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Objective. A systematic review was conducted to compare the effectiveness and safety of fibroblast growth factor-2 (FGF2) and
epidermal growth factor (EGF) for regeneration of the tympanic membrane (TM). Methods. The PubMed database was searched
for relevant studies. Experimental and clinical studies reporting acute and chronic TM perforations in relation to two healing
outcomes (success rate and closure time) and complications were selected. Results. A total of 47 studies were included. Five
experimental studies showed closure rates of 55%–100% with FGF2 compared with 10%–62.5% in controls for acute
perforations. Five experimental studies showed closure rates of 30.3%–100% with EGF and 3.6%–41% in controls for chronic
perforations. Two experimental studies showed closure rates of 31.6% or 85.7% with FGF2 and 15.8% or 100% with EGF. Nine
clinical studies of acute large perforations showed closure rates of 91.4%–100% with FGF2 or EGF. Two clinical studies showed
similar closure rates between groups treated with FGF2 and EGF. Seven clinical studies showed closure rates of 88.9%–100%
within 3 months and 58%–66% within 12 months using FGF2 in repair of chronic perforations, but only one study showed a
significantly higher closure rate in the saline group compared with the FGF2 group (71.4% vs. 57.5%, respectively, P = 0:547). In
addition, three experimental studies showed no ototoxicity associated with FGF2 or EGF. No middle ear cholesteatoma or
epithelial pearls were reported, except in one experimental study and one clinical study, respectively. Conclusions. FGF2 and
EGF showed good effects and reliable safety for the regeneration of TM. In addition, EGF was better for the regeneration of
acute perforations, while FGF2 combined with biological scaffolds was superior to EGF for chronic perforations, but was
associated with high rates of reperforation over time. Further studies are required to determine whether EGF or FGF2 is better
for TM regeneration.

1. Introduction

Tympanic membrane (TM) perforation is a common entity
encountered in otology clinics, which results in hearing loss,
recurrent middle ear infections, changes in lifestyle, and risk
of cholesteatoma formation. Most acute perforations tend to
heal spontaneously. However, a few acute perforations and
most chronic perforations fail to heal and require myringo-
plasty. Commonly used graft materials include autologous
fascia, fat, perichondrium, and cartilage. Some biological
materials have been developed for use in myringoplasty,
e.g., bacterial membranes [1], hyaluronic acid [2], growth

factors [3], and acellular collagen scaffolds (ACSs) [4].
Fibroblast growth factor-2 (FGF2) and epidermal growth fac-
tor (EGF) are the most common growth factors used in
wound repair [4, 5]. EGF is a single-chain polypeptide chain
of 53 amino acids first isolated from the submaxillary glands
of mice [6], which stimulates epidermal cell proliferation and
keratinization both in vitro and in vivo. FGF2 is a 146-amino
acid polypeptide initiator of mesoderm- and ectoderm-
derived cells, including fibroblasts, endothelial cells, and epi-
thelial cells [6]. Enhanced wound repair in skin has been
demonstrated after application of growth factors [7]. In addi-
tion, EGF and FGF2 have also been applied to repair brain
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neuron damage [8], corneal injury [9], and facial nerve injury
[10] and to promote scarless healing [11]. Some recent studies
have demonstrated that FGF2 and EGF are good candidates
for TM regeneration because they both act on epithelial cells
and fibroblasts that are involved in TM repair [12, 13], and
both clinical and experimental studies yielded encouraging
results [14–55]. However, whether EGF or FGF2 is better for
TM regeneration remains unclear. This study is aimed at
reviewing systematically the healing outcome and side effects
of EGF and FGF2 on the TM regeneration.

2. Materials and Methods

This study followed the Population, Intervention, Compari-
son, Outcome (PICO) format. The study question was as fol-
lows: For people with TM perforations, can the use of FGF2
or EGF improve both the healing rate and time and hearing
outcomes? This review was performed in accordance with
the Preferred Reporting Items for Systematic Reviews.

2.1. Search Strategy and Study Selection. A comprehensive
search of the literature was conducted using the PubMed
(US National Library of Medicine) database from establish-
ment to January 30, 2021. The key words used in the search
were as follows: tympanic membrane(s), eardrum(s) or tym-
panic membrane perforation(s), eardrum perforation(s),
tympanic membrane rupture, eardrum rupture, fibroblast
growth factor-2, basic fibroblast growth factor, epidermal
growth factor, heparin-binding growth factor, HFGF2-2,
HB-EGF, and collagen-binding FGF2. The original articles
were all from peer-reviewed scientific journals published in
English (Figure 1).

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: observational studies (retrospective or pro-
spective) or treatment studies (randomized controlled trials
[RCTs]), studies that reported the outcomes of application
of FGF2 and EGF in adult or pediatric populations, and
animal studies with healing outcomes (closure rate and/or
closure time). The exclusion criteria were as follows: histo-
logical or morphological study only, in vitro studies, review
studies, commentary, letters, and case reports.

The titles and abstracts were screened independently by
two researchers to identify potentially relevant articles, and
the full-text articles were then retrieved. The bibliography
of each article was also searched for further potentially rele-
vant studies. All articles that met the inclusion criteria were
reviewed for data extraction and quality assessment.

2.3. Definition of Acute and Chronic Perforations. Acute per-
foration was defined as sunderly rupture of the TM due to a
rapid change in atmospheric pressure (including baro-
trauma, slap to the ear, or blast injury), penetrating injury,
or incision injury. Chronic perforation was defined as rup-
ture due to trauma and chronic otitis media (COM) that
failed to heal within 3 months [56–58].

2.4. Outcome Measures. The primary outcome measure was
the complete closure rate in the FGF2 or EGF treatment
group compared to the complete closure rate in the control

group. The secondary outcomes were the differences in heal-
ing time and improvement in hearing. The following data
were obtained or derived from the full reports of the 47 stud-
ies for both the treatment and control groups: number of
subjects, percentage closure, and mean and standard devia-
tion (SD) of closure time in days. We also recorded the first
author, year of publication, the study design (RCT or non-
RCT), and size of perforations targeted by the study.

3. Results

A total of 73 articles were initially retrieved in the search.
However, 26 articles did not meet the inclusion criteria, and
only the remaining 47 articles were included in the analysis.
Of the 47 papers, 18 were experimental studies of the effects
of FGF2 or EGF in repair of acute or chronic perforations
[13–30] (Table 1), 16 were clinical studies in human acute
perforations (FGF2 in 11 and EGF in 5) [31–46] (Table 2),
nine were clinical studies in human chronic perforations
(FGF2 in eight and EGF in one) [47–55] (Table 3), and four
papers examined the dose- and time-dependent effects of
FGF2 or EGF on human and experimental perforations
[56–59] (Table 4).

The 11 clinical studies of the effects of FGF2 on acute per-
forations were from China [31–41]; four studies were ran-
domized controlled trials (RCTs), six were prospective
studies, and the remaining one was a retrospective study.
Of the eight clinical studies of the effects of FGF2 on chronic
perforations, seven were from Japan [47–53] and only one
was from the USA [54]. Two studies were randomized con-
trolled trials (RCTs), five were prospective studies, and the
remaining one was a retrospective study. Of the eight animal
studies of the effects of FGF2 on acute perforations, eight were
prospective studies. All three of the animal studies of the effects
of FGF2 on chronic perforations were prospective studies.

Five clinical studies of the effects of EGF on acute perfo-
rations were from China [42–46]; two were randomized con-
trolled trials (RCTs), two were prospective studies, and the
remaining one was a retrospective study. Only one RCT of
the effects of EGF on the regeneration of human chronic per-
forations was found. Both of the animal studies of the effects
of EGF on acute perforations and all of five animal studies of
the effects of EGF on chronic perforations were prospective.

3.1. Treatment Technique. The TM was treated by the direct
application of FGF2 or EGF alone or combined with Gelfoam
in all of the clinical studies for acute perforations (Figure 2).
However, the TMwas repaired by FGF2 or EGF via biological
scaffold for chronic perforations (Figure 3).

3.2. Healing Outcomes of FGF2 or EGF for Repairing
TM Perforations

3.2.1. FGF2 or EGF in Repair of Experimental Acute
Perforations. Of the six studies evaluating the healing out-
comes of FGF2 combined with biological scaffold (including
Gelfoam, glycerol, and ACS) on acute perforations, one study
showed the same healing rate of 100% for FGF2 and stabilizer
solvent combined with glycerol [14], and two studies found
that the closure rate in the FGF2 group combined with
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Gelfoam was significantly higher than that of the control
group (including PBS, buffer solution) (55%–100% vs. 0%–
41%, respectively, P < 0:001) [13, 20]. Vrabec et al. [15]
found a significant difference in the average healing time
associated with use of FGF2 combined with glycerol vs.
glycerol alone (9:74 ± 2:31 vs. 13:74 ± 4:93 days, respectively,
P < 0:001). However, one study by Zhang et al. [21] showed
that, although the closure rate associated with use of FGF2
combined with collagen-binding domain was high compared
with collagen membrane on day 14, the difference was not
significant (100% vs. 75%, respectively, P = 673). Yao et al.
[23] also reported that the differences in closure rates were
not significant between ACS, bFGF, and ACS+bFGF at 2
weeks (100% vs. 100% vs. 100%, respectively, P = 0:841),
but closure rates were high with ACS alone or combined with
FGF2 compared with FGF2 alone (71.4% vs. 100% vs. 42.9%,
respectively, P < 0:001).

Only two studies compared the healing outcomes of
FGF2 alone and other solutions, including stabilizer solvent
or sterile saline. One study by Fina et al. [14] showed encour-
aging results and reported closure rates of 60% with FGF2
alone and 30% with stabilizer solvent alone by 7 days for 1
mm perforations and 100% with FGF2 alone and 33% with
stabilizer solvent alone by 14 days for 2mm perforations.
However, another study by Friedman et al. [17] reported
similar closure rates of 100% with FGF2 alone and with ster-
ile saline alone.

