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Inside-out raising mucosal-tympanomeatal
flap approach for the repair of large marginal
perforations

Yanting Zhang' and Zhengcai Lou?"

Abstract

Objective This study evaluated the graft success rate and hearing outcomes of the inside-out raising mucosal-tym-
panomeatal flap technique for the repair of large marginal perforations.

Study design Prospective case series.

Materials and methods The study enrolled patients with large marginal perforations who underwent endoscopic
cartilage myringoplasty with the inside-out raising mucosal-tympanomeatal flap technique. The graft success rate,
hearing outcomes, and complications were evaluated at 12 months postoperatively.

Results In total, 48 patients with large marginal perforations were included. 81% of the population had large
perforation, 14.6 had subtotal and total perforation was seen in 4.2%. The mean operation time was 38.6 + 7.1 min.
At 12 months postoperatively, the graft success rate was 89.6% (43/48). The mean air-bone gap was 25.6+5.2 dB
preoperatively and 16.5+4.1 dB at 12 months postoperatively, with significant differences between these values
(p=0.001). The functional success rate was 85.4% (41/48). None of the patients experienced worsened sensorineural
hearing loss or graft-related complications, such as graft lateralization, significant blunting, and graft medialization,
during follow-up.

Conclusions Endoscopic cartilage-perichondrium myringoplasty for the repair of large marginal perforations using
the inside-out raising mucosal-tympanomeatal flap technique was associated with satisfactory graft outcomes
and minimal complications.
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Introduction

In general, myringoplasty for repairing large perfora-
tions requires raising the mucosal-tympanomeatal
flap to reinforce the graft [1, 2]. However, raising the

mucosal-tympanomeatal flap and creating a tunnel via
an incision in the external auditory canal (EAC) remains
technically challenging for novice surgeons. In addi-
tion, the process of raising the mucosal-tympanomeatal
flap can lead to complications, such as damage to the
chorda tympani, EAC stenosis, iatrogenic cholestea-
toma, delayed healing, and prolonged operation times
[3, 4]. Few studies have been conducted on raising a
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mucosal-tympanomeatal flap for repairing anterior mar-
ginal perforations [5-7]. To date, there has been minimal
discussion regarding the technique of raising a mucosal-
tympanomeatal flap without the need for additional EAC

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-1085-9033
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12893-023-02286-y&domain=pdf

Zhang and Lou BMC Surgery ~ (2023) 23:378

incisions when treating large marginal perforations. The
aim of this study was to evaluate the graft success and
hearing outcomes associated with the cartilage-peri-
chondrium graft technique, which involves inside-out
elevation of the mucosal-tympanomeatal flap without
additional EAC incisions for the repair of large marginal
perforations.

Materials and methods

Ethical considerations

The study protocol was approved by the Institutional
Ethical Review Board of Yiwu Central Hospital, Yiwu,
Zhejiang, China (approval date: July 21, 2020; approval
no.: K2020-IRB-027). Informed consent was obtained
from all participants.

Study design

This prospective case series enrolled consecutive patients
with chronic large marginal perforations who under-
went the cartilage-perichondrium graft technique with
inside-out elevation of a mucosal-tympanomeatal flap.
The inclusion criteria were as follows: marginal perfo-
rations with the absence of tympanic membrane (TM)
remnant on at least one side of the perforation; large per-
forations covering more than one-fourth of the TM area;
patient age of 18-75 years; involvement of the malleus
handle; dry ear for at least 3 months prior to surgery; a
positive Valsalva maneuver; sensorineural hearing loss
with a need for TM reconstruction to prevent middle ear
infection due to water entry into the ear. We excluded
patients with a need for revision surgery, a need for ossic-
ular chain reconstruction, middle ear cholesteatoma or
inflammation, or fungal otitis externa. Marginal perfora-
tion was defined as the absence of any TM remnant on
at least one side before surgery or after de-epithelializing
the margins. Perforations were categorized as large (cov-
ering one-fourth to half of the TM area), subtotal (half to
three-fourth of the TM area), and total (more than three-
fourths of the TM area). All surgeries were performed by
the same surgeon. All patients underwent temporal bone
high-resolution computed tomography preoperatively.
Operative time was determined from graft harvesting to
EAC packing.

Audiometric data were collected before and 12
months after surgery. Pure-tone averages (PTAs) were
determined using the findings at 500, 1,000, 2,000, and
3,000 Hz for both air conduction and bone conduc-
tion. For most patients, the threshold at 4,000 Hz was
used to interpolate the threshold at 3,000 Hz, following
the recommendations of the Hearing Committee of the
American Academy of Otolaryngology—Head and Neck
Surgery. Pre- and postoperative air-bone gaps (ABGs)
were calculated by subtracting air-conduction PTAs from
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bone-conduction PTAs. ABG closure was determined by
subtracting the preoperative ABG from the postoperative
ABG.

