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Abstract

Background: Incisional hernia repairs are among common abdominal wall surgeries, can be primarily required or being recon-
structed using a synthetic or biological material.
Objectives: This study aimed at evaluating intra-abdominal adhesions and incisional site healing after the repair of the abdominal
wall by fresh amniotic membrane-coated polypropylene mesh in comparison to only polypropylene mesh in an experimental rat
study.
Methods: The study protocol was approved by the Cumhuriyet University Institutional Ethics Committee for Animal Experiments
(Sivas-Turkiye, date 24/06/2015). Sixteen pregnant female Wistar-Albino rats (mean weight, 275 g) were anesthetized on the 21st day
of pregnancy, and a 1-cm area of the abdominal wall was excised. The pregnancy was terminated, emerging amniotic membranes
were dissected, and eight pieces of the 1-cm2 polypropylene mesh were coated with these amniotic membranes without using any
suture or adhesive. The polypropylene meshes were sutured on the abdominal wall of eight rats (control group), selected by simple
random sampling. For the remaining eight rats, the same procedure was applied with the amniotic membrane-coated polypropy-
lene meshes (experimental group). On the 28th postoperative day, the anterior abdominal wall was opened, and intra-abdominal
adhesions were assessed macroscopically by Nair’s adhesion scoring system. Strip-shaped biopsy samples were taken from incision
lines for histopathological examination.
Results: The experimental group had significantly less intra-abdominal adhesions (i.e., Nair’s score of 2 to 4) compared to the con-
trol group (two and six rats, respectively; P = 0.046), and had significantly lower mean score for polymorphonuclear leukocyte infil-
tration (P = 0.039), hyperemia (P = 0.039), and epithelialization (P = 0.039). The score for the increase in connective tissue (P = 0.018)
was significantly higher in the experimental group, and the scores for edema (P = 0.590) and macrophage infiltration (P = 0.590)
were similar between the two groups.
Conclusions: The use of polypropylene mesh coated with fresh amniotic membrane provides the advantage of decreasing postop-
erative intra-abdominal adhesions along with less inflammation and higher epithelialization after abdominal wall repair surgery.
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1. Background

Incisional hernias are a common problem encoun-
tered by 5% to 15% of abdominal wall surgeries (1, 2). It
causes chronic pain, ileus, fistula, and creates obstacles for
re-operation. Although an incisional hernia can be primar-
ily repaired by using its fascia, in cases where the defect is
not significant, reconstruction with a synthetic or biolog-
ical material (graft) is needed when the primary tissue is
not sufficient (3, 4). Currently, the most commonly used
synthetic material for the treatment of the incisional her-
nias and the repair of abdominal wall defects is polypropy-
lene mesh.

Adhesions and recurrences are common complica-
tions of abdominal wall reconstruction with a synthetic
material (5). Particularly in cases with large tissue loss,
polypropylene mesh comes in contact with the intra-
abdominal tissues, causing the adhesions, and leading to
intestinal obstruction or fistulas (6). Although many alter-
native materials and methods for repair of abdominal wall
defects were suggested in the literature, such as the use
of omentum, peritoneum, biological materials, chemicals,
stretch films, etc., the ideal material for preventing intra-
abdominal adhesions is yet to be defined (7-14).

The Amniotic Membrane (AM), innermost layer of pla-
centa, is an avascular matrix with a basement membrane

Copyright © 2018, Iranian Red Crescent Medical Journal. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited

http://ircmj.com
http://dx.doi.org/ 10.5812/ircmj.62788


Soylu S et al.

and a monolayer of epithelial cells without major histo-
compatibility complex antigens (6). It has been known
that AM, can be used for reconstruction of various tis-
sues (15-18). Amniotic Membrane induces fibrosis, epithe-
lization, and neovascularization. It also has antiviral and
antimicrobial effects, and decreases inflammation (6, 19,
20). Therefore, it can be used as an anti-adherent layer for
polypropylene mesh in repair of abdominal wall defects.

Amniotic Membrane transplantation was used in
many studies with tissue preserved by cryopreservation or
in glycerol solution (16). Multiple authors have described
the use of fresh human AM for transplantation in vaginal
prolapsed repairs without serious complications (16, 21, 22)
In the direction of these studies; the current researchers
intended to use fresh allograft AM-Coated Polypropylene
Mesh (AM-CPM) in rats.

