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Abstract

Introduction and Hypothesis Steroid soaking may decrease
mesh-triggered inflammatory reaction in tissue. We aimed to
investigate the tissue reaction to a steroid-soaked mesh mate-
rial and an unsoaked mesh material in the rat model.
Methods Neutral and steroid-soaked type I macroporous
polypropylene (PP) monofilament and polyvinylidene fluo-
ride (PVF) mesh materials were implanted on the rectus
abdominis muscle of 20 mature Wistar albino rats. Animals
were divided into four groups: PP mesh with steroid (PP-S),
PP mesh without steroid, PVF mesh with steroid (PVF-S), and
PVF mesh without steroid. The rats were killed after 12 weeks,
and histologic, immunohistochemical and electron micro-
scopic examinations were performed. For immunohistochem-
ical analysis, polyclonal rabbit anti-mouse CD3, rabbit anti-
mouse CD68, rabbit anti-mouse CD15, and rabbit anti-mouse
CD34 antibodies were used for the detection of lymphocytes,
macrophages, polymorphonuclear leukocyte foreign body gi-
ant cells, and fibromyocyte stem cells, respectively. Samples
were stained with hematoxylin and eosin for the histologic
evaluation of inflammation and with Masson’s trichrome stain
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for the evaluation of collagen deposition. Pore size and mesh
ultrastructure were evaluated by electron microscopy.

Results Expression of CD3 was lower in the PVF, PVF-S and
PP-S groups, and expression of CD34 was higher in the PVF-
S and PP-S groups than in the PP groups (» <0.05). Collagen
deposition was lower in the PVF, PVF-S and PP-S groups
(p<0.05). Histologically, the intensity of inflammation was
lower in the PVF-S and PP-S groups than in the PP mesh
group (p < 0.05). There were no significant differences among
the groups in terms of pore size and mesh ultrastructure on
electron microscopic examination (p>0.05).

Conclusions PVF mesh induces less inflammation than PP
mesh, and in both mesh types steroid soaking further de-
creases inflammation without changing the pore size.

Keywords Urogynecology - Mesh - Inflammation -
Tissue reaction - Polypropylene - Polyvinylidene fluoride

Introduction

Mesh implants have been widely used in urogynecology prac-
tice for the surgical treatment of urinary incontinence and pel-
vic organ prolapse [1]. However, in 2008 the American Food
and Drug Administration (FDA) reported adverse effects relat-
ed to the use of mesh in pelvic organ prolapse surgery [2]. This
report drew attention to high complication rates in addition to
better success rates compared with native tissue repair, and
made surgeons more skeptical about the use of mesh. The
FDA [3] revised the warning related to urogynecologic meshes
in 2011, and most of them were withdrawn from the market
[4]. Therefore, new innovations in mesh technology which
cause less tissue reaction and good anatomical and functional
compatibility are required to increase safety and efficacy.
Today, polypropylene (PP) monofilament macropore type I
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meshes are preferred in urogynecologic surgery [5, 6]. Despite
high tolerability, type I meshes also cause some degree of
tissue reaction [5, 6]. On the other hand, polyvinylidene fluo-
ride (PVF) meshes are relatively new in the market, and have
comparable safety and efficacy [7].

A mesh material initiates a foreign body reaction after im-
plantation triggered by an initial acute phase reaction [8, 9].
Migration of fibroblasts in response to chemotactic substances
results in the production of glycosaminoglycans and collagen
[9]. The cascade of events leads to the formation of a collagen
capsule covering the mesh fibers, shielding the host from the
foreign material [8]. However, the inflammatory response cre-
ated by the surgical mesh in humans may be highly variable,
and has been shown to be affected by many factors such as
age, smoking, diabetes, and body mass index [10]. An exag-
gerated inflammatory process following mesh implantation
may lead to increased production of reactive oxygen species
by neutrophils which degrade the transplanted mesh and have
been shown to cause microfractures on the mesh surface [10,
11], and finally results in changes in structural integrity and
physical properties such as significant embrittlement of the
mesh material that directly contributes to postoperative com-
plications [11—13]. Therefore, advances are necessary in the
area of mesh—tissue compatibility so that meshes can continue
to be used with better success rates.

