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INTRODUCTION

Tympanoplasty, one of the most common ear surgeries, aims to 
eradicate the pathology and to restore the function of the mid-
dle ear in chronic otitis media. Intact tympanic membrane (TM) 
permits middle ear impedance matching and round window 
protection for effective sound transmission to the inner ear [1]. 

Upon these basic principles, the techniques have been devel-
oped through significant refinements over the decades since the 
term tympanoplasty was first introduced by Wullstein and Zoll-
ner in the early 1950s [1]. Practically, it is conservative to say 
that any of the otologic surgeon is ready to tailor the details in 
the tympanoplasty technique. Tympanoplasty is most commonly 
classified into two great divisions, overlay and underlay tech-
niques, according to the placement of the graft relative to the fi-
brous annulus and denuded TM remnant. Comparatively easy 
underlay technique is popular, while more demanding overlay 
technique is reserved for total or anterior perforations, or failed 
surgery [2]. Each technique has its strengths and weaknesses. 
There could be risks of anterior blunting, lateralization, epitheli-
al cyst, and delayed healing in the classical overlay technique. 
When an underlay graft is used, occasional fascia separation 
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Objectives. The classical overlay tympanoplasty is technically difficult with some disadvantages and thus less popular. 
However, it is particularly useful for large, anterior perforations. In this study, we describe the technique of a modi-
fied overlay graft in the tympanoplasty coined as the swing-door overlay tympanoplasty and report its outcomes.

Methods. Retrospective review of patients undergoing the swing-door overlay tympanoplasty at a tertiary referral center 
between 2003 and 2016 was performed. Patient who had ossicular abnormality, previous tympanoplasty, and pro-
found hearing loss were excluded. The surgical technique is described in detail. The outcomes were evaluated by the 
graft success rate, complication rate, and hearing results. The hearing level was determined by four pure-tone average 
at 0.5, 1, 2, and 4 kHz. Air-bone gap closure was mainly assessed.

Results. A total of 306 patients (110 males and 196 females) were included. The mean age was 49.1±16.6 years. Follow-up 
periods ranged from 6 to 108 months with an average of 18.4 months. The overall graft success rate reached 98.4%. 
Five graft failures occurred with reperforation in three cases and lateralization in two cases. Postoperative complica-
tions occurred in 12 cases (3.9%). Air-bone gap changes (closures) were 7.8±12.8, 5.2±12.2, 5.7±10.2, and 6.0±
12.8 dB at 0.5, 1, 2, and 4 kHz, respectively (all P<0.001) with an average improvement of 6.2 dB. Postoperative air-
bone gap was closed to ≤20 dB in 86.9%.

Conclusion. The swing-door overlay tympanoplasty is a highly successful surgical technique suitable for all types of tym-
panic membrane perforations. This approach is technically easier than classical overlay tympanoplasty and affords an 
excellent graft success rate with satisfying hearing results.
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from the anterior annular shelf and resultant reperforation can 
make the underlay technique less suitable for large anterior per-
forations [2-4]. However, it should be noted that, regardless of 
the technique used, experienced surgeons achieve high success 
rates [5,6]. Another important consideration in the tympano-
plasty is to choose the method to attach the graft to the malleus 
handle. The medial attachment, lateral attachment, and sand-
wich techniques have been documented [5]. Although the graft 
is commonly placed under the malleus to prevent lateralization, 
it can be placed lateral to the malleus, which acts as an addi-
tional point of support in the center of the graft [2,7,8]. Placing 
the fascia on the malleus is an advantage in cases with a retract-
ed handle or denuded mucosa at the promontory [9]. The sand-
wich technique uses double fascia grafts, one medial and one 
lateral to the malleus to create an envelope around it, which can 
help secure its position [5,10].

With the same questions as the majority of surgeons have 
about the necessity for removal of the canal skin in the classical 
overlay tympanoplasty, we have performed a modified overlay 
technique using Palva’s swing-door flap introduced in the early 
1960s [5,9]. This study was designed to describe the detailed 
technique of our swing-door overlay tympanoplasty and to re-
port its surgical and functional outcomes.