2. Objectives

The objective of this study was to describe a simple,
novel, inexpensive, and effective surgical technique for in-
cisional hernia repair. The authors aimed at evaluating
intra-abdominal adhesions and healing process at the inci-
sion site after the repair of abdominal wall, by using fresh
AM-CPM in comparison to only polypropylene mesh in an
experimental rat study.

3. Methods

Sixteen pregnant Wistar-Albino rats weighing 200 to
250 g (mean weight of 225 g) were included in the study.
They were provided by Cumhuriyet University School of
Medicine Animal Laboratory Sivas, Turkey. The study proto-
col was approved by Cumhuriyet University Institutional
Ethics Committee for Animal Experiments (Sivas-Turkiye,
date 24/06/2015; code: 65202830-050.04.04/50). All of the
investigations conformed to the 1996 National Academy of
Science’s Guide for the Care and Use of Laboratory Animals.

3.1. Study Design

Rats were kept in cages under 21 to 23ºC room temper-
ature with a 12/12-hour light/dark cycle and fed standard
chow and water ad libitum. Simple randomization was
used. Rats were divided to two groups, Group A and Group
B, each with eight rats (Figure 1). Rats reaching the 21st
day of pregnancy were anesthetized by subcutaneous in-
jection of ketamine (90 mg/kg; Ketalar®; Parke-Davis, Is-
tanbul, Turkey) and xylazine (3 mg/kg Rhompun®; Bayer,
Istanbul, Turkey). Afterwards, a full-thickness excision of
1-cm2 area of the midline abdominal wall was performed
under sterile conditions.

3.2. Preparation for Fresh Amniotic Membrane-Coated
Polypropylene Mesh

The pregnancy was terminated, emerging AM was dis-
sected, and washed with SF (0.09% NaCl), and eight pieces
of the 1-cm2 polypropylene mesh, cut under sterile condi-
tions, were coated with these AM without using any suture
or adhesive.

3.3. Surgical Technique

The polypropylene meshes were sutured on the an-
terior abdominal wall of eight randomly selected rats
with the Onlay technique using interrupted absorbable
polyglactin (Vicryl® 5/0; Sutures Limited UK, Wrexham,
UK), and the incision was closed (Group A, control group).
For the remaining eight rats, the same procedure was ap-
plied with the allograft AM-CPM (Group B, experimental
group). Standard postoperative analgesia, anti-biotherapy,
and feeding was given to all rats.

3.4. Adhesion Scoring

All of the rats were sacrificed by applying intra-cardiac
thiopental (Pentothal® 100 mg/kg Abbott Laboratories, Is-
tanbul, Turkey) on the 28th post-operative day. The ante-
rior abdominal wall was opened by subcostal incision ex-
tending down on both sides. An investigator blinded to the
study groups assessed intra-abdominal adhesions macro-
scopically by Nair’s adhesion scoring system (Table 1), (19).

3.5. Histopathological Examination

Strip-shaped biopsy samples, taken from incision lines,
were fixed by 10% formaldehyde and prepared in paraffin
blocks. Paraffin blocks were stained with hematoxylin and
eosin (H & E) for histopathological examination. Accord-
ing to edema, hyperemia, infiltration of Polymorphonu-
clear Leukocytes (PMNL) and macrophages, increase in
connective tissue, and epithelialization degree on micro-
scopic evaluation, wound healing was scored between zero
and three, where zero indicated absent, one mild, two
moderate, and three intense wound healing. Pathologic
evaluation was performed by the same pathologist, who
was blinded to the study groups.

3.6. Statistical Analysis

The study data were binomial except the variable “in-
crease in connective tissue”; thus Cramer’s v statistics were
utilized in the chi-square analysis. For the frequency dis-
tribution Nair’s scoring groups, chi-square analysis could
not be performed. To overcome this problem, level of ad-
hesion was categorized into two groups; including no or
mild adhesion (scores zero to one) and moderate to severe
adhesion (scores two to four).
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Figure 1. Schematic diagram of study groups (above) and sample images of abdominal graft for each group (below).

Figure 2. Macroscopic evaluation of intra-abdominal adhesions at postoperative 28th day by an investigator blinded to the study groups. Note that there are remarkable
adhesions in experimental group (A), but none in control group (B) in the above example.

