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Abstract

Objective: Many methods have been described for the repair of the tympanic mem-

brane, but there is no general consensus as to the standard method. The aim of this

study was to evaluate the effect of the inferior base posterior canal skin flap on the

graft success rate in large tympanic membrane perforations.

Methods: After the post-auricular incision, the posterior canal skin flap with inferior

pedicle was created by two vertical and one horizontal incisions. Then the flap was

rotated over the temporalis fascia graft. The graft success rate and postoperation

hearing test results were evaluated in 52 patients who suffered from large tympanic

membrane perforations.

Results: We achieved a 92.3% total graft success rate with about 9 dB improvement

in speech reception threshold (SRT).

Conclusion: The rotational inferior base posterior canal skin flap tympanoplasty tech-

nique is simple, fast, safe, and effective for the repair of subtotal tympanic membrane

perforations.
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1 | INTRODUCTION

Multiple tympanoplasty procedures have been described with the final

goal of achieving an intact tympanic membrane with a normal middle

ear function.1 Achieving this goal in an ear with a large tympanic mem-

brane perforation is not satisfactory compared to small perforations.

Moreover, the inability to observe the anterior part of the tympanic

membrane and less blood supply are other important factors that make

the tympanic membrane-less amenable to successful repair.2

In an excellent systematic review on surgical methods for the

repair of anterior tympanic membrane perforations by Visvanathan

et al.,2 they concluded that the superiority of one method over

another has not been proven yet. Efforts have been made to improve

tympanoplasty results in large and/or anterior tympanic membrane

perforations. Some of these methods include the use of cartilage as a

graft,3 anterior anchoring techniques,1,4 lateral graft tympanoplasty,5

hammock tympanoplasty,6 Felix tympanoplasty,7 combined

mediolateral graft,8 butterfly technique,9 and window shadow

method.10 In addition, the literature review shows that several rota-

tional external auditory skin flaps are designed.11–15 Considering the

limited number of studies done to evaluate the use of canal skin flap

for the repair of large perforations, especially with underlay technique,

we decided to evaluate this novel method to recognize the side

effects and benefits of using posterior canal flap with inferior pedicle.

Received: 24 October 2021 Revised: 15 January 2022 Accepted: 1 February 2022

DOI: 10.1002/lio2.756

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2022 The Authors. Laryngoscope Investigative Otolaryngology published by Wiley Periodicals LLC on behalf of The Triological Society.

578 Laryngoscope Investigative Otolaryngology. 2022;7:578–583.wileyonlinelibrary.com/journal/lio2

https://orcid.org/0000-0002-6903-3252
https://orcid.org/0000-0003-3444-0090
https://orcid.org/0000-0002-3927-0812
https://orcid.org/0000-0002-3408-9635
mailto:rjahangiri62@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/lio2


In view of the advantage of local flaps, we have also tried to use a

new modified posterior external auditory canal skin flap method to

increase the success rate of tympanoplasty surgeries in ears with large

tympanic membrane perforations.

2 | MATERIALS AND METHODS

In this pretest–posttest quasi-experimental study that was conducted

in Dena Private Hospital and Dastgheib Hospital, affiliated with Shiraz

University of Medical Sciences, from January 2019 to March 2020,

55 patients underwent tympanoplasty operations. Before initiating

the study, Institutional Review Board (IRB) approval was obtained

(No. IR.SUMS.MED.REC.1399.353). An informed consent form was

obtained from each patient. All surgeries were done by the senior

author.

2.1 | Inclusion and exclusion criteria

All patients who suffered from chronic otitis media with large tympanic

membrane perforations (more than 90%) with a minimum of 1 mm ante-

rior remnant of the tympanic membrane were included in this study. The

operations comprised tympanoplasty with or without intact canal mas-

toidectomy. On the other hand, patients with cholesteatoma and granula-

tion tissue and in whom canal wall down tympanomastoidectomy was

performed were excluded from this study.

2.2 | Outcomes

The primary outcome was the graft success rate. All patients were

recalled for follow-up microscopic examination to observe the graft at

3 weeks and then 1, 3, and 6 months after the operation. The second-

ary outcomes included hearing test results and air-bone gap (ABG)

closure rate. Hearing results were assessed by pure tone audiometry

at frequencies of 0.25, 0.5, 1, 2, and 4 kHz 1 week preoperatively and

3, and 6 months postoperatively. As we usually do not evaluate the

3-kHz frequency in our center, we used the mean of 2 and 4 kHz fre-

quencies instead of the 3-kHz frequency. Bone conduction (BC), air

conduction (AC), ABG, and speech reception thresholds (SRT) of

1 week before and 6 months after operation were analyzed. In this

study, successful ABG closure was defined as postoperative ABG of

≤25 dB or more than 10 dB improvement.1 In addition, postoperative

air conduction (AC) threshold of ≤30 dB was determined as functional

hearing.