The use of systemic steroid has been shown to reduce
tissue reactions in the animal models [14]. Studies have
been performed to investigate the effects of soaking the
mesh in antibiotic solution or coating it with collagen on
the tissue reaction, but no previous study has investigated
the effects of soaking the mesh in steroid solution [15-17].
We hypothesized that soaking the mesh in steroid solution
may reduce the intensity of the inflammatory reaction, and
we aimed to investigate the structural and immunohisto-
chemical tissue reactions to a steroid-soaked mesh and an
unsoaked mesh in the rat model.

Materials and methods

The study protocol was approved by the Institutional Review
Board and Animal Use Committee, and complied with

Fig. 1 Representative H&E-stained histologic cross sections (x100) of
tissue from the four mesh treatment groups: a polypropylene mesh
without steroid soaking; b polypropylene mesh with steroid soaking; ¢
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guidelines for the care and use of laboratory animals for re-
search (Committee meeting number 2014/11, date 10
December 2014; study number PAUHDEK-2014/032).

Type I macroporous PP monofilament mesh (I-STOP®; CL
Medical inc., Winchester, MA), and polyvinylidene fluoride
(PVF) mesh (DynaMesh®; FEG Textiltechnik mbH, Aachen,
Germany) were used in this experimental study. PP and PVF
meshes were implanted in 20 mature Wistar albino rats with
an average weight of 250 g. Ten rats received mesh that had
been soaked in steroid solution, and the other ten rats received
unsoaked mesh. The rats underwent surgery with a midline
incision under sterile conditions after injection of ketamine
hydrochloride (90 mg/kg, Ketalar®; Pfizer, Espoo, Finland)
and xylazine (10 mg/kg, Keproxylazine 20®; Biopharm,
Istanbul, Turkey), and the incisions were closed with 3.0
polyglactin sutures. In the ten rats receiving the unsoaked
mesh, two 1 x 1-cm pieces of PP mesh were fixed in direct
contact over the rectus abdominis muscle 1 cm apart on the
right side, and two 1 x 1-cm pieces of PVF mesh were placed
1 cm apart on the left side in the same way. In the other ten
rats, the same procedure was performed after soaking the
mesh pieces in 40 mg methyl prednisolone dissolved in dis-
tilled water (Prednol-L®, 40-mg ampoule; Mustafa Nevzat
Pharmaceuticals, [stanbul, Turkey) for 1 h. Thus the following
four groups were formed: PP with steroid (PP-S), PP without
steroid (PP), PVF with steroid (PVF-S), and PVF without
steroid (PVF).

As mesh-related chronic inflammatory reaction settles in
4 weeks and mesh complications are usually seen in the first
2 — 3 months [8, 9, 14], we sacrified the rats after 12 weeks.
Implants were removed en-bloc with the underlying muscle
tissue. One specimen from each region was used to investigate
the inflammatory process, and the other for electron
microscopy.

Histochemical and immunohistochemical analysis

Samples for histologic examination were fixed in 10 % buft-
ered formalin and processed accordingly for histologic assess-
ment. Slides were stained with hematoxylin and eosin (H&E)
(Fig. 1) and Masson’s trichrome (Fig. 2) and examined by

polyvinylidene fluoride mesh without steroid soaking; d polyvinylidene
fluoride mesh with steroid soaking
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Fig.2 Photomicrographs of Masson’s trichrome-stained sections (x100) of tissue from the four mesh treatment groups: a polypropylene mesh without
steroid; b polypropylene mesh with steroid; ¢ polyvinylidene fluoride mesh without steroid; d polyvinylidene fluoride mesh with steroid

light microscopy (Olympus BX51 phase contrast microscopy
200) blindly by the examiners (G.M.A., S.T.).

Masson’s trichrome staining was used to evaluate the inten-
sity of collagen deposition (Fig. 2). Granuloma formation,
necrosis, inflammation, and the presence of necrosis were eval-
uated on H&E-stained slides (Fig. 1). Specimens were specif-
ically analyzed for the inflammatory reaction, fibrosis and
muscle infiltration, and scored using a previously reported
grading scale [14]: /; sparse, affecting less than 25 % of the
area, 2; mild, affecting 25—50 % of the area, 3; moderate,
affecting 50—75 % of the area, and 4; dense or marked lesion,
affecting 75 % or more of the area. Ten areas were screened
under %100 magnification and the mean was taken as the score.

