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Abstract

Myringoplasty is a surgical procedure to reconstruct tympanic perforation. However, repair of anterior perforations isQ
challenging. To analyze the anatomical and hearing outcomes of myringoplasty with a new technique of chondroperichondrial
graft via endoscopy, 23 adult patients were retrospectively analyzed. All patients had anterior perforations of tympanic membranes
that were repaired with a composite strip-type cartilage-perichondrium graft through a total endoscopic transcanal approach.
The anatomical graft success rate at postoperative 1 month was 86.96% (20/23) and reached 100% at the 6- and 12-month
follow-up. Compared to the preoperative air conduction threshold (44.7+13.56 dB) and air-bone gap (ABG) (22.35+6.54
dB), the postoperative air conduction threshold and ABG decreased to 33.52+10.88 dB and 12.52+3.94 dB, respectively
(P < .0001). Twenty-two (95.65%) patients had an ABG below 20 dB postoperatively. The mean ABG improvement in our cohort
was 9.83+5.00 dB. The functional graft success rate was 95.65% (22/23). The convenience, reliability, time, and labor savings

accrued from the approach described here make it a good choice for repair of anterior perforation of tympanic membrane.
Abbreviations: ABG = air-bone gap, ACT = air conduction threshold, TM = tympanic membrane.
Keywords: endoscopic ear surgery (EES), myringoplasty, strip-type chondroperichondrial graft, tympanic membrane perforation

1. Introduction

Several conditions may lead to tympanic membrane perfora-
tion, such as acute otitis media, chronic otitis media, trauma,
or ear tuberculosis.["? Ever since Wullstein® and Zollner™ first
introduced the modern tympanoplasty techniques, numerous
studies have introduced novel surgical techniques and choices
of graft materials for tympanoplasty or myringoplasty. Most
surgical methods for repair of tympanic membrane (TM)
perforation are associated with a success rate of over 90%.5!
Temporalis fascia and cartilage are the commonly used auto-
grafts for myringoplasty. In the last 20 years, various studies
have demonstrated that stiffness of cartilage helps achieve
better stability and long-term uptake than fascia, making it a
better choice in some difficult situations, such as poor eusta-
chian tube function, infection, anterior perforation, and revi-
sion surgeries. Cartilage not only provides firm scaffolding but
also leads to a high rate of perforation closure and satisfactory
hearing results. However, the process for shaping the cartilage
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graft increases the operative time. Moreover, the opacity of car-
tilage tissue makes it difficult to examine the tympanic cavity
postoperatively.

Myringoplasty performed in an underlay fashion is more
commonly used because it is easier to perform and less time
consuming.!’! Achieving complete closure of a TM perforation
depends on its location and the graft and techniques used.
Studies have shown that TM perforations in the anterior quad-
rant are associated with lower surgical success rates than those
in other quadrants because of insufficient visualization, poor
vascularization, and poor stabilization.”? The modifications
of the underlay method include the mediolateral graft, win-
dow shade, loop overlay, and hammock techniques. Although
improved, these operations necessitate postauricular incision,
which extends the operating time and prolongs the postoper-
ative recovery.

Endoscopic tympanoplasty has been popular since the 1990s.
In contrast to microscopy, it provides panoramic vision with
sufficient exposure of the anterior margins and satisfactory
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audiologic results, and it is minimally invasive.l*” Although
anterior perforations can be safely managed with a transcanal
endoscopic approach, the 1-handed mode of operation is often
challenging for otologists. In particular, graft displacement and
dislocation is liable to occur after placement of the graft, or
when the flap is lifted to fill the cavity with a gelatin sponge.
Moreover, a 1-handed maneuver is less supportive and requires
assistance.

In this study, we propose a modified graft called a “strip-type
chondroperichondrial graft,” which has cartilage at the anterior
side while the remaining part is comprised of perichondrium.
This technique not only offers the advantages of translucency
of the perichondrium and the rigidity of cartilage to reinforce
the anterior margin but may also expedite and standardize graft
placement. We aimed to evaluate the feasibility and outcomes
of myringoplasty for anterior perforations using this technique
performed via an endoscopic transcanal approach.

2. Materials and Methods

2.1. Patients

In this study, we retrospectively analyzed 23 adult patients
who underwent endoscopic transcanal myringoplasty (tym-
panoplasty type I) between December 2019 and April 2020
at our center. The study protocol was approved by the Ethics
Committee of the Nanjing Drum Tower Hospital.