2.3 | Surgical procedure

All patients were operated under general anesthesia by post-auricular

approach. After refreshing the edge of the perforation,

tympanomeatal flap was elevated. Then a vertical incision was made

at 12 o’clock position from the previous horizontal canal incision next

to the annular ligament. After that, the annulus was cut by a Bellucci

scissor. Following this, an inferior vertical incision was made at

6 o’clock position, 5 mm lateral to the annulus (Figure 1A). Then this

posterior canal skin flap was elevated anteriorly (Figure 1B). Subse-

quently, temporalis fascia was used as an underlay technique medial

to the handle of the malleus and the remnant of the tympanic mem-

brane perforation (Figure 1C). Then, the created flap was rotated over

the graft as far as possible up to the posterior part of the handle of

the malleus (Figure 1D). If the malleus was absent, the posterior canal

wall skin flap could be advanced as nearest as possible to the remnant

of the anterior tympanic membrane perforation. In the end, the middle

ear cavity and ear canal were packed with Gelfoam, and the post-

auricular incision was closed with vicryl 4-o stitches.

2.4 | Statistical analysis

The SPSS software (IBM SPSS Statistics for Windows, Version 24.0,

IBM Corporation, Armonk, NY) was utilized for the statistical analysis.

Categorical variables were analyzed using the chi-square test. Paired

t test or Wilcoxon test was used for the preoperative and postopera-

tive comparison of the audiometric variables. T-test or Mann–

Whitney test was used for the evaluation of audiometric variables

regarding ossicular chain status. P-values less than 0.05 were consid-

ered statistically significant.

3 | RESULTS

Initially, 55 patients were recruited. Three patients were excluded

from the study due to inadequate follow-up. Data from 52 patients

were analyzed. Twenty-three ears belonged to male patients (44.2%)

and 29 belonged to female patients (55.8%). The average age of the

patients was 44.5 years (SD: 13.0, range: 19–66 years).

Tympanoplasty was performed in 39 ears (75.0%) and intact canal wall

mastoidectomy in 13 ears (25.0%). The operation was primary in

42 ears (80.8%) and revision in 10 ears (19.2%). Regarding the condi-

tion of the middle ear mucosa, the most common finding was normal

mucosa in 21 ears (40.4%). As shown in Table 1, the other most com-

mon intraoperative pathologies were hypertrophic mucosa in 10 ears

(19.2%), myringosclerotic plaque in 8 ears (15.4%), and

tympanosclerotic plaque in 7 ears (13.5%). Regarding the ossicular sta-

tus, 65.4% of the ears had normal ossicular chain (34 ears) and the sta-

pes were normal in all ears, 52 (100%). Necrosis of the long process of

incus was the most common abnormal ossicular finding which was

seen in 14 ears (26.9%).

We obtained graft success rate (GSR) in 48 ears (92.3%) and graft

failure in 4 ears (7.7%). All of these 4 ears had normal ossicles status

but three of them had an intraoperative pathological issue (one hyper-

trophic mucosa, one granulation tissue, and one tympanosclerotic

plaque). GSR in the ears with normal ossicles was 88.2% (30 ears) and

in the ears with abnormal ossicles was 100% (52 ears) and the
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difference was not significant (P = .285). Regarding intraoperative

pathology, GSR in normal ears was 95.2% (20 ears) and 90.3%

(28 ears) in pathological ears. The difference was not statistically sig-

nificant (P = .639). GSR in the ears within the primary operation group

was 92.9% (39 ears) and 90% (9 ears) in the ears within revision sur-

gery group. The difference was not significant (Pffi1).

As to the postoperative outcomes, AC and ABG in measured fre-

quencies as well as SRT improved significantly (P < .05), but BC and

speech discrimination scores (SDS) did not show any significant

improvements (P > .05) (Tables 2 and 3). Moreover, we analyzed

audiometric variables with respect to the ossicular chain status.

As shown in Table 3, considering the presence of normal stapes

bone in all patients, postoperative hearing improvement was not

affected by the condition of other ossicles and hearing improvement

in ears with normal ossicles was not significantly different from ears

with ossicular destruction.

Successful ABG closure was observed in 88.5% of ears (46 ears).

The difference between successful ABG closure in ears with and with-

out normal ossicular chain was not significant (88.2% vs. 83.3%,

P = .682). We achieved a functional hearing rate in 29 ears (55.8%).

No postoperative complications such as wound infection, external

otitis, and sensorineural hearing loss were observed. However, in the

follow-up period, small granulation tissue in the external canal was

seen in one ear 4 weeks after surgery which was removed and cauter-

ized with trichloroacetic acid 25%. According to postoperative micro-

scopic otoscopy, the appearance of the tympanic membrane was

similar to normal tympanic membranes.

