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Abstract: Background: Intraperitoneal onlay meshes (IPOM) can be associated with intestine-to-mesh adhesion
formation, implementing risks like pain, enterocutaneous fistula, infection, and female infertility. This study inves-
tigates, whether a treatment of impaired intestinum with the anti-adhesive and hemostyptic agent 4DryField® PH
prevents adhesion formation. Methods: In 20 male LEWIS rats uncoated polypropylene meshes were sewn to the
inner abdominal wall and the cecum of the respective animal was de-peritonealized by peritoneal abrasion by a
gauze swap, and meso-sutures ensured a constant contact of injured areas. Rats were treated with 4DryField® PH
gel either premixed or applied as a powder with in-situ transformation (100 mg powder plus 0.4 ml 0.9% saline
solution). One week postoperatively, the extent of intestine-to-mesh adhesions and the quality of mesh ingrowth
were evaluated macroscopically by two independent investigators using two scoring systems. Furthermore, speci-
mens were analysed microscopically. All data were compared with control animals without 4DryField® PH treatment
and analysed statistically using student’s t-test. Results: Treatment of de-peritonealised cecum with 4DryField® PH
significantly reduced intestine-to-mesh adhesions in both treatment groups as compared to controls without 4Dry-
Field® PH treatment (68% reduction with premixed gel, P<0.0001; 80% reduction with in-situ gel, P<0.0001). There
was no impact on the quality of mesh ingrowth, confirmed histologically by a single-layer mesothelial coverage.
Conclusion: These experiments mimick clinical IPOM implantation scenarios with adjacent bowel depleted from
peritoneum. 4DryField® PH gel treatment resulted in intestinal mesothelial surface recovering without development
of bowel-to-mesh adhesions. Concurrently, integration of mesh into the abdominal wall is undisturbed by 4DryField®
PH treatment.
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Introduction 13], as well as secondary female infertility [10,
14, 15]. One major attempt to reduce those
adhesions is the improvement of materials,
manufacturing or coating of IPOM meshes to
reduce causative factors provoking adhesions.
Studies showed that missing peritoneal cover-
age, as it is frequently unavoidable when adja-
cent hernia sac content needs to be dissected,
is an important co-decisive factor for adhesion
formation [16-18].

The use of intraperitoneal onlay meshes (IPOM)
gains increasing interest and acceptance as
technique for hernia repair [1, 2]. However, this
technique might be associated with adhesion
formation between intestine and mesh, which
constitutes a serious problem, and which is
reported to occur in up to 65% of patients mon-
itored by cine magnetic resonance imaging 67
months after mesh implantation [3]. As

reviewed by Chelala et al. [4], such adhesions
can induce severe health problems like chronic
abdominal pain [5-7], bowel obstruction [8-11],
enterocutaneous fistulas and infection [8, 12,

There is experimental evidence that a gel bas-
ing on 4DryField® PH (PlantTec Medical GmbH,
Germany) is highly effective as a barrier pre-
venting intraabdominal adhesions even in case
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Figure 1. Representative pictures of mesh implantation day O (A, C, E) and on postoperative day 7 (B, D, F). (A, B)
Control animal with no anti-adhesive treatment; (A) Implanted mesh and abraded cecum, (B) Autopsy reveals severe
agglutination of cecum to abdominal wall with the mesh in between. (C, D) Anti-adhesive treatment with 4DryField®
PH as premixed gel; (C) Gel applied on mesh and injured cecum; (D) Day 7, adequate integration of mesh into the
abdominal wall, no adhesions between cecum and mesh, some adhesions of intra-abdominal fat to edges of mesh.
(E, F) Animal treated with 4DryField® PH applied as powder and subsequently transformed into gel in situ; (E) After
application of 4DryField® PH on mesh and injured cecum the powder was transformed by subsequent dripping with
saline solution to form a gel; (F) Day 7, showing adequate integration of mesh into the abdominal wall, no adhesions
between cecum and mesh, some adhesions of intraabdominal fat to edges of the mesh.

of bilateral injury, i.e. lesion of visceral and pari-
etal peritoneum [19-21].