The antibodies used included polyclonal rabbit anti-mouse
CD3 (MyBioSource, San Diego, CA) for lymphocytes, rabbit
anti-mouse CD68 polyclonal antibody (MyBioSource) for
macrophages, rabbit anti-mouse CD15 antibody (Santa Cruz
Biotechnology, Dallas, TX) for polymorphonuclear (PMN)
leukocytes and foreign body giant cells, and rabbit anti-
mouse CD34 polyclonal antibody for fibromyocytes and stem
cells (Fig. 3). The morphology of the inflammatory reaction
was evaluated by quantitative cell analysis. The intensity of
inflammation was defined as the percentage of cells positive

Fig. 3 Immunostained sections
(immunoperoxidase-
hematoxylin, x100) focused on
the area adjacent to mesh fibers
and the area between mesh fibers:
a, e, i, m lymphocyte marker
CD3; b, f, j,n
polymorphonuclear cell marker
CDI5; ¢, g, k, 0 macrophage
marker CD68; d, h, 1, p
fibromyocyte and stem cell
marker CD34

for each inflammatory marker in H&E-stained slides in ten
fields of a 10 x 10 grid (100 0.1-mm? fields).

Electron microscopic analysis

The electron microscopic analyses were performed by a single
observer (N.K.) using a field emission electron microscope
(FESEM,; Carl Zeiss, Supra 40 VP). The samples were initial-
ly fixed in glutaraldehyde solution. After washing in sodium
phosphate-buffered solution, the samples were dehydrated
through a series of increasing concentrations of acetone, then
critical point dried, mounted on stubs and sputter-coated with
gold/palladium. The pore sizes of the meshes were measured
using the FESEM (Fig. 4).

Statistical analysis

The SPSS 11 package (SPSS, Chicago, IL) was used for the
analysis. Parametric variables are expressed as means + stan-
dard deviation and nonparametric variables as medians and
quartiles. The four mesh treatment groups were compared in
terms of the degree of inflammatory tissue response using the
Kruskal-Wallis test with Scheffé correction for multiple

CD34
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Fig. 4 Scanning electron
micrographs showing the
appearance of the pores and their
measurement in specimens from
the four mesh treatment groups: a
polypropylene mesh without
steroid (x51); b polyvinylidene
fluoride mesh without steroid
(x54); ¢ polypropylene mesh with
steroid (x58); d polyvinylidene
fluoride mesh with steroid (x49)

comparisons. An independent sample ¢ test was used for com-
parison of pore sizes between steroid-soaked and unsoaked
meshes for each type of mesh. Statistical significance was
assumed at p values <0.05.

Results

All 20 study animals survived for the whole 12-week post-
implantation study period without any complications. No
differences were seen macroscopically between steroid-
soaked and unsoaked meshes. Microscopically measured
markers of the inflammatory process in the different

groups are summarized in Table 1. An extensive inflam-
matory reaction, collagen deposition, necrosis, and positiv-
ity for CD3, CD15 and CD68 were considered as indica-
tors of reduced biocompatibility. Statistically significant
differences were found for CD3, CD34, CD15 and CD68
biomarkers between groups (p<0.05; Table 1). Lower
levels of CD3 were seen in the PVF, PVF-S and PP-S
groups, and higher levels of CD34 were seen in the PVF-
S and PP-S groups compared with the PP group (»p <0.05;
Table 1). Levels of CD15 which was used for the detection
of PMN leukocytes and foreign body giant cells were sig-
nificantly lower in the PVF-S group than in the PP group
(p<0.05). Levels of CD68 were significantly lower in the

Table 1  Distribution of histopathologic findings and immunohistochemical markers between groups

