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A B S T R A C T

Object: To compare between results of bacterial cellulose graft myringoplasty and fat graft myingoplasty in
patients had mild or moderate size safe perforation.
Methods: 120 patients undergoing myringoplasty due to mild or moderate size perforation were divided into 3
groups: group I: 40 patients undergoing myringoplasty with use of bacterial cellulose graft, group II: 40 patients
undergoing myringoplasty with use of fat graft, group III: 40 patients undergoing usual myringoplasty with use
of temporalis fascia graft (control group).
Results: Healing in 20 patients with small perforation and 17 patients with moderate perforation in Group I,
Healing in 15 patients with small perforation and 10 patients with moderate perforation in Group II, Healing in
18 patients with small perforation and 12 patients with moderate perforation in Group III.
Conclusion: Bacterial cellulose graft myringoplasty would be a good, simple, rapid and safe surgery that could be
done under local anesthesia in outpatient clinic with shorter time of surgery than fat graft myringoplasty and
temporalis fascia graft myringoplasty, with better hearing and healing.
Summary at glance: 120 patients undergoing myringoplasty were divided into 3 groups to compare between
results of bacterial cellulose graft myringoplasty, fat graft myringoplasty and temporalis fascia graft myr-
ingoplasty.

1. Introduction

The myringoplasty surgery would be one of the most common op-
erations that could be done in otology because of increased risk of
tympanic membrane perforation, there would be different types of graft
materials as cartilage, temporalis fascia and fat that could be used in
closure of tympanic membrane perforation [1]. Temporalis fascia
would be the most used graft materials in this operation but it would
need massive manipulation, long time of sedation or general anesthesia
that would not be suitable for the era of day care surgery [1].

Fat would be known that it could have the resistances; it would be
used like an autogenous graft for several types of operations [2,3].
Ringenberg would be the first otolaryngologist who would use fat in
tympanic membrane perforation closure [3]. There would be other
studies that could confirm that fat graft would be effective in closure of
tympanic membrane perforation [3,4].

The myringoplasty surgery would have some pitfalls like expensive
cost, defect in graft sites, some cases might need general anesthesia,
accurate surgical skills and non-septic surgical procedures [5]. Many
factors like epidermal growth factor, fibroblastic growth factor and
hyaluronic acid could be used to allow healing and closure of tympanic
membrane perforation [6]. Blake in 1887 used a paper patch as a graft
to allow epithelial migration and healing of tympanic membrane per-
foration [7].

There would be promising treatments that could allow closure of
tympanic membrane perforation; these treatments would be done in
outpatient clinic, safe, easy, low cost and non-invasive procedures
[8,9]. Gel foam, atelocollagen, fibroblastic growth factor, autologous
serum and chitin could be used as alternative graft for closure of tym-
panic membrane perforation [9,10].

Tissue engineering would give alternative materials that could be
used in closure of tympanic membrane perforation and could replace
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usual myringoplasty surgery, it should be important to understand the
success factors and the failure factors of tympanic membrane perfora-
tion closure [10].

Bacterial cellulose would be an alternative material that could be
obtained by bacterial synthesis, it would be non-toxic, biocompatible,
safe and having the ability to support the cellular growth and differ-
entiation [11]. The bacterial cellulose film would be formed by the
fermentation of Acetobacter xillinum bacteria. It would be inert, resistant
and insoluble. It could be permeable to liquid and gas but would be
resistant to traction and stretching. It should be sterile and non-toxic
[12].

This study would aim to compare between results of bacterial cel-
lulose graft myringoplasty and fat graft myringoplasty in patients had
mild or moderate size safe perforation.

2. Patients and methods

This was a prospective, randomized study carried on 120 patients
aged between 25 years to 40 years; they had small or moderate sized
central safe dry perforation (without any middle ear pathology) due to
chronic suppurative otitis media would be undergone myringoplasty at
Benha University hospital, Faculty of medicine, ENT department be-
tween April 2015 to April 2017 would be included in this study. Local
ethical committee approval and informed consent were taken before the
onset of the study. The patients would be selected with strict inclusion
and exclusion criteria and would be divided into 3 groups.

