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Abstract. Introduction. It is key to create barrier meshes to prevent adhesive disease and strengthen the an-
terior abdominal wall during hernioplasty. A promising material for it may be a polymer based on vinylidene
fluoride and tetrafluoroethylene (VDF-TeFE). We aimed to do a preliminary assessment of morphological
aspects of biointegrating VDF-TeFE meshes with various microstructures during hernioplasty, with the most
effective one to be later improved for a full preclinical study.

Materials and methods. The research was performed on 40 Chinchilla rabbits divided into 4 equal groups:
group 1 underwent laparotomy without mesh implantation, the animals from groups 2—4 received a VDF-
TeFE mesh barrier having different microstructures.

Results. The 1.9-mm pore size (group 2) promoted the formation of dense connective tissue and the growth
of adhesions between the organs, the mesh, and the anterior abdominal wall. Pores with a 0.9-mm diameter
(group 3) prevented the formation of adhesions, but did not contribute to the strengthening of the anterior
abdominal wall. The hybrid mesh structure (group 4) was the most effective because it prevented recur-
rence of anterior abdominal wall hernia and contributed to a decrease in the formation of adhesions between
intestinal loops and the endoprosthesis.

Conclusion. The barrier meshes of a hybrid structure made from VDF-TeFE are promising in hernioplasty
to prevent adhesions and hernia recurrence. Further work needs to improve the endoprosthesis by modifying
it with drugs that prevent the formation of adhesions. However, this issue requires a more in-depth study.
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Pe3ztome. Bseoenue. 111 mpodHIaKTUKH CIIa€UHOI O0IE3HHU U YKPETITICHUs TIepeiHei OpIOIIHON CTEeHKH ITPH
TePHUOILTACTHKE aKTyaJIbHO CO3/IaHNe OapbepHBIX MeMOpaH. IlepcrieKTHBHBIM MaTepHaioM sl 3TOTO MOXKET
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CTaTh MOJIMMEP Ha OCHOBE CONOIMMEpa BUHMIUACHbTOpHa ¢ TeTpadTopatuieHoM (vinylidene fluoride and
tetrafluoroethylene, VDF-TeFE). Llenbto uccienoBanus sipisiiack npeiBapuTeNbHas OlleHKa MOpQosioruye-
CKHX acIleKTOB OnomHTerpanuu 6apsepHsix MeMOpan u3 VDF-TeFE npu repHuoriactuke ¢ pa3nuaHbIMH
BapUaHTaMU MUKPOCTPYKTYPBI AJIsl JAIbHEHIIIEro yCOBEPIIEHCTBOBaHMS Hanboee 3 GeKTUBHOro 00pasia
1 TIPOBEJICHUS TIOTHOIIEHHOTO JTOKIMHUYECKOTO CCIeIOBAHUS.

Mamepuanvt u memoowt. ViccnenoBanue BoinonHeHo Ha 40 kponukax auHuN LnHmma, pa3aeneHHbIX Ha
YeThIpe PaBHBIC TPYIIBL: TpyMe | MPOBOIMWIN CPEIHMHHYIO JTaapOTOMHUIO 0e3 MMIUIAHTAlMHd MEeMOpaHBbI,
KUBOTHBIM U3 Tpynn 2, 3 u 4 umiutantupoBain memOpany u3 VDF-TeFE ¢ pa3znuaaoit MUKpOCTPYKTYpOil.
Pesynomamer. Pazmep nop 1,9 mm (rpymma 2) cnoco0cTBOBaI 00pa3oBaHUI0 IPyOOii BOJOKHUCTOM COeIu-
HUTENBHOW TKaHU M POCTY CIIaeK MEXAy OpraHaMH, MeMOpaHOW U mepenHeit OpromHoi creHkor. [Topsr
nuamerpom 0,9 MM (Tpynma 3) mpensTcTBOBAIM MOSIBJICHUIO CIIACK, OHAKO HE COACHCTBOBAIIN YKPEIUICHUIO
nepeaneit OpromrHoi cteHku. [ MOpuIHas CTpyKTYpa MeMOpaHsbI (rpymia 4) okasanachk Hanbosee 3G dexTus-
HOM, TaK KaK MpeI0TBpallaia peIrinB IPbDKY IepeIHe OPIOIIHOM CTEHKH U CIOCOOCTBOBAJIA CHIDKCHHIO
00pa30BaHMs CIIACK MEXAY MEeTIAMHU KHIIEYHUKA U SHIOMPOTE30M.