Surgical techniques

The patient was positioned in the supine position with
the head inclined upward at 30°, facing the opposite
side of the surgeon. Video equipment with a camera
system (Hangzhou Tonglu Endoscope Co., Ltd., Hang-
zhou, China) was placed on the opposite side of the
surgeon. All patients underwent myringoplasty with a
cartilage-perichondrium graft using a 0° rigid endoscope
(Hangzhou Tonglu Endoscope Co., Ltd.) under total
intravenous anesthesia.

We developed an inside-out approach for cases where
no TM remnant exists, eliminating the need to raise a
mucosal-tympanomeatal flap through an EAC incision.
The medial EAC skin and annulus were elevated, begin-
ning approximately 2 mm away from the mucosa of the
tympanic sulcus using an inside-out approach to raise the
mucosal-tympanomeatal flap at least 2 mm off the bone.
This approach is also referred to as antidromic raising of
the mucosal-tympanomeatal flap. This procedure only
involved the use of a microscopic cross-cutting knife and
did not require any other techniques or surgical tools.

Cartilage, consisting of a one-sided perichondrium
graft, was harvested from the ipsilateral tragus. The car-
tilage, along with the perichondrium, was harvested to
match the perforation size. The perichondrium was ele-
vated circumferentially, with its pedicle attached to the
cartilage. The cartilage was approximately 1 mm larger
than the perforation margins (Fig. 1), whereas the peri-
chondrium was at least 2 mm larger than the cartilage
graft. Additionally, a notch was created in the cartilage
graft to accommodate the malleus handle.

The perforation edges were de-epithelialized, and
the mucosal-tympanomeatal flap was elevated, begin-
ning approximately 2 mm away from the mucosa of the
tympanic sulcus using a microscopic cross-cutting knife
(Figs. 2 and 3). This was necessary in cases where the
TM remnant was insufficient to secure the graft. Then,
the fibrous annulus and medial EAC skin were elevated
using an inside-out approach, ensuring they were at least
2 mm away from the bone to create the mucosal-tympa-
nomeatal flap. The epithelium was removed from the dis-
tal malleus handle.

The middle ear was packed tightly to the level of the
perforation using biodegradable synthetic polyurethane
foam packing (Stryker Canada, Hamilton, Canada) that
had been soaked in antibiotic ointment. The perichon-
drium-cartilage composite graft was inserted trans-
perforation, with the cartilage graft placed medial to
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Fig. 1 Preparation of cartilage perichondrium. A—C Perichondrium elevation; (D) placement of cartilage perichondrium graft

Fig. 2 lllustration of the surgical process. Black: external auditory canal bone; Green: EAC skin; Pink: TM remnant; Red: mucosal layer; Yellow:

cartilage graft; Purple: perichondrium graft; A: bone annulus

Fig. 3 A Preoperative image of the perforation; (B-D) flap elevation involving the middle ear mucosa and EAC skin without an additional EAC
incision; (E, F) placement of the cartilage-perichondrium graft; (G) the cartilage was positioned medially to the TM remnant, with the perichondrium
graft placed beneath the flap; and (H) lateral packing of the graft. Black arrows indicate the mucosal-tympanomeatal flap; red arrows indicate

the cartilage; blue arrows indicate the perichondrium; and red triangle indicates the bone forming the medial wall of the middle ear

the TM remnant and bone annulus. The notch in the
graft accommodated the malleus, whereas the peri-
chondrium graft was positioned lateral to the malleus
handle and bone annulus, tucked inside the mucosal-
tympanomeatal flap (Fig. 2). The EAC was initially
filled with biodegradable synthetic polyurethane foam
packing. Then, the cartilaginous part was packed with

antibiotic-soaked gauze, extending up to the tragus
incision.

Postoperative follow-up

Patients were discharged on the day following the
surgery. All patients received a course of antibiotics
(amoxicillin) postoperatively. Postoperative follow-
up appointments were scheduled in the outpatient
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department at 2 and 4 weeks and 3 and 12 months. At
each follow-up visit, endoscopic examination was per-
formed to assess the graft status. Patients were also
asked about altered taste, vertigo, and tinnitus. A post-
operative ABG of <20 dB was considered a functional
successful outcome. Graft success was defined as an
intact graft without perforation, retraction, lateraliza-
tion, significant blunting, or medialization.

