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A b s t r a c t

IInnttrroodduuccttiioonn::  Formation of adhesions after laparoscopic hernia repair using the
intra-peritoneal onlay mesh (IPOM) procedure can lead to intestinal obstruction
or mesh erosion into intestinal lumen. The aims of this study included: meas-
urement of adhesion formation with Dynamesh IPOM after laparoscopic
intraperitoneal implantation, and assessment of the occurrence of isolated adhe-
sions at the fastening sites of slowly absorbable sutures.
MMaatteerriiaall  aanndd  mmeetthhooddss::  Twelve healthy pigs underwent laparoscopic implanta-
tion of 2 Dynamesh IPOM mesh fragments each, one was fastened with PDSII,
and the other with Maxon sutures. An assessment of adhesion formation was
carried out after 6 weeks and included an evaluation of surface area, hardness
according to the Zhulke scale, and index values. The occurrence of isolated adhe-
sions at slowly absorbable suture fixation points was also analyzed.
RReessuullttss::  Adhesions were noted in 83.3% of Dynamesh IPOM meshes. Adhesions
covered on average 37.7% of the mesh surface with mean hardness 1.46 and
index value 78.8. In groups fixed with PDS in comparison to Maxon sutures
adhesions covered mean 31.6 % vs. 42.5% (p = 0.62) of the mesh surface, mean
hardness was 1.67 vs.1.25 (p = 0.34) and index 85.42 vs. 72.02 (p = 0.95).
CCoonncclluussiioonnss::  The Dynamesh IPOM mesh, in spite of its anti-adhesive layer of
PVDF, does not prevent the formation of adhesions. Adhesion hardness, surface
area, and index values of the Dynamesh IPOM mesh are close to the mean val-
ues of these parameters for other commercially available 2-layer meshes. Slow-
ly absorbable sutures used for fastening did not increase the risk of adhesion
formation.

KKeeyy  wwoorrddss::  adhesions, surgical meshes, laparoscopy.

Introduction

Intra-abdominal adhesions occur after more than half of all abdominal
operations and are a major cause of post-operative complications. They
attach normally separated organs to each other and cause small bowel
obstruction, chronic pelvic pain, dyspareunia, infertility, and higher com-
plication rates in subsequent operations [1].

Patients with hernias who undergo incisional hernia repair with
polypropylene meshes (PPM) placed in their peritoneal cavity experience
adhesions on up to 80-100% of the mesh surface, along with an increased
risk of acute inflammatory responses, recurrences, enteric fistula and mesh
migration [2-9]. 
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In order to minimize the frequency and severity
of adhesions, mesh grafts with anti-adhesive prop-
erties relative to the viscera have been introduced.
These have included meshes with coated implants
[9] and 2-layered grafts whose parietal surface
enables proper anchoring while their visceral sur-
face prevents adhesions between the primary lay-
er and bowel [10, 11]. The external layer of these
meshes is often built of polypropylene or polyester,
while the inner layer is made of collagen (Parietex),
cellulose (Proceed), expanded polytetrafluoroeth-
ylene (ePTFE, dual-mesh) or polyglactin 910. Even
though these materials were designed specifically
to prevent adhesions, in actual practice they adhere
to viscera on 18-57% of their surface [12-16].

To reduce adhesion formation and other adverse
consequences, implants made of newer materials
and with modified construction such as different
pore sizes, surface area and filament structure are
constantly being tested [17-20]. One of these is the
Dynamesh IPOM mesh, whose visceral surface is
made of a polymer, polyvinylidene fluoride (PVDF)
[21]. The PVDF meshes are characterized by im -
proved biostability, decreased bending stiffness,
and a lowered tissue response relative to those
made of polypropylene (PP), polyethylene-tereph-
thalate or polytetrafluoroethylene. They are also
cheaper relative to the most commonly used 2-lay-
er Dual mesh.