4 | DISCUSSION

In our study, the posterior canal skin flap tympanoplasty technique

was shown to have a 93% graft success rate in the primary cases and

90% success rate in the revision myringoplasty group in the ears with

large tympanic membrane perforations. The aim and strategy of rotat-

ing the posterior canal wall skin flap were to decrease the size of the

F IGURE 1 Creation of the inferior
base rotational flap by preserving at least
5 mm of pedicle at 6 o’clock position and
rotating the inferior base canal skin flap
over the temporalis fascia

TABLE 1 Type of intraoperative pathology

Intraoperative pathology N (%)

Normal 21 (40.4)

Hypertrophic mucosa 10 (19.2)

Myringosclerotic plaque 8 (15.4)

Tympanosclerotic plaque 7 (13.5)

Granulation tissue 2 (3.9)

Cholesteatoma 1 (1.9)

Cholesterol granuloma 1 (1.9)

Cholesteatoma + tympanosclerotic plaque 1 (1.9)

Hypertrophic mucosa + tympanosclerotic plaque 1 (1.9)
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perforation. This technique reduces the size of the perforation to about

half of its original size. In addition, the rationale for creating this flap is

that it lends the excess epithelium as near as possible to the anterior

remnant of the tympanic membrane from the canal skin to the remnant

of the tympanic membrane for faster and better re-epithelialization so

that the process would be accelerated over a smaller area of temporalis

fascia graft. We used a canal skin flap with the inferior base pedicle.

Postoperative examinations and follow-ups showed that the inferior

base flap has enough blood supply as the superior base flap. Moreover,

the rotation of the inferior base flap is easier for the coverage of the

anterior tympanic membrane graft. As mentioned before, when

the malleus is absent, the surgeon can advance the flap more near to

the anterior tympanic membrane remnant.

The use of the canal flap was first introduced by Sooy12 in 1956.

In Sooy’s technique,12 after cauterization of the edges of the perfora-

tion, the flap covered the entire surface of the perforation itself,

without any graft material. He believed that the basic idea of using a

canal flap is for the good blood supply, resistance to ear infections,

and “local tissue immunity.”12 A few years later, in 1964, by combin-

ing a vein graft, as an overlay graft, with a local flap, he achieved

greater success in repairing the tympanic membrane perforation; 92%

versus 75%.15 In 1966, Robinson11 achieved a 92.6% success rate in

53 patients by using the canal skin flap. In Robinson’s method,11 after

removal of the epithelium from the edge of the perforation and skele-

tonizing the malleus bone, a U-shape incision was done in the canal

with preservation of the posterior superior as pedicle and annulus

were cut in the inferior position. Then vein graft was inserted under-

lay and the flap was rotated to cover the entire perforation (edge to

edge). In 2000, Raghavan et al.13 achieved a graft success rate of

91.2% in 34 ears with large perforations by using the temporalis fascia

and the canal skin flap. They named their technique sandwich graft

tympanoplasty. After freshening the edge of the perforation,

TABLE 2 Preoperative,
postoperative, and gain of AC, BC, and
ABG (dB) in each frequency and
frequencies of 0.5–3 kHz

250 Hz 500 Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz
500–
3000 Hz

Preoperative AC (dB)

Mean 48.9 44.9 39.9 37.3 41.3 47.4 40.8

SD (11.1) (15.9) (15.8) (15.1) (15.7) (19.2) (13.9)

Postoperative AC (dB)

Mean 37.9 32.9 33.2 32.3 36.4 42.0 33.7

SD (15.3) (15.1) (16.9) (16.3) (16.5) (20.7) (15.0)

AC gain (dB)

Mean 11.1 12.0 6.7 5.0 4.9 5.4 7.1

SD (14.7) (12.0) (13.0) (11.2) (13.5) (16.2) (10.2)

P-value <.0001 <.0001 .004 .007 .029 .012 <.0001

Preoperative BC (dB)

Mean 5.8 11.0 9.5 15.1 16.2 18.6 13.0

SD (7.8) (7.1) (9.2) (10.6) (12.6) (15.1) (9.1)

Postoperative BC (dB)

Mean 6.0 10.7 11.9 16.3 18.5 20.7 14.3

SD (6.7) (8.9) (10.6) (11.1) (12.0) (14.2) (9.9)

BC gain (dB)

Mean �0.1 0.2 �2.4 �1.2 �2.3 �2.1 �1.4

SD (8.9) (7.6) (8.1) (8.0) (7.9) (7.6) (6.9)

P-value .977 .832 .062 .273 .065 .053 .258

Preoperative ABG (dB)

Mean 43.1 33.9 30.4 22.1 25.1 28.8 27.9

SD (12.0) (13.8) (13.2) (9.5) (9.8) (9.8) (9.2)