Two studies described use of EGF combined with Gel-
foam for repairing acute or subacute perforations. Ramalho
and Bento [26] reported closure rates of 30.3% with EGF,

3.6% with pentoxifylline, and 16.5% with EGF+pentoxifylline
for 30 days. Güneri et al. [25] reported that the difference in
average healing time between hyaluronic acid and EGF
groups was not significant (8:8 ± 1:6 and 7:4 ± 1:6 days,
respectively, P > 0:05) but was significantly shortened com-
pared with spontaneous healing (15 ± 2 days, P < 0:01).

3.2.2. FGF2 or EGF in Repair of Experimental Chronic
Perforations. Two studies evaluated the efficacy of FGF2 in
repair of chronic perforations. Kato and Jackler [16] reported
a closure rate of 81% by 4 weeks associated with FGF2
combined with Gelfoam compared to 41% by 6.5 weeks
associated with buffer solution combined with Gelfoam,
while Ozkaptan et al. [18] showed closure rates of 86.7%
(13/15) with FGF2 alone and 13.3% (2/15) with saline solu-
tion alone at 20 days. These results suggested that FGF2 with
or without biological scaffold was associated with a signifi-
cantly higher closure rate compared with saline solution in
repair of experimental chronic perforations.

Five studies examined the efficacy of EGF combined with
biological scaffold (including Gelfoam, chitosan patch, and
polymer) for repair of chronic perforations, four of which
showed that the closure rate in the EGF group was signifi-
cantly higher than the control group (56.5%–100% vs.
20%–41%, respectively) [24, 27, 28, 30]; in the remaining
study by Dvorak et al. [29], the results indicated similar clo-
sure rates between EGF and PBS control groups (100% vs.
80%, respectively, P = 0:873). However, there have been few
studies of the effects of EGF alone in repair of chronic perfo-
rations. Nevertheless, these studies provided encouraging
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Figure 1: Flow diagram of the search process and search outcomes.
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Table 1: Summary of FGF2 and EGF effects on experimental perforation.

Authors Study subject Treatment strategy Vehicle Healing outcome

Fina et al. [13]
(1991)

GP-acute 1μg FGF-2 vs. PBS only+Gel Gel
1mm TMPs: 55% in FGF-2 vs. 10% in PBS
at 3 days; 2mm TMPs: 87.5% in FGF-2 vs.

0% in PBS at 5 days

Fina et al. [14]
(1993)

GP-acute
Group 1: 1 μg FGF-2 vs. 1μg placebo
(stabilizer solvent) alone; group 2: 1μg

FGF-2 vs. 1μg stabilizers solvent

Group 1:
no; group
2: Gel

Group 1. 1mm TMPs: 60% in FGF-2 vs.
30% in placebo group by 7 days; 2mm

TMPs: 100% in FGF-2 vs. 33% in placebo
group by 14 days

Group 2. 2mm TMPs: 100% in FGF-2 vs.
100% in placebo group by 14 days

Vrabec et al.
[15] (1994)

Rats-acute 100μg/ml FGF-2 vs. Gly Gly
9:74 ± 2:31 days in FGF-2 vs. 13:74 ± 4:93

days in glycerol

Kato & Jackler
[16] (1996)

Chinchillas-chronic FGF-2 vs. buffer solution Gel
81% by 4 weeks in FGF-2 vs. 41% by 6.5

weeks in buffer solution

Friedman et al.
[17] (1997)

Chinchilla-acute FGF-2 vs. sterile saline for 2 weeks NO
100% in FGF-2 with 8-12 days vs. 100% in

control group 6-18 days

Ozkaptan et al.
[18] (1997)

GP-chronic 400 ng FGF-2 vs. saline solution No
86.7% (13/15) in FGF-2 vs. 13.3% (2/15)

in saline solution at 20 days

Chauvin et al.
[19] (1999)

GP-acute
1mg HA, 0.4μg FGF-2, 1.0 μg EGF

vs. 0.1ml Vasocidin
Vasocidin

100% (7/7) in HA and 100% (7/7) in EGF
at day 21, 85.7% (6/7) in FGF-2 and
63.6% (21/33) in Vasocidin at day 32

Hakuba et al.
[20] (2014)

GP-acute
FGF-2 vs. saline vs. control
(FGF-2 or saline alone)

Gelatin
HG

100% in FGF2-HG, 62.5% in saline-HG,
and 0% in no HG after 30 days

Zhang et al.
[21] (2017)

SD rats-acute FGF 2 vs. CM vs. SH CM-CBD
100% (16/16) in CM-CBD-FGF2,

75%(12/16)
in CM, and 68.8% (11/16) in SH at day 14

Santa Maria
et al. [22]
(2015)

Mice-chronic HB-EGF, FGF-2, EGF, polymer Polymer
83.3% (15/18) in HB-EGF; 31.6% (6/19)

in FGF-2; 15.8% (3/19) in EGF;
27.8% (5/18) in polymer for 4 weeks

Yao et al.
(2020) [23]

SD rats-acute ACS vs. FGF-2 vs. ACS+FGF-2 vs. SP ACS
At one week: 71.4% vs. 42.9% vs. 100% vs.
0; at 2 weeks: 100% vs. 100% vs. 100%

vs. 42.9%

Seonwoo et al.
[24] (2013)

SD-chronic EGF-CPS vs. SH CPS 56.5% (13/23) vs. 20.8% (4/24) for 10 weeks

Güneri et al.
[25](2003)

SD rats-acute
10 μl of 1% HA vs. n 10 μl of 400 g/ml EGF

vs. 10μl of 2mg/ml Mit C vs. SH
Gel

The mean closure time was 8:8 ± 1:6 days
in HA-treated, 7:4 ± 1:6 days in EGF-

treated, no healing in Mit C-treated for 60
days, and 15 ± 2 days in SH.

Ramalho and
Bento et al.
[26] (2006)

Chinchillas-
subacute

EGF vs. PF vs. EGF+PF vs. DW Gel
30.3% in EGF, 3.6% in PF, 16.5% in EGF

+PF, and 8.7% in DW for 30 days

Amoils et al.
[27] (1992)

Chinchilla-chronic 25μl EGF vs. 25 μl PBS Gel
81% (13/16) in EGF-treated ears vs. 25%

(4/16) in PBS for 8 weeks

Lee et al. [28]
(1994)

Chinchilla-chronic 50μl EGF vs. 50 μl PBS Gel
80% (12/15) in EGF and 20% (3/15) in PBS

for 5 weeks

Dvorak et al.
[29] (1995)

Chinchilla-chronic
50 μl of EGF vs. PBS+Gel 3 times/week

for 6 weeks
Gel

100% (17/17) with 3.4 weeks in EGF vs.
80% (12/15) with 3.3 weeks in PBS

Santa Maria
et al. [30]
(2017)

Mice-chronic 5mg/mL HB-EGF vs. polymer only Polymer
CSOM+ET: 100% (16/16) vs. 41% (7/17);

CSOM: 100% (8/8) vs. 33.3% (3/9)

CPS: chitosan patch scaffold; SD: Sprague-Dawle; GP: guinea pigs; ET: Eustachian tube; SH: spontaneous healing; HA: hyaluronic acid; CM: collagen
membrane; CBD: collagen-binding domain; HG: hydrogel; Gly: glycerol; Gel: Gelfoam: HB: heparin binding; PF: pentoxifylline; DW: distilled water; ACS:
acellular collagen scaffold; PBS: phosphate buffered saline; FGF2: fibroblast growth factor-2; EGF: epidermal growth factor; TMP: tympanic membrane
perforation.

4 Stem Cells International



T
a
bl
e
2:
Su
m
m
ar
y
of

FG
F2

an
d
E
G
F
eff
ec
ts
on

hu
m
an

ac
ut
e
pe
rf
or
at
io
n.

A
ut
ho

rs
St
ud

y
ob
je
ct

St
ud

y
de
si
gn

Si
ze

of
pe
rf
or
at
io
n

Fo
llo
w
-

up
(m

on
th
s)

T
re
at
m
en
t
st
ra
te
gy

C
lo
su
re

ra
te

M
ea
n
cl
os
ur
e
ti
m
e
(d
ay
s)

FG
F2

gr
ou

p
C
on

tr
ol

gr
ou

p
FG

F2
gr
ou

p
C
on

tr
ol

gr
ou

p
FG

F2
gr
ou

p
C
on

tr
ol

gr
ou

p

Lo
u
et
al
.[
31
]

(2
01
1)

C
hi
ld
re
n

R
et
ro
sp
ec
ti
ve

co
nt
ro
ls
tu
dy

M
ed
iu
m

:
lar

ge
=
91

:
45

6
FG

F2
vi
a

G
F

SH
98
.5
%

(6
4/
65
)

85
.3
%

(5
8/
68
)

11
:1
±
1:
9

28
:6
±
3:
1

Lo
u
[3
2]

(2
01
2)

A
du

lt
R
an
do

m
iz
ed
,

co
nt
ro
lle
d
tr
ia
l

≥5
0%

of
T
M

6
FG

F2
al
on

e
or

vi
a
G
F

SH
10
0%

(3
2/
32
)

an
d
97
%

(3
2/
33
)

55
%

(1
6/
29
)

12
:7
±
2:
9

an
d
13
:1
±

3:
3

46
:2
5±

8:
71

Z
ha
ng

an
d
Lo

u
[3
3]

(2
01
2)

A
du

lt
pe
ne
tr
at
in
g

P
ro
sp
ec
ti
ve

co
nt
ro
lle
d
st
ud

y
<2

5%
of

T
M

3
FG

F2
al
on

e
SH

10
0%

(4
9/
49
)

77
%

(3
4/
44
)

