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Abstract The purpose of the study was to analyze the

morphological and functional outcomes in a series of 60

patients for whom Type I tympanoplasty was done using

alcohol preserved nasal septal cartilage allograft through

endoscopic permeatal route. The study was a prospective,

interventional (surgical) study of 60 patients between

October 2012 and September 2014. Patients were operated

using 0�, 4 mm, 18 cm long Hopkin’s rod endoscope

through permeatal route. 70% ethyl alcohol preserved

allogeneic nasal septal cartilage with thickness of around

0.5 mm was used for grafting. At the end of 6 months, final

assessment of morphological outcome i.e. intact tympanic

membrane and functional outcome i.e. reduction in Air

Bone gap, was done. At the end of 6 months, 57 patients

(95%) had intact tympanic membrane. Mean ABG in

postoperative patients was 11.83 dB. The operative time

taken in 42 patients (70%) was 30–45 min. 42 patients

(70%) returned to normal activity in 3–5 days. Endoscopic

cartilage tympanoplasty using allogenic nasal septal carti-

lage can be safely and effectively used for Type I tym-

panoplasty with good anatomical and audiological results

with benefits of reduced operating time, morbidity, pain

and ‘No scar’.
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Introduction

Different types of graft materials have been tried to repair

the tympanic membrane (TM) since tympanoplasty was

introduced by Wullstein [1] and Zoellner [2]. These include

temporalis fascia, fat, cartilage, perichondria, periostia,

dura and vein [3]. Temporalis fascia remains the most

commonly used material for tympanic membrane recon-

struction, with a success rate of 93–97% in primary tym-

panoplasties [4]. Even in hands of experts, failures occur as

fascia and perichondrium have been shown to undergo

atrophy and subsequent failure in the postoperative period,

regardless of placement technique [5–8]. These observa-

tions have revived the interest in cartilage as grafting

material, as cartilage is more compliant and stiff preventing

the retraction and resorption of neotympanic membrane in

postoperative period. There has been an increase in the use

of cartilage tympanoplasty with surgeons reporting

improved outcomes when compared with temporalis fascia

used alone [9]. It has been shown in both experimental and

clinical studies that cartilage is well tolerated by the middle

ear, and long-term survival is the norm [10–14].

Cartilage was first introduced in middle ear surgery in

[15] and has been described for the limited management of

retraction pocket [16–21] and more recently, for the

reconstruction of the tympanic membrane in cases of

recurrent perforation, with encouraging results [8, 22, 23].

Despite the thickness of the grafts, the hearing results

appear to be good [8, 22–26]. In our study, we used 70%
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ethyl alcohol preserved nasal septal cartilage allograft as

graft for tympanoplasty.

Materials and Methods

The present study was conducted in the department of

otorhinolaryngology, Dr Kamakshi Memorial Hospital,

Chennai from October 2012 to September 2014. All

patients presenting in ENT outpatient department with

complains of ear discharge and decreased hearing were

examined. In a period of 2 years, 110 patients were

screened but based on inclusion and exclusion criteria, 60

patients were selected for the study.

Inclusion Criteria

Patients of both sexes equal to and more than 10 years of

age.

• Small to large central perforations

• Dry perforations

• Patient willing for surgery and regular follow up

Exclusion Criteria

• Subtotal, total perforation

• Patients with unsafe ear

• Active discharging ear

• Otitis externa, otomycosis

• Uncontrolled diabetes mellitus

• Patients having upper respiratory tract infection at the

time of surgery

• Patients not willing for study or regular follow up

Size of perforation was recorded according to the number

of quadrants involved. Tuning fork tests was done to

determine the degree and type of hearing loss. Pure tone

audiometry was done according to American speech and

hearing association (ASHA) method.

All the patients were operated using zero degree, 4 mm,

18 cm long Hopkin’s rod endoscope through permeatal

route. 70% ethyl alcohol preserved allogenous nasal septal

cartilage with thickness of around 0.5 mm was used for

grafting.

Technique

Part preparation was not required. Patients under sixteen

16 years of age were operated under general anesthesia.

For patients of age 16 years and above, we preferred to

operate under local anesthesia. Patient placed in supine

position with head turned to opposite side. Local

infiltration of 2% Lignocaine solution with 1:100,000

adrenaline was used for all patients irrespective of local or

general anesthesia to have adequate local vasoconstriction

and hydro dissection of planes. 0.5 ml of anesthetic is

infiltrated in each four quadrants (at 3, 6, 9, 12) O’clock

positions, postaural region and incisura terminalis.