MATERIALS AND METHODS

A retrospective review was conducted with the approval of the 
Institutional Review Board of Seoul St. Mary’s Hospital, The 
Catholic University of Korea (IRB No. KC11RISE0853) on pa-
tients who underwent the swing-door overlay tympanoplasty by 
the author between 2003 and 2016 at our institution, a tertiary 
referral center, and were followed up for at least 6 months post-
operatively. Patient who underwent ossiculoplasty, mastoidecto-
my, or revision tympanoplasty, and those with profound hearing 
loss were excluded from the study. Surgical outcomes were eval-
uated by the graft take and complication rates. The graft take 
meant complete perforation closure without TM lateralization 
or anterior angle blunting. Functional outcomes were assessed 
using pre- and postoperative (the last) audiograms. Air conduc-

tion (AC) and bone conduction (BC) pure-tone averages (PTAs) 
were calculated using 0.5-, 1-, 2-, and 4-kHz thresholds, and 
rounded to the nearest whole number. Air-bone gap (ABG) was 
defined as the difference between the AC and BC at each fre-
quency. The outcome measures included (1) the graft success 
rate, (2) ABG change, i.e., the number of decibels of ABG clo-
sure (preoperative ABG minus postoperative ABG), (3) the pro-
portion of patients in the ABG bins (0–10 dB, 11–20 dB, 21–30 
dB, and >30 dB), and (4) the complication rate. To compare the 
pre- and postoperative audiometric data, statistical analysis was 
performed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) 
at a two-tailed significance level of 0.05.

Surgical technique
The operations were performed under general endotracheal an-
esthesia. The postauricular approach was used and the tempora-
lis fascia was harvested for grafting in all patients. A curvilinear 
incision was made along the posterior canal skin approximately 
7 mm lateral to the annulus. A tympanomeatal flap was elevated 
from the posterior canal wall down to the annulus, preserving 
the fibrous annulus at its bony sulcus (Fig. 1A). The flap was 
then cut in a vertical direction at the 9-o’clock position, and di-
vided into superior and inferior flaps. The TM remnant was dis-
sected off the malleus handle and removed almost entirely to 
provide a fresh rim for the graft (Fig. 1B). Superiorly and inferi-
orly based swing-door flaps were rotated anteriorly, which per-
mits good view of the entire tympanum and thus facilitates the 
removal of the pathologic tissues in the middle ear as well as 
fascia grafting. A laterally based anterior meatal flap was elevat-
ed, leaving the anterior annulus intact (Fig. 1C). After the dried 
fascia was trimmed to the suited size, an S-shaped slit was made 
at the anterosuperior edge (Fig. 1D). The fascia graft was placed 
over the anterior fibrous annulus and medial to the handle of 
malleus, and draped up the posterior canal wall. More concrete-
ly, the inferior part of the slit fascia was tucked underneath the 
malleus, and the convex anterior and concave posterior limbs in 
the superior part were pulled up over the malleus in a sandwich-
like fashion of fascia-handle-fascia. All canal flaps were replaced 
over the fascia graft (Fig. 1E). The anterior tympanomeatal angle 
was firstly packed with several small pieces of antibiotic-impreg-
nated gauze strips to secure the fascia-flap combination to the 
annulus and canal wall, and also to prevent blunting. The fascia 
and flap were fixed in the canal with bigger pledgets (Fig. 1F).

RESULTS

A total of 306 patients undergoing the swing-door overlay tym-
panoplasty were eligible for the study (110 males and 196 fe-
males). The mean age was 49 years (range, 5 to 80 years). Fol-
low-up periods ranged from 6 months to 9 years with a mean of 
18.4 months. The perforations were variable in site and size. The 

  �Our modified overlay technique uses swing-door flap without 
removal of the canal skin.

  �Swing-door overlay tympanoplasty provided a graft success 
rate of 98.4%.

  �The overall air-bone gap closure was 6.2 dB after the swing-
door overlay tympanoplasty.

  �Postoperative air-bone gap was closed to ≤20 dB in 86.9% of 
patients.
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detailed clinical features and preoperative audiometric data are 
presented in Table 1. Complete perforation closure without lat-
eralization or anterior angle blunting was achieved in 301 
among 306 patients. The graft success rate was as high as 98.4%. 
Postoperative complications occurred in 12 cases (3.9%): reper-
foration (three cases), lateralization (two cases), and epithelial 
cyst (seven cases). There was no anterior blunting or myringitis 
(Table 2). Representative pre- and postoperative TM findings of 
a few cases are demonstrated in Fig. 2. Pre- and postoperative 
AC PTAs were 35.1±17.0 and 30.4±17.5 dB with significant 
improvement after the surgery (P<0.001) (Fig. 3). The mean 
ABGs were reduced by 7.8, 5.2, 5.7, and 6.0 dB at 0.5, 1, 2, and 
4 kHz, respectively (all P<0.001) (Table 3). Before the surgery, 