The present study analyses whether treatment
with 4DryField® PH in our hernia rat model with
de-peritonealised intestine adjacent to mesh
[16] is efficient in reducing the incidence of in-
testine-to-mesh adhesions. 4DryField® PH was
applied in two alternate application modes: as
a premixed gel or applied as a powder that was
subsequently transformed into gel in situ.

Since integration of mesh into the abdominal
wall is crucial, a device preventing adhesions
should not impede the biological processes of
fibrous tissue formation, those are necessary
for fixation of the foreign material. Thus, the
study also evaluates if adhesion prevention
with 4DryField® PH has an impact on the quality
of the integration of the mesh into the abdomi-
nal wall.

Materials and methods

Animals

This study was approved by The Lower Saxony
State Office for Consumer Protection and Food
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Safety (LAVES, Hannover, Germany; approval
code 13/1095). All experiments were per-
formed at the Zentrales Tierlabor of Hanover
Medical School (MHH, Hanover, Germany). In
order to provide and assure adequate life qual-
ity of the laboratory animals all protocols were
conducted in accordance with national and
European animal protection laws.

A total of 20 male Lewis rats, weighing 300-
404 g (mean 330 g + 30 g) were included in
this study. Rats had continuous access to fresh
water and food. Animals’ welfare was assessed
by monitoring of weight and behavioural chang-
es using a standard observation chart (body
condition scoring, GV-SOLAS, Charité-Universi-
tatsmedizin Berlin, Berlin, Germany).

Surgical intervention and adhesion prevention
measures

Rats were randomly separated into two groups
prior to the surgical interventions: Ten rats were
treated with 4DryField® PH (4DF) premixed gel
(4DF premixed gel) and 10 rats received
4DryField® PH powder which was transformed
into a gel in situ (4DF in-situ gel) by dripping
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sterile saline solution. Recently published data
of 10 rats using the same testing conditions
[16] were used as a control group (CT).

General anaesthesia was achieved by intraperi-
toneal injection of 80 mg/kg body weight ket-
amine and 5 mg/kg xylazine. The required level
of narcosis for surgery was achieved as soon as
flexor reflexes failed to appear. For laparotomic
access to the abdominal cavity the abdomen
was shaved and sanitised before a three cm
long median laparotomy was performed.

In accordance with our recently introduced rat
model [16], the cecum was abraded with dry
gauze until the visceral peritoneum was remo-
ved and petechial hemorrhages overa 1 x 2 cm
area were visible. In both test groups a 1.5 x 2
cm sized patch of Ultrapro® mesh was fixed at
the corresponding lateral abdominal wall (Fig-
ure 1) followed by the 4DryField® PH applica-
tion on the mesh surface and the abraded
cecum. In the 4DF premixed gel group 1.2 ml of
premixed 4DryField® PH gel (made from 4 ml
saline solution per 1 g 4DryField® PH) was
applied (see Figure 1C). In the 4DF in-situ gel
group 300 mg 4DryField® PH powder were
given on the mesh surface and the abraded
cecum and transformed into a gel in situ by
dripping 1.2 ml of saline solution (see Figure
1E). Subsequently, the cecum was replaced in-
traabdominally and approximated to the mesh
with a 4/0 Prolene® suture in both groups. The
abdomen was closed using a two-layer closure
technique by consecutive sutures.