Endoscope was introduced in the external auditory canal.

The edges of the perforation were freshened with a sickle knife.

Canal incision is made 8 mm lateral to the tympanic annulus

from 1 to 4o’clock for right ear and 11–8 o’clock for left ear

(270� elevation) with a circular knife. The tympanomeatal flap

is elevated and raised superiorly. Ossicular mobility is checked.

A single piece of 70% ethyl alcohol preserved allogenous nasal

septal cartilage was taken and sliced to approximately 0.5 mm

thick with dimensions of around 2 cm width, 1 cm length and

0.5 mm thickness for grafting (Fig. 1).

Diameter of cartilage was kept slightly more than per-

foration. The cartilage graft was placed by underlay tech-

nique above handle of malleus (Fig. 2).

Tympanomeatal flap is replaced and gelfoam packed in

the canal. All patients were followed up for 6 months. At the

end of 6 months, final assessment of morphological outcome

i.e. intact tympanic membrane was done by visualization

with 0� endoscope in outpatient department (Fig. 3).

Functional outcome is measured with pure tone

audiometry at 6 months and was compared with preoper-

ative pure tone audiometry records. An intact mobile

tympanic membrane at the end of 6 months with closure of

air-bone gap to less than or equal to 20 dB is taken as a

successful outcome.

Results

The male to female ratio in our study was 4:1 (48 males

and 12 females). The age distribution ranged from 12 to

57 years and maximum patients were in third decade. Most

of the patients (3.33%) had medium size perforation. 50%

patients had right side perforation and 4 patients (7%) had

bilateral perforation.

Fig. 1 Nasal septal cartilage allograft
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The operative time taken by most of the patients (70%),

was 30–45 min (Table 1). In rest of the patients (30%),

surgery got over by 60 min. None of the surgery took more

than 1 h.

42 (70%) patients returned to their normal activity

within 3–5 days (Table 2). 4 patients (6.67%) returned to

normal activity within 3 days of surgery. 14 patients

(23.33%) returned to normal activity in 8 days.

At the end of 6 months, 57 patients (95%) had intact

tympanic membrane and 3 patients (5%) had residual

perforation (Table 3).

The mean ABG in postoperative patients was 11.83 dB.

54 patients (90%) had ABG less than 20 dB (Table 4).

Discussion

Otologists have been venturing for newer graft materials in

view of failures of temporalis fascia in tympanoplasty.

Causes of tympanoplasty failure using a temporalis fascia

graft include atelectasis, tympanosclerosis, large perfora-

tion, pathology of malleus handle, anterior perforation,

perforation during surgery, tobacco smoke exposure and

bilateral disease [27, 28]. Since the temporalis muscle

fascia is composed of irregularly arranged elastic fibers and

fibrous connective tissue, the postoperative dimensions of

the graft are usually unpredictable [29]. A more rigid, more

compliant and retraction resistant graft material is being

searched.

Although cartilage has been used for Ossiculoplasty for

almost half a century, renewal of interest for using as a

graft in tympanoplasty is more apparent in last decade

only. The rigidity and stiffness of cartilage resists retraction

of tympanic membrane resulting in better morphological

outcome. However, various studies have shown that it does

not dampen the acoustic transfer of sound. Thus, hearing

improvement is not adversely affected and is comparable

with that of temporalis muscle fascia graft. A publication

comparing perichondrium and cartilage in revision Type I

tympanoplasty showed no difference in hearing between

the two groups, with both exhibiting ABG of less than

10 dB [24]. Another comparison study was performed by

Fig. 2 Allograft placed in middle ear by underlay technique

Fig. 3 Six months post-operative result showing intact tympanic

membrane

Table 1 Operative time

Operative time (minutes) Number of cases Percentage (%)

30–45 min 42 70

45–60 min 18 30

0–90 min 0 –

Table 2 Return to normal activity

Return to normal activity (days) Number of cases Percentage (%)

\3 days 4 6.67

3–5 days 42 70

6–8 days 14 23.33

Table 3 Morphological outcome

Morphological outcome (at the end of

6 months)

Number of

cases

Percentage

(%)

Intact tympanic membrane 57 95

Residual perforation 3 5

Table 4 Functional outcome (Pure tone audiometry results)

