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self-gripping mesh: an experimental model 
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Abstract: Introduction: Anastomotic leakage is one of the most feared complications of colorectal surgery. High 
morbidity and mortality rates are related to this complication and several studies had been performed to test new 
techniques which are suggested to reduce leakage rates. The aim of our study was to evaluate the safety and 
effectiveness of a novel technique sutureless anastomosis with self-gripping mesh in an animal model by examin-
ing wound healing process in anastomosis. Methods: In this study sixteen Norwegian Wistar Albino female rats 
were used. The rats’ weights ranged from 250 to 300 g. The rats were divided into control and study groups. The 
control group underwent a colocolic anastomosis using the conventional method of hand-sewing with single-layer 
interrupted nonabsorbable sutures. The study group underwent a colocolic anastomosis using self-gripping mesh 
without sutures. These rats were sacrificed on the 10th postoperative day. The sample pieces obtained from the 
groups were subjected to anastomotic bursting pressure tests, to a test for hydroxyproline levels in the tissue and 
to histopathological examinations. The tissue was evaluated in terms of quantity of inflammatory cells, fibroblasts, 
neovascularization level and collagen content and classified according to the Ehrlich-Hunt model. Statistical analy-
sis was done by using Mann-Whitney U test. Results: The burst pressure mean ± range of control and study groups 
were 162 ± 78 and 123 ± 35, respectively (P = 0.049). The mean peritoneal adhesion grades were 3.2 ± 0.7 in 
the study group and 2.3 ± 0.7 in the control group (P = 0.036). The operative time was significantly shorter in the 
study group. The difference between the groups by mean of hydroxyproline levels was found to be significant (P 
= 0.001). According to histopathological examinations by means of the Ehrlich-Hunt model, the fibroblast activa-
tion and collagen fiber ratio were higher in the study group and the difference between these measurements was 
statistically significant (P = 0.006; P = 0.028). Conclusion: This study showed that use of self-gripping meshes for 
colocolic anastomosis in rats is a safe and feasible method. It is suggested that the most important advantage of 
this technique is the shorter operative time. 
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Introduction 

Anastomotic leakage following colorectal sur-
gery is a significant cause of morbidity and mor-
tality. The incidence of reported anastomotic 
leakage varies between 6.4 and 11.6% [1, 2]. 

Sepsis associated with anastomotic leakage 
constitutes more than 50% of postoperative 
deaths in colorectal surgery [3]. For this rea-
son, many types of anastomotic techniques 
have been described. 

Ideal anastomosis should be associated with 
less complication, less cost and short proce-
dure time. Currently, the use of staplers for 

anastomoses has been growing and is becom-
ing commonly accepted in most countries 
because of the short procedure time [4]. But, 
hand-sutured anastomoses are still commonly 
used due to its cost-effectivity.

Recently, self-gripping meshes have been intro-
duced, and used the groin hernia repair. The 
current studies conclude that, the use of the 
self-gripping mesh for hernioplasties offers a 
potential benefit in short and medium-term 
period [5]. 

The aim of the present study was to evaluate 
the safety and effectiveness of a novel tech-
nique sutureless anastomosis with self-gripping 
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improve tissue response and reduce foreign 
material reaction [8].

Design of the study

Sixteen Norwegian Wistar Albino female rats 
were used in this study. The rats’ average age 
was 3 months and their weights ranged from 
250 to 300 g. The bowel preparation was not 
used. The rats were divided into two equal 
groups - a control group and an experimental 
group. The control group consisted of 8 of the 
16 rats that underwent a colocolic anastomo-
sis using the conventional method of hand-sew-
ing with single-layer interrupted nonabsorbable 
sutures. The rats of control group were sacri-
ficed on the postoperative 10th day. Tissue 
bursting pressure test was conducted on sam-
ple pieces of the anastomotic lines of all rats. 
Subsequently, these materials were sent to the 
biochemistry laboratory for measurement of 
hydroxy-proline levels and to the pathology lab-
oratory for measurement of fibroblastic activity, 
inflammation, neovascularization and collagen 
levels. The similar procedure was performed for 
the other 8 rats in the experimental group 
which underwent a colocolic anastomosis using 
self-gripping mesh without sutures. These rats 
were sacrificed on the 10th postoperative day. 
The values achieved were statistically com-
pared with values gained for the control group 
for each parameter to determine any significant 
differences between the control group and the 
experimental group.