To minimise possible postoperative pain ani-
mals received 200 mg/kg body weight nova-
Iminsulfone subcutaneously after surgery and
subsequently by mixing 40 droplets into 500
mL drinking water. In case of complications,
such as infection or inflammation, the animals
would have been sacrificed promptly. All ani-
mals were sacrificed on day 7 after mesh im-
plantation. At the end of experiment, the perito-
neal cavity was reentered via an incision left-
handed and remote to the former laparotomy
scar for evaluation of adhesions. Additionally,
samples for histological assessments were col-
lected, which were excised en bloc, rinsed, and
immersed in 4% buffered formalin. After paraf-
fin embedding, serial sections were stained
with haematoxylin and eosin or with a PAS
staining kit and evaluated by light microscopy
in a blinded fashion.
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Evaluation parameters

Animals’ constitution was subjected to daily
routine observations. The body weight of ani-
mals was determined at trial day O (before sur-
gical procedure) and at trial day 7. Upon auto-
psy on postoperative day 7 two independent
observers evaluated the mesh surface for ad-
hesion formation according to scoring schemes
by Lauder et al. [22] and Hoffmann et al. [23] as
well as the quality of mesh ingrowth into the
abdominal wall.

The Lauder scoring scheme takes into account
number, strength, and distribution of adhe-
sions with the following adhesion scoring: O; no
adhesions, 1; thin filmy adhesions, 2; more
than one thin adhesion, 3; thick adhesions with
focal point, 4; thick adhesions with planar
attachment, 5; very thick vascularised adhe-
sions or more than one planar adhesion. With
the Hoffmann scoring scheme and grading
scale gross adhesions were measured and
expressed as a percentage of the total de-peri-
tonealised surface area. This was further trans-
lated into grades O to 4 (O; no adhesions, 1;
cecum to bowel adhesion, 2; cecum to sidewall
adhesion over less than 25% of the abraded
surface area, 3; cecum to sidewall adhesion
between 25% and 50% of the abraded surface
area, 4; cecum to sidewall adhesion over 50%
of the abraded surface area). Each animal was
additionally evaluated for strength of adhesion
formation and graded O to 3 (0; no adhesion, 1;
gentle traction required to break adhesion, 2;
blunt dissection required to break adhesion, 3;
sharp dissection required to break adhesion).
The extent of adhesion formation was also
graded O to 3 (O; no adhesion, 1; filmy adhe-
sion, 2; vascularized adhesion, 3; opaque or
cohesive adhesion). These three subscores
were summed for a total Hoffmann adhesion
score. Photographs of the affected areas were
taken from each animal for documentation pur-
poses (20.0 megapixel digital camera, Cyber-
shot DSC-RX100, Sony, Germany).

For a better comparison an ‘adhesion reduc-
tion rate’ (AR) was calculated. Hoffmann total
and Lauder scores were set against the corre-
sponding score of controls expressed in per-
centages. Values were averaged and then sub-
tracted from 100 to allow expression as
reduction rate. This means if there was no
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Table 1. Mean Lauder and total Hoffmann scores, combined mean of both scores, adhesion reduc-
tion rate and p-value as compared to control (CT)

Mean Lauder Mean total Combined mean Adhesion reduction p-value to
score Hoffmann score of both scores rate CT
Control* 92% 90% 91% 0%
4DF premixed gel 30% 29% 30% 68% <0.0001
4DF in-situ mixed gel 16% 21% 19% 80% <0.0001

*QOriginal data published in [16].

adhesion formation, the adhesion reduction
rate was 100%.

The quality of the ingrowth of the mesh into the
abdominal wall was evaluated and ranked from
1 to 4, with 1 = no/minor integration of the
mesh, 2 = partially (25-50% of mesh area), 3 =
mostly integrated (50-75% of mesh area) and 4
= 100% integration of the mesh.

Histology

Histological analyses were performed for fur-
ther evaluation of the impact of 4DryField® PH
treatment on adhesion formation and mesh
ingrowth. Formalin-fixed samples were paraffin
embedded and serial sections were stained
with haematoxylin and eosin or with a PAS
staining kit and evaluated by light microscopy
in a blinded fashion.

Statistical analysis

Adhesion scores are presented in mean values
with standard deviations (SD). Scores and
weight data were compared using unpaired stu-
dent’s t-test and reported p values and were
considered significant with p<0.05. Statistical
analyses were performed with GraphPad PR-
ISM (Version 6 for Mac OS, GraphPad Software,
Inc., La Jolly, USA).