Group I: 40 patients undergoing myringoplasty with use of bacterial
cellulose graft.

Group II: 40 patients undergoing myringoplasty with use of fat graft.
Group III: 40 patients undergoing usual myringoplasty with use of

temporalis fascia graft.

2.1.1. Inclusion criteria
1-small size tympanic membrane perforation(< 3 mm), 2-moderate

size tympanic membrane perforation (from 3 mm to 5 mm), 3-safe
central tympanic membrane perforation, 4-persistant tympanic mem-
brane perforation (> 6 months), 5-Air-Bone gap < 30 dB.

2.1.2. Exclusion criteria
1-history of previous ear operation, 2-middle ear cholesteatoma, 3-

traumatic tympanic membrane perforation, 4-large size tympanic
membrane perforation (> 5 mm), 5-bilateral tympanic membrane
perforation, 6-eustachian tube dysfunction, 7-systemic diseases like
(diabetes, hypertension, hepatitis) 8-patients who would be lost during
follow up period.

2.1.3. The bacterial cellulose film
It would be produced on Hestrin and Schramm medium (HS

medium) [13]. The process of fermentation would be carried out in
about 100 ml Erlenmeyer flasks containing 50 ml sterile medium, then
it would be inoculated with the content of one tube standard inoculums
and to be incubated at 28–30 °C for 7 days as a static culture.

The standard inoculums would be prepared by inoculating of a test
tube containing 5 ml of glucose-ethanol acetic medium [14]. With 1 ml
of the tested culture, then to be incubated at 28–30 °C about three days,
this tube content would be used as a standard inoculums.

The formed bacterial cellulose would be taken from the culture
medium and to be washed with distilled water, then it would be
transferred to a flask containing 4% NaOH and to be boiled at
100 ± 5 °C about 20 min to remove the bacterial cells, the alkali
treated cellulose would be washed with distilled water and to be
bleached with 10% of hydrogen peroxide to gain the maximum
brightness [15].

The formed bacterial cellulose would be put on a filter paper to
remove any solutions, and then was placed in Petri dish to be dried at
45 °C in oven-dry for 3 h to have dry bacterial cellulose graft with fine
thickness (0,3 mm). All patients would be subjected to preoperative
evaluation, surgical procedures of myringoplasty, postoperative eva-
luation.

2.1.4. Preoperative evaluation
Full history of the disease, nasal and nasopharyngeal examination

(endoscopic), otoscopic and microscopic ear examination, pure tone
audiometry, evaluation of Eustachian tube function by tympanometry,
imaging of the temporal bone, the Para nasal sinus and the naso-
pharynx.

2.1.5. Surgical procedures
All patients would be operated under local anesthesia after pre-

paring them with 10 mg valium (diazepam) or anxiolytic like dormicum
(midazolam 0.02 mg/kg), with use of operating microscope and
through the permeatal approach, the classic quadratic injection would
be done by use of a 27-G-needle with 2% lidocaine with 1:100000
epinephrine, in all patients groups the perforations edges would be
incised and freshened by use of a Rosen needle and a cupped forceps
(Figs. 1–5).

2.1.5.1. Group I (bacterial cellulose graft myringoplasty). The bacterial
cellulose graft would be put over the perforation and lateral to the
tympanic membrane remnant, the graft would be held in place by its
self-adhesion, no gel foam or packing of the external ear canal, the
patients would be discharged immediately after these surgical
procedures without antibiotics prescriptions.

2.1.5.2. Group II (fat graft myringoplasty). Fat graft would be taken
from the medial surface of the ear lobule to be placed through the
perforation with great care to contact all parts of the tympanic
membrane remnant, gel foam would be put over the graft to keep it
in position.