Fixing elements can be an additional, independ-
ent cause of visceral adhesion after hernia surgery
involving the use of a synthetic mesh. For example,
while mesh anchorage is generally more success-
ful with ProTack or AbsorbaTack relative to the I-clip,
ProTack staples can cause isolated adhesions 

due to their parts jutting over the prosthesis [21].
This problem can be solved by the use of long-last-
ing, slowly absorbable monofilament threads such
as PDSII and Maxon sutures, used in the present
study for mesh stabilization. 

The aims of our study were to measure the fre-
quency, surface area, and hardness of adhesions
formed after laparoscopic intra-peritoneal implan-
tation of the Dynamesh IPOM mesh, and to assess
whether isolated adhesions are formed in response
to slowly absorbable sutures used for prosthesis
fastening.

Material and methods

Twelve healthy swine of the Polish Large White
(PLW) breed without hernias or incisions, aged 
12 weeks and weighing between 30 kg and 40 kg
were included in this study. All operations were per-
formed by the same team (JA, JM) using the same
surgical technique. 

For each laparoscopy, a 10 mm optical trocar, 
5 mm working trocar and a device of a “passer
suture” type were used to implant 2 fragments of
Dynamesh IPOM mesh of 6.0 cm × 6.6 cm. Fasten-
ing was carried out with the aid of 4 slowly
absorbable sutures through all the layers, inserted
in subcutaneous tissue and placed 4 cm apart from
each other. 

Within each animal, one mesh fragment was sta-
bilized using absorbable PDSII sutures (Ethicon),
while the other was fixed with Maxon sutures
(Covidien). The post-surgical period of observation
lasted for 6 weeks. 

Initial observations included an analysis of the
mesh surface occupied by adhesions, expressed as
a percentage of their surface area. Adhesion hard-
ness was classified using the Zhulke scale, in which
0 = lack of adhesions, 1 = delicate adhesions sep-
arated “at pace”, 2 = stronger adhesions, separat-
ed partly to sharply plus single vessels, 3 = strong
adhesions separated sharply, and 4 = very strong
as in 3 plus very strongly adhered organs so that
an attempt to separate them can lead to their dam-
age [6]. 

Additionally, due to considerable divergence
observed between the surface area and adhesion
hardness, an evaluation of the association between
these 2 features was carried out. Meshes were clas-
sified into 5 groups according to adhesion surface
area and the percentage share of each of them was
calculated (Table I). Next, adhesion hardness was
evaluated according to the Zhulke scale in the same
groups (Table II). This allowed for a comparison of
both sets of values within and between groups (Fig-
ure 1). 

Based upon these data, the conformity of both
parameters occurs only in groups 1 and 2, which
contained adhesions of the smallest surface and

GGrroouuppss SSuurrffaaccee  aarreeaa  MMeesshh
ccoovveerreedd  [[%%]] ddiissttrriibbuuttiioonn  [[%%]]

1 0 16.7

2 1-25 37.5

3 26-50 12.5

4 51-75 12.5

5 76-100 20.8

TTaabbllee  II.. Classification of IPOM meshes according 
to percent surface area covered by adhesions at 
6 weeks after surgery

GGrroouuppss ZZhhuullkkee  ssccaallee  MMeesshh  
ooff  hhaarrddnneessss ddiissttrriibbuuttiioonn  [[%%]]

1 0 16.7

2 1 37.5

3 2 33.3

4 3 8.3

5 4 4.2

TTaabbllee  IIII..  Classification of IPOM meshes according to
adhesion hardness at 6 weeks after surgery
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with the least hardness. On the other hand, in
groups 3, 4, and 5 considerable divergences were
observed between them. 

These findings support our hypothesis that an
adhesion index (incorporating both adhesion sur-
face area expressed as a percentage and adhesion
hardness) should be used for a proper and com-
plete evaluation of adhesion formation after laparo-
scopic intra-peritoneal implantation [6]. 

The second aim of this study was to observe
whether isolated adhesions are formed at the
points of anchoring of the slowly absorbable
sutures. Each of the 96 points of fixation was eval-
uated in this way. Additionally, mean values of sur-
face area, hardness, and index for the group of
meshes fixed with PDSII and Maxon sutures were
calculated and compared to determine whether the
type of suture used had an influence on adhesion
formation. 

