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Abstract The objectives of this study were to ascertain

the feasibility of transcanal endoscopic underlay myrin-

goplasty using temporalis fascia and compare the results

with microscopic myringoplasty. This prospective ran-

domized trial included 60 patients with mucosal chronic

otitis media with tympanic membrane perforations of all

sizes and locations apart from posteriorly based small or

moderate sized perforations. In the endoscopy group, 30

patients underwent exclusive transcanal myringoplasty

using tympanomeatal flap elevation with underlay graft

placement. In the microscopy group, 30 patients underwent

myringoplasty using the postaural approach. Intra-opera-

tive variables compared were canalplasty and canal wall

curettage for assessment of ossicular status. Graft uptake,

hearing outcomes using pure tone audiometry and sub-

jective cosmetic outcomes were assessed 24 weeks post-

operatively and compared in the two groups. Resident

feedback on the feasibility of endoscopic myringoplasty

was obtained using a questionnaire. In the microscopy

group, 5/30 patients required canalplasty due to canal

overhangs and 4/30 required canal wall curettage for

ossicular assessment, whereas none of the patients in the

endoscopy group required these procedures. A graft uptake

rate of 83.3 % was observed in both groups post-opera-

tively after 24 weeks. Mean air-bone gap pre- and post-

operatively in the endoscopy group was 28.5 and 18.13 dB,

respectively, whereas these values were 32.4 and 16.9 dB,

respectively, in the microscopy group. Subjective cosmetic

outcomes were better in the endoscopy group. Resident

feedback on endoscopic myringoplasty was positive.

Endoscopic myringoplasty appears to be an effective

alternative to microscopic myringoplasty and results in

excellent hearing with good cosmetic outcomes.

Keywords Endoscopy � Myringoplasty � Tympanic

membrane � Tympanoplasty

Introduction

The closure of tympanic membrane perforations by

myringoplasty is one of the most common surgical proce-

dures performed in an otolaryngology practice. Resident

training in otology often begins with tympanoplasty pro-

cedures with temporalis fascia as the usual graft material,

traditionally performed and taught using an operating

microscope, as with most other otological procedures.

Endoscopy has had an increasing role to play in ear

surgery, namely, photo documentation of the tympanic

membrane [1], cholesteatoma surgery [2–6], surgery of the

facial nerve [7] and anatomy of the sinus tympani [8].

Despite the increasing number of publications on the role

of endoscopy in the management of otitis media surgery,

there has been a scarcity of publications on endoscopic

myringoplasty [9–14], with most relying on graft place-

ment without tympanomeatal flap elevation [9–11] in small

to medium perforations. There have been very few studies

involving direct comparison between endoscopic and

microscopic myringoplasty using flap elevation techniques

[13, 14].

The effects of incision type in tympanoplasty on cos-

mesis [15] and the presence of bony canal overhangs

necessitating canalplasty [16, 17] have prompted the use of

exclusive endoscopic transcanal tympanoplasty in the
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management of tympanic membrane perforations of dif-

ferent sizes and locations.

The current study was undertaken to compare the

microscopic and endoscopic methods of type 1 tympano-

plasty directly using temporalis fascia in an underlay

placement method. Intraoperative observations made were

canal overhangs and canalplasty performed along with the

ease of ossicular assessment.

Methods

Ethical considerations

A written informed consent was taken from all patients

before surgery explaining the possibility of postaural,

endaural or supra-aural hairline incision. Patients planned

for endoscopic myringoplasty were informed of the pro-

cedure and the possibility of conversion to a postaural

approach. Only patients who volunteered were enrolled in

the study. Institutional ethics committee clearance was

obtained for the study.

The study was conducted at a tertiary care centre

between 2010 and 2012 and included 60 patients with

mucosal chronic otitis media. Patients with age [12 years

having tympanic membrane perforations of any size and

location apart from small or moderate posterior-based

perforations were included. Posterior small or moderate

sized perforations were excluded as these can generally be

managed by a transcanal microscopic approach, except for

cases with excessive posterior bony overhangs. None of the

patients enrolled in the study were found to have bony

overhangs obscuring posterior margins of perforation in

cases with posterior perforations. Dry ear for a minimum of

4 weeks was considered a prerequisite. Patients with mar-

ginal perforations, cholesteatoma or retraction pockets,

ossicular discontinuity or fixity, persistent discharge, revi-

sion myringoplasties and sensorineural hearing loss were

excluded. Patients with marginal perforations, revision

tympanoplasties, ossicular discontinuity, significant middle

ear mucosal edema or granulations, craniofacial abnor-

malities and persistently discharging ears are candidates for

cartilage tympanoplasty using the composite cartilage-

perichondrial graft or palisading technique. Temporalis

fascia has a higher re-perforation or retraction rate than

cartilage, particularly in this subset of patients. Perichon-

drium was not used as a primary graft material, being more

opaque than temporalis fascia and due to the possibility of

being used as a composite graft material with cartilage in

case of a re-perforation or retraction.