Results

Atotal of 20 animals completed the study, none
of the animals had to be sacrificed during the
course of investigations. All animals showed
equitable viability and course of body weight
(body weight loss on day 7: 23.2 + 11.7 g).
Table 1 shows the adhesion scores for all
groups according to Lauder and Hoffmann
scoring schemes expressed as a percentage.
Table 2 shows absolute and mean adhesion
scores for all animals included in this study. As
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there were no significant differences between
both scoring systems, a mean Lauder-Hoffmann
score and based thereon an adhesion reduc-
tion rate, were calculated to simplify further
comparisons.

Both groups with 4DryField® PH treatment had
significantly lower adhesion scores than the
control group and revealed only minor adhe-
sions, mainly consisting of adhesions of the
intra-abdominal fat to the mesh (Figure 1D,
1F). Animals of the 4DF premixed gel group
showed a significantly lower overall mean adhe-
sion score of 30% as compared to controls
(P<0.0001), equivalent to an adhesion reduc-
tion rate of 68%. None of the animals of the
ADryField® PH premixed gel group showed
severe agglutinations, 4 revealed medium
(50%; 55%, 60%, 65%), 3 had minor (20%; 20%;
25%) and 3 animals had no adhesions at all
(0% each). Rats of the 4DF in-situ mixed gel
group, in which 4DryField® PH was applied as a
powder and subsequently transformed into a
gel in situ, showed even lower adhesion scores
with an overall mean score of 19% (P<0.0001
as compared to controls), equivalent to an
adhesion reduction rate of 80%. In this group 6
animals had minor to medium adhesions (3 x
25%; 1 x 30%; 2 x 40%) and 4 animals revealed
no adhesions. There were no significant differ-
ences in the effectiveness of adhesion preven-
tion between both 4DryField® PH treated
groups (Figure 2).

To evaluate any impact of the anti-adhesion
treatment on the quality of mesh ingrowth into
the abdominal wall, mesh ingrowth was rated
from grades 1 to 4. As shown in Figure 3, no
differences in the quality of mesh integration
as compared to controls (3.3 + 0.8) could be
observed in 4DryField® PH treated animals on
day 7 after surgery (4DF premixed gel = 3.2 +
0.9, 4DF in-situ gel = 3 £ 0.9).

Am J Transl Res 2016;8(12):5706-5714



4DryField® PH prevents adhesions between non-resorbable mesh and bowel

Table 2. Original Lauder and Hoffmann, mean Lauder-Hoffmann, and mesh ingrowth scores of all
animals. Numbering of animals adopted and continued from [16]

Animal Lauder score Total Hoffmann score Mean Lauder-Hoffmann score Mesh ingrowth
Score Percentage Score Percentage Percentage Score
Control*
B1 5 100% 10 100% 100% 3
B2 5 100% 10 100% 100% 2
B3 5 100% 10 100% 100% 4
B4 5 100% 9 90% 95% 2
B5 5 100% 10 100% 100% 4
B6 5 100% 10 100% 100% 4
B7 5 100% 10 100% 100% 4
B8 1 20% 1 10% 15% 3
B9 5 100% 10 100% 100% 4
B10 5 100% 10 100% 100% 3
4DF premixed gel
c1 3 60% 4 40% 50% 3
c2 3 60% 5 50% 55% 3
C3 4 80% 5 50% 65% 3
C4 0 0% 0 0% 0% 4
C5 0 0% 0 0% 0% 4
C6 0 0% 0 0% 0% 4
Cc7 1 20% 2 20% 20% 3
c8 0 0% 4 40% 20% 3
C9o 3 60% 6 60% 60% 1
C10 1 20% 3 30% 25% 4
4DF in-situ gel
D1 0 0% 0 0% 0% 1
D2 1 20% 3 30% 25% 3
D3 0 0% 0 0% 0% 3
D4 1 20% 3 30% 25% 3
D5 0 0% 0 0% 0% 2
D6 1 20% 4 40% 30% 3
D7 2 40% 4 40% 40% 3
D8 1 20% 3 30% 25% 4
D9 2 40% 4 40% 40% 4
D10 0 0% 0 0% 0% 4

*Data originally published in [16].