2.1.5.3. Group III (temporalis fascia graft myringoplasty). The underlay
method would be used to place the temporalis fascia graft placed under
the tympanomeatal flap and medial to the tympanic membrane
remnant, gel foam would be put over the graft to keep it in position.

2.1.5.4. In all groups. Patients would be discharged with instruction of
no nose blowing or water entry into the ear, with antibiotics
prescriptions in group II and group III but no antibiotics in group I.

2.1.5.5. Post operative evaluation. Every week under the microscope
during the first month then every month for six months to detect the

Fig. 1. Wet bacterial cellulose.
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closure of the perforation, pure tone audiogram would be done after
perforation healing.

2.2. Statistical analysis

The clinical data would be expressed as mean and standard

deviation for quantitative data, Frequency and distribution for quali-
tative data. Quantitative data would be compared using: -Paired t-test
and Wilcox on test (Z-test) All data would be tabulated and analyzed
using the computer program SPSS(Statistical package for social science)
version 20. P value < 0.05 would be considered statistically significant
(*) while > 0.05 statistically insignificant P value < 0.01would be
considered highly significant (**) in all analyses.

3. Results

120 patients were included in this study and were divided into three
groups. Group I: 40 patients undergoing myringoplasty with use of
bacterial cellulose graft, 28 of them were males while 12 were females.
The mean of age was 34.48 ± 0.65. Small ˂3 mm tympanic membrane
perforation was in 20 patients and moderate ˃3–˂5 mm tympanic
membrane perforation was in 20 patients. Healing of small tympanic
membrane perforation was in 20 patients while healing of moderate
tympanic membrane perforation was in only 17 patients. The mean
time of operation was 15.01 ± 0.46 min. Healing of small perforation
occurred in 3.11 ± 0.84 weeks while healing of moderate tympanic
membrane perforation 5.03 ± 0.69 weeks. Air–bone gap of successes
cases that was 25.25 ± 0.41 dB before the operation became
6.68 ± 0.29 dB after the operation.

Group II: 40 patients undergoing myringoplasty with use of fat
graft, 24 of them were males while 16 were females. The mean of age
was 30.55 ± 0.55. Small ˂3 mm tympanic membrane perforation was
in 20 patients and moderate ˃3–˂5 mm tympanic membrane perfora-
tion was in 20 patients. Healing of small tympanic membrane per-
foration was in 15 patients while healing of moderate tympanic mem-
brane perforation was in only 10 patients, the mean time of operation
was 35.1 ± 0.83 min. Healing of small perforation occurred in
4.97 ± 0.68 weeks while healing of moderate tympanic membrane
perforation 7.07 ± 0.95 weeks. Air–bone gap of successes cases that
was 20.06 ± 0.18 dB before the operation became 7.83 ± 0.05 dB
after the operation.

Group III: 40 patients undergoing usual myringoplasty with use of
temporalis fascia graft, 20 of them were males while 20 were females.
The mean of age was 32.47 ± 0.65. Small ˂3 mm tympanic membrane
perforation was in 20 patients and moderate ˃3–˂5 mm tympanic
membrane perforation was in 20 patients. Healing of small tympanic
membrane perforation was in 18 patients while healing of moderate
tympanic membrane perforation was in only 12 patients, the mean time
of operation was 65.02 ± 0.24 min. Healing of small perforation oc-
curred in 4.05 ± 0.94 weeks while healing of moderate tympanic
membrane perforation7.07 ± 0.95 weeks. Air–bone gap of successes
cases that was 23.72 ± 0.83 dB before the operation became

Fig. 2. Bacterial cellulose graft.

Fig. 3. Bacterial cellulose myringoplasty.

Fig. 4. Fat myringoplasty.

Fig. 5. Healing of bacterial cellulose myringoplasty after 3 weeks.
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7.05 ± 0.99 dB after the operation (Table 1).