Mesh group p value

PVF PP

Unsoaked Steroid-soaked Unsoaked Steroid-soaked
CD3 20.10+9.36 (7—35) 14.40+£6.42 (8—25) 35.50+7.72 (25-53) 19.60+£9.31 (8—-35) <0.0001
CD34 27.50+19.58 (5-61) 52.10£23.50 (5-77) 6.80£2.74 (4—-12) 40.30+£26.53 (6—74) 0.001
CD15 15.30+£7.83 (5-31) 12.10£7.40 (3—-25) 23.50+6.19 (14-31) 15.10£7.69 (6—27) 0.013
CD68 34.70+10.96 (22—-57) 22.20+10.27 (13-45) 35.70+11.63 (17-54) 25.70+10.91 (10—40) 0.028
Inflammation 2.5(1.75-4) 1.5(1-2) 3Q275-4) 2(1-225) 0.007
Foreign body reaction 0(0-1) 0(0-0) 0(0-0.25) 0(0-0) 0.038
Collagen 3(2-325) 1(1-1.25) 3(2.3.25) 2(1-2) <0.0001
Muscle invasion 0(0-0) 0(0-0) 0(0-0) 0(0-0) 0.392
Necrosis 0(0-1.25) 0(0-0) 1(1-1) 0(0-0) 0.062

The expression levels of the inflammatory markers CD3, CD34, CD15 and CD68 (measured in terms of the percentage of positive cells, as described in
the text) are presented as means+ SD (range), The scores for the other parameters (scored using a grading scale according to the area affected, as
described in the text) are expressed as medians (25th and 75th weighted percentiles)

PVF Polyvinylidene fluoride, PP Polypropylene
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PVF-S and PP-S groups at first, but the differences were
not significant after Scheffé correction (p>0.05; Table 2).

Collagen deposition was significantly lower in the PVF-
S group than in the PVF and PP groups, and lower in the
PP-S group than in the PP group (p < 0.05). The histologic
analysis showed less inflammation in the PVF-S and PP-S
groups than in the PP group (p < 0.05; Table 2). There were
no significant differences in muscle invasion and necrosis,
pore size and mesh ultrastructure among the groups
(p>0.05).

Discussion

PVF meshes were found to induce less tissue reaction than PP
meshes, and steroid soaking of the meshes decreased the in-
flammatory reaction. These observations are important be-
cause the main concern in the use of mesh is to minimize
the inflammatory reaction while achieving high success rates.
To the best of our knowledge, of studies investigating mesh
biocompatibility this was one of the long-term studies with
regard to postimplantation period related to mesh biocompat-
ibility. After implantation of the mesh material, the foreign
body reaction starts in 7 days and lasts for 21 days, and this
is defined as the acute phase [18]. During this period, macro-
phages and PMN leukocytes migrate first into the environ-
ment, followed by lymphocyte infiltration [19, 20]. With time,
the acute inflammatory process is replaced by the chronic
reaction which promotes healing, and leads to the formation
of low-intensity granulomatous inflammation [14].

The lymphocyte and macrophage markers CD3 and CD68,
respectively, showed low levels of positivity. Together with
PMN leukocytes, these two cell types are predominant in the
acute phase of inflammation, and decline thereafter. Despite
the significant differences initially detected in CD68 levels,

Table 2 Post hoc analysis of p values

the differences were no longer significant after Scheffé correc-
tion. This can be explained by the negligible effect of steroid
on macrophages. However, as the rats were killed at the end of
postimplantation week 12, the inflammation phase had
progressed from acute to chronic so that the numbers of mac-
rophages had decreased and the markers of chronic inflamma-
tion had increased. This may explain the lack of significance.
Since we did not have a treatment group to investigate the
inflammatory events during the first week after mesh implan-
tation, we cannot draw a conclusion about the involvement of
macrophages in the acute inflammatory response, despite
promising indications. In accordance with our hypothesis,
Zheng et al. found that the acute reaction reached a peak at
7— 14 days and was negligible by 90 days [21]. Therefore, the
reason for the lack of statistical significance may be explained
by the natural flow of the inflammatory process [21]. On the
other hand, increased numbers of foreign body giant cells
formed by coalition of macrophages, which play a role in
cleaning up cellular debris and foreign bodies, is a sign of an
increased inflammatory reaction [22]. Low levels of CD15,
which stains PMN leukocytes and foreign body giant cells,
were detected in steroid-soaked meshes, and this can be
interpreted as reduced tissue reaction to the mesh in this group.