Representative histological findings of the con-
trol group without 4DryField® PH treatment
showed that the abdominal wall and the cecum
were agglutinated with the mesh in between
(Figure 4A). In contrast, representative histo-
logical findings in rats treated with 4DryField®
PH prepared as a premixed gel (Figure 4B, 4C)
and treated with 4DryField® PH applied as pow-
der and transformed into a gel in-situ showed
that the mesh was integrated well into the
abdominal wall in both treatment groups with-
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out signs of adhesion formation. Mesh fibers
were embedded in granulating tissue of the
abdominal wall. Some remnants of 4DryField®
PH were visible in these areas, which are cov-
ered by a neo-mesothelial mono-layer cell
coverage.

Discussion

Intestinal adhesions due to implantation of
intraperitoneal onlay meshes (IPOM) are a

Am J Transl Res 2016;8(12):5706-5714
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Figure 2. Mean combined Lauder and Hoffmann adhesion scores of the con-
trol (CT), 4DryField® PH (4DF) premixed gel and 4DryField® PH (4DF) in-situ
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Figure 3. Comparable quality of mesh ingrowth into the abdominal wall in all

tested groups.

problem in hernia surgery [2, 24]. The triggers
of these adhesions are not yet fully understood.
Conventionally, the mesh itself, as a foreign
body, is thought to be the responsible stimulus
for adhesion formation. Furthermore, polypro-
pylene is supposed to induce adhesions more
frequently than other materials [25]. However,
recent experiments provide evidence that the
impairment of the intestinal peritoneum is an
important factor for the development of adhe-
sions [16-18]. Areas depleted from peritoneum
typically are present in the center of large her-
nias where the hernia sack content is aggluti-
nated to the hernia sack itself. Here will be
zones of intestine and omentum without perito-
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4DF in-situ gel

neal coverage, unpreventable
even with meticulous dissec-
tion techniques.

For the present study we ch-
ose an ambitious model, com-
bining the factors material
(polypropylene) and peritone-
al injury (fresh abrasion of
cecum). Additionally a meso-
suture ensured that both
structures at risk for adhesion
formation remained approxi-
mated. Such a model induces
adhesions with high probabil-
ity [16].

Due to the promising adhe-
sion prevention results achi-
eved with 4DryField® PH [21],
the current study investigat-
ed, whether 4DryField® PH
was also capable to effective-
ly prevent intestine-to-mesh

adhesions. Taking in consider-
I ation the severity of trauma

4DF in-situ gel

induced in this model, the
results achieved with 4Dry-
Field® PH need to be rated as
excellent. They compete with
data from the literature obta-
ined with coated meshes,
whereby most of these mod-
els only implemented trauma-
ta induced by the mesh itself
without taking account the
factors of missing or injured
intestinal peritoneum or an
approximation of areas at risk
by a suture [26-29]. The less
challenging character of these models is also
expressed in the fewer adhesions of their con-
trols as compared to our results.

In the present study with 4DryField® PH gel an
intact single-layer mesothelium is found on the
healed cecum as well as on the surface of the
integrated mesh. This is in accordance with lit-
erature indicating that even in large peritoneal
injuries a neo-mesothelium reconstitutes with-
in days [30, 31]. Furthermore, the presence of
a mono-layer coverage of parietal and visceral
peritoneum is important as it allows the pre-
sumption that the adhesion prevention effect is
sustainable [30, 31].