Fig. 1. Surgical technique of the swing-door overlay tympanoplasty. (A) A posterior tympanomeatal flap is elevated down to the annulus with 
the fibrous annulus preserved at its bony sulcus. (B) The flap is cut in a vertical direction at the 9-o'clock position, and divided into superior 
and inferior flaps. The drum remnant is dissected off the malleus handle and removed almost entirely. (C) Superiorly and inferiorly based 
swing-door flaps are rotated anteriorly. Laterally based anterior meatal flap is elevated to expose the anterior annulus. (D) The dried temporalis 
fascia is trimmed to the right size. An S-shaped slit is made at the anterosuperior edge. (E) The fascia is placed over the fibrous annulus and 
medial to the malleus handle in a sandwich-like fashion. All canal flaps are replaced over the fascia graft. (F) The anterior tympanomeatal an-
gle is packed with several pieces of antibiotic-impregnated gauze strips, securing the fascia and flap to the annulus and canal wall.
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Table 1. Clinical data of the study subjects		

Variable Value (n=306)

Age (yr) 49.1±16.6 (5–80)
   Male 46.6±16.9
   Female 50.5±16.3
Sex (male:female) 110:196
Involved ear (right:left) 152:154
Site of perforation   
   Central 164 (53.6)
   Anterior   87 (28.4)
   Posterior 29 (9.5)
   Marginal 26 (8.5)
AC PTA (dB)  35.1±17.0
BC PTA (dB)  15.3±14.7
ABG (dB)
   0.5 kHz   19.7±14.1 
   1 kHz   20.3±11.3 
   2 kHz 14.8±9.6 
   4 kHz   24.5±12.6 
   Average 19.8±9.4 

Values are presented as mean±standard deviation (range), mean±stan-
dard deviation, or number (%). 
AC, air conduction; PTA, pure-tone average; BC, bone conduction; ABG, 
air-bone gap.

Table 2. Postoperative complications		

Variable Patient (n=306)

Reperforation 3 (0.98)
Lateralization 2 (0.65)
Anterior angle blunting 0
Keratin pearl or cyst 7 (2.29)
Infection or myringitis 0

Values are presented as number (%). 		
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131 patients (42.8%) had an ABG of >20 dB. After the surgery, 
117 patients (38.2%) showed an ABG of ≤10 dB and 149 pa-
tients (48.7%), an ABG of 11–20 dB. Of the 306 patients, 266 
(86.9%) acquired an ABG of ≤20 dB postoperatively. The 
change in ABG distribution after the surgery was statistically 
significant (P<0.001) (Fig. 4). 

DISCUSSION

In this study, we described the surgical technique of the swing-
door overlay tympanoplasty and reported its outcomes in a 
large group of patients. To obtain a thin, conically shaped, vibrat-
ing membrane, the choice of an optimal technique of tympano-

Table 3. Hearing results of the swing-door overlay tympanoplasty

Variable Value

Postoperative AC PTA (dB) 30.4±17.5 
Postoperative BC PTA (dB)  16.8±15.8 
Postoperative ABG (dB) 13.6±7.5 
Change in ABG (dB)a)

   0.5 kHz   7.8±12.8 
   1 kHz   5.2±12.2 
   2 kHz   5.7±10.2 
   4 kHz   6.0±12.8 
   Average 6.2±9.2 

Values are presented as mean±standard deviation. 
AC, air conduction; PTA, pure-tone average; BC, bone conduction; ABG, 
air-bone gap; Change in ABG, preoperative ABG−postoperative ABG.
a)All P<0.001, paired t-test.