Statistical analyses

Statistical analyses were performed using SPSS soft-
ware (version 20; IBM Corp., Armonk, NY, USA). Data
are expressed as means with standard deviations or
numbers with percentage. Differences between preop-
erative and postoperative ABGs were analyzed using
the paired-samples ¢-test. P-values < 0.05 were consid-
ered indicative of statistical significance.

Results

Baseline characteristics

In total, 48 patients (31 [64.6%] females and 17 [35.4%]
males; mean age: 52.3 + 8.6 years) with a unilateral
large marginal perforation were included in the study.
The perforation affected the left ear in 21 (43.8%)
patients and the right ear in 27 (56.2%) patients. The
mean duration of perforation was 19.7 + 5.1 years. Of
the 48 patients, 81%, 14.6%, and 4.2% had large, sub-
total, and total perforations, respectively. Sensori-
neural hearing loss was absent in 45 (93.8%) patients,
whereas 3 (6.2%) patients aged > 65 years had senso-
rineural hearing loss. The mean operation time was
38.6 + 7.1 min.
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Graft success and hearing gain

Postoperative middle ear infection developed in 2 (4.2%)
patients, leading to residual perforation at 1 month post-
operatively. Furthermore, a small residual perforation
was observed in 3 (6.3%) patients without middle ear
infection at 3 months postoperatively, whereas no cases
of residual perforation or re-perforation were observed at
12 months postoperatively. The graft success rates were
95.8%, 89.6%, and 89.6% (43/48) at 1, 3, and 12 months
postoperatively. Figure 4 presents the surgical procedure
and postoperative healing.

Audiological testing was performed in 48 patients at 12
months postoperatively, which showed no change in the
sensorineural threshold. The mean ABG was 25.6+£5.2
dB preoperatively and 16.5+4.1 dB at 12 months postop-
eratively, with significant differences between these val-
ues (paired-samples ¢-test p=0.001). The ABG was <10
dB in 11 (22.9%) patients, 10-20 dB in 30 (62.5%), and
>20dB in 7 (14.6%), corresponding with a functional suc-
cess rate of 85.4% (41/48).

Complications

None of the patients developed worsening sensorineu-
ral hearing loss, altered taste, facial nerve palsy, vertigo,
tinnitus, or graft-related complications, such as graft lat-
eralization, significant blunting, or graft medialization,
during follow-up.

Discussion

During myringoplasty, it is challenging to repair large
marginal perforations, which typically require raising a
mucosal-tympanomeatal flap by making an incision in
the EAC to reinforce the graft [1, 2, 8]. However, raising
the mucosal-tympanomeatal flap via an EAC incision

Y

Fig.4 A Preoperative image of the perforation; (B) de-epithelialization of the perforation margin; (C, D) flap elevation; (E, F) placement
of the cartilage-perichondrium graft; (G) 4 weeks postoperatively; and (H) 2 months postoperatively. Red arrows indicate inadequate TM remnant;
black arrows indicate the mucosal-tympanomeatal flap; red arrows indicate the cartilage; and blue arrows indicate the perichondrium
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is time-consuming and can lead to chorda tympani
damage, EAC stenosis, iatrogenic cholesteatoma, and
delayed healing [3, 4, 9].

The technique of elevating the medial ear canal skin
anteriorly has been used to repair anterior perforations
[5-7]. Bluher et al. [5] described the “back-elevation”
of the “window shade” technique for repairing anterior
marginal perforations. This technique involves elevat-
ing a laterally-based anterior canal wall skin flap, begin-
ning at the anterior fibrous annulus. The investigators
reported a graft success rate of 94.2% [5].

Giilsen et al. [6, 10] elevated the mucosal flap with-
out additional anterior canal wall incisions to repair
anterior perforations, achieving a success rate of 93.7%.
Their aim was to improve postoperative vascular supply
to the anterior graft and reduce the amount of exposed
bone compared to the traditional skin-graft-based lat-
eral tympanoplasty technique. In a previous study,
we used the inside-out elevation of a mucosal-tympa-
nomeatal flap to repair anterior perforations, achieving
a success rate of 92.2% at 6 months postoperatively [7].

Unlike previous studies, [5, 6, 10] we did not per-
form additional EAC skin incisions for the repair of
anterior perforations. The previously described tech-
niques require a mucosal-tympanomeatal flap via an
EAC skin incision combined with raising a mucosal
flap [5, 6, 10]. The use of a mucosal-tympanomeatal flap
via an EAC skin incision is associated with increased
risks of wound infection and the formation of epithe-
lial pearls [10, 11]. Giilsen et al. [10] found that wound
infections developed in 3 (8.5%) patients. Schraff et al.
[11] revealed the formation of epithelial pearls in 2
(22%) patients and wound infection in 1 (11%) out of 9
patients.

