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ABSTRACT
Objective: In this study, we aimed to examine the surgical and functional results of tympanoplasty performed with a double-layer crescent 
graft technique. We also aimed to investigate the anatomical and functional results of type 1 tympanoplasty with a large series without ele-
vation of the tympanomeatal flap.
Methods: The anatomical and functional results of 245 patients treated with endoscopic type 1 tympanoplasty by double-layer crescent 
graft between January 2015 and January 2019 were retrospectively evaluated in terms of age, sex, tympanic membrane perforation size, 
complication, functional hearing before and after surgery, and duration of the operation.
Results: The participant cohort was 59.2% women (n=145) and 40.8% men (n=100), and the average age was 30.8286±10.29897 years 
(minimum 13, maximum 56). Overall, the anatomical success rate was 91.83%; in patients with medium tympanic membrane perforation of 
25%–75%, it was 94.9%; and in patients with large perforation of > 75%, it was 88%. When complications were examined, the rates of graft 
perforation, lateralization, and retraction rates were 8.1%, 8.1%, and 3.6%, respectively. The average operation time was 33.0449±3.02348 
minutes.
Conclusion: Endoscopic double-layer crescent graft tympanoplasty is a successful method to ensure anatomical and physiological results 
in medium and large tympanic membrane perforations. In addition, it was observed that the operation could be performed with a shorter 
surgical time without elevating the tympanomeatal flap, and its anatomical and functional results were successful.
Keywords: Tympanoplasty, endoscopic tympanoplasty, perichondrium-cartilage composite graft, double-layer graft, tympanic membran 
perforation, hearing

Introduction

Tympanoplasty, the reconstruction of the tympanic mem-
brane, was first described by Zöllner and Wullstein in the 1950s 
(1, 2), and microscopic approaches have become the gold stan-
dard since the microscope began to be used for diagnosis and 
treatment. Today, the main goals of tympanoplasty are to close 
tympanic membrane perforations and reconstruct a patient’s 
hearing. Different surgical approaches and graft materials have 
been used (3-6). For example, the use of endoscopes in middle 
ear surgery began in the 1990s (5, 6)and has now been wide-
ly adopted in a range of contexts from stapes surgery to co-
chlear implants (7, 8). It has been reported that endoscopes 
are effective in the examination and treatment of microscop-

ically hard-to-reach places such as the hypotympanum and 
retrotympanum (9-12), although endoscopic ear surgery also 
necessitates one-handed operation, lacks depth perception, 
and has a longer learning curve than microscopic approaches 
(10-12). Recently, endoscopes have become indispensable for 
conducting minimally invasive procedures, including in ear op-
erations using the double-layer crescent graft technique (13). 
Here, we present the results of endoscopic tympanoplasty in 
terms of anatomy, function, and surgical time.

Methods 

This study evaluated patient data from one otolaryngolo-
gy clinic between January 2015 and January 2019 regarding 

Corresponding Author: Mehmet Aslan, dr.mehmetaslan@hotmail.com
Received: June 28, 2021 Accepted: April 30, 2021
Available online at www.b-ent.be

DOI: 10.5152/B-ENT.2021.21511

ORIGINAL ARTICLE
OTOLOGY

63

Cite this article as: Aslan M, Çiçek MT, Tan M, Yalçın MZ. Is it taboo to elevate the tympanomeatal flap? Outcomes of endoscopic transca-
nal type 1 cartilage tympanoplasty with double-layer crescent graft technique. B-ENT 2021; 17(2): 63-9.

CC BY 4.0: Copyright@Author(s), “Content of this journal is licensed 
under a Creative Commons Attribution 4.0 International License.”

http://orcid.org/0000-0002-0707-9984
http://orcid.org/0000-0002-0997-7729
http://orcid.org/0000-0001-8557-0886
http://orcid.org/0000-0002-4943-4577
https://creativecommons.org/licenses/by-nc/4.0/


otological surgery and follow-up. The anatomical and func-
tional results of 245 patients treated with endoscopic type 1 
tympanoplasty by double-layer crescent graft between Jan-
uary 2015 and January 2019 were retrospectively evaluated 
in terms of age, sex, tympanic membrane perforation size, 
complication, functional hearing before and after surgery, 
and duration of the operation.  No financial support was re-
ceived from pharmaceutical or other medical companies as 
required by the Declaration of Helsinki rules. Informed con-
sent was obtained from all the participants, and the inclu-
sion criteria were at least three months of follow-up without 
ear discharge; tympanic membrane perforation greater than 
25%; and hearing loss not exceeding 40 dB independent of 
the location and size of the perforation. Patients with chron-
ic otitis media, uncontrollable ear discharge, cholesteatoma, 
anomalous ear structure, ossicular chain pathology, insuffi-
cient follow-up, or perforation size of less than 25% were ex-
cluded from the study. 