The inclusion criteria were as follows: (1) Patients with a TM
anterior quadrant perforation (minimum 3mm in size but no
>50% of the TM area) requiring primary surgery; (2) Patients
with a minimum follow-up period of 1 year; (3) Patients with-
out ossicular chain disease, middle-ear cholesteatoma (as
assessed by temporal bone computed tomography or magnetic
resonance imaging), retraction pockets or active infection. Strip-
type chondroperichondrial grafts were used in all patients. Graft
placement was done according to our own surgical techniques.

2.2. Clinical outcomes

The presence of graft perforation, lateralization, and retrac-
tion was evaluated endoscopically at postoperative 1, 6, and 12
months. Standard pure-tone audiometry (PTA) at frequencies of
0.5, 1, 2, and 4kHz was performed 1 week before surgery and
12 months after surgery. Pre- and postoperative air conduction
thresholds (ACTs) and air-bone gaps were calculated according
to the PTA of the patients. ABG closure (improvement) was also
calculated postoperatively. Any postoperative complications
were recorded. The duration of the operation (defined as the
time from graft harvesting to the insertion of NasoPores in the
ear canal) was noted. The functional graft success criteria were
complete closure of the TM (anatomical graft success without
perforation, retraction, or lateralization) with a reduction in the
ABG to < 20 dB.

2.3. Surgical techniques

All operations were performed under general anesthesia by
the same otologist with >20 years of surgical experience, and
all patients provided written informed consent for operation.
Rigid endoscopes (Karl Storz, 4.0-mm, 0°, 18-cm-long lens) and
a high-resolution monitor (XiON GmbH, 24 INCH Full HD)
were used in our surgical process. The general procedure was
similar to that of traditional type 1 tympanoplasty (with eleva-
tion of the tympanomeatal flap). The key steps involved graft
harvest and placement. Briefly, 1% lidocaine hydrochloride and
1:100,000 epinephrine were injected for local infiltration of the
tragus and external auditory canal under direct endoscopic visu-
alization. The perforation margins were freshened circumferen-
tially with a fine needle. An incision was carefully made 5mm
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away from the tympanic anulus posteriorly and extended from
the 12 o’clock position to the 8 o’clock position (Fig. 1A). The
tympanomeatal flap was subsequently lifted, then the tympanic
membrane was peeled off the malleus, which provided enough
room to operate. Next the integrity and mobility of the ossicular
chain were confirmed. After a 5-mm skin incision to the medial
of the tragus, a composite cartilage-perichondrium graft (with
only 1 side of the perichondrium remaining) was harvested. The
cartilage was shaped into a strip (without thinning out), leav-
ing cartilage only on 1 side of the perichondrium and only the
perichondrium on the other side. The remaining unused carti-
lage after clipping was placed back to the tragus, and the tra-
gus incision was cemented with biological glue. This was the
so-called strip-type cartilage-perichondrium graft (Fig. 1C and
D). Then, the graft was placed horizontally in the tympanum
along the external auditory canal and positioned so that the
cartilage was on the inside of the anterior tympanic ring and
the perichondrium was located on the lateral side of the manu-
brium mallei (Fig. 1E, F). Following adjustment of the angle, the
graft was gently lifted to facilitate subsequent tamponade steps
(Fig. 1G). After packing of the tympanic cavity with NasoPores
to prevent graft removal (Fig. 1H), the graft was repositioned
and flattened in sequence to their original positions (Fig. 11-K).
The cartilage was 2mm larger than the edge of the perforation
and was placed in the anterior lower quadrant of the tympa-
num (Fig. 1M). Finally, the external auditory canal was packed
with NasoPores. Packing in the external ear canal was removed
on postoperative days 10-14. The tragal incision healed 1 week
postoperatively in all patients. Patients were evaluated postop-
eratively in an outpatient room. A schematic illustration of our
surgical technique is shown and summarized in Figures 1A-K
and 2.

2.4. Statistical analyses

Statistical analyses were performed using SPSS software (ver-
sion 21.0 for Windows; Inc/IBM). Continuous variables are
expressed as mean = standard deviation, while categorical vari-
ables are presented as frequency (%). Preoperative and post-
operative ACT and ABG were compared using the Wilcoxon
signed-rank test. P values < .05 were considered indicative of
statistical significance.

