclusions

Inlay butterfly myringoplasty is reliable as an easy and
time saving technique that can be carried out in cases
with eardrum perforations as an alternative to underlay
approach. Outcomes are comparable with underlay tech-
nique in terms of take rate and hearing improvement.
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Postoperative pain and duration before resuming
normal activities are significantly less with the inlay
approach.
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Air bone.
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