12
:6
±
1:
2

43
:1
±
2:
5

Lo
u
an
d
W
an
g

[3
4]

(2
01
3)

A
du

lt
P
ro
sp
ec
ti
ve
,

co
nt
ro
lle
d
st
ud

y.
>5

0%
of

T
M

6
FG

F2
al
on

e
SH

an
d
E
A

10
0%

(2
0/
20
)

56
%

(9
/1
6)

an
d

60
%

(1
2/
20
)

12
:4
±
3:6

46
:3
±
8:
7

an
d

48
:2
±
5:
3

Lo
u
et
al
. [
35
]

(2
01
5)

A
du

lt-
bl
as
t

in
du

ce
d

P
ro
sp
ec
ti
ve

cl
in
ic
al
st
ud

y
>7

5%
of

T
M

6
FG

F2
al
on

e
94
.1
%
(1
6/
17
)

28
:4
±
10
:9

Lo
u
et
al
.[
36
]

(2
01
6)

A
du

lt
su
ba
cu
te

P
ro
sp
ec
ti
ve

co
nt
ro
ls
tu
dy

1/
8–
1/
2
of

T
M

6
FG

F2
al
on

e
SH

11
/1
2
(9
1.
7%

)
9/
17

(5
2.
9%

)
9:
2±

2:
9

18
:1
±
11
:4

Lo
u
et
al
.[
37
]

(2
01
6)

A
du

lt
P
ro
sp
ec
ti
ve

co
nt
ro
lle
d
st
ud

y.
>2

5%
of

T
M

6
FG

F2
al
on

e
G
F
an
d
O
FL

X
al
on

e
93
.2
%

(6
8/
73
)

85
.7
%

(2
4/
28
)

an
d
92
.3
%

(3
6/
39
)

12
:3
±
8:
15

14
:3
±
5:
44

an
d

13
:9
7±

8:
82

Lo
u
et
al
.[
38
]

(2
01
6)

A
du

lts
P
ro
sp
ec
ti
ve

cl
in
ic
al
st
ud

y.
>2

5%
of

T
M

3
FG

F2
al
on

e
E
G
F
al
on

e
an
d

SH
89
.3
%

(2
5/
28
)

86
.2
%

(2
5/
29
)

an
d
72
.4
%

(2
1/
29
)

13
:7
±
7:
6

12
:5
±
7:
1
an
d

28
:1
±
12
:2

Lo
u
Z
an
d
Lo

u
Z

[3
9]

(2
01
7)

A
du

lts
R
an
do

m
iz
ed
,

co
nt
ro
lle
d
tr
ia
l.

>2
5%

of
T
M

6
FG

F2
al
on

e
E
G
F
al
on

e
an
d

O
FL

X
al
on

e
93
.1
8%

(4
1/
44
)

91
.1
1%

(4
1/
45
)

an
d

95
.6
5%

(4
4/
46
)

10
12

an
d
10

Ji
n
et
al
.[
40
]

(2
01
7)

A
du

lts

P
ro
sp
ec
ti
ve
,

ra
nd

om
iz
ed
,

co
nt
ro
lle
d
cl
in
ic
al

st
ud

y.

>2
5%

of
T
M

6
FG

F2
vi
a

G
F

G
F
vs
.S
H

97
.9
%

89
.8
%

vs
.7
0.
7%

15
:7
±
5:
1

24
:8
±
4:
9
vs
.

35
:7
±
9:
2

da
ys

Lo
u
Z
C
an
d
Lo

u
Z
H

[4
1]

(2
01
8)

A
du

lt
R
an
do

m
iz
ed
,

co
nt
ro
lle
d
tr
ia
l

>2
5%

of
T
M

12
FG

F2
SH

95
.5
%

73
.4
%

11
:9
±
3:
1

52
:6
±
18
:1

Lo
u
et
al
.[
42
]

(2
01
6)

A
du

lt
P
ro
sp
ec
ti
ve
,

ra
nd

om
iz
ed

cl
in
ic
al
tr
ia
l

≥1
/8

of
T
M

6
m
on

th
s

0.
1–
0.
15

m
L
of

E
G
F

SH
91
.4
%

(3
2/
35
)

85
.2
%

(2
9/
34
)

8:
9±

2:
3

24
:6
±
9:
7

Y
an
g
et
al
.[
43
]

(2
01
6)

A
du

lt
R
et
ro
sp
ec
ti
ve

ca
se

re
vi
ew

≥2
5%

of
T
M

6
m
on

th
s

0.
1–
0.
15

m
L
of

E
G
F

0.
1–
0.
15

m
L
of

O
FL

X
an
d
SH

93
.5
%

(2
9/
31
)

93
.2
%

(4
1/
44
)

an
d
82
.2
%

(3
7/
45
)

12
:9
±
5:
3

13
:3
±
4:
9
an
d

35
:7
±
9:
2

Lo
u
Z
C
an
d
Lo

u
Z
[4
4]

(2
01
8)

A
du

lt
P
ro
sp
ec
ti
ve
,

ra
nd

om
iz
ed
,

co
nt
ro
lle
d

≥5
0%

of
T
M

6
m
on

th
s

0.
1–
0.
15

m
L
of

E
G
F

G
el
at
in

pa
tc
h

an
d
SH

97
.8
%

86
.7
%

an
d
82
.2
%

11
:1
2±

4:
60

13
:6
7±

5:
37

an
d

25
:6
5±

13
:3
2

5Stem Cells International



T
a
bl
e
2:
C
on

ti
nu

ed
.

A
ut
ho

rs
St
ud

y
ob
je
ct

St
ud

y
de
si
gn

Si
ze

of
pe
rf
or
at
io
n

Fo
llo
w
-

up
(m

on
th
s)

T
re
at
m
en
t
st
ra
te
gy

C
lo
su
re

ra
te

M
ea
n
cl
os
ur
e
ti
m
e
(d
ay
s)

FG
F2

gr
ou

p
C
on

tr
ol

gr
ou

p
FG

F2
gr
ou

p
C
on

tr
ol

gr
ou

p
FG

F2
gr
ou

p
C
on

tr
ol

gr
ou

p

Lo
u
et
al
.[
45
]

(2
01
9)

A
du

lt
su
ba
cu
te

P
ro
sp
ec
ti
ve

st
ud

y
≥1

/8
of

T
M

6
m
on

th
s

0.
1–
0.
15

m
L
of

E
G
F

SH
96
.2
%

61
.1
%

9:
1±

3:
9

20
:6
±
10
:7

Lo
u
[4
6]

(2
01
9)

A
du

lt
ch
ro
ni
c

tr
au
m
at
ic

C
as
e
ob
se
rv
at
io
n

st
ud

y
6
m
on

th
s

0.
1–
0.
15

m
L
of

E
G
F

10
0%

(2
4/
24
)

6:
1±

2:
3

da
ys

SH
:s
po

nt
an
eo
us

he
al
in
g;
O
FL

X
:o
fl
ox
ac
in

dr
op

s;
FG

F2
:fi

br
ob
la
st
gr
ow

th
fa
ct
or
-2
;E

G
F:

ep
id
er
m
al
gr
ow

th
fa
ct
or
;G

F:
G
el
fo
am

;E
A
:e
dg
e
ap
pr
ox
im

at
io
n;

T
M
:t
ym

pa
ni
c
m
em

br
an
e.

6 Stem Cells International



T
a
bl
e
3:
Su
m
m
ar
y
of

FG
F2

an
d
E
G
F
eff
ec
ts
on

hu
m
an

ch
ro
ni
c
pe
rf
or
at
io
n.

A
ut
ho

rs
St
ud

y
ob
je
ct

E
ti
ol
og
y

St
ud

y
de
si
gn

Si
ze

of
pe
rf
or
at
io
n

Fo
llo
w
-

up
(m

on
th
s)

T
re
at
m
en
t
st
ra
te
gy

C
lo
su
re

ra
te

C
lo
su
re

ti
m
e
(w

ee
ks
)

FG
F2

gr
ou

p
C
on

tr
ol

gr
ou

p
FG

F2
gr
ou

p
C
on

tr
ol

gr
ou

p
FG

F2
gr
ou

p
C
on

tr
ol

gr
ou

p
FG

F2
gr
ou

p
C
on

tr
ol

gr
ou

p

H
ak
ub

a
et
al
.[
47
]

(2
00
3)

14
ad
ul
t

C
O
M

C
on

tr
ol

st
ud

y
16
.5
%

9.
6%

3
FA

S
fo
r
2

w
ee
ks

SA
S
fo
r

2
w
ee
ks

10
0%

(9
/9
)

40
%

(2
/5
)

3.
7
(2
-6
)

3.
6
(2
-4
)

H
ak
ub

a
et
al
.[
48
]

(2
01
0)

87
ad
ul
t

60
C
O
M
:7

V
T
:2
0

tr
au
m
a

O
bs
er
va
ti
on

st
ud

y
14
.4
%

3
FA

S
fo
r
3

w
ee
ks

92
.0
%

(8
0/
87
)

4.
8

K
an
em

ar
u

et
al
.[
49
]

(2
01
1)

63
ad
ul
t

C
O
M

R
an
do

m
iz
ed

co
nt
ro
lt
ri
al
.