3axniouenue. Vicnonp3oBanue O0apbepHbIX MeMOpaH rubpunHoi ctpykTypsl u3 VDF-TeFE nepcriektuBHO
MIPY FEPHHUOIIACTUKE ISl MPOPHUIAKTHKY CIIAEYHOTO Tpoliecca U PEelUInBOB rpbbK. Kpome Toro, naib-
HEHIIMM HampaBICHUEM COBEPIICHCTBOBAHMS YHAONPOTE3a OyleT ero MOAU(UKAIIHS JeKapCTBEHHBIMH
cpeacTBaMH, PO IIAKTHPYIOUTMMHU 0Opa3oBaHue criaek. [Ipu 3ToM naHHBINA Bompoc TpeOyeT HatbHEHIIero
6oee TIryOOKOTO U3yUYECHHUS.

KoaroueBbie ciioBa: OMonHTErpanusi, OMONOIMMEPHI, XPOHHUYECKOE BOCHIAJICHUE, CliaeyHasi 00J1€3Hb, TePHUO-
IUIaCTHKA, cononumep BuHmIMIeHdropuaa ¢ rerpadroparuiesom (VDF-TeFE)
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Introduction

The occurrence of adhesive disease following abdomi-
nal surgeries, including hernioplasty, represents a signifi-
cant challenge in modern surgery [1] on a par with the
reinforcement of the anterior abdominal wall to prevent
relapses [2]. The development of adhesive disease is as-
sociated with both trauma during surgical procedure and the
subsequent inflammatory response [3]. Adhesive disease
can lead to complications and significantly affect the pa-
tients’ quality of life [4]. Therefore, the search for effective
preventive measures against adhesive disease is crucial.
These strategies can be categorized into three groups: surgi-
cal (intraoperative reduction of peritoneal trauma), pharma-
cological (the use of anticoagulants to prevent peritoneal
ischemia, fibrinolytic therapy, anti-inflammatory medica-
tions, and agents aimed at inhibiting collagenogenesis), and
mechanical (creating a barrier between the injured surfaces
during surgery) [5].

One promising approach in the mechanical prevention
of adhesive disease is the development of biocompatible
nonresorbable membranes which are preferable to the re-
sorbable ones due to their durability, resistance to biodeg-
radation, capacity to minimize inflammatory responses, and
the role in reinforcing the anterior abdominal wall during
hernioplasty, thereby reducing recurrence risks [6]. Unlike
resorbable membranes, the nonresorbable ones maintain
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structural integrity, prevent the ingrowth of fibrous tissue
into surrounding organs, and do not release inflammatory-
inducing degradation products. Nonresorbable membranes
include those made from polypropylene, polyethylene gly-
col, polylactic acid, chitosan, and other polymers. However,
their application in hernioplasty is limited due to a number
of drawbacks [7].

A prospective polymer to produce barrier meshes is
copolymer of vinylidene fluoride and tetrafluoroethylene
(VDF-TeFE). The materials derived from this polymer
exhibit mechanical strength, proven biocompatibility, and
piezoelectric properties; maintain their physical properties
over time; enhance the tissue regeneration; reduce the risk
of postoperative scarring; and do not chemically react with
biological fluids [8].

This polymer is utilized to produce various biomaterials
that are actively employed in different surgical fields at the
Center for Additive Technologies of the National Research
Tomsk Polytechnic University [9]. 3D printing enables the
manufacture of barrier meshes of necessary sizes and with
specified microstructures, which will be used in hernio-
plasty effectively performing anti-adhesive functions and
meeting the needs of individual patients.

The aim of this research was to describe morphologi-
cal aspects of biointegration of VDF-TeFE barrier meshes
with various microstructure configurations in hernioplasty
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in order to further refine the most effective sample and
conduct a comprehensive preclinical study.

Materials and methods

The study was conducted at Siberian State Medical
University and approved by the local ethics committee
(protocol No. 15-2 dated April 1, 2024). All procedures
involving animals were carried out in accordance with the
Directive 2010/63/EU of the European Parliament and of
the Council of 22 September 2010 on the protection of
animals used for scientific purposes.