These studies were performed with the permis-
sion of the Ethics Commission of Warmian-Masuri-
an University (Resolution No. 02/2009).

Results

Analysis of the data revealed adhesions in 20/24
implanted meshes (83.3%). The mean value of the
adhesion surface area was 37.7%, while mean hard-
ness was 1.46 according to the Zhulke scale, and
the mean index value was 78.75. 

The distribution of adhesion index values togeth-
er with the type of suture used in individual swine
demonstrates substantial divergence. In meshes
fixed with PDS, as compared  to Maxon, adhesions
covered on average 32.5% vs. 42.5% (p = 0.62)
mesh surface, with mean hardness 1.67 vs. 1.25 
(p = 0.34) and the index of 85.45 vs. 72.08 (p = 0.95)
(Figure 2). Since the same operational technique
was used on all animals by the same team, these
data indicate the strong influence of individual sus-
ceptibility in adhesion formation. 

Based on previous studies and direct experience
in clinical practice, infection is known to cause hard
adhesion around inflammatory foci. Mesh infections

usually require surgery. Interestingly, in the present
study, despite infections in the suture canals, the
meshes themselves were not infected.

Specifically, infections were observed in 3 in -
stances around sutures. In individual 1, the mesh
fastened with PDSII had an adhesion covering 60%
of its surface, while the mesh fastened with Max-
on had an infection around it and was covered by
an adhesion over 100% of its surface. However, sep-
aration of viscera from both meshes was relatively
easy – grade 2 according to the Zhulke classifica-
tion – giving a total index of 120 for the PDSII and
200 for the Maxon sutures. 

In individual 6, in spite of an infection around
the Maxon suture fastening the Dynamesh, no
adhesions were observed on either mesh. In indi-
vidual 8, adhesions were present over 10% of the
surface of the mesh fastened with PDSII with
a hardness of level 2 (index 20), and over 60% of
the surface of the mesh fastened with Maxon with
a hardness of level 1 (index 60). These values were
significantly lower relative to those calculated for
PDSII meshes in individuals 3 (index 300) and 10
(index 400).

Clearly, in our study infections had no influence
on adhesion occurrence or hardness, which could
not be distinguished from adhesions on meshes
without infections. This finding is surprising and
requires further observation and analysis.

In the second part of the present study, no iso-
lated adhesions were observed at any of the 96 fas-
tening points for the slowly absorbable sutures.
Additionally, no significant differences were ob -
served in surface area, adhesion hardness or index
for meshes fixed with either PDSII or Maxon su -
tures (Figure 3). 

Discussion

Intra-abdominal adhesions cause many postop-
erative complications in patients who undergo inci-
sional hernia repair. These patients may experience
adhesions on up to 80-100% of the mesh surface,
along with an increased risk of other adverse con-
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sequences such as small bowel obstruction, chron-
ic pelvic pain, infertility, fistula, mesh migration, and
higher complication rates in subsequent operations
[2-9]. Additionally, nearly one-third of these patients
experience recurrences and may require re-hospi-
talization and further surgery [22].

The influence of the laparoscopic technique
and the effects of introducing a foreign body such
as a mesh into the peritoneal cavity are still the
subject of debate and study [23]. Our knowledge
on the subject of adhesions forming after mesh
implantation cannot, for obvious reasons, be
based on direct assessment in patients. Indirect
information obtained on the basis of analysis of
viscera migrations and post-operative adhesions
to the abdominal wall using ultrasonography
(USG) or MRI examinations are imprecise and
unsuitable for interpretation [1, 24]. As a result,
the literature does not contain an official defini-
tion of adhesions or an objective system of clas-
sification of their extent and severity. There are
also no standard clinical guidelines for their diag-
nosis and treatment.

This inability to accurately measure the extent
of mesh surface area covered by adhesions and
properly evaluate adhesion hardness influences risk
assessment of adhesion formation. For example,
viscera that adhere to a small surface and require
force to separate can constitute a bigger risk of
complications than relatively softer adhesions over
a larger surface area. 

