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Abstract  

Background: Stem cells are biological cells found in all  
multicellular organisms, that can divide (through mitosis) and  
differentiate into diverse specialized cell types and can self-
renew to produce more stem cells. Currently, surgery is the  
treatment of choice for repairing the perforation. However,  

surgery is time-consuming and expensive, and there is a risk  
of complications. Repairing a perforation by office techniques  
has been successful for a few cases for small traumatic  
perforations.  

Aim of Study:  In this study we aimed to study the role of  
stem cell therapy in management of tympanic membrane  
perforations by otoscopic examination, microscopic, endo-
scopic examination and audiological assessment.  

Patients and Methods:  Thirty patients included in our  
prospective study in Al-Zahra University Hospital and Shebin  
El-Kom Teaching Hospital from April 2014 up to December  

2018. These patients were operated for simple myringoplasty  

with stem cell technique. These patients followed-up with  

otomicroscopic examination of the perforation, tympanometry  
and pure tone audiometry.  

Results:  There were female patients much more than male  
patients. The mean age of the patients was 31.9±8.2 years.  
There is highly significant improvement in the air bone gap  
and ear canal volume differences before and 3 months after  
the operation. Doctor satisfaction was 96.7% while patient  
satisfaction was 94.1%. 96.7% of cases had successful results  
of perforation closure. Of 30 patients operated by stem cells  

therapy under complete aseptic techniques 29 patients TM  
perforations had completely healed after first trial (success  
rate 96.7%) and one case failed (failure rate 3.3%).  

Conclusion:  Stem cells therapy is a new effective technique  
more safer successful, economic, easier to operate and time  
consuming than the traditional tympanoplasty. When the  

perforation is small to medium size maximum 4 X 4mm and  
dry since more than one month. This technique is better and  
to avoid complications and side effects of general anaethesia.  
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Introduction  

STEM  cells are biological cells found in all mul-
ticellular organisms, that can divide (through mi-
tosis) and differentiate into diverse specialized cell  
types and can self-renew to produce more stem  
cells. In mammals, there are two broad types of  
stem cells: Embryonic stem cells, which are isolated  
from the inner cell mass of blastocysts and adult  
stem cells, which are found in various tissues [1] .  

In adult organisms, stem cells and progenitor  
cells act as a repair system for the body, replenish-
ing adult tissues. In a developing embryo, stem  
cells can differentiate into all the specialized cells  
(these are called pluripotent cells), but also maintain  
the normal turnover of regenerative organs, such  
as blood, skin, or intestinal tissues [2] .  

Unipotent cells can produce only one cell type,  

their own, but have the property of self-renewal,  
which distinguishes them from non-stem cells (e.g.,  
muscle stem cells). Multipotent stem cells can  
differentiate into a number of cells, but only those  

of a closely related family of cells. Pluripotent  
stem cells are the descendants of totipotent cells  

and can differentiate into nearly all cells, i.e. cells  
derived from any of the three germ layers [3] .  

Pluripotent adult stem cells are rare and gener-
ally small in number but can be found in a number  
of tissues including umbilical cord blood. Bone  
marrow has been found to be one of the rich sources  
of adult stem cells which have been used in treating  
several conditions including peripheral nerve inju-
ries (e.g. facial nerve palsy), spinal cord injury,  
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liver cirrhosis, chronic limb ischemia and end-
stage heart failure [4] .  

The bone marrow stem cell quantity has been  
found to be declining with age and in reproductive  
age group of females it is relatively lesser than in  
males of same age group. A great deal of adult  

stem cell research to date has had the aim of char-
acterizing the capacity of the cells to divide or  

self-renew indefinitely and their differentiation  

potential. In mice, pluripotent stem cells are directly  
generated from adult fibroblast cultures. Unfortu-
nately, many mice do not live long with stem cell  

organs [5] .  

Most adult stem cells are lineage-restricted  

(multipotent) and are generally referred to by their  

tissue origin e.g. mesenchymal stem cell, adipose-
derived stem cell, endothelial stem cell, dental  
pulp stem cell, etc [6] .  

Most acute Tympanic Membrane (TM) perfo-
rations heal spontaneously but a few develop into  

a chronic stage. Chronic TM perforation causes  

draining ears and hearing impairment. In develop-
ing countries, medical treatment of TM perforations  

is often not accessible. Currently, surgery is the  

treatment of choice for repairing the perforation.  
However, surgery is time-consuming and expensive,  

and there is a risk of complications. Repairing a  
perforation by office techniques has been succe-
ssful for a few cases for small traumatic perfora-
tions [7] .  

Our aim of this study is to study the role of  
stem cell therapy in management of tympanic  

membrane perforations by otoscopic examination,  

microscopic examination and audiological assess-
ment.  