2/
3
:
>2

/3
=
34

:
19

<2
/3

:
>2

/3
=
8
:
2

3
FG

F
vi
a

G
F
fo
r
3

w
ee
ks

Sa
lin

e
vi
a
G
F

98
.1
%

(5
2/
53
)

10
.0
%

(1
/1
0)

41
(7
8.
8%

)
w
it
hi
n
3

12

H
ak
ub

a
et
al
.[
50
]

(2
01
3)

11
6

ad
ul
t

77
C
O
M
:1
2

tr
au
m
a:
15

V
T

O
bs
er
va
ti
on

st
ud

y
50
%

:
≥5

0%
=
98

:
18

12
FA

S
fo
r
3

w
ee
ks

62
%

(7
3/
11
6)

U
nc
le
ar

A
ch
ar
ya

et
al
.[
51
]

(2
01
5)

12
ch
ild

re
n

V
T
or

C
O
M

P
ro
sp
ec
ti
ve

co
ho

rt
st
ud

y
6-
40
%

12
FG

F
vi
a

G
el
fo
r
3

w
ee
ks

58
%

(7
/1
2)

2-
1 2

H
ak
ub

a
et
al
.[
52
]

(2
01
5)

15
3

ad
ul
t

C
O
M

R
et
ro
sp
ec
ti
ve

co
ho

rt
st
ud

y
25
%

:
25

−
50
%

:
>5

0%
=
73

:
55

:
25

12
FA

S
fo
r
3

w
ee
ks

66
.0
%

(1
01
/1
53
)

4.
5

O
m
ae

et
al
.

[5
3]

(2
01
7)

10
ad
ul
t

5
C
O
M
:tr
au
m
a

P
ro
sp
ec
ti
ve

cl
in
ic
al
tr
ia
l

≤1
/3

:
1/
3−

2/
3=

8
:
2

3
FG

F
vi
a

G
el
fo
r
4

w
ee
ks

88
.9
%

(8
/9
)

57
da
ys

Sa
nt
os

et
al
.[
54
]

(2
02
0)

54
ad
ul
t

T
ra
um

a,
C
O
M
,a
nd

un
kn

ow
n

R
an
do

m
iz
ed

co
nt
ro
lle
d
tr
ia
l

82
.4
%

75
3

FG
F
vi
a

G
el
fo
r
3

w
ee
ks

SG
F
fo
r

3
w
ee
ks

57
.5
%
(2
3/
40
)

71
.4
%

(1
0/
14
)

14
in

on
e,

8
in

2,
an
d

1
in

3

4
in

on
e,
5

in
2,
an
d
1

in
3

R
am

sa
y

et
al
.[
55
]

(1
99
5)

17
ad
ul
t

1
tr
au
m
at
ic

an
d
16

C
O
M

D
ou

bl
e-
bl
in
d

ra
nd

om
iz
ed

co
nt
ro
lt
ri
al

U
nc
le
ar

U
nc
le
ar

2.
6

E
G
F
vi
a

pa
pe
r

P
B
S

+
pa
pe
r

0/
8,
si
ze

of
pe
rf
or
at
io
n
m
ea
n

de
cr
ea
se

0.
3%

1/
9,
2.
7%

FA
S:
bF

G
F
vi
a
at
el
oc
ol
la
ge
n
an
d
se
al
ed

by
si
lic
on

la
ye
r;
SA

S:
sa
lin

e
vi
a
at
el
oc
ol
la
ge
n
an
d
se
al
ed

by
si
lic
on

la
ye
r;
FG

F:
FG

F-
2
vi
a
ge
la
ti
n
sp
on

ge
an
d
se
al
ed

by
fi
br
in

gl
ue
;G

F:
ge
la
ti
n
sp
on

ge
an
d
fi
br
in

gl
ue
.C

O
M
:

ch
ro
ni
c
ot
it
is
m
ed
ia
;V

T
:v
en
ti
la
ti
on

tu
be
;G

el
:g
el
at
in

sp
on

ge
.

7Stem Cells International



T
a
bl
e
4:
T
he

do
se
-
an
d
st
ar
ti
ng

ti
m
e-
de
pe
nd

en
t
eff
ec
t
of

gr
ow

th
fa
ct
or
s
on

th
e
ea
rd
ru
m

he
al
in
g.

A
ut
ho

rs
St
ud

y
ob
je
ct

St
ud

y
de
si
gn

Si
ze

of
pe
rf
or
at
io
n

Fo
llo
w
-u
p

(m
on

th
s)

G
ro
w
th

fa
ct
or
s

D
os
ag
e

A
pp

lic
at
io
n
ti
m
e

C
lo
su
re

ra
te

M
ea
n
cl
os
ur
e

ti
m
e
(d
ay
s)

M
on

da
in

et
al
.

[6
0]

(1
99
1)

Sp
ra
gu
e

D
aw

le
y
ra
ts
-

ac
ut
e

FG
F-
2

20
00

ng
,4
00

ng
or

20
0
ng

vs
.s
al
in
e

10
0%

w
it
h
3.
16

da
ys

in
20
00

ng
FG

F2
;

12
/1
5
w
it
h
6.
1
da
ys

in
40
0
ng
;9
/1
5
w
it
h

6.
3
da
ys

in
20
0
ng
;3
/1
5
w
it
h
8.
86

da
ys

in
sa
lin

e
al
on

e

Lo
u
et
al
.[
35
]

(2
01
5)

H
um

an
-a
cu
te

P
ro
sp
ec
ti
ve

cl
in
ic
al
st
ud

y
25
%

of
T
M

6
m
on

th
s

FG
F-
2

T
he

du
ra
ti
on

s
of

≤3
vs
.>

3
da
ys

96
.6
%

(2
8/
29
)
vs
.1
00
%

(1
7/
17
)

17
:5
±
5:
1
vs
.

8:
5±

2:
1

Lo
u
et
al
.[
66
]

(2
01
4)

H
um

an
-a
cu
te

P
ro
sp
ec
ti
ve

cl
in
ic
al
st
ud

y
25
%

of
T
M

3
m
on

th
s

FG
F-
2

0.
1-
0.
15

m
lv
s.

0.
25
-0
.3
m
l

92
%

vs
.1
00
%

11
:8
±
4:
7
vs
.

15
:1
±
6:
1

Lo
u
et
al
.[
45
]

(2
01
9)

H
um

an
-a
cu
te

P
ro
sp
ec
ti
ve

cl
in
ic
al
st
ud

y
25
%

of
T
M

6
m
on

th
s

E
G
F

0.
1-
0.
15

m
lv
s.

0.
25
-0
.3
m
l

93
.3
%

vs
.8
9.
1%

10
:2
0±

5:
13

vs
.

14
:3
9±

6:
20

T
he

du
ra
ti
on

s
of

≤3
vs
.>

3
da
ys

90
.2
%

vs
.9
3.
3%

13
:1
5±

5:
80

vs
.

11
:2
5 ±

7:1
5

FG
F2
:fi

br
ob
la
st
gr
ow

th
fa
ct
or
-2
;E

G
F:

ep
id
er
m
al
gr
ow

th
fa
ct
or
;T

M
:t
ym

pa
ni
c
m
em

br
an
e.

8 Stem Cells International



results regarding the use of EGF in repair of chronic perfora-
tions. In addition, the application time taken to reach a sim-
ilar closure rate was 3–4 weeks for FGF2 [16, 18] but 4–10
weeks for EGF [24, 27–30].

3.2.3. FGF2 or EGF in Repair of Human Acute Perforations.
All of nine clinical studies of FGF2 in repair of acute perfora-
tions identified in the literature search were performed by
Lou et al. [31–37, 40, 41]. Three clinical studies showed that
FGF2 with or without Gelfoam patching significantly
improved the closure rate (91.7%–100% vs. 52.9%–77%,
respectively) and shortened the closure time compared with
spontaneous healing for large perforations [32, 34, 36].
Although the difference in closure rate was not significant
for medium-sized perforations (95.5%–98.5% vs. 73.4%–
89.8%, respectively), the average closure time associated with
use of FGF2 was significantly shortened compared to that of
spontaneous healing in three studies [31, 40, 41]. In addition,
Lou et al. [35] performed a prospective clinical study of FGF2
on blast-induced subtotal perforations and reported a closure
rate of 94.1% with an average closure time of 28:4 ± 10:9

days. In addition, FGF2 alone significantly shortened the clo-
sure time compared with spontaneous healing for penetrat-
ing perforations (12:6 ± 1:2 vs. 43:1 ± 2:5 days, respectively,
P < 0:01), although the difference in closure rate was not sig-
nificant (100% vs. 77%, respectively, P < 0:001) [33]. Never-
theless, a prospective controlled study of FGF2 alone, 0.3%
ofloxacin eardrops, and Gelfoam patching in cases of
medium and large perforations showed that there were no
differences in closure rate (93.2% vs. 85.7% vs. 92.3%, respec-
tively, P = 0:257) or average closure time (12:3 ± 8:15 vs.
14:3 ± 5:44 vs. 13:97 ± 8:82 days, respectively, P < 0:001)
between treatments [37].

Lou et al.’s institution also performed clinical studies of
EGF in the repair of acute perforations and reported that
EGF alone significantly improved the closure rate (91.4%–
96.2% vs. 61.1%–85.2%, respectively) and shortened the
closure time (8:9 ± 2:3 vs. 24:6 ± 9:7 days and 9:1 ± 3:9 vs.
20:6 ± 10:7 days) compared with spontaneous healing, with
an average shortening of closure time by 2 weeks [42, 45].
However, no differences were found between EGF alone
and 0.3% ofloxacin eardrops in closure rate (93.5% vs.

Figure 3: Diagram of EGF or FGF2 in repair of chronic perforation.

Figure 2: Diagram of EGF or FGF2 in repair of acute perforation.
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93.2%, respectively, P = 0:19) or closure time (12:9 ± 5:3 vs.
13:3 ± 4:9 days, respectively, P = 0:84) [43]. In addition, there
were no significant differences between EGF alone and Gel-
foam patching in closure rate (97.8% vs. 86.7%, respectively,
P = 0:039) or average closure time (11:12 ± 4:60 vs. 13:67 ±
5:379 days, P = 0:071) [44]. However, Lou [46] used EGF
alone to treat 24 adult chronic traumatic perforations and
reported a closure rate of 100% within 6:1 ± 2:3 days.