3. Results

3.1. Characteristics of patients

We retrospectively analyzed 23 patients (23 ears; 13 on the
left and 10 on the right; 19 females and 4 males, mean age:
42.7+12.3 years) diagnosed with chronic otitis media who
required unilateral TM perforation repair. All perforations were
located in the anterior quadrant. There were 16 medium-size
perforations (25-50% of the TM area) in our cohort, 6 of which
were marginal perforations. The remainder were nonmarginal
perforations and were <25% of the TM area (Table 1). The fol-
low-up duration in our cohort ranged from 12 to 14 months
(mean: 12.4 months).

3.2. Anatomic and graft uptake results

The technique proposed in this study consisted of several
key steps indicated in the diagram and flow chart (Figs. 1
and 2). In skilled hands, the procedure can be completed in
<15 minutes (22 of 23, not shown in the table), beginning
from the extraction of the chondroperichondrial graft from
the tragus to the filling of the external auditory canal. The
graft placement procedure is time and labor saving. By virtue
of the shape of the strip-type graft, the folded graft can be
easily and quickly delivered into the ear canal at the site of
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Figure 1. Succinct generalization of the operation process and results described in this study. (A) Selected anterior TM perforation from the left ear. (B) Lifting
of the tympanomeatal flap. (C, D) Harvesting and shaping the graft. (E-G) Insertion and second lift before tamponade. (H-K) Repositioning and flattening of
the perichondrium and tympanomeatal flaps in turn. (L) Twelve-month postoperative otoscopic view of the eardrum. (M) A schematic illustration of left ear graft
insertion; the blue dark circle represents the cartilage and the light part represents the perichondrium. TM = tympanic membrane.

tympanic perforation. At the same time, the cartilage portion
of the graft generally fits well in the anterior or anterior-infe-
rior annulus. This lays a good foundation for subsequent tam-
ponade. Anatomically, the graft success rate at the end of the
first-month follow-up period was 86.96% (20/23) (Table 2).
One patient with a medium-sized marginally located perfo-
ration had a small crevice located near the anteroinferior
margin of the TM, which may have been caused by graft
shifting and lateralization. We used gelatin sponge-infiltrating
antibiotics to press on the surface of the crevice for 1 week
and prescribed oral antibiotics. Two patients developed mild

otorrhea, which resolved following the application of topical
ofloxacin otic solution and oral antibiotics. No reperforation
occurred in these 3 patients during the subsequent follow-up
period. Nearly normal vascularization and epithelialization
occurred approximately 4 to 6 months postoperatively. At 6
and 12 months, the anatomical graft success rate was 100%
(Table 1; Fig. 1). No cases of cholesteatoma, middle-ear infec-
tion, significant graft medialization, retraction, or perforation
were observed as of the most recent follow-up. No major com-
plications, such as sensorineural hearing loss, allotriogeustia,
or facial paralysis were observed during the follow-up.
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Figure 2. Flow chart showing the sequential steps of TM anterior perforation repair using strip-type cartilage-perichondrium grafts. (A-K) correspond to (A-K)
in Figure 1, representing the normalized 11 steps of our technique for anterior TM perforation. TM = tympanic membrane.

Patients information.

Male/female Age Left/right ear Location of perforation Size of perforations Marginal perforation (Yes/No)
F 39 L Anterior-superior Medium N
F 49 R Anterior-inferior Medium N
F 25 R Anterior-superior Medium N
F 31 L Anterior-inferior Medium Y
M 51 L Anterior-superior Medium N
F 21 L Anterior-inferior Small N
F 50 L Anterior-inferior Medium N
M 36 L Anterior-superior Medium N
F 54 R Anterior-inferior Small N
F 31 L Anterior-inferior Small N
F 4 R Anterior-inferior Small N
M 32 L Anterior-inferior Medium Y
F 32 L Anterior-inferior Small N
F 70 R Anterior-superior Medium Y
F 56 L Anterior-superior Small N
F 55 R Anterior-inferior Medium N
F 58 R Anterior-inferior Medium N
F 53 L Anterior-superior Small N
M 46 L Anterior-inferior Medium N
F 46 R Anterior-inferior Medium Y
F 40 R Anterior-inferior Medium Y
F 28 L Anterior-inferior Medium Y
F 38 R Anterior-superior Medium N