To explain further, patients with at least one year of follow-up 
data were included. Tympanic membrane perforation was re-
viewed in the literature and consequently defined as small (< 
25%), medium (25%–75%), and large (> 75%). Patients with 
small perforations were excluded from the study. Various 
treatment modalities, such as butterfly tympanoplasty and 
fat myringoplasty, can be used in this group, but such patients 
were excluded; tympanic membrane perforations that were 
repaired with double-layer crescent grafting without elevation 
of the tympanomeatal flap were included.

The operations were carried out by a single surgeon. The pa-
tients’ pre- and postoperative air-bone gap (ABG) values were 
evaluated for at least 12 months according to the guidelines 
of the Committee on Hearing and Equilibrium through initial 
audiometry tests with frequencies of 0.5, 1, 2, and 3 kHz. How-
ever, the literature suggests that the evaluation of 3 kHz is not 
practical in audiogram assessment; and therefore, audiological 
evaluation was determined as 0.5, 1, 2, and 4 kHz. Complica-
tions of patients who were followed up were also recorded. The 
beginning of surgery was determined as the avivation of the 
tympanic membrane and the end as the placing of sponges 
in the external ear canal. The anatomical and functional hear-
ing results, surgical success, and operation time are presented 
here followed by discussion of the literature.

The study was designed retrospectively. The data collected 
in the study were analyzed using the Statistical Package for 
Social Sciences, version 17.0 software (SPSS Inc.; Chicago, IL, 
USA. Percentages, mean, median, standard deviation, and min-
imum and maximum values were calculated. As the variables 

were not normally distributed according to the results of the 
Kolmogorov-Smirnov test (p<0.05), non-parametric test sta-
tistics were used. The Kruskal-Wallis test was used to com-
pare more than two groups, and the Mann-Whitney U test was 
used to compare two groups. The chi-squared test was used 
for comparisons of qualitative variables. In the statistical anal-
yses, an alpha error level of p<0.05 was considered statistically 
significant.

The ethics committee approval of the study was obtained from 
the scientific research and publication ethics committee İnonu 
University Scientific Research and Publication Ethics Commit-
tee (Decision No: 2020/339).

Surgical technique 
Surgical asepsis was ensured, and the patients were read-
ied for surgery after general anesthesia. The tragus was in-
filtrated with 2% lidocaine and 1:100,000 adrenaline. A rigid 
0-degree telescope (18 cm long, 4.00 mm; KarlStorz, Tut-
tlingen, Germany) was used in all the operations. Ossicular 
chain integrity and mobility were checked endoscopically. 
The sclerotic perforation margin was removed with a pick. 
In subtotal perforations, however, it was preferred to bleed 
the middle-ear side of the tympanic membrane with an an-
gled pick instead of removing the sclerotic perforation mar-
gin. The manubrium malleus was de-epithelialized and the 
tympanic membrane partially separated from them with the 
separation limit determined by perforation size. In subtotal 
perforations, the epithelium was peeled from the manubri-
um malleus, whereas in central or other side perforations, the 
tympanic membrane was gently separated from the manu-
brium malleus using a pick to place the perichondrium graft 
between them. The surgical area was prepared with gel foam 
(Figures 1 a-c).
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Main Points: 

•	 Double-layered crescent tympanoplasty is anatomically and 
functionally successful.

•	 The perichondrial crescent grafts support mechanical stabil-
ity and physiology.

•	 The operation time is short in the double-layer crescent tym-
panoplasty technique.

•	 The tympano-meatal flap elevate is not required in this tym-
panoplasty technique.