Average

conductive

hearing

loss\(dB)

Preoperative Percentage

(%)

Postoperative Percentage

(%)

0–10 0 – 25 41.67

11–20 22 36.67 29 48.33

21–30 34 56.67 6 10

31–40 4 6.67 0 –
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Gerber et al. [25] in which cartilage was compared to fascia

in frequency specific manner, and again no significant

difference was seen with graft uptake of 100%. Duckert

et al. [8] reported 97% graft take up with cartilage and

excellent hearing results [23]. Milewski, reporting on his

large series of cartilage tympanoplasties, of which 197

were Type I, achieved drum closure in 92%, with an

average ABG less than 30 dB, in 92%. Amadee et al. [22]

reported on 52 cases of cartilage tympanoplasty of which

18% were Type I in which post-operative ABG was 4 dB,

with TM closure in all patients. Adkins reported 55 cases of

cartilage tympanoplasties for retraction [21] with post op

ABG of less than 10 dB, and TM closure in all patients. In

our study, 95% patients had positive morphological out-

come and 90% patients had ABG\ 20 dB, which is

comparable with temporalis fascia graft tympanoplasty. In

a RCT by Cabra and Monoux [30], showed statistically

significant better morphological results with cartilage

tympanoplasty, compared with temporalis fascia tym-

panoplasty and no statically significant difference in hear-

ing levels in these 2 groups. Mirko Tos [31] has proposed

23 cartilage tympanoplasty methods to reconstruct the

eardrum.

In our study, we have used a single cartilage disc of

0.5 mm and placed it by underlay technique. A study using

the laser Doppler interferometer and cadaver cartilage

conducted by Zahnert et al. [32] demonstrated that ideal

acoustic thickness of cartilage should be about 0.5 mm,

compared to the full thickness harvest of 0.7–1 mm.

Allograft is tissue transplanted between genetically non-

identical members of the same species e.g. cadaveric

tympanic membrane graft, septal cartilage graft. Various

methods have been used for preservation of graft materials

like 70% ethyl alcohol, 0.02% aqueous cialit, 4% buffered

formaldehyde fixation and 0.5% buffered formaldehyde

preservation etc.

Allogenous nasal septal cartilage was introduced by

Jansen (1963) for Ossiculoplasty [28]. Various studies have

been conducted to study the morphology of alcohol pre-

served nasal septal cartilage grafts in middle ear. Kerr et al.

[33] studied nasal septal cartilage allografts (alcohol pre-

served) for middle ear re-construction and concluded that

in most of the grafts, morphology of the graft is main-

tained. [34] did a histological study and found no obvious

resorption of cartilage grafts removed from middle ear

[34]. In a study by Iwanaga [35], the fate of homologous

nasal septal cartilage implanted in middle ear was studied

by means of enzyme digestion. Homologous cartilages

showed depletion of mucopolysaccharides but hyaluronic

acid and collagen remained intact. It was concluded that

homologous nasal septal cartilages could be used in

tympanoplasty.

According to Froot Ko [36] the immune rejection

responses to allograft tissue across major histocompatibil-

ity barriers are muted in deep external auditory canal and

middle ear. These sites are immunologically privileged

sites, favorable for graft acceptance. Preservation of oto-

logical allograft makes them less susceptible for rejection,

by altering the molecular configuration of antigenic

determinants. This appears to diminish the graft’s ability to

immunize the recipient, but does not alter their specificity.

Endoscopes provide wide angle, panoramic and mag-

nified view of the whole tympanic membrane. Endoscopes

can easily negotiate through external auditory canal and

provide uninterrupted image whereas with microscope

[29], canal stenosis and bony overhangs can obscure the

area of interest and may require canalplasty and canal wall

curettage, which can prolong the duration of the surgery.

Permeatal route with endoscope avoids the post aural scar,

needs less tissue dissection resulting in reduced pain and

morbidity. Use of preserved homograft reduced our oper-

ative time considerably. It avoids the time taken for har-

vesting temporalis fascia graft.

Conclusion

With improving technologies, endoscopic cartilage tym-

panoplasty is an effective alternative of microscopic tym-

panoplasty. Allograft nasal septal cartilage can be safely

and effectively used for Type I tympanoplasty with benefits

of reduced operating time, morbidity, pain and better

cosmesis with no scar.
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