Conventional endoscopic cartilage tympanoplasty
typically involves raising a mucosal-tympanomeatal flap
via an EAC skin incision to repair large marginal per-
forations [1, 2, 8]. However, few studies have been con-
ducted on raising a mucosal-tympanomeatal flap without
an EAC skin incision to repair large marginal perfora-
tions. In this study, we described an inside-out technique
for raising a mucosal-tympanomeatal flap without the
need for an additional EAC incision to repair large mar-
ginal perforations. Notably, the direction in which the
mucosal-tympanomeatal flap was created (i.e., anterior,
posterior, or inferior EAC) did not significantly affect
the procedural complexity. Subsequently, the cartilage
graft was positioned medial to the TM remnant and bone
annulus, with the perichondrium graft extending onto
the medial bony annulus and EAC, tucked beneath the
mucosal-tympanomeatal flap. This approach strength-
ened the perichondrium graft, which was secured to the
cartilage using the pedicle attachment, thereby increasing
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graft stabilization, preventing graft displacement, and
improving the graft success rate.

In the present study, although 4.2% of patients had a
residual perforation with postoperative middle ear infec-
tion and 6.3% had a residual small perforation without
middle ear infection, the graft success rate was 89.6%
(43/48) at 12 months postoperatively. Our results dem-
onstrated successful repair of large marginal perforations
using the antidromic raising mucosal-tympanomeatal
flap technique, with no need for additional EAC skin
incisions. The graft success rate achieved with this tech-
nique is comparable to that of other techniques for the
repair of large marginal perforations that require raising
a mucosal-tympanomeatal flap via an EAC skin incision.
Shoman et al. [12] performed modified palisade cartilage
myringoplasty along with elevation of medial ear canal
skin to repair subtotal perforations, achieving a success
rate of 77%. Angeli et al. [13] demonstrated a success rate
of 91% with the lateral technique. Cohen-Vaizer et al.
[14] performed inlay triple-“C” tympanoplasty to repair
large marginal perforations and obtained a success rate
of 90.8%. Casas et al. [15] applied the L-shaped cartilage
graft technique and classical underlay technique for sub-
total and total perforations, achieving graft success rates
of 94.4% and 78.3%, respectively. Dhungana et al. [16]
achieved a graft success rate of 90.3% (28/31) using the
“U” flap technique, whereas other investigators reported
a success rate of 89.8% using the anterior tab flap tech-
nique [17] and 91% using the lateral graft technique [13].

The primary concerns in this study were the operation
time and complications. The mean operation time was
38.6 £+ 7.1 min, which was significantly shorter than other
techniques involving the raising of a tympanomeatal flap
via an EAC incision. Plodpai et al. [9] demonstrated a mean
operating time of 101.6 min using the overlay technique
with tympanomeatal flap elevation, whereas Chen et al.
[18] reported a mean operating time of 99.9+26.7 min and
Atchariyasathian et al. [19] revealed a mean operating time
of 100+ 28 min for endoscopic type I tympanoplasty. In the
present study, there were significant differences between
the mean preoperative and postoperative ABGs. Notably,
6.2% patients aged>65 years had ossicular chain abnor-
malities without the need for ossicular reconstruction.
However, this technique is unlikely to lead to EAC stenosis
due to the absence of an EAC incision. None of the patients
developed worsened sensorineural hearing loss, altered
taste, facial nerve palsy, or graft-related complications,
including graft lateralization, significant blunting, and graft
medialization, during follow-up. The present approach can
also be used during microscopic graft techniques. How-
ever, this study had certain limitations. First, this study had
a small sample size and short follow-up duration. Second,
this study did not include a control group. Future studies
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should include long-term follow-up and a control group.
Third, none of the patients in the present study developed
altered taste or damage to the chorda tympani, which might
be attributed to the smaller number of patients with pos-
terior superior marginal perforation. Furthermore, there
seems to be a potential risk of nerve and ossicle damage
when performing inside-out mucosal elevation for these
patients. Therefore, future studies should include a larger
population with posterior superior marginal perforation.
Fourth, we did not evaluate the relationships between
graft success, functional success (ABG), and perforation
size due to the unequal number of patients with perfora-
tions of different sizes (i.e., large, subtotal, and total).

Conclusions
Endoscopic cartilage-perichondrium myringoplasty with
inside-out elevation of mucosal-tympanomeatal flap is
associated with satisfactory graft outcomes and mini-
mal complications during the repair of large marginal
perforations.
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