Figure 1. Surgical stages before tympanic membrane perforation 
grafting. (a) Preoperative endoscopic view. (b) De-epithelization of 
the tympanic membrane. (c) Surgical area is prepared with gelfoam

a

b c



Separation was performed across an area that would fit the 
graft. A tragal incision was made, and the cartilage-perichon-
drium composite and perichondrium grafts were harvested 
separately (Figure 2a). The cartilage element of the compos-
ite graft was thinned for preparation. Minimal thinning is usu-

ally done when preparing the tragal cartilage. It is desirable 
that the cartilage thickness be around 1 mm. The thickness 
of the cartilage taken from the patient usually does not cause 
any problem. As the cartilage is crescent-shaped and placed 
under the annulus, minimal thinning (shaving) is usually suffi-
cient. However, if the thickness of the cartilage graft is thick 
enough to cause problems in the placement of the graft, fur-
ther thinning can be performed. The cartilage thickness of 
around 1 mm is sufficient to start the application. Next, the 
crescent cartilage was prepared with its convex side formed 
according to manubrium malleus diameter. The middle ear 
space was then filled with gel foam (GelFoam®, Pfizer, New 
York, USA). The crescent cartilage-perichondrium composite 
graft was laid under the manubrium mallei and bony annulus 
(Figures 2b, 3a,b) and the perichondrium graft over the ma-
nubrium mallei and under the remnant membrane (Figures 
2c, 3c,d). Gel foam was placed on the tympanic membrane to 
stabilize the graft. 

Postoperative follow-ups of each patient were performed at 
one, three, six, and 12 months (Figure 4). Ear examinations 
were conducted with an otomicroscope and endoscope, re-
peated, and hearing thresholds determined. The presence of 
reperforation, graft lateralization, and tympanic membrane re-
traction was recorded.

The data were evaluated using the Statistical Package for So-
cial Sciences (17.0) program; percentages and mean±standard 
deviation values were thus calculated. According to the Kolm-
ogorov-Smirnov value of p<0.05, the study’s variables are not 
suited to normal distribution, and the Mann-Whitney U was 
used to compare the two groups non-parametrically. In addi-
tion, the Wilcoxon test was used to compare each group’s pre- 
and postoperative results. P values of <0.05 were considered 
statistically significant.
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Figure 2. (a) Separate preparation of the crescent-shaped perichon-
driumcartilage composite graft and perichondrium graft. (b) Place-
ment of the crescent-shaped perichondrium-cartilage composite 
graft under the manubrium and bony annulus. (c) Placement of the 
perichondrium graft over the manubrium and under the remnant 
membrane

a

b c

Figure 4. Tympanic membrane images at the end of one year postop-
erative (12 months)

Figure 3. (a, b) Placement of the crescent-shaped perichondri-
um-cartilage composite graft under the manubrium and bony annu-
lus. (c-d) Placement of the perichondrium graft over the manubrium 
and under the remnant membrane

a b

c d



Results

The patient cohort was 59.2% women (n = 145) and 40.8% men 
(n=100) (Table 1), and the average age was 30.8286±10.29897 
(minimum 13, maximum 56) years. Medium tympanic mem-
brane perforation of 25%–75% was present in 55.9% of pa-
tients (n=137), whereas 44.1% (n=108) had 75% or large per-
forations (Table 1).

Comparing preoperative ABG values for patients with medi-
um perforations to those taken after 12 months returned a 0.5 
kHz preoperative ABG mean of 22.2336 ± 4.33736 dB and 
a postoperative ABG mean of 8.8467±2.76504 dB, demon-
strating a statistically significant difference. At 1 kHz, the 
pre- and postoperative ABG means were 21.5985±4.13817 
dB and 8.5766±2.60012 dB, respectively, which also showed 
a statistically significant difference. In addition, the pre- and 
postoperative ABG mean values at 2 kHz (15.5109±3.73008 
dB and 6.1387±2.61270 dB) and 4 kHz (12.9197±3.74962 dB 
and 4.8248±2.56933) demonstrated statistically significant 
difference (Table 2). Therefore, when the 0.5, 1, 2, and 4 kHz 
ABG values in patients with 25%–75% (medium) perforation 
were compared in terms of pre- and postoperative periods, 
there was a persistent significant difference.