3.3. Auditory results

The auditory results were recorded at postoperative 12 months
(Table 1). The mean postoperative ACT (33.52+10.88 dB) was
significantly lower than the mean preoperative ACT (44.7 + 13.56;
P < .0001). The mean postoperative ABG (12.52+3.94 dB)
was also significantly lower than the mean preoperative ABG
(22.35+6.54 dB; P <.0001) (Table 1; Fig. 3A). Preoperative ABG
of at least 20 dB was found in 16 (69.57%) patients, while this
number decreased to 1 (4.35%) patient postoperatively. Most
patients (73.91%) achieved an ABG between 10 and 20 dB post-
operatively, and 5 patients (21.74%) had an ABG <10 dB, which
approximated the standard level for normal persons (Table 1;
Fig. 3B). Altogether, 22 (95.65%) patients had an ABG below
20 dB. The mean improvement in ABG was 9.83+5.00 dB. Of
the 23 patients, 11 (47.83%) achieved an ABG closure of 10 to
19 dB, equal to the number of patients with an ABG closure of
0to 9 dB, and 1 (4.25%) patient had an ABG closure of at least
20 dB. In summary, according to the graft success criteria men-
tioned above, the functional graft success rate reached 95.65%
(1 patient had a postoperative ABG of >20 dB) (Table 1).

4. Discussion

A number of studies have documented high success rate of
tympanoplasty. Ozdamar et al® enrolled 151 patients who

underwent transcanal endoscopic tympanoplasty. They reported
cartilage fascia graft retention rate of 94.9% with an average
postoperative hearing of 10.59+4.47 dB; graft retention rate
with fascia of the temporal muscle was 97.2% with an average
postoperative hearing of 7.44+6.11 dB. Hsu et al® reported
similar success rates >90% achieved with use of temporalis
fascia for repair of TM perforation under the microscope and
the endoscope. Huang et al'” performed a systematic review
of outcomes of butterfly cartilage tympanoplasty. The reported
closure rates ranged from 80% to 94% (median 91%), similar
to that achieved with temporal fascia tympanoplasty and carti-
lage tympanoplasty, but higher than that achieved with fat graft
myringoplasty. All groups showed improved auditory function
suggesting similar hearing gains from these approaches. Tan
et al''! conducted a larger meta-analysis of 214 studies (com-
bined n = 26,097). The mean closure rate was 86.6% (range
46.8-100%) and the outcomes were not significantly different
between different surgical approaches or techniques. However,
soft grafts are not recommended in difficult settings such as
atelectasis, revision surgeries, and anterior or large perforations,
owing to the higher risk of graft resorption or retraction. The
properties of rigidity and resistance from retraction make carti-
lage a better choice for myringoplasty in challenging situations.
Mohanty et all'?l reported better graft success rate and ABG
closure ratio with use of cartilage graft compared with use of
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Auditory results and graft success rates.

Preoperation  Postoperation P value
ACT (Mean + SD; dB) 447+1356  33.52+10.88 <.0001*
ABG (Mean + SD; dB) 22.35+6.54 12.52+3.94 <.0001*
ABG > 20 dB 16/23 (69.57%)  1/23 (4.35%)
ABG < 20 dB 7/23 (30.34%) 22/23 (95.65%)
10 <ABG <20 dB 7/23 (30.43%) 17/23 (73.91%)
ABG < 10dB None 5/23 (21.74%)
ABG closure (Mean + SD; dB) 9.83+5.00
ABG closure > 20 dB 1/23 (4.35%)
10 < ABG closure < 20 dB 11/23 (47.83%)

0 < ABG closure < 10 dB 11/23 (47.83%)

Graft success rate (1 month)t 20/23 (86.96%)
Graft success rate (6 and 12 months)t 100%
Total success ratef: 22/23 (95.65%)
Complications None

* Wilcoxon signed-rank test.

1 and

 represent anatomical and functional graft success, respectively.