Wound healing data, according to edema, hyperemia,
infiltration of Polymorphonuclear Leukocytes (PMNL) and
macrophages, increase in connective tissue, and epithelial-
ization degree on microscopic evaluation was evaluated
with the Whitney-U test, to determine differences between
groups.

Statistical analysis was performed by using the IBM
SPSS statistics for Windows, version 23.0 (IBM Corp. Ar-
monk, N.Y., USA). The results were presented with 95% con-
fidence interval. Statistical level of significance was set at P

< 0.05.

4. Results

The experimental group (Group B), for which the AM-
CPM was applied, had significantly less intra-abdominal
adhesions compared to the control group (Group A), ac-
cording to Nair’s scoring system (P < 0.05) (Table 2 and Fig-
ure 2). The adhesions were observed between the mesh and
liver, intestine, and colon. There were no adhesions in the
amnion group.
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Figure 3. Histopathological images of biopsy samples obtained from abdomi-
nal incision lines of experimental group in which the amniotic membrane-coated
polypropylene mesh was applied at postoperative 28th day (A) (X 200, Hematoxylin-
Eosin). The PMNL infiltration (↑Arrows in B) and increase in connective tissue
(↑Arrows in C) are noted (X 160, Hematoxylin-Eosin).

Microscopic images of biopsy samples obtained from
abdominal incision lines on the 28th postoperative day
indicated that findings of inflammation were gener-

ally lower in the experimental group (Group B), (Fig-
ure 3). Histopathological scoring had significantly lower
mean score for polymorphonuclear leukocyte infiltration
(desc.A = 1.63 ± 0.52; desc.B = 1.13 ± 0.35; P = 0.039), hyper-
emia (desc.A = 1.63 ± 0.52; desc.B = 1.13 ± 0.35; P = 0.039),
and epithelialization (desc.A = 1.13 ± 0.35; desc.B = 1.63 ±
0.52; P = 0.039). The score for increase in connective tissue
(desc.A = 2.63±0.52; desc.B = 1.75±0.46; P = 0.018) was sig-
nificantly higher in the experimental group, and the scores
for edema (desc.A = 0.38 ± 0.52; desc.B = 0.25 ± 0.46; P =
0.590) and macrophage infiltration (desc.A = 1.25 ± 0.46;
desc.B = 1.38±0.52; P = 0.590) were similar between groups
(Table 3).

Accordingly, the experimental group (Group B) had sig-
nificantly lower mean score for PMNL infiltration, hyper-
emia, and increase in connective tissue (P < 0.05, Table
4, Figure 4). The score for epithelization was significantly
higher in Group B (P < 0.05), and the scores for edema and
macrophage infiltration were similar between groups (P >
0.05) (Table 4 and Figure 4).

5. Discussion

The first finding of the current study was that AM-
CPM for the repair of incisional hernia reduced intra-
abdominal adhesions and tissue inflammation was less
than standard propylene mash repair.

Recent studies have focused on biomaterials used for
reconstruction and prevention methods (7-14). The amni-
otic membrane, with a long-term history of usage in tis-
sue reconstruction is one of the promising materials to be
used as an anti-adhesive (15). In this study the researchers
studied intra-abdominal adhesions and tissue inflamma-
tion and healing, four weeks after abdominal wall repair,
by using AM-CPM in comparison to only polypropylene
mesh. Results showed that AM provides advantages of
decreasing adhesions along with less inflammation and
higher epithelization.

Kesting et al. (24) proved that AM is a biocompatible,
resorbable surgical patch serving as a mechanically suf-
ficient material for abdominal wall closure in an in vivo
rat model. However, there are limited studies on the use
of AM in the reconstruction of the abdominal wall, all of
which were experimental animal studies with conflicting
outcomes (6, 25-27). The majority of these studies showed
that AM is an effective antiadhesive barrier in polypropy-
lene mesh repair of abdominal wall hernia (6, 25, 26).

Kesting et al. (28) also showed that abdominal wall clo-
sure with cryopreserved AM and polypropylene mesh was
associated with significantly lower intra-abdominal adhe-
sion formation. Similarly, Kelekci et al. (29) also reported
that AM is effective for prevention of adhesion formation
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Figure 4. The mean scores for the histopathological assesment of biopsy samples of study groups obtained at postoperative 28th day.