Fig. 2. Representative endoscopic findings of three tympanic membranes before (A-C) and after (D-F) the swing-door overlay tympanoplasty.
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Fig. 3. (A) Pre- and postoperative mean air conduction (AC) thresholds at four frequencies in patients undergoing the swing-door overlay tym-
panoplasty. (B) Pre- and postoperative mean air-bone gaps (ABGs). HL, hearing level. *P<0.001, vs. preoperative value, paired t-test (n=306). 
Error bars indicate standard error of mean. 
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plasty is important. It usually depends on the surgeon’s prefer-
ence and skills, and not on the type of the TM perforation [11]. 
Nardone et al. [12] documented that the overlay technique of-
fered a higher success rate than the underlay technique. It was 
explained by better exposure of the anterior sulcus and the 
preservation of the fibrous annulus with a two-fold vasculariza-
tion in the overlay technique. The anterior TM has less vasculari-
ty than the posterior TM. Applebaum and Deutsch [13] demon-
strated that the posterior half of the TM is consistently better 
perfused through the mallear artery than the anterior half sup-
plied by branches from the annular ring of blood vessels. On the 
other hand, Sergi et al. [11] reported that the underlay tech-
nique provided slightly higher graft healing rate and a signifi-
cantly better hearing gain than the overlay technique. Nonethe-
less, they recommended the overlay technique in cases of larger 
and anterior perforations. Residual perforations always occurred 
in the anterior TM in the underlay technique, and a longer heal-
ing time was observed in the overlay technique [11]. Our modi-
fied overlay tympanoplasty keeps the advantage and supple-
ments the weakness of the overlay tympanoplasty. The overlay 
technique ensures more secure placement of the graft on the 
annular shelf. Our key modifications to the classical overlay 
tympanoplasty include (1) the lift and replacement of the tym-
panomeatal flap without removal of the canal skin, (2) the 
swing-door flap adopted from Palva’s swing-door underlay tym-
panoplasty [5,9], which provides a good view of the entire mid-
dle ear, and (3) the S-shaped slit on the fascia, which facilitates 
sandwich-like attachment of the graft to the malleus to prevent 
lateralization. In addition, we suggest that (1) complete removal 
of the diseased TM remnant helps to attain the goal of a dried 
neodrum and (2) firm packing of the anterior annulus contrib-
utes to maintaining the sharp angle of the anterior wall.

An excellent graft success rate of 98.4% was achieved by the 
swing-door overlay tympanoplasty for all types of TM perfora-
tions. Our result is consistent with those of various tympano-
plasties. Jung and Park [4] reported a 97% success rate using 
mediolateral graft tympanoplasty; Schwaber [5], 95% with a 
modified swinging door underlay technique; Farrior [10], 98% 
using sandwich graft tympanoplasty; Schraff et al. [14], 94.5% 

using window shade tympanoplasty; Ryan and Briggs [15], 
98.7% with the classical overlay graft technique; Peng and Lal-
wani [16], 96% using hammock tympanoplasty; Shim et al. [17], 
93.2% using three-point fix tympanoplasty. When the surgery is 
performed by a skilled and experienced otologic surgeon, the 
graft success rate is invariably high [10,15]. Postoperative com-
plication rate was 3.9%. There were no cases of anterior sulcus 
blunting in spite of the fact that the graft was placed over the 
anterior annulus. Epithelial cyst occurred most commonly, 
which was removed easily using a pick on an outpatient basis 
during the follow-up period. In contrast to the surgical out-
comes, functional outcomes in the previous literature have been 
relatively variable according to the different measures and co-
horts. In this study, a significant improvement was observed in 
the AC PTA postoperatively. The overall ABG closure was 6.2 
dB at an average follow-up of 18.4 months, which is very similar 
with the results reported by other investigators. Kartush et al. [2] 
reported a 5.3 dB average improvement in ABG using over-un-
der tympanoplasty; Peng and Lalwani [16], 7.8 dB using ham-
mock tympanoplasty. To explain the relatively small ABG 
changes, preoperative hearing is worth noting. Subjects in this 
study had mild conductive loss (35 dB AC PTA with 20 dB 
ABG) because patients with ossicular abnormalities were ex-
cluded. Postoperative ABG was closed to ≤20 dB in 86.9% of 
cases, which is comparable to other studies. Ryan and Briggs 
[15] reported a total of 82.5% of cases with a postoperative 
ABG of less than 20 dB with the classical overlay graft tech-
nique; Shim et al. [17], 76.4% using three-point fix tympano-
plasty. Schraff et al. [14] reported a higher rate of 98% closure 
of the ABG within 20 dB using window shade tympanoplasty. 
ABG of >20 dB in 40 patients (13.1%) may be explained by (1) 
a delayed recovery of the Eustachian tube function due to rela-
tively short follow-up periods in this study or (2) pre-existing 
Eustachian tube dysfunction in those patients. Our results sug-
gest that this modified overlay tympanoplasty using the swing-
door flap is an effective procedure which provides a very high 
graft success rate and good hearing outcomes.

In conclusion, the swing-door overlay tympanoplasty is a 
highly successful technique suitable for all types of TM perfora-
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Fig. 4. Pre- and postoperative distribution of patients in the air-bone gap (ABG) bins with significant difference (n=306; P<0.001, chi-square test).
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tions. This approach is easy to perform and affords an excellent 
graft success rate with satisfying hearing results. Few complica-
tions are additional strengths.
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