4. Discussion

Tympanic membrane perforation might be the most common ear
problem. It could be due to trauma, infection and extraction of tym-
panostomy tube [16]. There would be different types of graft materials
as cartilage, temporalis fascia and fat that could be used in closure of
tympanic membrane perforation [1]. Gelfoam, atelocollagen, fibro-
blastic growth factor, autologous serum and chitin could be used as
alternative graft for closure of tympanic membrane perforation [9,10].
The main goal of myringoplasty might be to regenerate the ear drum,
reconstruct the transmission of sound, improve hearing and control
infection [17]. The tympanic membrane had significant characteristics
like distinct auto-reparative capacity during the healing process that
would include the outer squamous epithelial layer migration to the
external auditory canal and the supportive matrix absence under the
regenerated epithelial layer of the tympanic membrane perforation that
might prevent the reparative cells and nutrients movement into the
perforation margins [18,19].

The aim of this study would be to compare between bacterial cel-
lulose graft myringoplasty, temporalis fascia graft myingoplasty and fat
graft myringoplasty in patients had mild or moderate size safe per-
foration.

Some factors might affect the operation success like age, site and
size of the perforation, Eustachian tube function, the middle ear mucosa
status, the used graft and the surgeon experience [20].

Bacterial cellulose graft group in this study showed healing (tym-
panic membrane perforation closure) in 20 patients with small per-
foration (100%) and 17 patients with moderate perforation (85%). The
mean time of operation was 15.01 ± 0.46 min. Healing of small per-
foration occurred in 3.11 ± 0.84 weeks while healing of moderate
tympanic membrane perforation 5.03 ± 0.69 weeks. Air–bone gap of
successes cases that was 25.25 ± 0.41 dB before the operation became
6.68 ± 0.29 dB after the operation.

In Silveira et al. study, bacterial cellulose graft group showed
healing (tympanic membrane perforation closure) in 14 patients with
small perforation (100%) and 4 patients with moderate perforation
(66.7%). The mean time of operation was 14.06 ± 5.23 min [21].
Temporalis fascia graft group in this study showed healing (tympanic
membrane perforation closure) in 18 patients with small perforation
(90%) and 12 (60%) patients with moderate perforation, the mean time
of operation was 65.02 ± 0.24 min. Healing of small perforation oc-
curred in 4.05 ± 0.94 weeks while healing of moderate tympanic
membrane perforation 5.9 ± 0.50 weeks. Air–bone gap of successes

cases that was 23.72 ± 0.83 dB before the operation became
7.05 ± 0.99 dB after the operation. In Silveira et al. study, temporalis
fascia graft group showed healing (tympanic membrane perforation
closure) in 13 patients with small perforation (92.9%) and 3 patients
with moderate perforation (50%), the mean time of operation was
76.50 ± 17.92 min [21].

Fat graft group in this study showed healing (tympanic membrane
perforation closure) in 15 patients with small perforation (75%) and 10
patients with moderate perforation (50%), the mean time of operation
was 35.1 ± 0.83 min. Healing of small perforation occurred in
4.97 ± 0.68 weeks while healing of moderate tympanic membrane
perforation 7.07 ± 0.95 weeks. Air–bone gap of successes cases that
was 20.06 ± 0.18 dB before the operation became 7.83 ± 0.05 dB
after the operation.

In Gϋn et al. study, fat graft group showed healing (tympanic
membrane perforation closure) in 37 patients with small perforation
(84.1%) and 13 patients with large perforation (100%), hyaluronic acid
graft group showed healing (tympanic membrane perforation closure)
in 17 patients with small perforation (85%) and 10 patients with large
perforation (90.9%), temporalis fascia graft group showed healing
(tympanic membrane perforation closure) in 28 patients with small
perforation (100%) and 17 patients with large perforation 85% [22].

5. Conclusion

Bacterial cellulose graft myringoplasty would be a good, simple,
rapid and safe surgery that could be done under local anesthesia in
outpatient clinic with shorter time of surgery than fat graft myr-
ingoplasty and temporalis fascia graft myringoplasty, with better
hearing and healing.
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