For patients with large tympanic membrane perforations of 
over 75%, there was also significant difference in ABG val-
ues at every frequency (Table 2): at 0.5 kHz (preoperative: 
27.2037±4.69193 dB and postoperative: 10.8796±2.74702 
dB); 1 kHz (preoperative: 26.5093±4.73305 dB and post-
operative: 10.2500±2.61600 dB); 2 kHz (preoperative: 
20.3056±4.11166 dB and postoperative: 8.8148±2.36465 dB); 
and 4 kHz (preoperative: 17.66667±4.55701 dB and postop-

erative 7.6296±2.36640 dB). In summary, comparing the ABG 
values in patients with > %75 (large) perforations from pre- and 
postoperative periods showed significant difference at 0.5, 1, 2, 
and 4 kHz. The ABG rate in larger tympanic membrane perfo-
rations (> 75%) was minimally higher than in smaller perfora-
tions. In the evaluation, this situation is major enough to affect 
the success of tympanoplasty. In patients with large membrane 
perforations (> 75%), the greater functional loss may have af-
fected the postoperative success rates at a level that we did 
not take into account or could not explain. However, our tech-
nique was successful and statistically significant in repairing 
tympanic membranes with medium and large perforations.

Patients in both the groups were also compared at three, six, 
and 12 months in terms of complications, including reperfo-
ration, lateralization, and retraction (Table 3). With our tech-
nique, our reperforation rates after cartilage graft repair are 
very low. Our reperforation rate was 5.1% in medium tympanic 
perforations (25%–75%) and 13% in large tympanic perfo-
rations (> 75%). The reperforation rate is higher in tympanic 
membranes with large perforations. When the reason for this 
is examined, the patients’ failure to pay attention to postoper-
ative care and protection and re-infection of the ear is in the 
first place. During the follow-up of our patients (patients with 
at least 12 months follow-up), no development of inclusion 
cyst or iatrogenic cholesteatoma was observed. Reperforation, 
graft lateralization, and graft retraction were observed as long-
term problems (Table 3).

The average operation time was 33.0449 ± 3.02348 minutes 
(minimum 25, maximum 39). There was no statistically signif-
icant difference in terms of age or operation time against per-
foration size (Table 1). 
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Table 1. Comparison of patients’ demographic characteristics and operation times

Group Sex Age Operation time

Female Male n Mean ± SD p  Test value Mean ± SD p Test value 

25%-75% (medium) 
perforation 

82 
(59.9%)

55 
(40.1%)

137 
(55.9%)

30.9854 ± 
9.75734

.587 −0.543 32.7226 ± 
3.15233

0.075 −1.779

> 75% (large) 
perforation 

63 
(58.3%)

45 
(41.7%)

108 
(44.1%)

30.6296 ± 
10.99073

33.4537 ± 
2.81313

SD: Standard deviation

Table 2. Air-bone gap values after 12 months for 25%-75% (medium) and > 75% (large) tympanic membrane perforations

Audiometry    Groups Frequency 

Pre-op ABG Post-op ABG

Z value p Mean ± SD Mean ± SD

25%-75% perforation (medium) 0.5 kHz 22.2336 ± 4.33736 8.8467 ± 2.76504 −10.169 .0001

1 kHz 21.5985 ± 4.13817 8.5766 ± 2.60012 −10.173 .0001

2 kHz 15.5109 ± 3.73008 6.1387 ± 2.61270 −10.176 .0001

4 kHz 12.9197 ± 3.74962 4.8248 ± 2.56933 −10.179 .0001

> 75% perforation (large) 0.5 kHz 27.2037 ± 4.69193 10.8796 ± 2.74702 −9.031 .0001

1 kHz 26.5093 ± 4.73305 10.2500 ± 2.61600 −9.032 .0001

2 kHz 20.3056 ± 4.11166 8.8148 ± 2.36465 −9.039 .0001

4 kHz 17.6667 ± 4.55701 7.6296 ± 2.36640 −9.045 .0001
SD: Standard deviation; ABG: Air bone gap