3.2.4. FGF2 or EGF in Repair of Human Chronic Perforations.
Of the eight clinical studies of FGF2 combined with biologi-
cal scaffold in repair of chronic perforations, there were no
reports of the application of FGF2 alone. In two case con-
trolled studies, the FGF2 group showed significant improve-
ment in the closure rate compared with controls (including
saline via atelocollagen or Gelfoam) (98.1% and 100% vs.
10% and 40%, respectively) [47, 49]. In another five case
observation studies or retrospective cohort studies, the clo-
sure rates were 58%–92% [48, 50–53] and tended to decrease
over time (88.9%–100% and 58%–66% at 3 and 12 months
posttreatment, respectively) [48–53]. In contrast, Santos
et al. [54] reported a higher closure rate in the saline control
group compared with the FGF2 group (71.4% vs. 57.5%,
respectively, P = 0:547). Traumatic and ventilation tube-
(VT-) induced perforations were included in five studies
[50–54]. However, Ramsay et al. [55] reported a randomized
control trial of EGF in repair of chronic perforations and
found healing in only one case in the PBS group and in no
cases in the EGF group.

3.3. Comparative Studies of the Effects of FGF2 and EGF on
TM Regeneration. Only two experimental studies compared
the efficacy of FGF2 and EGF in the healing of TM perfora-
tions. Chauvin et al. [19] reported closure rates of 100%
(7/7) with EGF on day 21 and 85.7% (6/7) with bFGF on
day 32 in the repair of acute perforations. However, Santa
Maria et al. [22] used FGF2 and EGF to repair chronic perfo-
rations in a mouse model and reported closure rates of 31.6%
(6/19) with FGF2 and 15.8% (3/19) with EGF, but closure
rate reached 83.3% in the HB-EGF group. In addition, two
clinical studies comparing the efficacy of FGF2 and EGF in
repair of acute perforations were performed by the same
authors, and they reported similar closure rates and average
healing times between FGF2 and EGF (89.3% vs. 86.2% and
93.18% vs. 91.11%) [38, 39]. However, the literature search
identified no clinical comparative studies of FGF2 and EGF
in repair of chronic perforations.

3.4. Dose and Time Dependency of the Effects of FGF2 or EGF
on TM Regeneration. Mondain et al. [60] compared the effi-
cacies of different dosages of FGF2 on the regeneration of
acute perforations. The reported healing rates were 100%
within 3.16 days in 2000 ng, 80% (12/15) within 6.1 days in
400ng, and 60% (9/15) within 6.3 days in 200ng, but the high
dosage of 2000 ng caused myringitis and hyperplasia of the
external auditory canal (EAC). Lou et al. [35] compared the
efficacies of high and low dosages of FGF2 repairing human
acute perforations; they found that, although the closure rate
was similar between the two groups (100% vs. 92%, respec-

tively, P = 0:597), the low dosage of FGF2 significantly short-
ened the average closure time compared with the high dosage
(10:20 ± 5:13 vs. 14:39 ± 6:20 days, respectively, P < 0:001).
Lou et al. [45] reported similar results with EGF
(10:20 ± 5:13 vs. 14:39 ± 6:20, P < 0:001). In addition, the
clinical study performed by Lou et al. also showed that delayed
application of FGF2 or EGF resulted in a shorter average
closure time compared with early application (8:5 ± 2:1 vs.
17:5 ± 5:1 days, respectively, P < 0:001 and 11:25 ± 7:15 vs.
13:15 ± 5:80 days, respectively, P < 0:001) [57, 59].

3.5. Side Effects of FGF2 or EGF in TM Regeneration. All clin-
ical studies showed that application of FGF2 or EGF did not
affect hearing improvement [31–55]. In contrast, Lou et al.
[35] reported that audiometry improved significantly after
treatment with FGF2 alone for TM perforations due to blast
injury. Yao et al. [23] reported that the hearing recovery in
the FGF2 group was faster compared to spontaneous healing
based on auditory brainstem response (ABR). Santa Maria
et al. [22] reported that there was no difference in hearing
between EGF-treated and control ears regardless of ABR or
distortion product otoacoustic emission score. Kase et al.
[59] examined the ototoxicity of FGF2 and observed no dif-
ferences in cochlear potential or hair cell structure between
FGF2 treatment and control groups. Lee et al. [28] reported
no significant pathology in surface preparations of the organ
of Corti after EGF treatment.

Although middle ear cholesteatoma was mentioned in
three experimental studies [17, 23, 60], there was no direct
evidence that FGF2 induced cholesteatoma. Only Dvorak
et al. [29] reported two intratympanic pearls and a middle
ear cholesteatoma in ears treated with EGF in their experi-
mental study. In addition, none of the clinical studies
described any cases of middle ear cholesteatoma after topical
application of FGF2 or EGF. Lou et al. [41] reported that
temporal bone computed tomography (CT) revealed pneu-
matolytic middle ear and mastoid cells during 2-year
follow-up after TM repair with FGF2 treatment. However,
Hakuba et al. [50] reported epithelial pearl formation follow-
ing FGF2 treatment.

4. Discussion

4.1. Bioactivity and Delivery of FGF2 and EGF. It is well
known that EGF and FGF2 play major roles in wound heal-
ing, and both have been used as regeneration factors in a
diverse range of conditions, including burns, chronic
wounds, oral ulcers, vascular ulcers, diabetic ulcers, pressure
ulcers, and surgical incisions [8–11, 61–63]. Growth factors
trigger specific target cells by binding to their high-affinity
surface membrane receptors. Once such factors have bound
to the target cell surface receptor, and the target cells are then
activated to undergo mitosis or chemotaxis, thereby promot-
ing the proliferation and chemotactic migration of target cells
and neovascularization, thus improving wound healing. EGF
induces the proliferation of epithelial cells, endothelial cells,
fibroblasts, and keratinocytes, but mainly stimulates chemo-
tactic migration and is an effective mitogen for epithelial cells
[4–6]. FGF2 is chemotactic and an effective mitogen for
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vascular endothelial cells and fibroblasts, and application of
FGF2 has been shown to increase connective tissue and gran-
ulation tissue formation [4–6]. Nevertheless, the in vitro half-
life is approximately 12 hours for FGF2 and 4 hours for EGF
at physiological pH and temperature [64, 65]. Therefore, bio-
logical scaffolds are usually applied to achieve sustained
delivery of EGF or FGF2 for continuous exposure of target
cells and thus maintain the biological effects.

4.2. Effects of FGF2 and EGF on TM Regeneration. FGF2 and
EGF were shown to facilitate regeneration of acute TM perfo-
ration [13–15, 20–23, 31–37, 40–42, 45]. However, although
most experimental studies showed that FGF2 treatment
resulted in significantly higher closure rates compared with
PBS or saline solution, three experimental studies indicated
the same acute perforation closure rate of 100% for FGF2
and stabilizer solvent [14], sterile saline [17], or HA [19].
Clinical studies showed the same results [37, 39, 43]. These
results suggested that FGF2 and EGF appear to have no real
advantage compared with ofloxacin eardrops or Gelfoam
patching for acute perforations. These observations raise
the question of whether the effects of FGF2 or EGF on TM
regeneration are due to the biological effects of the growth
factors, ambient effects of the moist environment, or syner-
gistic actions of both factors. Some groups have suggested
that the moist environment aided TM healing, but an exces-
sively wet environment impaired TM healing [66–68].
Whether was the low healing rate in the control group related
to the application of high dosage of solution in some experi-
mental studies? This has also been demonstrated by clinical
and experimental studies, which showed that a high dosage
of FGF2 or EGF reduced the healing rate and prolonged the
healing time [58, 59]. A high dosage of FGF2 was shown to
inhibit collagen synthesis in wound repair [69]. Therefore,
differences in the dosage and start time of application could
have led to inconsistencies in the results between groups.

Experimental studies suggested that FGF2 with or with-
out scaffold facilitated the regeneration of chronic perfora-
tions [16, 18, 22]. Similarly, clinical studies also showed
encouraging results with regard to FGF2 in the repair of
chronic perforations [47–49]. Unfortunately, these clinical
studies added biological scaffolds, which can itself close the
perforations [1, 2, 4, 70, 71]. In addition, the study popula-
tions also included cases of chronic traumatic and VT-
induced perforations, which have high spontaneous healing
rates and differ from perforations with COM [72, 73]. In
addition, it is worth noting that the closure rate tended to
decrease with increasing follow-up time [50–52]. The high
reperforation rate could be related to impairment of long-
term collagen accumulation by continuous FGF2 application
[69, 74]. Although EGF provided encouraging results for
repairing acute perforations and experimental chronic perfo-
rations, only one clinical study of EGF in repair of chronic
TM perforations has been reported to date [55], which
showed failure of the treatment with only one case showing
healing in the PBS group and no cases of healing in the
EGF group. Conflicting results were also found regarding
FGF2 in repair of human chronic perforations. An RCT of
54 patients with chronic perforations by Santa Maria et al.

[22] showed that the closure rate was not significantly differ-
ent between the saline and the FGF2 treatment group (71.4%
vs. 57.5%, respectively, P = 0:547). In addition, although
experimental studies showed high closure rates of chronic
perforations following FGF2 or EGF treatment, these exper-
imental chronic perforations did not correspond to actual
chronic perforations with COM, but only acute perforations
with delayed healing [56–58]. Therefore, from limited clini-
cal and experimental data, it is difficult to evaluate objectively
the efficacy of FGF2 or EGF in the repair of chronic TM per-
forations, and a great deal of work remains to be done regard-
ing the effects of FGF2 or EGF on regeneration of chronic
TM perforations.