Myofibroblasts, which are considered to play a pivotal role
in tissue repair and remodeling, were first observed in exper-
imental wound healing by electron microscopy. They are lo-
cated in granulation tissue and exhibit bundles of microfila-
ments [23-25]. After any event causing tissue damage, fibro-
blasts in the connective tissue are converted to myofibroblasts
which are responsible for remodeling and mesh integration
[22]. Myofibroblasts and stem cells trigger angiogenesis and
provide neovascularization [25, 26]. They help tissue integra-
tion by increasing the infiltration of multipotential cells and
the integration of cells with the skeleton formed by the mesh
structure [27, 28]. In accordance with this theory, we found

Group comparisons

PVF-PVF-S PVF-PP PVF-PP-S PVF-S—PP PVF-S—PP-S PP—-PP-S
CD3 0.509 0.003* 0.999 <0.001* 0.585 0.002*
CD34 0.079 0.177 0.580 <0.001* 0.643 0.008*
CD15 0.811 0.118 1 0.014* 0.839 0.105
CD68 0.108 0.998 0.352 0.072 0.916 0.262
Inflammation 0.158 0.830 0.235 0.023* 0.997 0.039%
Foreign body reaction 0.084 0.619 0.084 0.619 1 0.619
Collagen 0.003* 0.952 0.052 0.001* 0.717 0.014*

PVF Polyvinylidene fluoride unsoaked, PVF-S Polyvinylidene fluoride steroid-soaked, PP Polypropylene unsoaked, PP-S Polypropylene steroid-

soaked

*p < 0.05, with Scheffé correction
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increased levels of CD34, which stains myofibroblasts and
stem cells, in steroid-soaked meshes, and this may be
interpreted as better tissue compatibility in this group.

Fibroblasts also play an important role in the inflammatory
reaction by secreting collagen in response to macrophage
stimulation. This collagen accumulates in the extracellular
matrix and pore spaces, and covers the mesh fibers [28, 29].
Despite differences in inflammatory response between
steroid-soaked and unsoaked meshes, we did not detect any
significant ultrastructural changes between the mesh groups
by electron microscopy. Thus, we suggest that steroid-soaked
mesh is also well-preserved and covered by a collagen layer in
the same manner and unsoaked mesh without any change in
pore size.

It has been shown that systemic steroid therapy reduces
collagen deposition and the inflammatory reaction [14].
Similarly, in this study, we found decreased collagen depo-
sition in steroid-soaked mesh. However, since we did not
include a systemic steroid group, we could not compare
steroid-soaked mesh with systemic steroid treatment.
Indeed, it is not possible to use systemic steroids for long
periods due to side effects.

In this study, we used a rat model to show tissue—mesh
integration since it has been shown to be a suitable model
for this application [14, 16]. Furthermore, the use of this mod-
el allowed two different mesh types to be compared in the
same animal. We implanted PVF and PP meshes into same
rat allowing objective comparisons. The PVF mesh was asso-
ciated with a less-intense inflammatory reaction than the PP
mesh, although the difference was not statistically significant
for all parameters, and soaking in steroid solution before im-
plantation further decreased the inflammatory reaction.

Our study had some limitations. First, we could not be sure
about the amount of steroid attached to the mesh surface, but to
optimize the process we soaked the meshes in solutions with
the same steroid concentration for the same time. Second, the
two types of mesh used may have different affinities for
steroid. We therefore compared pore sizes only between
steroid-soaked and unsoaked mesh of the same mesh
type. Despite these limitations, our study is very valuable
since it provides information from a direct comparison of
two popular mesh types performed under standardized
conditions.

In conclusion, PVF mesh is associated with a lower degree
of inflammatory reaction in tissue, and in both PVF and PP
meshes steroid-soaking further reduces the intensity of the
inflammatory reaction without changing the pore size, leading
to better tissue integration. Despite being an experimental an-
imal study, our findings are strong enough to suggest a prac-
tical method to mitigate mesh-induced tissue reaction. Our
preliminary observations may also have implications for mesh
manufacturers who could consider investigating the feasibility
of producing steroid-soaked meshes.