Am J Transl Res 2016;8(12):5706-5714
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Figure 4. Representative photos of HE-stained tissues of rats with mesh implantation one week after implantation.
A: Control animal with agglutinated abdominal wall and cecum and the mesh in between. The mesh is positioned in
the granulating tissue between abdominal wall and cecum. B: Cecum of a rat treated with 4DryField® PH gel, with
normal cecal mucosa and tunica muscularis, peritoneal coverage with thickened sub-mesothelial tissue. C: Abdomi-
nal wall of a rat treated with 4DryField® PH gel showing skeletal muscle, mesh fibers surrounded by granulating
tissue with minor remnants of 4DryField® PH, peritoneal coverage without adhesion formation. @O = mucosa, @ =
tunica muscularis caeci, @) = skeletal muscle, arrows = granulation tissue around mesh fibers.

The use of adhesion prevention devices in
IPOM surgery must be assessed carefully
because a device should not hinder ingrowth of
the mesh into the abdominal wall. To solve this
dilemma various composite hernia meshes
have been developed. Such meshes typically
are coated on one side to reduce formation of
intestine-to-mesh adhesions, while the other
side is uncoated to prevent impairment of
abdominal wall ingrowth. However, the effec-
tiveness of this attempt seems to be limited
[32-34] and side effects such as infections
have been observed [10, 29].

If considering an uncoated mesh with the appli-
cation of 4DryField® PH as a clinical alternative
to coated meshes, it is important to evaluate
the impact on mesh ingrowth into the abdomi-
nal wall. Macroscopically, the mesh integration
into the abdominal wall was unimpaired by
4DryField® PH application. This was confirmed
by histological work-up indicating that controls
as well as 4DryField® PH-treated animals
showed equal incorporation of mesh fibers wi-
th granulating tissue. On the one hand, the
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4DryField® PH gel layer provides an effective
barrier for the formation of adhesions, there-
fore healing and reconstitution of a neo-meso-
thelial coverage can occur simultaneously.
Furthermore, 4DryField® PH particles are
degraded rapidly by macrophages, which are
also involved in the process of mesh integra-
tion. Accordingly, the stimulation of macro-
phage proliferation and invasion induced by
4DryField® PH particles might even be consid-
ered a support rather than a suppression for
mesh ingrowth, since no disadvantages of
4DryField® PH in matters of ingrowth could be
proven.

Conclusion

In an IPOM model with high probability to
induce severe adhesion formations, applica-
tion of 4DryField® PH gel significantly reduced
intestine-to-mesh adhesions. Concurrently, the
integration of mesh into the abdominal wall
was not affected. The placement of a 4DryField®
PH gel layer between mesh and intestine
should therefore be considered as a tool to

Am J Transl Res 2016;8(12):5706-5714
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reduce adhesion formation in clinical IPOM
surgery.

Disclosure of conflict of interest

None

Address correspondence to: Dr. Daniel Poehnert,
Department of General, Visceral and Transplantation

Surge
Str. 1

ry, Hannover Medical School, Carl-Neuberg-
, Hannover 30625, Germany. Tel: +495115-

326534; Fax: +495115324010; E-mail: poehnert.
daniel@mh-hannover.de

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

5713

Berger D. [Laparoscopic IPOM techniquel].
Chirurg 2010; 81: 211-215.

Chelala E, Debardemaeker Y, Elias B, Charara
F, Dessily M and Allé L. 85 Redo surgeries after
733 laparoscopic treatments for ventral and
incisional hernia: Adhesion and recurrence
analysis. Hernia 2010; 14: 123-129.

Zinther NB, Zeuten A, Marinovskij E, Haislund
M and Friis-Andersen H. Functional cine MRI
and transabdominal ultrasonography for the
assessment of adhesions to implanted syn-
thetic mesh 5-7 years after laparoscopic ven-
tral hernia repair. Hernia 2010; 14: 499-504.
Chelala E, Debardemaeker Y, Elias B, Charara
F, Dessily M and Alle JL. Eighty-five redo surger-
ies after 733 laparoscopic treatments for ven-
tral and incisional hernia: adhesion and recur-
rence analysis. Hernia 2010; 14: 123-129.
Holmdahl L, Risberg B, Beck DE, Burns JW,
Chegini N, diZerega GS and Ellis H. Adhesions:
pathogenesis and prevention-panel discussion
and summary. Eur J Surg Suppl 1997; 577: 56-
62.