ACT, air conduction threshold; ABG, air-bone gap; SD, standard deviation

A 4.
o 60 B Preoperation
z e B Postoperation
g
= 401
>
=] Kk kK
£
©
2 204
i<
QL
©
o
0
ACT ABG
B 5.
::Z B Preoperation
» ] B Postoperation
£ 14
2 12 1
©
2101
o
g o
E o
=z 41
2
04
ABG = 20 dB 10 < ABG ABG < 10dB
<20dB

Figure 3. Pre- and postoperative hearing function. (A) Comparisons of the
ACT and ABG pre- and postoperation, “"P < .0001 using the Wilcoxon
signed-rank test. (B) Pre- and postoperative distribution of the ABG. Values
were obtained according to the PTA results. ABG = air-bone gap, ACT = air
conduction threshold, PTA = pure-tone audiometry.

fascial graft. In the study by Fermi et al,["¥! the graft material
was found to be the main determinant of the outcomes of endo-
scopic perforation repair; the use of hard grafts (cartilage or
cartilage-perichondrium composite) was found more protective
than soft grafts (fascia and perichondrium) alone, with an over-
all success rate of 91.2%. In a meta-analysis by Tan et al,/'!l use
of cartilage increased the closure rate by 2.8% compared with
fascia. We obtained similar or even better results, with a 100%
graft success rate in the present study.

Of late, many techniques with use of modified cartilage grafts
have been described. Of these, tragal cartilage-perichondrium
composites with the perichondrium attached to 1 side, retaining
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both the hardness of cartilage and ductility of the perichon-
drium, have become a popular source of grafts. Researchers
have focused on the thickness of grafts because the thickness
of the chondroperichondrial graft itself is different from that of
the normal eardrum. They found that thinning or thickening
of cartilage grafts did not prolong the operation or increased
the technical difficulties; however, this did not lead to actual
hearing gain or improved the success rate.l”! Therefore, in this
study, we did not manipulate the thickness of the graft but
directly removed most of the cartilage, leaving only the anterior
strip-type structure. The results showed that our modification
not only reduced the time for required graft shaping but also
ensured postoperative hearing improvement and improved the
graft success rate.

Tos!"* classified cartilage techniques for tympanoplasties
into 6 groups that can be categorized into 2 main techniques:
the palisade technique and island graft technique. Fernandes!!
and Ahmed et al™! introduced the “triple C” technique, which
resulted in 100% and 91.3% graft success rates, respectively.
Genc!'®! described the perichondrium-preserved palisade island
graft technique for tympanoplasty with a 93.61% success rate,
while Larrosa et al'”! found no obvious difference in hearing
or graft take results obtained with the palisade cartilage graft
technique compared to the endoscopic chondroperichondrial
graft technique. Despite the ideal results provided by the pali-
sade technique and island graft, these grafts are nontransparent,
which makes it difficult to examine the middle-ear postop-
eratively. Mansour et al'¥ introduced the ring graft with the
absence of cartilage at its center, and achieved complete clo-
sure of the perforations in all cases (18 cases), including ante-
rior perforations. Dundar et al" described a new graft called
as boomerang-shaped chondroperichondrial graft, which left a
boomerang-shaped cartilage island at the anterior and inferior
parts of the graft and obtained ideal surgical results. Several
other methods of cartilage modification have been used, such as
butterfly cartilage, suspended cartilage, and palisade cartilage.
Butterfly cartilage technique has been widely used with good
success rate. However, in our clinical practice, patients with
large perforations complained of occasional ear tightness and
discomfort in the postoperative period. Lou® found the sus-
pended cartilage overunderlay technique was useful, as it recon-
structed the central tympanic membrane perforation without
elevation of the tympanomeatal flap. However, this presented
a great challenge for graft fixation. The palisade cartilage mod-
ification entails retention of strip-shaped cartilages to provide
better support. However, the placement of multiple strips of pal-
isade cartilage increases the operation time and presents some
difficulty for fixation. The strip-type chondroperichondrial graft
used in the present study not only provides good support but
also better fixation; it is suitable for both anterior perforations
as well as for large and central perforations.

None of the studies mentioned above used the same surgical
technique described herein. Compared with the strip-type grafts
discussed herein, the time required for soft grafts is longer, and
the technique is less cost effective because these grafts need to be
harvested from the temporalis area and have to be dried prior to
their placement; scar formation and postoperative care are also
disadvantages of soft grafts. In contrast to the palisade island or
ring graft technique, we trimmed the cartilage to leave only a
strip shape on 1 side of the graft, leaving the original perichon-
drium. This step was performed easily, was timesaving, and did
not warrant concerns of damaging the adjacent perichondrium
during cutting of the cartilage. In contrast to boomerang-shaped
grafts, strip-shaped grafts are foldable and can be clamped eas-
ily when deployed at the site of perforation from the external
ear canal. In terms of the postoperative results, 3 patients did
not achieve anatomically complete closure of the TM perfora-
tion at the 1-month follow-up. One patient had a small residual
perforation that was completely repaired after treatment and
did not require reoperation. At 12-month follow-up, no cases of
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failure were observed in our study, which is similar to the results
obtained with the “triple C” and “ring graft” techniques. Among
patients treated with boomerang-shaped graft technique, there
were 7 graft perforations and 4 graft retractions at the end of
the 12-month follow-up.'! Our technique also ensures ideal
hearing improvement for patients. Except for 1 patient who did
not gain an ABG below 20 dB, all others achieved functional
repair success (95.65%). The mean postoperative ABG was sig-
nificantly lesser than the mean preoperative ABG, which is con-
sistent with the outcomes achieved with the boomerang-shaped
technique.