Patients and Methods  

This study was done on thirty patients of per-
forated drum presented to Otorhinolaryngolgy  

Departments of Al-Zahra University Hospital and  
Shebin El-Kom Teaching Hospital and after ap-
proval of the Ethical Committee of the hospitals.  
After consent taken from all patients who under-
went extensive pre-operative evaluation in the form  
of history taking, physical examination, complete  

laboratory investigations and documentation. Bone  
marrow samples will be aspirated from anterior  
iliac crest of every patient under local anesthesia  
injection of 2-3ml lidocaine. Mononuclear cells  

will be separated by density gradient layering then  

cultivated in 4-2-hydroxyethyl-1-piperazineeth-
anesulfonic (HEPES) acid tissue culture and incu-
bated in CO2  incubator at 37ºC was done. After  

36-48 hours the adherent cells was separated using  

trypsin and collagenase. The adherent stem cells  

were dispersed in normal saline in concentration  

of 1.2 per ml and then 3-4cm of pure stem cells  

fluid which is glue like fluid was administered  
direct locally after putting gel foam in the middle  

ear spreading the stem cells fluid on the perforation  

all around and inside the middle ear and outside  
the middle ear in the canal the putting gel foam  

overlying the stem cells fluid (after preparing the  

drum perforations by application of hydrocortisone  
for 10 days and refreshening of the edges) on the  

tympanic membrane perforation. Follow-up of the  
patients by short term study (twice per week for  
14 days) and long term study (after 3 and 6 months)  
by otoscopic examination, microscopic examination  

and audiological assessment. Analytic studies and  

comparisons are done and tabulated according to  

age, sex, site, laterality, Pure Tone Audiometry  

(PTA), tymanometry, Air Bone Gap (ABG), ear  

canal volume, doctor satisfaction and patient sat-
isfaction) all items are compared before and 3  
months after the operation.  

Results  

Female patients are much more than male pa-
tients. Mean age of patients was 31.9 years old as  

shown in (Table 1).  

Mean pre-operative ABG was 25 but with highly  
significant improvement with closure of the ABG  
was shown in post-operative results after 3 months  

as shown in (Table 2).  

20 cases with central perforation had successful  

closure of tympanic membrane perforation while  

only one case still had perforated tympanic mem-
brane. All 4 cases with anterior perforation had  

successful results. Also all 6 cases with posterior  

perforation had successful closure of tympanic  

membrane perforation.  

Regarding the outcome:  

Majority of patients (94.1%) were very satisfied.  

The majority of cases (96.7%) were satisfied by  

the operated doctor as shown in (Table 4).  

Table (1): Epidemiological study of dry CSOM cases.  

Variables  Patients with dry CSOM=30  

Age (years)  12-51 years old  
Mean ±  SD  31.9±8.2  

No.  %  
Gender:  

Male  10  33.3  
Female  20  66.7  
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Table (2): Pre-operative and post-operative (ABG).  

Patients with  
CSOM=30  
Mean ±  SD  

• Pre-operative ABG  
• Post-operative ABG-

after 3 months  

p-value: NS = Non-significant (p-value >0.05).  
S: Significant (p-value ≤0.05).  
HS: Highly significant (p-value ≤0.001).  

Table (3): Healing after stem cells therapy results according  
to site of perforation.  

Cases with failed  
closure=1 Chi- 

Healing results Successful  

No.  %  

gap was 25 and showed complete closure after 3  
months follow-up.  

The most striking finding in this study is the  
high rate of perforation closures (96.7%) in the  
ears treated with stem cells. But there is no statis-
tically significant difference between results of  
healing of the perforation among studied groups  

according to site of perforation.  

Doctor satisfaction according to the 5 following  
parameters 20% each:  
• Complete healing of the perforation after 3 months  

of the operation.  
• ABG closure 3 months post-operative.  
• Improvement of the ear canal volume to be in  

the normal range (1.25 to 1.75).  

t-test p-value  

Central perforation  
Anterior perforation  
Posterior perforation  

19  
4  
6  

66.7  
13.3  
20  

1  
0  
0  

3.3  
0  
0  

The total results  29  96.7  1  3.3  

p-value: NS = Non-significant (p-value >0.05).  
S = Significant (p-value ≤0.05).  
HS = Highly significant (p-value ≤0.001).  

• Improvement of the tympanometry to be normal  
2.786 0.594 type (a) 3 months post-operatively.  

• Improvement of the PTA to be normal 3 months  
after the operation.  

Doctor satisfaction according to previous crite-
ria was 96.7%. Patient satisfaction (subjective)  

was 94.1%.  
Table (4): Satisfaction of doctor and patient in cases of CSOM.  

No. of CSOM cases=30  
Mean ±  SD  

Doctor 96.7± 18.3  
Patient 94.1± 1.9  

Discussion  

Recent advances in developmental biology and  

tissue engineering provide the opportunity to repair  
damaged or lost tissues with cells supplied from  
exogenous sources. The therapeutic use of stem  
cells is gaining a great momentum; it is believed  
to be the gold mine of science. These cells are  
implicated in the healing of wounds in general due  
to their proved regenerative capacities [8] .  

Von Unge et al., in 2002 tested the healing  
capacity of stem cells in fresh tympanic membranes  
in Mongolian gerbils. Functional and morpholo-
gical measures of the TMs were assessed. In this  
study, 5 adult Mongolian gerbils were used in a  
Moire interferometry group and 9 were used in a  

fluorescence microscopy group. There were better  
and higher healing scores in the stem cell treated  
groups [9] .  

In our study, female patients are significantly  
much more than male patients. Mean age of patients  
was 31.9 years old. Mean preoperative air bone  

Conclusion  
Stem cell is a new effective technique in simple  

myringoplasty. When the perforation is small to  
medium size maximum 4 X 4mm and dry since  
one month at least it is recommended to do stem  
cells therapy as it is safer. This technique is better,  
more economic, more successful results, easier to  

operate and to avoid complications and side effects  
of general anesthesia.  
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