Vrijland WW, Bonthuis F, Steyerberg EW, Mar-
quet RL, Jeekel J and Bonjer HJ. Peritoneal ad-
hesions to prosthetic materials: choice of
mesh for incisional hernia repair. Surg Endosc
2000; 14: 960-963.

Wassenaar EB, Schoenmaeckers EJ, Raymak-
ers JT and Rakic S. Recurrences after laparo-
scopic repair of ventral and incisional hernia:
lessons learned from 505 repairs. Surg En-
dosc 2009; 23: 825-832.

Béllon JM, Rodriguez M, Grarcia-Honduvilla N,
Pascula G, Gomez V and Bujan J. Peritoneal ef-
fects of prosthetic meshes used to repair ab-
dominal wall defects: monitoring adhesions by
sequential laparoscopy. J Laparoendosc Adv
Surg Tech A 2007; 17: 160-6.

Cassar K and Munro A. Surgical treatment of
incisional hernia. Br J Surg 2002; 89: 534-
545,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Leber GE, Garb JL, Alexander Al and Reed WP.
Long-term Complications Associated With
Prosthetic Repair of Incisional Hernias. Arch
Surg 1998; 133: 378-382.

Sauerland S, Walgenbach M, Habermalz B,
Seiler CM, Miserez M. Laparoscopic versus
open surgical techniques for ventral or inci-
sional hernia repair. Cochrane Database Syst
Rev 2011; CDOO7781.

Ellis H. The clinical significance of adhesions:
focus on intestinal obstruction. Eur J Surg Sup-
pl 1997; 5-9.

Parker MC, Wilson MS, van Goor H, Moran BJ,
Jeekel J, Duron JJ, Menzies D, Wexner SD and
Ellis H. Adhesions and Colorectal Surgery-Call
for Action. Colorectal Dis 2007; 2: 66-72.
Franneby U, Gunnarsson U, Wollert S and
Sandblom G. Discordance between the pa-
tient’'s and surgeon’s perception of complica-
tions following hernia surgery. Hernia 2005; 9:
145-149.

Halm JA, de Wall LL, Steyerberg EW, Jeekel J
and Lange JF. Intraperitoneal polypropylene
mesh hernia repair complicates subsequent
abdominal surgery. World J Surg 2007; 31:
423-429; discussion 430.

Winny M, Grethe L, Maegel L, Jonigk D,
Lippmann T, Klempnauer J and Poehnert D.
Impairment of the Peritoneal Surface as a De-
cisive Factor for Intestinal Adhesions in Intra-
peritoneal Onlay Mesh Surgery-Introducing a
New Rat Model. Int J Med Sci 2016; 13: 108-
112.

Hooker GD, Taylor BM and Driman DK. Preven-
tion of adhesion formation with use of sodium
hyaluronate-based bioresorbable membrane
in a rat model of ventral hernia repair with
polypropylene mesh-a randomized, controlled
study. Surgery 1999; 125: 211-216.

Dinsmore RC, Calton WC Jr, Harvey SB and
Blaney MW. Prevention of adhesions to poly-
propylene mesh in a traumatized bowel model.
J Am Coll Surg 2000; 191: 131-136.

Korell M. Combined Hemostasis and Adhesion
Prevention with the Novel Agent 4DryField®
PH-Initial Observations. Surgical Science
2014; 5: 533-539.

Poehnert D, Grethe L, Maegel L, Jonigk D,
Lippmann T, Kaltenborn A, Schrem H, Klemp-
nauer J, Winny M. Evaluation of the Effective-
ness of Peritoneal Adhesion Prevention Devic-
es in a Rat Model. Int J Med Sci 2016; 13:
524-532,

Poehnert D, Abbas M, Kreipe HH, Klempnauer
Jand Winny M. Evaluation of 4DryField® PH as
Adhesion Prevention Barrier Tested in an Opti-
mized Adhesion Model (OPAM) in Rats. Eur
Surg Res 2015; 55: 341-351.