Experiment procedure

The animals were administered a sugared 
water diet and left without water for the last 
hour. General anaesthesia was administered 
using 100 mg/kg ketamine (Ketalar®, Parke-
Davis & Co., Detroit, Michigan, USA) and 10 
mg/kg xylazine (Rompun®, Bayer Ag, Lever- 
kusen, Germany). After shaving the operation 
site, antisepsis was administered using povi-
done iodine. A midline incision was performed 
and 1 cm descending colon was excised and 
colocolonic single-layer anastomosis was per-
formed with 3/0 polypropylene suture (Pro- 
lene®, Kurtsan A.S.). Anastomoses performed 
on the 8 rats in the experimental group consist-
ed of the application of self-gripping mesh 
starting from the mesenteric border of the two 
colon ends on which anastomosis was to be 
performed so as to completely cover the anas-

Figure 1. Appearance of self-gripping mesh.

Figure 2. A and B: Sutureless anastomosis with self-
adherent mesh.

mesh versus hand-sutured anastomosis in an 
animal model by comparison of wound healing 
between these two styles of anastomoses.

Materials and methods

This study was conducted at the Experimental 
Research and Animal Laboratory at the 
Research Center of Bezmialem Vakif University. 
This study had been approved by the Bezmialem 
Vakif University Animal Research Ethics 
Committee (Number: BAV.27.11.2011/60).

Self-adherent mesh

Parietex ProGripTM Mesh (monofilament polyes-
ter mesh, Covidien Commercial Ltd., UK)  is the 
self-gripping, semi-resorbable, lightweight me- 
sh available for use of inguinal hernia repair [6, 
7]. Parietex ProGripTM Mesh is the bicomponent 
mesh comprised of monofilament polyester 
and a resorbable polylactic acid gripping sys-
tem (Figure 1). It has been showed that hydro-
philic polyester monofilament results in fast 
and intimate tissue in-growth. Polyester’s large 
pore size and monofilament fiber composition 
works with the body’s natural systems to 
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Table 1. Comparison of two groups in terms of bursting pres-
sure, adhesion score, operation time and hydroxyproline levels

Control group Study group P value
Bursting pressure (mmHg) 162 ± 78 123 ± 35 0.172 
Adhesion score 2.3 ± 0.7 3.2 ± 0.7 0.036
Operation time (min) 16 ± 4 10 ± 2  0.003
Hydroxyproline levels 0.76 ± 0.1 1.3 ± 0.2 0.001 

Figure 3. Appearance of anastomotic leakage in the 
control group.

tomotic line (Figure 2A and 2B). Then, the 
abdomen was closed by suturing the fascia and 
skin separately with 3/0 silk sutures.

Animal was housed 21°C with a 12 h Day-Night 
cycle. They had free access water and standard 
laboratory chow.

The subjects in study and control groups were 
re-operated on postoperative 10th day under a 
general anesthesia and the anastomotic colon-
ic segments were removed by resection so that 
2 cm of healthy colon. Afterwards, the rats 
were killed by overdose anesthesia.

The sample pieces obtained from the groups 
were initially subjected to anastomotic bursting 
pressure tests followed by preparation of 1 g 
specimens containing the anastomotic seg-
ment stored in a -70°C in a freezer for biochem-
ical measurement of hydroxyproline levels. 1-2 
cm specimens containing the anastomotic line 
were prepared and stored in a 40% formalde-
hyde solution at a temperature of +4°C for his-
topathological examinations.

Anastomotic bursting pressure

The distal ends of all resected 
anastomotic colon pieces were 
securely tied using 2/0 silk suture. 
A polyethylene catheter was pla- 
ced into the lumen at the proximal 
end with the other end of the cath-
eter attached to a transducer and 
an air pump. A setup required to 

view the intraluminal pressure in millimeters of 
mercury (mmHg) was thus achieved. The anas-
tomotic colonic segment was put into a bowl 
filled with water. Air was blown into the colonic 
lumen at an insufflation rate of 2 ml/min. The 
first air leakage from the anastomotic line was 
documented as the anastomotic bursting 
pressure.