@ Springer

Compliance with ethical standards

Conlflicts of interest

None.

References

10.

11.

12.

13.

14.

15.

Ulmsten U, Petros P (1995) Intravaginal slingplasty (IVS): an am-
bulatory surgical procedure for treatment of female urinary incon-
tinence. Scand J Urol Nephrol 29(1):75-82

Food and Drug Administration. FDA public health notification:
serious complications associated with transvaginal placement of
surgical mesh in repair of pelvic organ prolapse and stress urinary
incontinence. Silver Spring (MD): FDA; 2008. Available at: http://
www.fda.gov/MedicalDevices/Safety/AlertsandNotices/
PublicHealthNotifications/ucm061976.htm Accessed 28 March
2016

Food and Drug Administration. FDA safety communication:
UPDATE on serious complications associated with transvaginal
placement of surgical mesh for pelvic organ prolapse. Silver
Spring (MD): FDA; 2011. Available at: http://www.fda.gov/
MedicalDevices/Safety/AlertsandNotices/ucm262435.htm.
Accessed 28 March 2016

Committee on Gynecologic Practice (2011) Committee Opinion
no. 513: vaginal placement of synthetic mesh for pelvic organ pro-
lapse. Obstet Gynecol 118:1459-1464

Finamore PS, Echols KT, Hunter K, Goldstein HB, Holzberg AS,
Vakili B (2010) Risk factors for mesh erosion 3 months following
vaginal reconstructive surgery using commercial kits vs. fashioned
mesh-augmented vaginal repairs. Int Urogynecol J 21:285-291
Jakus SM, Shapiro A, Hall CD (2008) Biologic and synthetic graft
use in pelvic surgery: a review. Obstet Gynecol Surv 63(4):253-266
Gerullis H, Klosterhalfen B, Boros M, Lammers B, Eimer C,
Georgas E, Otto T (2013) IDEAL in meshes for prolapse, urinary
incontinence, and hernia repair. Surg Innov 20(5):502-508
Krause HG, Galloway SJ, Khoo SK, Lourie R, Goh JT (2006)
Biocompatible properties of surgical mesh using an animal model.
Aust N Z J Obstet Gynaecol 46(1):42-45

Yildirim A, Basok EK, Gulpinar T, Gurbuz C, Zemheri E, Tokuc R
(2005) Tissue reactions of 5 sling materials and tissue material
detachment strength of 4 synthetic mesh materials in a rabbit model.
J Urol 174(5):2037-2040

Kurtz J, Rael B, Lerma J, Wright C, Khraishi T, Auyang ED (2015)
Effects of reactive oxygen species on the physical properties of
polypropylene surgical mesh at various concentrations: a model
for inflammatory reaction as a cause for mesh embrittlement and
failure. Surg Endosc. doi:10.1007/s00464-015-4646-3

Sternshuss G, Ostergard D, Patel H (2012) Post-implantation alter-
ation of polypropylene in the human. J Urol 188(1):27-32
Costello CR, Bachman SL, Ramshaw BJ, Grant SA (2007)
Materials characterization of explanted polypropylene hernia
meshes. J Biomed Mater Res B Appl Biomater 83(1):44-49
Costello CR, Bachman SL, Grant SA, Cleveland DS, Loy TS,
Ramshaw BJ (2007) Characterization of heavyweight and light-
weight polypropylene prosthetic mesh explants from a single pa-
tient. Surg Innov 14(3):168-176

Karabulut A, Akyer SP, Abban Mete G, Sahin B (2014) Effects of
menopause, diabetes mellitus and steroid use on type I mesh-
induced tissue reaction in a rat model. Eur J Obstet Gynecol
Reprod Biol 179:27-31

Sadava EE, Krpata DM, Gao Y, Novitsky YW, Rosen MJ
(2013) Does presoaking synthetic mesh in antibiotic solution
reduce mesh infections? An experimental study. J Gastrointest
Surg 17(3):562-568


http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/PublicHealthNotifications/ucm061976.htm
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/PublicHealthNotifications/ucm061976.htm
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/PublicHealthNotifications/ucm061976.htm
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm262435.htm
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm262435.htm
http://dx.doi.org/10.1007/s00464-015-4646-3

Int Urogynecol J (2016) 27:1583-1589

1589

16.