Am J Transl Res 2016;8(12):5706-5714


mailto:poehnert.daniel@mh-hannover.de
mailto:poehnert.daniel@mh-hannover.de

[22]

(23]

[24]

[25]

[26]

[27]

(28]

5714

4DryField® PH prevents adhesions between non-resorbable mesh and bowel

Lauder Cl, Garcea G, Strickland A and Mad-
dern GJ. Use of a modified chitosan-dextran gel
to prevent peritoneal adhesions in a rat model.
J Surg Res 2011; 171: 877-882.

Hoffmann NE, Siddiqui SA, Agarwal S, McKel-
lar SH, Kurtz HJ, Gettman MT and Ereth MH.
Choice of hemostatic agent influences adhe-
sion formation in a rat cecal adhesion model. J
Surg Res 2009; 155: 77-81.

Fortelny RH, Petter-Puchner AH, Glaser KS, Off-
ner F, Benesch T and Rohr M. Adverse effects
of polyvinylidene fluoride-coated polypropylene
mesh used for laparoscopic intraperitoneal on-
lay repair of incisional hernia. Br J Surg 2010;
97: 1140-1145.

Felemovicius |, Bonsack ME, Hagerman G and
Delaney JP. Prevention of adhesions to poly-
propylene mesh. J Am Coll Surg 2004; 198:
543-548.

Gaertner WB, Bonsack ME and Delaney JP. Vis-
ceral adhesions to hernia prostheses. Hernia
2010; 14: 375-381.

Altinli E, Sumer A, Koksal N, Onur E, Senger S,
Eroglu E, Celik A and Gumrukcu G. Prevention
of adhesion to prosthetic mesh: comparison of
oxidized generated cellulose, polyethylene gly-
col and hylan G-F 20. Ulus Travma Acil Cerrahi
Derg 2011; 17: 377-382.

van ‘t Riet M, de Vos van Steenwijk PJ, Bon-
thuis F, Marquet RL, Steyerberg EW, Jeekel J,
Bonjer HJ. Prevention of adhesion to prosthetic
mesh: comparison of different barriers using
an incisional hernia model. Ann Surg 2003;
237:123-128.

[29]

[30]

(31]

(32]

(33]

(34]

van’'t Riet M, Burger JW, Bonthuis F, Jeekel J
and Bonjer HJ. Prevention of adhesion forma-
tion to polypropylene mesh by collagen coat-
ing: a randomized controlled study in a rat
model of ventral hernia repair. Surg Endosc
2004; 18: 681-685.

diZerega GS. Contemporary adhesion preven-
tion. Fertil Steril 1994, 61: 219-235.

diZerega GS and Campeau JD. Peritoneal re-
pair and post-surgical adhesion formation.
Hum Reprod Update 2001; 7: 547-555.
Schug-Pass C, Sommerer F, Tannapfel A, Lip-
pert H and Kockerling F. The use of composite
meshes in laparoscopic repair of abdominal
wall hernias: are there differences in biocom-
patibily?: experimental results obtained in a
laparoscopic porcine model. Surg Endosc
2009; 23: 487-495.

Schreinemacher MH, Emans PJ, Gijbels MJ,
Greve JW, Beets GL and Bouvy ND. Degrada-
tion of mesh coatings and intraperitoneal ad-
hesion formation in an experimental model. Br
J Surg 2009; 96: 305-313.

Judge TW, Parker DM and Dinsmore RC. Ab-
dominal wall hernia repair: a comparison of
sepramesh and parietex composite mesh in a
rabbit hernia model. J Am Coll Surg 2007; 204
276-281.

Am J Transl Res 2016;8(12):5706-5714