Hydroxyproline determination

The colonic segment including the anastomosis 
was excised and the specimen were kept at 
-70°C in a freezer until assay. The samples 
were weighed and homogenized in serum phys-
iologic solution (1/10, w/v) using a tissue grind-
er fitted with a Teflon pestle (Heidolph- RZR 
2021, Germany). Homogenates were centri-
fuged at 1500 rpm for 15 min and obtained 
supernatants were hydrolyzed by adding hydro-
chloric acid (37%) and incubating at ~100°C for 
16-18 h. The amino acid is oxidized forming a 
pyrrole derivative, which is colored with Ehrlich’s 
reagent and quantitatively determined spectro-
photometrically at 560 nm using the hydroxy-
proline kit (Hypronosticon, Organon, Holland) 
and the results were interpreted as µg/mg wet 
tissue.

Histopathological examinations

Specimens were fixed in formaldehyde and 
embedded in paraffin wax. Sections were cut 
into 5 µm in thickness and stained with hema-
toxylin and eosin. Examples were histopatho-
logically classified according to Ehrlich-Hunt 
model. The tissue was evaluated in terms of 
quantity of inflammatory cells, fibroblasts, neo-
vascularization level and collagen content.

Statistics

All data were recorded on SPSS II for windows 
11.0.1J program (IBM Japan, Tokyo, Japan) and 
were presented as means ± standard devia-
tion. Statistical analyses were done by using 
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Table 2. Histopathologic evaluations of control and study groups

Grades
Control group Study group

n % n %
Inflammation 1 0 0 0 0

P = 0.152

2 5 62.5 3 37.5
3 3 37.5 2 25
4 0 0 3 37.5

Fibroblast activation 1 4 50 0 0

P = 0.006

2 4 50 4 50
3 0 0 3 37.5
4 0 0 1 12.5

Neovascularization 1 1 12.5 2 25

P = 0.700

2 7 87.5 4 50
3 0 0 2 25
4 0 0 0 0

Collagen deposition 1 5 62.5 1 12.5

P = 0.028

2 3 37.5 5 62.5
3 0 0 2 25
4 0 0 0 0

Mann-Whitney U test. A P value < 0.05 was con-
sidered to be statistically significant.

Results

The burst pressure mean ± range of control 
and study groups were 162 ± 78 and 123 ± 35, 
respectively. The results show a statistically 
significant difference between the groups (P = 
0.049) (Table 1). The average measurements 
of burst pressure were higher in the control 
group. There was an anastomotic leakage in 
the control group (Figure 3) whereas no anasto-
motic leakage was observed in the study group. 
The mean peritoneal adhesion grades were 3.2 
± 0.7 in the study group and 2.3 ± 0.7 in the 
control group (P = 0.036) (Table 1). The opera-
tive time was significantly shorter in the study 
group. (16 ± 4 min; 10 ± 2 min; P = 0.003). 

Values of hydroxyproline levels measured in tis-
sue samples of the subjects obtained in study 
groups were higher than those obtained in con-
trol groups. The difference between the groups 
by mean of hydroxyproline levels was found to 
be significant (P = 0.001) (Table 1).

The histopathological findings were based on 
the Ehrlich-Hunt model, which measures the 
score of the regeneration of the anastomotic 
line via the inflammation, fibroblastic activity, 
neovascularization and collagen formation. 
These findings are shown in Table 2. Although, 

marked inflammation and fibro-
blastic proliferation were obse- 
rved in study group (Figure 4), 
mild inflammation and fibrotic 
proliferation were observed in 
the control group (Figure 5). The 
difference between the groups 
in term of inflammation and neo-
vascularization did not reach the 
statistically significant level (P = 
0.152, P = 0.7). The fibroblast 
activation and collagen fiber 
ratio were higher in the study 
group and the difference bet- 
ween these measurements was 
statistically significant (P = 
0.006; P = 0.028).

Discussion

Anastomotic leakage after co- 
lonic anastomosis is thought to 
be the most important complica-

tion causing morbidity and mortality in human 
beings [9]. For that reason, there have been 
many different methods or reinforcements 
used previously. Peritoneal and omental graft, 
dura mater and different types of synthetic 
meshes are important examples for this pur-
pose [10, 11]. 