All patients undergo a thorough head and neck exami-

nation prior to surgery, including the state of nasal mucosa.

Patients with significant nasal mucosal abnormalities in

form of allergy, hypertrophy or polyposis are managed

medically or surgically prior to ear surgery.

A resident unaware of the otoscopic findings randomly

distributed the patients into the endoscopy and microscopy

groups, to achieve a 30/30 distribution of cases in each

group. Patients [16 years of age were operated under local

anaesthesia with neuro-sedation, whereas those younger

were operated under general anaesthesia. Patients planned

for local anaesthesia were administered 25–50 mg intra-

muscular promethazine for sedation minutes before surgery.

2 % xylocaine was used with adrenaline concentration of

1:200000 for postaural or supra-aural anaesthesia and

1:100,000 for transcanal injection. Transcanal injections

were made in all four quadrants with a 26-gauge needle

using an ear speculum and canal skin observed for

blanching.

Variables recorded pre-operatively were age and sex of

the patient, size and location of the tympanic membrane

perforation, presence of bony overhangs obscuring perfo-

ration margins, status of the contralateral ear and pure tone

audiogram. Intra-operative variables recorded were canal-

plasty to reduce overhangs and the need for curettage of the

postero-superior canal wall for ossicular assessment.

Technique

In the endoscopy group, 0� and 30� 4 mm rigid endoscopes

(Karl Storz) were used and the procedure was performed

using an exclusive transcanal approach with temporalis

fascia harvested from a separate supra-auricular hairline

incision. The endoscope was held in the left hand and

instruments in the right. No endoscope holder was used.

After debridement of the margins, the tympanomeatal flap

was elevated depending on the size and location of the

perforation.

– Posterior perforation: 12 to 70o clock.

– Moderate central and antero-inferior perforation: 12 to

90o clock.

– Subtotal or antero-superior perforation: 12 to 110o
clock.

The malleus handle was denuded in perforations

encompassing the handle. Incudostapedial joint integrity

and mobility were assessed using the 0� and 30� endo-

scopes successively. A dried fascia graft trimmed to

appropriate size was placed in an underlay manner medial

to the handle of the malleus. The tip of the umbo was

nipped in cases of medialized malleus handle. Graft in all

cases was placed medial to umbo, even in cases requiring

separation of tympanic membrane remnants from umbo, to

prevent graft lateralization. Anterior placement of graft

was lateral to bony annulus and medial to fibrous annulus

in all cases. No Gelfoam was used in the middle ear.
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Gelfoam pledgets were placed lateral to the graft with

pressure on the anterior canal skin against the bone to

prevent anterior blunting (Figs. 1, 2, 3, 4).

Flap elevation and graft placement procedures were

similar in the microscopy group. The mastoid periosteum

was incised in a rectangular manner creating a flap, which

was sutured precisely to ensure appropriate auricular

alignment.

Patients were discharged on the following day and

recalled for serial post-operative visits on the 10th and 24th

day, and at 12 and 24 weeks. Post-operative outcome

measures compared were graft uptake rate and hearing

status. In addition, feedback was taken from residents

under training.

Pure tone thresholds of air conduction, bone conduction

and air-bone gaps were calculated as averages at 500,

1,000, 2,000 and 4,000 Hz.

Data were analysed using SPSS (version 16) software

with the Student’s t test and Mann–Whitney test.

Results

The mean age of patients in the endoscopy group was

28.30 ± 9.39 years, whereas it was 25.53 ± 8.38 years in

the microscopy group (p = 0.571). In the endoscopy

group, 50 % of patients were female, whereas 57 % were

female in the microscopy group (p = 0.605).

In the endoscopy group, four out of 30 patients

(13.33 %) had bilateral disease, whereas 15/30 patients

Fig. 1 Endoscopic image demonstrating large central perforation

with anterior tympanosclerotic plaques

Fig. 2 Zero degree endoscopic view after elevating fibrous annulus

showing chorda tympani and handle of malleus

Fig. 3 Panoramic endoscopic view of middle ear after tympanome-

atal flap elevation with removal of anterior tympanosclerotic plaques

and incidental high jugular bulb

Fig. 4 Endoscopic image after final graft placement
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(50 %) had bilateral disease in the microscopy group. All

patients with disease in the contralateral ear had tympanic

membrane perforation with no evidence of retraction.