Discussion 

Tympanoplasty is one of the most common contemporary 
surgical procedures, and microscopic tympanoplasty has been 
adopted as the gold standard treatment since first defined 
by Zöllner and Wullstein in the 1950s (1, 2). The goal of tym-
panoplasty is to ensure anatomical integrity that supports 
physiological and hearing reconstruction, and many grafting 
techniques and materials have been defined over time (3-
6). Biological autologous grafting has been mostly preferred; 
and temporal muscle fascia, tragal cartilage, conchal cartilage, 
perichondrium, fat, vein fascia, and skin have often been used 
as graft material (14, 15). More recently, cartilage grafts have 
been preferred over other kinds, particularly since the tragal 
and conchal cartilages are approximately 1 mm thick and can 
be easily shaped in terms of ear surgery. Cartilage grafts are 
particularly preferred in some conditions, including eustachian 
tube dysfunction, adhesive otitis media, and large tympan-
ic perforations because they perform better in terms of graft 
success rate, mechanical stability, and acoustic transmission 
(16). 

Although cartilage grafts provide positive functional results, 
postoperative acoustic transmission is not universally thought 
to be as good as other grafts (17). Nevertheless, it has also 
been reported that hearing results do not differ significant-
ly between tympanoplasty with cartilage or temporal muscle 
fascia grafts (18). To examine the acoustic gains of cartilage 
grafts, Zahnert et al. (16) created a tympanic membrane model, 
finding that neither conchal nor tragal cartilage had superiori-
ty over the other and that acoustic gain could be improved by 
reducing the thickness of the cartilage graft. The mechanical 
stability of cartilage grafts is higher than fascia approaches be-
cause they are hard and thick, although there is no evidence 
that these features negatively affect hearing. Dornhoffer (19) 
reported similar values in terms of acoustic gain between 
cartilage and fascial grafts. He, however, also reported that a 
disadvantage of cartilage grafts was that they could hide pa-
thologies in the middle ear, such as cholesteatoma. The cres-
cent-shaped graft that we prepared showed some differences 
from the grafts described in the literature. Most importantly, 
we believe that island-shaped grafts or total cartilage grafts, 
with the crescent-shaped graft coming under the bone annu-
lus, solve the problems arising from its hard and thick structure, 
which is believed to cause acoustic loss. With the perichondri-
um graft placed as a second layer, we aimed at the histological 
structure that is anatomically closest to the tympanic mem-
brane. What makes our crescent-shaped composite cartilage 
graft different from biological grafts in the literature is that it 
combines both biological grafts between composite cartilage 
grafts and other biological grafts such as muscle fascia. Thus, 
the expected stability and strength from composite cartilage 
grafts are achieved, and the acoustic transmission expected 
from grafts used as muscle fascia is provided.

In the double-layer crescent technique, a cartilage graft pre-
pared in a crescent shape is laid under the bone annulus (un-
der), and the mechanical stability of the anterior-inferior-pos-
terior line of the tympanic membrane and annulus is sought. 
The perichondrium part of the graft is then placed under the 
handle of the relevant manubrium malleus (under) with the aim 
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of achieving graft-ossicular chain integrity. Acoustic transfer 
is intended to flow from the bone annulus to the manubrium 
malleus and the concave, slightly conical tympanic membrane 
via the under-under placement of the crescent graft. 

A second graft of perichondrium is subsequently placed over 
the cartilage crescent and handle of the manubrium malle-
us and under the bone annulus (over-under). We believe that 
problems such as weakened perichondrium and reperforation 
are prevented with this technique. We also believe that this 
placement of the perichondrial element is the most appropri-
ate method of repair for the multi-layered histological struc-
ture of the tympanic membrane. The follow-ups analyzed in 
this study showed that the cartilage was mechanically stabi-
lized to the anterior-inferior-posterior of the bone annulus. It 
was also observed that the graft had a convex form, much like 
a normal tympanic membrane, and that its durability and flex-
ibility was increased by the double layer. 

Endoscopic otological surgery became globally widespread in 
the 1990s; (5-6) and although the microscopic approach re-
mains the gold standard, the use of endoscopes as both pri-
mary and auxiliary instruments in otological operations is quite 
common (7, 9).It is evident in a wide range of procedures from 
stapes surgery to cochlear implants (7, 8). Some of the advan-
tages of endoscopic otological surgery are that it is a minimally 
invasive method and provides a panoramic view to examine 
hidden areas in the middle ear without canaloplasty or ossic-
uloplasty. It requires short operating times and does not ne-
cessitate postauricular incision or soft tissue resection (9, 10).  
The disadvantages are that it requires one-handed operation 
and lacks stereoscopic vision, thermal factors affect the endo-
scope light on middle-ear structures, and bleeding can disrupt 
endoscopic images. The technology also has a relatively long 
learning curve (Table 4) (9, 10, 19, 20). 