19.

20.

21.

Dias FG, Prudente A, Siniscalchi RT, de Vidal BC, Riccetto CL
(2015) Can highly purified collagen coating modulate polypropyl-
ene mesh immune-inflammatory and fibroblastic reactions?
Immunohistochemical analysis in a rat model. Int Urogynecol J
26(4):569-576

Barski D, Gerullis H, Georgas E, Bér A, Lammers B, Ramon A,
Ysebaert D, Klosterhalfen B, Boros M, Otto T (2014) Coating of
mesh grafts for prolapse and urinary incontinence repair with autol-
ogous plasma: exploration stage of a surgical innovation. Biomed
Res Int 2014:296498

Gerullis H, Georgas E, Boros M, Klosterhalfen B, Eimer C, Arndt
C, Otto S, Barski D, Ysebaert D, Ramon A, Otto T (2014)
Inflammatory reaction as determinant of foreign body reaction is
an early and susceptible event after mesh implantation. Biomed Res
Int 2014:510807

Dabrowiecki S, Svanes K, Lekven J, Gronk K (1991) Tissue reac-
tion to polypropylene mesh: a study of oedema, blood flow, and
inflammation in the abdominal wall. Eur Surg Res 23(3-4):240-313
Klinge U, Dietz U, Fet N, Klosterhalfen B (2014) Characterisation of
the cellular infiltrate in the foreign body granuloma of textile meshes
with its impact on collagen deposition. Hernia 18(4):571-578
Zheng F, Lin Y, Verbeken E, Claerhout F, Fastrez M, De Ridder D,
Deprest J (2004) Host response after reconstruction of abdominal
wall defects with porcine dermal collagen in a rat model. Am J
Obstet Gynecol 191(6):1961-1970

22.

23.

24.

25.

26.

27.

28.

29.

Anderson JM, Rodriguez A, Chang DT (2008) Foreign body reac-
tion to biomaterials. Semin Immunol 20(2):86—100

Jiang YL, Dai AG, Li QF, Hu RC (2006) Transforming growth
factor-betal induces transdifferentiation of fibroblasts into
myofibroblasts in hypoxic pulmonary vascular remodeling. Acta
Biochim Biophys Sin (Shanghai) 38(1):29-36

YiB, Chen L, Zeng J, Cui J, Wang G, Qian G, Belguise K, Wang X,
Lu K (2015) Ezrin regulating the cytoskeleton remodeling is re-
quired for hypoxia-induced myofibroblast proliferation and migra-
tion. Front Cardiovasc Med 3(2):10. doi:10.3389/fcvm.2015.
00010, eCollection 2015

Darby IA, Laverdet B, Bonté F, Desmouliére A (2014) Fibroblasts
and myofibroblasts in wound healing. Clin Cosmet Investig
Dermatol 6(7):301-311

Vong S, Kalluri R (2011) The role of stromal myofibroblast and
extracellular matrix in tumor angiogenesis. Genes Cancer 2(12):
1139-1145

Tredget EE (2007) The basis of fibrosis and wound healing disor-
ders following thermal injury. J Trauma 62(6 Suppl):S69

Shafiq M, Jung Y, Kim SH (2015) Stem cell recruitment, angiogen-
esis, and tissue regeneration in substance P-conjugated poly(l-
lactide-co-g-caprolactone) nonwoven meshes. J Biomed Mater
Res A 103(8):2673-2688

Earle DB, Mark LA (2008) Prosthetic material in inguinal hernia
repair: how do I choose? Surg Clin North Am 88(1):179-201

@ Springer


http://dx.doi.org/10.3389/fcvm.2015.00010
http://dx.doi.org/10.3389/fcvm.2015.00010

	Tissue reaction to urogynecologic meshes: effect of steroid soaking in two different mesh models
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Histochemical and immunohistochemical analysis
	Electron microscopic analysis
	Statistical analysis

	Results
	Discussion
	References