No patients in either group were found to have any

significant nasal mucosal abnormality.

Table 1 shows the distribution of the size of perforations

(SOP) in the endoscopic and microscopic myringoplasty

groups. Perforations were defined as small when involving

one quadrant, moderate with involvement of two quad-

rants, large with involvement of three or more quadrants. In

the endoscopy group, all small perforations were located in

the antero-inferior quadrant. Small perforations in the

microscopy group were located one each in the antero-

superior and antero-inferior quadrant.

In the endoscopy and microscopy groups, four and five

patients had significant canal overhangs, respectively

(p = 0.718). The overhangs were most commonly in the

antero-inferior and postero-inferior regions. No patient in

the endoscopy group required canalplasty and adequate

exposure was obtained with the 0� endoscope. All five

patients in the microscopy group underwent canalplasty

for adequate exposure of the tympanic annulus in its

entirety.

The 0� and 30� endoscopes provided an adequate view of

the incudostapedial joint complex without the need for any

postero-superior canal wall curettage, whereas canal wall

curettage was required in four patients in the microscopy

group.

In both the endoscopy and microscopy groups, 25/30

(83.3 %) patients had intact and well-healed grafts

24 weeks post-operatively. All patients with significant

canal overhangs in either group had intact grafts all

throughout the post-operative period. Figure 5 shows the

graft uptake in relation to SOP. In the endoscopy group, 4/5

graft defects were small and located in the anterior quad-

rants with one moderate sized defect. 2/4 graft defects in

the endoscopy group were re-perforations following doc-

umentation of an intact graft. No spontaneous closure of

graft defects was observed in the follow-up period. In the

microscopy group, 2/5 patients had complete graft failure

with small defects in the other three patients. None of the

graft defects in the microscopy group were re-perforations.

All small sized graft defects were closed endoscopically by

fat grafting. Single case of epithelial pearl was observed

anterior to umbo in the endoscopy group, which was

excised endoscopically on outpatient basis. No graft lat-

eralization was observed in either group.

Table 2 shows the mean air-bone gap pre- and post-

operatively in the endoscopy and microscopy groups. The

mean air-bone gap decreased by 10.37 dB in the endoscopy

group and by 15.5 dB in the microscopy group.

All patients in the endoscopy group reported excellent

cosmetic outcomes as the incision scar was well hidden in the

hairline. In the microscopy group, 25/30 patients reported

excellent cosmetic outcomes and were unaffected by the

Table 1 Distribution of patients with respect to size of perforation in

endoscopic and microscopic myringoplasty

Size of

perforation

No. of patients (%) Total no. of

patients (%)
Endoscopic

myringoplasty

Microscopic

myringoplasty

Subtotal 10 (33.3 %) 13 (43.3 %) 23 (38.3 %)

Medium 16 (53.3 %) 15 (50 %) 31 (51.7 %)

Small 4 (13.3 %) 2 (6.7 %) 6 (10 %)

Total 30 (100 %) 30 (100 %) 60 (100 %)

p = 0.580

Fig. 5 Comparisonofgraftuptakeratewithsizeofperforationforeachtechnique
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postaural scar after 24 weeks post-operatively. Five patients

in the microscopy group reported their cosmetic outcome as

only satisfactory as a result of the incision scar. No patient

reported any malalignment of the pinna.

Discussion

Synopsis of key findings

The current study was undertaken to assess the feasibility

of endoscopic myringoplasty using the tympanomeatal flap

elevation technique and to compare this with the conven-

tional microscopic technique to highlight the advantages

and disadvantages and to determine the possibility of

incorporating endoscopic myringoplasty in routine otolar-

yngology training.

Exclusive transcanal endoscopic myringoplasty using

temporalis fascia graft provides an excellent alternative to

microscopic myringoplasty irrespective of the tympanic

membrane perforation size and appears to be user friendly,

especially with surgeons familiar with endoscopy.

Comparisons with other studies

In recent times, endoscopes have revolutionized otitis

media surgery, playing a significant role in the manage-

ment of cholesteatoma, sinus tympani disease and facial

nerve surgery [2–8]. The prospect of endoscopic myrin-

goplasty and its comparison with the microscopic tech-

nique has received relatively little attention [9–14], and has

been further confounded by the application of the endo-

scopic technique to small perforations without tympa-

nomeatal flap elevation [9–11].

Ayache [14] and Harugop et al. [13] used the tympa-

nomeatal flap elevation technique in exclusive transcanal

endoscopic myringoplasty with cartilage and temporalis

fascia, respectively, and reported satisfactory results.