4.3. Contrasting Effects of FGF2 and EGF in TMRegeneration.
Although topical application of exogenous EGF or FGF2 pro-
moted TM regeneration, it remains unclear whether EGF or
FGF2 is better for TM regeneration. It is well known that
each growth factor has some degree of selectivity with regard
to chemotactic activity and mitosis of cells in wound repair.
A study of corneal epithelial wound healing indicated that
EGF markedly promoted corneal epithelium repair in the
short term, while FGF2 did not, but rh-EGF showed weaker
promotion of neovascularization (CNV) than FGF2 [75].
Other studies have shown that FGF2 has stronger effects on
promoting neovascularization and cell proliferation and oral
mucosa ulcer healing than EGF [76, 77]. Similarly, FGF2 pre-
dominantly affected the fibrous layer, induced the prolifera-
tion of fibroblasts, and regulated the reaction of connective
tissue during the TM repair process, whereas EGF stimulated
the epithelial layer and promoted the proliferation and
migration of epithelial cells and keratinocytes [64, 78].

TM closure can consist of healing of only the epithelial
layer but not the fibrous layer, e.g., spontaneous healing of
the perforations with COM, and the simultaneous closure
of the epithelial layer and fibrous layer or orderly closure of
the epithelial layer and fibrous layer, e.g., spontaneous heal-
ing of the normal TM. Fibroblasts growmuch faster than epi-
thelial cells and can lead to the formation of granulation
tissue in the fibrous layer if FGF2 is applied alone, which
can prohibit closure of the epidermal layer in some cases
[24]. Theoretically, EGF minimizes this problem as it pro-
motes the regeneration of epithelial cells in the outer epider-
mal layer [24]. This has been demonstrated in clinical
studies. Two clinical studies comparing the effects of FGF2
and EGF in repair of acute perforations showed faster closure
in the EGF group compared to the FGF2 group [38, 39].
FGF2 has been most frequently used to repair chronic perfo-
rations in clinical cases because the fibrous layer comprises
98% of the TM [24]. By light and electron microscopy,
Magnuson et al. [73] reported altered collagen structure
and disorganized collagen layer in chronic perforations with
COM but normal collagen structure in traumatic perfora-
tions and showed that the TM remnant with COM had lost
part of its normal healing potential. However, FGF2 can
wider stimulate the proliferation of fibroblasts and neovascu-
larization in the fibrous layer, thereby recovering the normal
collagen structure and facilitating the healing of chronic per-
forations. Therefore, successful closure can usually be
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obtained in most cases if the perforation is covered with
FGF2 combined with a biological scaffold. That is, EGF
showed better healing outcomes than FGF2 for acute perfo-
rations, but FGF2 had better healing outcomes compared
with EGF for chronic perforations with COM.

4.4. Side Effects and Prospects for Clinical Application of FGF2
or EGF in TM Regeneration. The side effects of FGF2 or EGF
used in regeneration of TM have been widely investigated in
both clinical and experimental studies [13–55]. Application
of FGF2 to the external and middle ear does not seem to be
associated with any apparent risk of ototoxicity. ABR thresh-
olds indicated that none of the ears treated with EGF or FGF2
showed hearing loss after TM closure. There was no evidence
of squamous cell elements or cholesteatoma formation on the
medial surface of the TM in ears treated with EGF or FGF2.
In contrast, FGF2 was shown to protect spiral ganglion neu-
rons against glutamate neurotoxicity in vitro and hair cells
from acoustic trauma [79, 80]. Although an experimental
study showed that application of high dosage of FGF2 caused
myringitis and hyperplasia of the EAC [56], which may be
avoided through application of an appropriate dosage by
clinic. In addition, although a few groups reported lower inci-
dence rates of intratympanic pearls [29, 50], this was not spe-
cific for FGF2 or EGF and may been seen in most types of
myringoplasty [81, 82].

Treatment with FGF2 or EGF for TM regeneration is
safe, and application of FGF2 or EGF alone significantly facil-
itated the regeneration of acute perforations. However, FGF2
combined with biological scaffold may be more efficient for
chronic perforations with COM. Unfortunately, all clinical
studies of FGF2 and EGF in TM repair identified in our liter-
ature search were from China and Japan [31–53], and there
was only one multicenter clinical study with a small sample
size [53]. In addition, continuous release of FGF2 or EGF is
required to maintain the biological effects via delivery
systems because of their short half-life and growth factor
eardrops have limited efficacy. Therefore, further studies to
develop better growth factor preparations for use in TM
repair are required.

5. Conclusions

FGF2 and EGF showed good effects and reliable safety for the
regeneration of TM. In addition, EGF was better for the
regeneration of acute perforations, while FGF2 combined
with biological scaffolds was superior to EGF for chronic per-
forations, but was associated with high rates of reperforation
over time. Further studies are required to determine whether
EGF or FGF2 is better for TM regeneration.

Data Availability

All data generated or analysed during this study are included
in this published article.

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

Zhengcai Lou and Zihan Lou contributed equally to this
work and are co-first authors.

Acknowledgments

This study was supported by the Health Commission of
Zhejiang Province, China (Grant #2021KY1186) and the
Science and Technology Agency of Yiwu City, China
(Grant #2018-3-76).

References

[1] F. C. Silveira, F. C. Pinto, S. S. Caldas Neto, M. C. Leal,
J. Cesário, and J. L. Aguiar, “Tratamento do timpano perfurado
com enxerto de celulose bacteriana: ensaio clinico controlado e
randomizado,” Brazilian Journal of Otorhinolaryngology,
vol. 82, no. 2, pp. 203–208, 2016.

[2] B.M. Teh, Y. Shen, P. L. Friedland,M. D. Atlas, andR. J. Marano,
“A review on the use of hyaluronic acid in tympanic membrane
wound healing,” Expert Opinion on Biological Therapy, vol. 12,
no. 1, pp. 23–36, 2012.

[3] M.Mondain and A. Uziel, “Tympanic membrane regeneration
and growth factors,” Acta Oto-Rhino-Laryngologica Belgica,
vol. 49, no. 2, pp. 159–162, 1995.

[4] Y. Shen, S. L. Redmond, B. M. Teh et al., “Tympanic mem-
brane repair using silk fibroin and acellular collagen scaffolds,”
The Laryngoscope, vol. 123, no. 8, pp. 1976–1982, 2013.

[5] T. Somers, G. Goovaerts, L. Schelfhout, S. Peeters, P. J.
Govaerts, and E. Offeciers, “Growth factors in tympanic mem-
brane perforations,” The American Journal of Otology, vol. 19,
no. 4, pp. 428–434, 1998.

[6] M. Mondain and A. Ryan, “Epidermal growth factor and basic
fibroblast growth factor are induced in guinea-pig tympanic
membrane following traumatic perforation,” Acta Oto-Laryn-
gologica, vol. 115, no. 1, pp. 50–54, 1995.

[7] J. W. Park, S. R. Hwang, and I. S. Yoon, “Advanced growth fac-
tor delivery systems in wound management and skin regener-
ation,” Molecules, vol. 22, no. 8, p. 1259, 2017.

[8] A. R. Sas, K. S. Carbajal, A. D. Jerome et al., “A new neutrophil
subset promotes CNS neuron survival and axon regeneration,”
Nature Immunology, vol. 21, no. 12, pp. 1496–1505, 2020.

[9] A. V. Ljubimov and M. Saghizadeh, “Progress in corneal
wound healing,” Progress in Retinal and Eye Research,
vol. 49, pp. 17–45, 2015.

[10] H. Bendella, S. Rink, M. Grosheva, L. Sarikcioglu, T. Gordon,
and D. N. Angelov, “Putative roles of soluble trophic factors
in facial nerve regeneration, target reinnervation, and recovery
of vibrissal whisking,” Experimental Neurology, vol. 300,
pp. 100–110, 2018.

[11] U. Park, M. S. Lee, J. Jeon et al., “Coacervate-mediated exoge-
nous growth factor delivery for scarless skin regeneration,”
Acta Biomaterialia, vol. 90, pp. 179–191, 2019.

[12] Y. Ma, H. Zhao, and X. Zhou, “Topical treatment with growth
factors for tympanic membrane perforations: progress towards
clinical application,” Acta Oto-Laryngologica, vol. 122, no. 6,
pp. 586–599, 2002.

[13] M. Fina, S. Bresnick, A. Bairp, and A. Ryan, “Improved healing
of tympanic membrane perforations with basic fibroblast

12 Stem Cells International



growth factor,” Growth Factors, vol. 5, no. 4, pp. 265–272,
1991.

[14] M. Fina, A. Baird, and A. Ryan, “Direct application of basic
fibroblast growth factor improves tympanic membrane perfo-
ration healing,” Laryngoscope, vol. 103, no. 7, pp. 804–809,
1993.

[15] J. T. Vrabec, M. K. Schwaber, J. M. Davidson, and M. A. Cly-
mer, “Evaluation of basic fibroblast growth factor in tympanic
membrane repair,” Laryngoscope, vol. 104, no. 9, pp. 1059–
1064, 1994.

[16] M. Kato and R. K. Jackler, “Repair of chronic tympanic mem-
brane perforations with fibroblast growth factor,”Otolaryngology
and Head and Neck Surgery, vol. 115, no. 6, pp. 538–547, 1996.

[17] N. R. Friedman, C. G. Wright, K. S. Pawlowski, and W. L.
Meyerhoff, “Effect of basic fibroblast growth factor on perfo-
rated chinchilla tympanic membranes,” Ear, Nose, & Throat
Journal, vol. 76, no. 8, pp. 559–564, 1997.

[18] Y. Ozkaptan, M. Gerek, S. Simşek, and S. Deveci, “Effects of
fibroblast growth factor on the healing process of tympanic
membrane perforations in an animal model,” European
Archives of Oto-Rhino-Laryngology, vol. 254, Suppl 1, pp. S2–
S5, 1997.