At the same time, there is no unambiguous cor-
relation between hardness and the extent of adhe-
sion formation, as confirmed by the present study.
Taking into account both parameters to calculate
their index makes it possible to prioritize the data
in terms of the complication risk [14, 15]. Thanks to
the increasingly accurate sources of information
based on experimental studies, both parameters
can now be evaluated [24].

On the other hand, results obtained in the lab-
oratory setting may not accurately predict adhesion

formation in humans. Each species may respond
differently to implanted materials and parietal and
visceral damage on separation of adhesions from
the hernia sac, limiting the application of these find-
ings to human clinical practice [25, 26].

Variations in laboratory animal species, size, in
the structure and type of materials used to syn-
thesize prostheses, surgical techniques and crite-
ria of evaluation can all influence the experimen-
tal consequences including inflammatory reactions,
calcification, infection risk and finally adhesion for-
mation [1, 13, 18, 23, 27].

Clinically, mesh implants are intended to be used
over the entire duration of a lifetime (50-70 years).
Therefore, experimental observations made during
a relatively limited time period are not very useful
in clinical practice. Similarly, while longer clinical
observations are available for polypropylene mesh-
es, newer meshes have a much shorter history of
usage and information on their quality and dura-
bility is limited [2, 16, 20, 28]. Therefore the rela-
tionship between adhesion formation and mesh
type used requires further, systematic analysis. 

Polypropylene is widely used in surgery. Because
of its association with formation of enterocutaneous
fistulae and adhesions, the adhesive potential of
modified polypropylene meshes and their useful-
ness in laparoscopic ventral hernia repair (LVHR)
procedures also needs to be re-assessed [20]. 

A comparison of data from other studies on mesh
surfaces occupied by adhesions, their hardness
according to the Zhulke scale and index values is
presented in Table III [14, 15]. Polypropylene and
polyester meshes in the peritoneal cavity cause the
formation of hard adhesions on ≥ 70% of their sur-
face, which translates into a calculated index > 170.
On the other hand, the index of a 2-layer mesh is
64.6, nearly 3 times lower. Yet a comparison with
adhesions formed after classical surgery without
mesh application shows that even though the dif-
ference in surface area occupied by adhesions in the
group without prostheses relative to that with the
2-layer mesh is only 6%, adhesion hardness differs
by about 0.7, which translates into nearly 2× high-
er mean index value in the latter group [13, 22, 29,
30]. This difference in index values proves that the
mere presence of a mesh prosthesis, in spite of any
anti-adhesive properties it may possess, leads to
a higher risk of adhesion formation and hardness
along with other complications [31, 32]. 

Comparing these values with other available
data on the Dynamesh IPOM mesh and the results
of the present study indicates that its susceptibili-
ty to adhesion formation is comparable with most
commercially available 2-layer meshes. Additional-
ly, the considerable individual variability of index
values reported in this study suggests a substan-
tial influence of individual susceptibility on adhe-
sion formation. 
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The lack of influence of infections of the fixing
suture channel on adhesion hardness in individu-
als 1, 6, and 8 confirms data from other studies that
adhesions of inflammatory etiology have a lower
risk of complications relative to those in response
to surgical trauma [1].

The second issue relates to the potential influ-
ence of fixation elements on adhesion formation.
The dependence between types of stabilization sys-
tems and visceral adhesion was studied by Hollinsky
et al., who showed that non-absorbable ProTack sta-
ples significantly increase the risk of adhesion [30].
In the present study, isolated adhesion to fixation
sites of fastening sutures was not detected in any
of the 24 meshes used (96 points of fastening). This
strongly suggests that the slowly absorbable PDSII
and Maxon sutures used in this study do not
increase the risk of adhesion formation.

In conclusion, the Dynamesh IPOM mesh, in
spite of the anti-adhesive layer built of PVDF, does
not prevent adhesion formation; the hardness of
growing adhesions, their surface area, and index
are similar to mean values of these parameters for
other similar 2-layer meshes, and slowly absorbable
sutures do not increase the risk of adhesion for-
mation.
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