Anterior perforations are considered challenging for repair
because of the difficulties associated with poor visualization,
reduced vascularity, and graft instability. Visvanathan et al®?!!
summarized 4 techniques for repair of anterior tympanic
membrane perforation, that is, anterior anchoring techniques,
lateral graft tympanoplasty, techniques for large and subto-
tal perforations, and endoscopic transcanal techniques. Use
of an operating microscope for repair of anterior perforation
is often hindered by the anterior wall of the external canal,
which prevents adequate visualization of the anterior mar-
gin.! Endoscopic ear surgery (ESS) has become increasingly
popular in the past 2 decades owing to the distinct leverage
offered by wider visual access to the whole margin of the per-
foration and better depth perception, which helps improve
surgical outcomes. Giilsen and Arici®? concluded that the
endoscopic tympanoplasty technique offers great advantage
over the microscopic technique with respect to better graft
success rate, shorter duration of surgery, and fewer operative
complications. Although different endoscopic tympanoplasty
techniques, such as the butterfly, push-through, perichon-
drium-reinforced cartilage, and composite cartilage-peri-
chondrium island techniques, offer advantages for anterior
perforation closure, none of these surgical methods is perfect.
In the butterfly-inlay or push-through technique, the tympa-
nomeatal flap is not raised, which hinders the assessment of
the ossicular status; in addition, insertion and fixation of the
graft is very difficult for perforations smaller than § mm. Push-
through technique is more appropriate for patients with large
perforation and spacious external auditory canal. The critical
aspects during graft placement include adjustment of the angle
to make the graft fit perfectly with the annulus and flattening
of the anterior skirt edges from the remnant of the perforation
to allow optimal positioning of the graft; after placement of
the graft, it needs to be lifted again for tympanic tamponade.
Regardless of the type of graft (soft or hard graft), coiling and
crimping are difficult to avoid during graft placement, resulting
in time-consuming repeated graft adjustment; moreover, graft
displacement, floatation, or poor placement may lead to TM
repair failure. Use of an operating microscope allows for better
stability than endoscopic repair as the former technique allows
the surgeon to use both hands. Few of the studies mentioned
above focused on the techniques to simplify the graft insertion
and placement process. In the present study, we focused on
the process from graft shaping to placement; in particular, we
described the technique to insert the graft in a folded form and
how to pull the graft back into placed position from folded
form safely and handily (Fig. 1). First, the tympanomeatal flap
was lifted in the routine manner. Second, owing to the strip-
type graft, the folded graft easily passed through the narrow
external auditory canal. The anterior cartilaginous part can
not only act as a pivot anchored across the anterior perforated
area, which is convenient for the second tympanic tamponade
lift, but also provides better support to resist retraction. It also
facilitates the repositioning of the perichondrium after tam-
ponade. In our cohort, excluding the time required to lift the
tympanomeatal flap, the time required from graft harvesting to
completion of tamponade was <15 minutes; this was approx-
imately half the time required in the “triple C” tympanoplasty
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procedure in previous studies.!'! The series of modified tech-
niques allowed the surgeon to accomplish all placement proce-
dures and ensured satisfactory postoperative outcomes similar
to those obtained in other studies.

Some limitations of our study should be acknowledged. First,
the relatively small sample size limits the generalizability of
our findings. Second, this was a retrospective study with all its
inherent limitations. A larger multicenter prospective study will
provide more definitive evidence. Although we reached a 100%
anatomic graft success rate, this may be due to the careful selec-
tion criteria used.

In summary, in this study, we not only employed strip-type
chondroperichondrial grafts to repair anterior TM perforations
under endoscopy in selected patients but also simplified the
graft insertion and placement process. The approach is easy to
operate, reliable, time and labor saving, and therefore highly
recommendable.
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