The panoramic view provided by a 0� rigid endoscope

coupled with the addition of angled telescopes provides

excellent visualization of the entire tympanic membrane,

middle ear and ossicular chain, even in the presence of

bony overhangs.

The choice of surgical approach (endomeatal, endaural,

postaural) in accordance with the size and location of the

perforation has been thoroughly described by Fisch [16],

who emphasized the importance of canalplasty in anteri-

orly based or subtotal perforations. A generous canalplasty

not only improves vision of the tympanic annulus in its

entirety leading to effective graft placement, but also sig-

nificantly enhances post-operative graft control and vision

[16, 17]. The propensity for extra time consumption, pos-

sible flap tears and facial nerve injury [18] often gives rise

to reluctance for canalplasty, more so in young surgeons in

training.

In the current study, five patients required and under-

went canalplasty in the microscopy group. Four patients in

the endoscopy group did not require canalplasty despite

having significant canal overhang, and overhangs could be

negotiated with the 0� endoscope without compromising

exposure. It is noteworthy that none of these cases had graft

defects in the post-operative period. This is in accordance

with the findings of Ayache [14] and Harugop et al. [13]

where no patient required canalplasty in endoscopic

myringoplasty. Despite these results, it would be premature

to avoid canalplasty in all cases with canal overhangs as

post-operative vision, cleaning and instrumentation can be

hampered.

Four patients in the microscopy group required curettage

of the postero-superior canal wall for assessment of the

integrity and mobility of the incudostapedial joint complex.

The 0� endoscope, however, provided an excellent view of

the ossicles without any canal wall curettage.

Graft uptake rates for microscopic myringoplasty using

temporalis fascia graft in an underlay technique have been

variously described as between 80 and 95 % by various

authors [19, 20]. Similar graft uptake rates have been

described in endoscopic myringoplasty using temporalis

fascia [13]. The graft uptake rate in the current study was

83.3 % in both groups and is in accordance with previous

studies. Comparison of graft uptake, however, is ques-

tionable as it depends on a host of factors–surgical expe-

rience, choice of approach (postaural, endaural,

transcanal), eustachian tube function and graft material

(cartilage/fascia) [19–21].

In effect, hearing improvement after myringoplasty

depends upon graft uptake, residual perforations, graft

lateralization or medialization rather than the choice of

approach or use of microscope or endoscopes. Endoscopes

are merely tools that aid in better visualization, especially

in narrow canals and of key structures such as ossicles, and

Table 2 Comparison of mean pre-operative and post-operative air

bone gap (AB gap) for each technique

No. of

patients

Mean

(dB)

Std.

deviation

Std.

error of

mean

Pre-operative AB gap

Endoscopic myringoplasty 30 28.50 5.111 0.933

Microscopic myringoplasty 30 32.37 5.798 1.059

Post-operative AB gap

Endoscopic myringoplasty 30 18.13 7.109 1.298

Microscopic myringoplasty 30 16.87 6.842 1.249

p = 0.247
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aid in better exposure and graft placement, which ulti-

mately should result in better post-operative graft uptake

and hearing results.

The cosmetic outcome was statistically significant with

all patients in the endoscopy group reporting excellent

results. Five patients (16.67 %) in the microscopy group

reported satisfactory results due to scar presence. Coskun

et al. [15] and other groups described changes in auricu-

lomastoid angles after endaural and postaural myringo-

plasties and concluded that the postaural approach resulted

in greater alterations in the angle than the endaural

approach. In our study, none of the patients operated by the

postaural approach reported any misalignment of the pinna.

The questionnaire completed by the residents revealed

the willingness of most to become more familiar with

endoscopic myringoplasty and to take time to learn the new

technique just as with endoscopic sinus surgery. Initial

bleeding on flap elevation and consequent endoscope fog-

ging together with the single-handed approach were the

most common difficulties encountered by residents. Resi-

dents trained in transcanal surgery approached the endo-

scopic technique with much more enthusiasm.

Limitations and recommendations

Limitations of the present study included the relatively

small sample size leading to a lack of generalization of the

findings. Further studies incorporating comparisons in the

management of exclusively anteriorly based perforations or

perforations in canal overhangs may lead to more specific

conclusions. Furthermore, the prospect of exclusive trans-

canal endoscopic canalplasty in severe anterior or inferior

bony overhangs seems promising.

Conclusions

Endoscopic myringoplasty is an effective and promising

alternative to the traditional microscopic technique using

the postaural approach and leads to comparable outcomes

in terms of graft uptake and hearing. Canalplasty and

postaural incision can be avoided in the absence of major

canal overhangs. Finally, the procedure does seem to have

a place in resident training and would be accepted with

reasonable enthusiasm.
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