In literature, the success rates of endoscopic and microscop-
ic approaches to tympanoplasty are similar (9, 10, 19, 20-25).
In this study, the overall anatomical success rate was 91.83%, 
reported elsewhere as 94.8%9 and 93% (12) Ozturk et al. (26) 
report 100% success rate with endoscopic anterior tympano-
meatal flap elevation, whereas Ozdamar et al. (10) compared 
endoscopic tympanoplasty with temporal fascia and tragal 
cartilage grafts, with success rates of 97.2% and 94.9%, re-

spectively. The success of endoscopic tympanoplasty has also 
been reported as 93.2% (21) and 91.4% (24). Our success rates 
are therefore similar to existing studies at 94.9% in patients 
with medium tympanic membrane perforations of 25%–75 
and 88% in those with large perforations of > 75%.

In our study, the complication rates were found to be 8.1% for 
both reperforation and lateralization and 3.6% for retraction. 
Similar results have been reported in the literature. Further-
more, the endoscopic approach to tympanoplasty has gained 
attention because of its short operating and hospitalization 
times compared with that of microscopic procedures (9, 10, 12, 
20-26). In our study, the mean operating time was 33.0449 ± 
3.02348 minutes. Gulsen et al. (9) have reported an average sur-
gery duration of 34.9±11.2 minutes, and the reduced operation 
time could be owing to not lifting the tympanomeatal flap and 
the inclusion of type 1 tympanoplasties only in this study.

Endoscopes are being increasingly used in otological surgery, 
primarily because they provide a wide field of view, rapid tran-
sition from one area to another, and high image quality in areas 
that are otherwise difficult to visualize. The endoscopic ap-
proach to otologic surgery is therefore suitable for conducting 
minimally invasive surgery with relatively little tissue trauma.

Patients with cholesteatoma, patients with chronic active oti-
tis media, patients undergoing prosthetic surgery for hearing 
reconstruction., patients who underwent microscopic otologic 
surgery were considered as the upper limit of the study and 
were not included in the study. Patients with tympanic mem-
brane perforation <25% and treated with other techniques for 
tympanic membrane repair were set as the lower limit of the 
study and were not included in the study.

Endoscopes, which were commonly used in otological sur-
gery, have now become indispensable. From the results of 
this study, endoscopic double-layer crescent tympanoplasty 
is seen to be anatomically and functionally successful. The 
composite crescent graft provides mechanical stability, and 
the second perichondrial graft is used to provide flexibility and 
support the physiology of the multi-layered membrane. It was 
also observed that the operation 

could be performed with a shorter surgical time without ele-
vating the tympanomeatal flap, and its anatomical and func-
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Table 4. Advantages and disadvantages of endoscopic and microscopic approaches in otologic surgery

Advantages Disadvantages 

Endoscopic 
otological 
surgery

•	 Minimally invasive method 
•	 Panoramic vision
•	 Short operating times
•	 Does not necessitate postauricular incision or soft 

tissue resection
•	 Easy examination of hidden areas in the middle ear

•	 Requires one-handed operation
•	 Stereoscopic vision loss
•	 Possible harmful effects of thermal factors
•	 Loss of vision in the surgical area because of bleeding
•	 Relatively long learning curve
•	 Special instrument requirement for endoscopic 

surgery

Microscopic 
otological 
surgery

•	 Classical method
•	 Stereoscopic vision
•	 Thermal damage is unlikely
•	 Short learning curve
•	 Two-handed operation
•	 Unaffected by bleeding in the surgical field

•	 There is no panoramic vision
•	 Relatively prolonged operative time
•	 Inability to see hidden areas in the middle ear
•	 May require additional resection for better vision



tional results were successful. The endoscopic double-layer 
crescent tympanoplasty technique is not a myringoplasty and 
butterfly tympanoplasty technique. It is an easy and short-
term technique that is performed without removing the tym-
panomeatal flap in which ossicular chain control and repair can 
be performed endoscopically.
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