Besides the general use of meshes for rein-
forcement of abdominal wall during hernia sur-
gery, they have been used for reinforcement of 
the gastrointestinal anastomoses in animal 
studies. Aysan et al showed that polypropylene 
mesh caused high anastomotic burst pressure 
in rabbit colonic anastomosis model [9, 11]. 
Although nonabsorbable meshes are thought 
to cause higher burst pressures due to perma-
nent fixation to the serosal surfaces, they may 
also increase the risk of peritoneal adhesion 
and anastomotic stenosis. There were some 
studies using absorbable meshes for the rein-
forcement of the colonic anastomosis [9]. In 
these studies, it has been shown that anasto-
motic burst pressures were found to be lower 
than the control group. Therefore, nonabsorb-
able meshes were used in the present study.

Fixation of the meshes during reinforcement of 
colonic anastomosis is another controversial 
issue. In literature, there were many studies 
focusing on this. Some researchers used mesh-
es to cover merely all anastomotic surfaces by 
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tion of the mesh over the anastomosis only by 
extended suture ends [9]. Such modifications 
were thought to be important to perform a 
dynamic anastomotic model for prevention of 
mesh migration caused by strong peristaltic 
movements. 

Intestinal anastomoses can be divided into two 
broad groups as suture/stapling and sutureless 
techniques. An alternative to conventional 
hand-sewing colocolic anastomosis: anastomo-
sis with absorbable surgical barrier film without 
sutures [14]. There have been a variety of many 
different suture/stapling techniques in which 
none of them were shown to be the best. In 
addition, there were also some different meth-
ods for sutureless anastomosis including some 
specific instruments and materials like biofrag-
mentable anastomotic ring, polypropylene 
rings, magnetic rings and fibrin adhesive mate-
rials [15-20]. 

The present technique as a modification of 
sutureless anastomosis was shown to be an 
effective way to perform a safe and durable 
anastomosis. Lack of anastomotic stenosis 
which is the most commonly encountered prob-
lem with sutureless methods was another 
advantage of our technique [21]. 

Self-gripping, semi-resorbable, lightweight 
meshes have been used for repair of inguinal 
hernia [22]. As an example of such meshes, 
Parietex ProGrip has been used for the last sev-
eral years. The main advantage of this mesh is 
to eliminate or reduce the need for additional 
fixation by sutures by the resorbable microgrips 
endowing the mesh with self-gripping proper-
ties and penetrating the underlying tissues. In 
the present study, these meshes were used to 
reach a dynamic anastomotic model. 

There are some mechanical, biochemical and 
histological parameters used for the evaluation 
of intestinal healing. For assessment of the 
anastomotic strength, the bursting pressure 
and breaking strength are used. However, it is 
still controversial that which one is superior to 
other [23]. 

Bursting pressure reflecting the intestinal anas-
tomotic resistance to an increase in intralumi-
nal pressure was evaluated in the present 
study. 

Figure 4. Marked inflammation and fibroblastic prolif-
eration were observed in study group.

Figure 5. Mild inflammation and fibrotic proliferation 
were observed in the control group.

fixing them to the intestinal wall [12, 13]. 
However, others used the method in which fixa-
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Correlation of the anastomotic strength and 
leakage is another important problem which 
could not be shown by many studies [9]. 
Besides the higher bursting pressures, more 
anastomotic leakages have been defined by 
some studies. Therefore, it may be believed 
that surgical technique with regard to perform 
an anastomosis is the most important step for 
both strength and safety [23, 24]. 

Although the histopathological scores including 
inflammation and neovascularization were the 
same for both groups; higher hydroxyproline 
levels, higher ratios of fibroblast activation and 
collagen fiber were appraised as the histopath-
ological evidences for a secure anastomosis. It 
is normally expected to encounter higher 
inflammatory scores with use of foreign bodies 
like meshes [9]. However, our findings in the 
study group showed that there was no differ-
ence in the inflammatory scores. Some charac-
teristic features of the meshes like being light 
weight and semi-resorbable may be important 
to get such results. 

In conclusion, this study showed that use of 
self-gripping meshes for colocolic anastomosis 
in rats is a safe and feasible. Self-gripping 
meshes did not increase the bursting pressure. 
However, the most important advantage was 
shorter operating time. Lack of anastomotic 
leakage might be regarded as an evidence for 
the adequate strength of the anastomosis 
although the values were less than that of the 
control group.
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