Table 1. Nair’s Scoring of Intra-Abdominal Adhesions (23)

Grade Description of Adhesion Bands

0 There is no adhesion.

1 Availability of only one adhesion band between organs or between the organ and abdominal wall

2 Availability of two bands between organs or between the organ and abdominal wall

3 Availability of more than two bands between organs or between the organ and abdominal wall or formation of mass by all intestines without adhesion to the
abdominal wall

4 Adhesion of an organ to the abdominal wall without considering the number and prevalence of adhesion bands

Table 2. Nair’s Scoring of Study Groups

Nair’s Scoring for Intra-Abdominal Ad-
hesions

Group A (Control Group) n = 8 Group B (Experimental Group) n = 8 Pa

0 - 1 (no or mild adhesion) 2 (25.0%) 6 (75.0%)
0.046

2 - 4 (moderate to severe adhesion) 6 (75.0%) 2 (25.0%)

aChi-square test. P < 0.05 was considered significant.

in a rat uterine horn model. In a recent study by Barbuto et al. (26), AM-CPM was compared to the application of
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Table 3. Scores for the Histopathological Assesment of Biopsy Samples of Study Groups

Rat No. Edema PMNL Infiltration Hyperemia Macrophage Infiltration Increase in Connective Tis-
sue

Epithelization

Group A (control group)

1 0 2 1 1 3 1

2 0 1 2 1 2 1

3 0 2 1 2 2 2

4 1 1 2 1 3 1

5 1 2 2 2 3 1

6 0 2 2 1 3 1

7 0 2 2 1 3 1

8 1 1 1 1 2 1

Group B (experimental
group)

1 0 2 1 1 2 1

2 0 1 1 2 1 1

3 0 1 1 2 2 2

4 1 1 2 1 1 2

5 0 1 1 1 2 2

6 0 1 1 1 2 1

7 0 1 1 1 2 1

8 1 1 1 2 2 2

Abbreviation: PMNL, Polymorphonuclear Leukocytes.

Table 4. The Mean± SD. (Median, Mode) Scores for the Histopathological Assesment of Biopsy Samples of Study Groups

Group A (Control Group) n = 8 Group B (Experimental Group) n = 8 Pa

Edema 0.38± 0.52 (0, 0) 0.25± 0.46 (0, 0) 0.590

PMNL infiltration 1.63± 0.52 (2, 2) 1.13± 0.35 (1, 1) 0.039

Hyperemia 1.63± 0.52 (2, 2) 1.13± 0.35 (1, 1) 0.039

Macrophage infiltration 1.25± 0.46 (1, 1) 1.38± 0.52 (1, 1) 0.590

Increase in connective tisse 2.63± 0.52 (3, 3) 1.75± 0.46 (2, 2) 0.018

Epithelization 1.13± 0.35 (1, 1) 1.63± 0.52 (2, 2) 0.039

a Chi-square test. P < 0.05 was considered significant.

polypropylene mesh alone for the correction of abdomi-
nal wall defect in rats. It was found that although AM ap-
plication did not alter the formation of adhesions after
the first week of operation, it accelerated the healing as
shown by increased inflammation and angiogenesis activ-
ity. In the present study, it was found that AM-CPM was as-
sociated with significantly less intra-abdominal adhesions
compared to the control group, according to Nair’s scoring
system, which is a finding consistent with most previous
experimental studies.

In addition to the evaluation of post-operative intra-
abdominal adhesions, this study also assessed the inflam-

matory and healing process around the incisional line
histopathologically. Overall, the findings indicated that
the experimental group (AM-CPM) had lower inflamma-
tion, but higher epithelization than the control group
(polypropylene mesh). This finding shows that AM-CPM is
advantageous over polypropylene mesh alone in terms of
tissue healing.

The limitations of the study were its experimental de-
sign on a rat model and usage of fresh amniotic mem-
brane. Further clinical studies should be conducted in or-
der to confirm the study findings and to prove the clinical
effectiveness of AM as an anti-adhesive barrier so that it can
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be used in routine abdominal surgery. Furthermore, it is
difficult to find fresh AM in clinical practice, thus whether
preserved AM is as effective as the fresh one should be in-
vestigated.

In conclusion, AM-CPM usage in the repair of abdom-
inal wall defects decreases postoperative intra-abdominal
adhesions. It is also associated with less inflammation and
higher epithelization in incisional area compared to the
use of polypropylene mesh alone.
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