[19] K. Chauvin, C. Bratton, and C. Parkins, “Healing large
tympanic membrane perforations using hyaluronic acid, basic
fibroblast growth factor, and epidermal growth factor,”Otolar-
yngology and Head and Neck Surgery, vol. 121, no. 1, pp. 43–
47, 1999.

[20] N. Hakuba, Y. Tabata, N. Hato, T. Fujiwara, and K. Gyo, “Gel-
atin hydrogel with basic fibroblast growth factor for tympanic
membrane regeneration,” Otology & Neurotology, vol. 35,
no. 3, pp. 540–544, 2014.

[21] D. Zhang, Z. Huang, P. Sun et al., “Acceleration of healing of
traumatic tympanic membrane perforation in rats by
implanted collagen membrane integrated with collagen-
binding basic fibroblast growth factor,” Tissue Engineering.
Part A, vol. 23, no. 1–2, pp. 20–29, 2017.

[22] P. L. Santa Maria, K. Weierich, S. Kim, and Y. P. Yang,
“Heparin binding epidermal growth factor-like growth factor
heals chronic tympanic membrane perforations with advan-
tage over fibroblast growth factor 2 and epidermal growth fac-
tor in an animal model,” Otology & Neurotology, vol. 36, no. 7,
pp. 1279–1283, 2015.

[23] X. Yao, B. M. Teh, H. Li et al., “Acellular collagen scaffold with
basic fibroblast growth factor for repair of traumatic tympanic
membrane perforation in a rat model,” Otolaryngology and
Head and Neck Surgery, vol. 164, no. 2, pp. 381–390, 2021.

[24] H. Seonwoo, S. W. Kim, J. Kim et al., “Regeneration of chronic
tympanic membrane perforation using an EGF-releasing chi-
tosan patch,” Tissue Engineering. Part A, vol. 19, no. 17–18,
pp. 2097–2107, 2013.

[25] E. A. Güneri, S. Tekin, O. Yilmaz et al., “The effects of hyaluro-
nic acid, epidermal growth factor, and mitomycin in an exper-
imental model of acute traumatic tympanic membrane
perforation,” Otology & Neurotology, vol. 24, no. 3, pp. 371–
376, 2003.

[26] J. R. Ramalho and R. F. Bento, “Healing of subacute tympanic
membrane perforations in chinchillas treated with epidermal
growth factor and pentoxifylline,” Otology & Neurotology,
vol. 27, no. 5, pp. 720–727, 2006.

[27] C. P. Amoils, R. K. Jackler, and L. R. Lustig, “Repair of chronic
tympanic membrane perforations using epidermal growth fac-

tor,” Otolaryngology and Head and Neck Surgery, vol. 107,
no. 5, pp. 669–683, 1992.

[28] A. J. Lee, R. K. Jackler, B. M. Kato, and N. M. Scott, “Repair of
chronic tympanic membrane perforations using epidermal
growth factor: progress toward clinical application,” The
American Journal of Otology, vol. 15, no. 1, pp. 10–18, 1994.

[29] D. W. Dvorak, G. Abbas, T. Ali, S. Stevenson, and D. B. Well-
ing, “Repair of chronic tympanic membrane perforations with
long-term epidermal growth factor,” The Laryngoscope,
vol. 105, no. 12, pp. 1300–1304, 1995.

[30] P. L. Santa Maria, P. Gottlieb, C. Santa Maria, S. Kim, S. Puria,
and Y. P. Yang, “Functional outcomes of heparin-binding epi-
dermal growth factor-like growth factor for regeneration of
chronic tympanic membrane perforations in mice,” Tissue
Engineering. Part A, vol. 23, no. 9–10, pp. 436–444, 2017.

[31] Z. Lou, L. Xu, J. Yang, and X. Wu, “Outcome of children with
edge-everted traumatic tympanic membrane perforations fol-
lowing spontaneous healing versus fibroblast growth factor-
containing Gelfoam patching with or without edge repair,”
International Journal of Pediatric Otorhinolaryngology,
vol. 75, no. 10, pp. 1285–1288, 2011.

[32] Z. Lou, “Healing large traumatic eardrum perforations in
humans using fibroblast growth factor applied directly or via
Gelfoam,” Otology & Neurotology, vol. 33, no. 9, pp. 1553–
1557, 2012.

[33] Q. Zhang and Z. Lou, “Impact of basic fibroblast growth factor
on healing of tympanic membrane perforations due to direct
penetrating trauma: a prospective non-blinded/controlled
study,” Clinical Otolaryngology, vol. 37, no. 6, pp. 446–451, 2012.

[34] Z. C. Lou and Y. B. Wang, “Healing outcomes of large (> 50%)
traumatic membrane perforations with inverted edges follow-
ing no intervention, edge approximation and fibroblast growth
factor application; a sequential allocation, three-armed trial,”
Clinical Otolaryngology, vol. 38, no. 4, pp. 289–296, 2013.

[35] Z. Lou, Z. Lou, Y. Tang, and J. Xiao, “Utility of basic fibroblast
growth factor in the repair of blast-induced total or near-total
tympanic membrane perforations: a pilot study,” American
Journal of Otolaryngology, vol. 36, no. 6, pp. 794–797, 2015.

[36] Z. Lou, P. Huang, J. Yang, J. Xiao, and J. Chang, “Direct appli-
cation of bFGF without edge trimming on human subacute
tympanic membrane perforation,” American Journal of Oto-
laryngology, vol. 37, no. 2, pp. 156–161, 2016.

[37] Z. C. Lou, Z. H. Lou, Y. C. Liu, and J. Chang, “Healing human
moderate and large traumatic tympanic membrane perfora-
tions using basic fibroblast growth factor, 0.3% ofloxacin ear-
drops, and Gelfoam patching,” Otology & Neurotology,
vol. 37, no. 6, pp. 735–741, 2016.

[38] Z.-L. Zhengcai-Lou and Yongmei-Tang, “Comparative study
on the effects of EGF and bFGF on the healing of human large
traumatic perforations of the tympanic membrane,” The
Laryngoscope, vol. 126, no. 1, pp. E23–E28, 2016.

[39] Z. Lou and Z. Lou, “A comparative study to evaluate the effi-
cacy of EGF, FGF2, and 0.3% (w/v) ofloxacin drops on ear-
drum regeneration,” Medicine, vol. 96, no. 30, p. e7654., 2017.

[40] Z. H. Jin, Y. H. Dong, and Z. H. Lou, “The effects of fibroblast
growth factor-2 delivered via a Gelfoam patch on the regener-
ation of myringosclerotic traumatic eardrum perforations
lying close to the malleus,” American Journal of Otolaryngol-
ogy, vol. 38, no. 5, pp. 582–587, 2017.

[41] L. Zheng-Cai and L. Zi-Han, “The short- and long-term
adverse effects of FGF2 on tympanic membrane perforations,”

13Stem Cells International



Acta Otorhinolaryngologica Italica, vol. 38, no. 3, pp. 264–272,
2018.

[42] Z. C. Lou, J. Yang, Y. Tang, and Y. H. Fu, “Topical application
of epidermal growth factor with no scaffold material on the
healing of human traumatic tympanic membrane perfora-
tions,” Clinical Otolaryngology, vol. 41, no. 6, pp. 744–749,
2016.

[43] Z.-H.-L. Jian-Yang and Z.-C.-L. Yahui-Fu, “A retrospective
study of EGF and ofloxacin drops in the healing of human
large traumatic eardrum perforation,” American Journal of
Otolaryngology, vol. 37, no. 4, pp. 294–298, 2016.

[44] Z. C. Lou and Z. Lou, “Efficacy of EGF and gelatin sponge for
traumatic tympanic membrane perforations: a randomized
controlled study,” Otolaryngology and Head and Neck Surgery,
vol. 159, no. 6, pp. 1028–1036, 2018.

[45] Z. C. Lou, Y. Dong, and Z. H. Lou, “Comparative study of epi-
dermal growth factor and observation only on human sub-
acute tympanic membrane perforation,” American Journal of
Otolaryngology, vol. 40, no. 2, pp. 209–212, 2019.

[46] Z. Lou, “The effect of epidermal growth factor on the pseudo-
healing of traumatic tympanic membrane perforations,”
Brazilian Journal of Otorhinolaryngology, vol. 87, no. 1,
pp. 53–58, 2021.

[47] N. Hakuba, M. Taniguchi, Y. Shimizu, A. Sugimoto,
Y. Shinomori, and K. Gyo, “A new method for closing tym-
panic membrane perforations using basic fibroblast growth
factor,” The Laryngoscope, vol. 113, no. 8, pp. 1352–1355, 2003.

[48] N. Hakuba, M. Iwanaga, S. Tanaka et al., “Basic fibroblast
growth factor combined with atelocollagen for closing chronic
tympanic membrane perforations in 87 patients,” Otology &
Neurotology, vol. 31, no. 1, pp. 118–121, 2010.

[49] S. Kanemaru, H. Umeda, Y. Kitani, T. Nakamura, S. Hirano,
and J. Ito, “Regenerative treatment for tympanic membrane
perforation,” Otology & Neurotology, vol. 32, no. 8, pp. 1218–
1223, 2011.

[50] N. Hakuba, N. Hato, Y. Omotehara, M. Okada, and K. Gyo,
“Epithelial pearl formation following tympanic membrane
regeneration therapy using an atelocollagen/silicone mem-
brane and basic fibroblast growth factor: our experience from
a retrospective study of one hundred sixteen patients,” Clinical
Otolaryngology, vol. 38, no. 5, pp. 394–397, 2013.

[51] A. N. Acharya, H. Coates, D. Tavora-Vièira, and G. P. Rajan,
“A pilot study investigating basic fibroblast growth factor for
the repair of chronic tympanic membrane perforations in
pediatric patients,” International Journal of Pediatric Otorhi-
nolaryngology, vol. 79, no. 3, pp. 332–335, 2015.