Postoperative ABG (dB)

Mean 31.9 22.1 21.3 16.0 18.0 21.3 19.3

SD (12.9) (11.4) (11.1) (9.1) (9.6) (13.0) (9.1)

ABG gain (dB)

Mean 11.2 11.8 9.0 6.2 7.1 7.5 8.5

SD (13.8) (11.6) (13.1) (11.3) (12.2) (14.9) (9.5)

P-value <.0001 <.0001 <.0001 .002 .001 .002 <.0001

Abbreviations: ABG, air-bone gap; AC, air conduction; BC, bone conduction.
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temporalis fascia was applied as an overlay graft, and posterosuperior

meatal flap was rotated over the graft. Despite the high graft success

rate in primary cases, they achieved a 77% graft success rate in the

revision cases in comparison to 90% in our study. In 2014, Memari

and Hassannia14 reported a 96% success rate in 50 ears with the rota-

tional canal skin flap and temporalis fascia. In this technique, a

counter-clockwise horizontal incision was made from 11 o’clock to

3 o’clock. The annulus was cut at the site of the eustachian tube.

After application of the temporalis fascia under the malleus bone, the

posterior base flap was rotated over the graft. So, in this method, the

annulus was displaced in near-total length medially. Overall, usage of

local flaps leads to faster epithelialization, better graft support, and

provide sufficient blood supply.11–15

A limitation of Sooy12 and Robinson’s methods11 is that the flap

should be large enough to cover the entire perforation. Also, in these

methods, medial and lateral surface of the malleus should be skeleton-

ized and de-epithelialized, because the flap covers the malleus bone

and the remaining epithelium has the potential risk of developing

iatrogenic cholesteatoma. By the way, it is well known that the epithe-

lium and vessels over the malleus contribute to graft re-epithelialization.

However, in our method, there is no need for malleus manipulation,

because the rotational flap is advanced just to the posterior edge of the

handle of the malleus.

In Memari and Hassannia’s method,14 they displaced the anterior

annulus to repair the anterior tympanic membrane perforation which

is beneficial for graft success. Yet, it is hard to tell that postoperative

anterior blunting may not develop with this method.

The strength of our study was that all surgeries were performed

by the first author, so the level of experience is not a possible con-

founding factor. We are well aware that our research has one inherent

limitation which is lack of a control group. Nevertheless, we have

shown in this study that the application of inferior base posterior

canal wall skin flap is a useful technique for large tympanic membrane

perforations.

5 | CONCLUSION

The result of this study supports the view that the inferior base exter-

nal auditory skin flap is a simple, fast, and effective method for the

repair of large tympanic membrane perforations.
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TABLE 3 Preoperative,
postoperative, and gain of audiometric
outcomes regarding ossicular chain status

Outcome Ossicular chain status Preoperative Postoperative Gain P-valuec

AC (dB)b Normal 39.3 (13.4)a 31.3 (14.0) 8.0 (9.5) .001

Abnormal 43.6 (14.9) 36.4 (16.8) 7.1 (12.0) .070

Total 40.8 (13.9) 33.7 (15.0) 7.1 (10.2) <.0001

P-valued .768

BC (dB)b Normal 13.7 (9.7) 13.3 (10.0) 0.4 (6.5) .702

Abnormal 12.1 (8.0) 15.4 (11.7) �3.2 (8.5) .147

Total 13.0 (9.1) 14.3 (9.9) �1.4 (6.9) .258

P-valued 0.094

ABG (dB)b Normal 25.7 (8.3) 18.5 (8.4) 7.2 (9.2) .001

Abnormal 31.4 (9.9) 21.1 (11.1) 10.4 (10.5) .009

Total 27.9 (9.2) 19.3 (9.1) 8.5 (9.5) <.0001

P-valued .261

SRT (dB) Normal 37.6 (12.1) 30.2 (14.6) 7.4 (11.2) .003

Abnormal 41.8 (16.2) 30.4 (15.4) 11.4 (10.4) .005

Total 39.2 (13.5) 30.2 (14.5) 8.9 (10.9) <.0001

P-valued .215

SDS (%) Normal 94.3 (17.5) 96.2 (5.9) �1.9 (14.5) .726

Abnormal 96.6 (5.4) 96.6 (5.8) 0.0 (3.5) 1.000

Total 95.1 (14.3) 96.3 (5.8) �1.2 (11.8) .693

P-valued .588

Abbreviations: ABG, air-bone gap; AC, air conduction; BC, bone conduction; SDS, speech discrimination

scores; SRT, speech reception thresholds.
aValues are mean (SD).
bFrequencies of 0.5–3 kHz.
cComparison between preoperation and postoperation.
dComparison between normal and abnormal ossicular chain.
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