[52] N. Hakuba, N. Hato, M. Okada, K. Mise, and K. Gyo, “Preop-
erative factors affecting tympanic membrane regeneration
therapy using an atelocollagen and basic fibroblast growth fac-
tor,” JAMA Otolaryngology. Head & Neck Surgery, vol. 141,
no. 1, pp. 60–66, 2015.

[53] K. Omae, S. I. Kanemaru, E. Nakatani et al., “Regenerative
treatment for tympanic membrane perforation using gelatin
sponge with basic fibroblast growth factor,” Auris, Nasus, Lar-
ynx, vol. 44, no. 6, pp. 664–671, 2017.

[54] F. Santos, E. Shu, D. J. Lee et al., “Topical fibroblast growth
factor-2 for treatment of chronic tympanic membrane perfora-
tions,” Laryngoscope Investig Otolaryngol., vol. 5, no. 4,
pp. 657–664, 2020.

[55] H. A. Ramsay, E. J. Heikkonen, and P. K. Laurila, “Effect of epi-
dermal growth factor on tympanic membranes with chronic

perforations: a clinical trial,” Otolaryngology and Head and
Neck Surgery, vol. 113, no. 4, pp. 375–379, 1995.

[56] A. Y.Wang, Y. Shen, J. T.Wang, P. L. Friedland,M. D. Atlas, and
R. J. Dilley, “Animal models of chronic tympanic membrane per-
foration: a 'time-out' to review evidence and standardize design,”
International Journal of Pediatric Otorhinolaryngology, vol. 78,
no. 12, pp. 2048–2055, 2014.

[57] P. L. Santa Maria, M. D. Atlas, and R. Ghassemifar, “Chronic
tympanic membrane perforation: a better animal model is
needed,” Wound Repair and Regeneration, vol. 15, no. 4,
pp. 450–458, 2007.

[58] A. Y.Wang, Y. Shen, L. J. Liew et al., “Searching for a rat model
of chronic tympanic membrane perforation: healing delayed
by mitomycin C/dexamethasone but not paper implantation
or iterative myringotomy,” International Journal of Pediatric
Otorhinolaryngology, vol. 79, no. 8, pp. 1240–1247, 2015.

[59] K. Kase, T. Iwanaga, M. Terakado et al., “Influence of topical
application of basic fibroblast growth factor upon inner ear,”
Otolaryngology and Head and Neck Surgery, vol. 138, no. 4,
pp. 523–527, 2008.

[60] M. Mondain, S. Saffiedine, and A. Uziel, “Fibroblast growth
factor improves the healing of experimental tympanic mem-
brane perforations,” Acta Oto-Laryngologica, vol. 111, no. 2,
pp. 337–341, 1991.

[61] X. Fu, Z. Shen, Y. Chen et al., “Randomised placebo-controlled
trial of use of topical recombinant bovine basic fibroblast
growth factor for second-degree burns,” Lancet, vol. 352,
no. 9141, pp. 1661–1664, 1998.

[62] M. Zubair and J. Ahmad, “Role of growth factors and cytokines
in diabetic foot ulcer healing: a detailed review,” Reviews in Endo-
crine & Metabolic Disorders, vol. 20, no. 2, pp. 207–217, 2019.

[63] J. Taradaj, B. Shay, R. Dymarek et al., “Effect of laser therapy
on expression of angio- and fibrogenic factors, and cytokine
concentrations during the healing process of human pressure
ulcers,” International Journal of Medical Sciences, vol. 15,
no. 11, pp. 1105–1112, 2018.

[64] D. B. Hom, “Growth factors in wound healing,” Otolaryngolo-
gic Clinics of North America, vol. 28, no. 5, pp. 933–953, 1995.

[65] W.H. Burgess and T.Maciag, “The heparin-binding (fibroblast)
growth factor family of proteins,” Annual Review of Biochemis-
try, vol. 58, no. 1, pp. 575–602, 1989.

[66] Z. Lou, Y.Wang, and K. Su, “Comparison of the healing mech-
anisms of human dry and endogenous wet traumatic eardrum
perforations,” European Archives of Oto-Rhino-Laryngology,
vol. 271, no. 8, pp. 2153–2157, 2014.

[67] Z. C. Lou and Z. H. Lou, “A moist edge environment aids the
regeneration of traumatic tympanic membrane perforations,”
The Journal of Laryngology and Otology, vol. 131, no. 7,
pp. 564–571, 2017.

[68] D. Okan, K. Woo, E. A. Ayello, and G. Sibbald, “The role of
moisture balance in wound healing,” Advances in Skin &
Wound Care, vol. 20, no. 1, pp. 39–53, 2007.

[69] S. A. Lazarou, J. E. Efron, T. Shaw, H. L. Wasserkrug, and
A. Barbul, “Fibroblast growth factor inhibits wound collagen
synthesis,” Surgical Forum, vol. 40, pp. 627–629, 1989.

[70] J. H. Lee, D. K. Kim, H. S. Park et al., “A prospective cohort study
of the silk fibroin patch in chronic tympanic membrane perfora-
tion,” The Laryngoscope, vol. 126, no. 12, pp. 2798–2803, 2016.

[71] A. Niklasson and K. Tano, “The Gelfoam® plug: an alternative
treatment for small eardrum perforations,” The Laryngoscope,
vol. 121, no. 4, pp. 782–784, 2011.

14 Stem Cells International



[72] C. J. Reijnen and W. Kuijpers, “The healing pattern of the
drum membrane,” Acta Oto-Laryngologica. Supplementum,
vol. 287, pp. 1–74, 1971.

[73] K. Magnuson, A. Hermansson, and S. Hellström, “Healing of
tympanic membrane after myringotomy during Streptococcus
pneumoniae otitis media. An otomicroscopic and histologic
study in the rat,” The Annals of Otology, Rhinology, and Laryn-
gology, vol. 105, no. 5, pp. 397–404, 1996.

[74] P. J. Hennessey, J. G. Nirgiotis, M. N. Shinn, and R. J.
Andrassy, “Continuous EGF application impairs long-term
collagen accumulation during wound healing in rats,” Journal
of Pediatric Surgery, vol. 26, no. 4, pp. 362–366, 1991.

[75] L. Yan, W. Wu, Z. Wang et al., “Comparative study of the
effects of recombinant human epidermal growth factor and
basic fibroblast growth factor on corneal epithelial wound
healing and neovascularization in vivo and in vitro,” Ophthal-
mic Research, vol. 49, no. 3, pp. 150–160, 2013.

[76] A. Yu, Y. Matsuda, A. Takeda, E. Uchinuma, and
Y. Kuroyanagi, “Effect of EGF and bFGF on fibroblast prolifer-
ation and angiogenic cytokine production from cultured der-
mal substitutes,” Journal of Biomaterials Science. Polymer
Edition, vol. 23, no. 10, pp. 1315–1324, 2012.

[77] K. Fujisawa, Y. Miyamoto, andM. Nagayama, “Basic fibroblast
growth factor and epidermal growth factor reverse impaired
ulcer healing of the rabbit oral mucosa,” Journal of Oral
Pathology & Medicine, vol. 32, no. 6, pp. 358–366, 2003.

[78] N. T. Bennett and G. S. Schultz, “Growth factors and wound
healing: part II. Role in normal and chronic wound healing,”
American Journal of Surgery, vol. 166, no. 1, pp. 74–81, 1993.

[79] S. Q. Zhai, D. J. Wang, J. L. Wang, D. Y. Han, and W. Y. Yang,
“Basic fibroblast growth factor protects auditory neurons and
hair cells from glutamate neurotoxicity and noise exposure,”
Acta Oto-Laryngologica, vol. 124, no. 2, pp. 124–129, 2004.

[80] T. Sekiya, N. Shimamura, A. Yagihashi, and S. Suzuki, “Effect
of topically applied basic fibroblast growth factor on injured
cochlear nerve,” Neurosurgery, vol. 52, no. 4, pp. 900–907,
2003.

[81] M. Nejadkazem, J. Totonchi, M. Naderpour, and M. Lenarz,
“Intratympanic membrane cholesteatoma after tympanoplasty
with the underlay technique,” Archives of Otolaryngology –
Head & Neck Surgery, vol. 134, no. 5, pp. 501-502, 2008.

[82] S. Ayache, “Cartilaginous myringoplasty: the endoscopic
transcanal procedure,” European Archives of Oto-Rhino-Lar-
yngology, vol. 270, no. 3, pp. 853–860, 2013.

15Stem Cells International


	FGF2 and EGF for the Regeneration of Tympanic Membrane: A Systematic Review
	1. Introduction
	2. Materials and Methods
	2.1. Search Strategy and Study Selection
	2.2. Inclusion and Exclusion Criteria
	2.3. Definition of Acute and Chronic Perforations
	2.4. Outcome Measures

	3. Results
	3.1. Treatment Technique
	3.2. Healing Outcomes of FGF2 or EGF for Repairing TM Perforations
	3.2.1. FGF2 or EGF in Repair of Experimental Acute Perforations
	3.2.2. FGF2 or EGF in Repair of Experimental Chronic Perforations
	3.2.3. FGF2 or EGF in Repair of Human Acute Perforations
	3.2.4. FGF2 or EGF in Repair of Human Chronic Perforations

	3.3. Comparative Studies of the Effects of FGF2 and EGF on TM Regeneration
	3.4. Dose and Time Dependency of the Effects of FGF2 or EGF on TM Regeneration
	3.5. Side Effects of FGF2 or EGF in TM Regeneration

	4. Discussion
	4.1. Bioactivity and Delivery of FGF2 and EGF
	4.2. Effects of FGF2 and EGF on TM Regeneration
	4.3. Contrasting Effects of FGF2 and EGF in TM Regeneration
	4.4. Side Effects and Prospects for Clinical Application of FGF2 or EGF in TM Regeneration

	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