The research was designed as a comparative exploratory
investigation of morphological aspects of biointegrating
three samples of mesh polymer membranes for hernioplas-
ty, each with different microstructures, pore diameters, and
polymer fill percentages. The samples were designed and
manufactured at the Shared Access Additive Technology
Center of the National Research Tomsk Polytechnic
University using an FDM printer (Picaso Designer X Pro,
Picaso 3D, Russia). The filament (§=1.75 mm) for the
samples was prepared from a copolymer of VDF-TeFE
(Galopolymer, Russia) with a tetrafluoroethylene content
of 9% mol.

The experiment involved 40 male Chinchilla rabbits
(2500-3000 g, aged 5—6 months) that were divided into
four equal groups with a block randomization method.
Group 1 was composed of the animals that underwent
sham surgery, i.e., a midline laparotomy without subse-
quent mesh implantation. Group 2 was given a mesh with
a “honeycomb” microstructure, a polymer fill percentage
of 40%, and a pore diameter of 1.9+0.1 mm. Group 3 had
a mesh with a “honeycomb” microstructure, a fill percent-
age of 60%, and a pore diameter of 0.9+0.1 mm. Group 4
received a bilayer mesh with a “honeycomb” microstruc-
ture, where the side facing the intestine had a polymer fill
percentage of 70% and a pore diameter of 0.9+0.1 mm,
while the side facing the abdominal wall had a polymer
fill percentage of 30% and a pore diameter of 1.9+0.1 mm.
In groups 2—4, the meshes were implanted in the anterior
abdominal wall.

The animals were provided by the Goldberg Research
Institute of Pharmacology and Regenerative Medicine
(Tomsk, Russia). Prior to the experiment, the rabbits
underwent a two-week acclimation period in the vivar-
ium. The animals were kept according the sanitary and
epidemiological rules 2.2.1.3218-14 “On Sanitary and
Epidemiological Requirements for the Design, Equipment,
and Maintenance of Experimental Biological Clinics
(Vivariums),” approved by the Russian Federation Chief
State Sanitary Doctor Resolution No. 51 of August 29,
2014.

All animals underwent sterile procedures after atropine
sulfate premedication (Dalchimpharm, Russia) at a dos-
age of 0.2 ml/kg subcutaneously. Thirty minutes later, they
were anesthetized with Zoletil-100 (Vibrac, France) at a
dosage of 10 mg/kg, and then the surgical field was treated
with a triple antiseptic.
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Afterwards, we performed a midline laparotomy. The
meshes were fixed using sterile atraumatic needles and
absorbable sutures made of polyglycolic acid of a 4/0 size
with knot sutures at mesh corners.

The removal criteria included general deterioration (in-
cluding lethargy, apathy, food refusal, sleep disturbances,
fever) or intra-experimental death. The removal from the
experiment was supposed to be followed by euthanasia.
No animals were excluded from the study.

During postoperative monitoring, we did a macroscopic
assessment of changes in the anterior abdominal wall. The
animals were removed from the experiment on day 21 ina
CO, euthanasia chamber (ZOONLAB, Germany). Having
euthanized the subjects, we performed laparotomy, made
macroscopic evaluation of adhesions (diameter, thickness,
length, type, and presence of vascularization), and took
macroscopic pictures.

We obtained tissue samples for histological analysis
from the wound defect area, capturing tissue from the pe-
riphery (5 mm). The tissues were fixed in a 10% neutral
formalin solution (Biovitrum, Russia), washed under tap
water, dehydrated in increasing concentrations of ethanol
and isopropanol (Biovitrum, Russia), and subsequently
embedded in paraffin (Biovitrum, Russia). We prepared
5-um-thick histological sections using a Leica SM 2010R
rotary microtome (Leica, Germany). The sections were
stained with hematoxylin and eosin (ABRIS+, Russia)
and by the Van Gieson method using picric acid fuchsin
(Biovitrum, Russia).

Histological preparations were examined with a light
microscope (Axioskop 40, Carl Zeiss AG, Oberkochen,
Germany: objectives x10, x40, and x90, eyepieces x10).
In each group, we studied 100 fields and quantified the spe-
cific area of dense fibrous connective tissue, loose fibrous
connective tissue, the frequency of adipose tissue (%), and
cellular infiltration (%). The last parameter was calculated
as the ratio of the studied parameter area to the total visible
area within the field of view. Moreover, we qualitatively
assessed the condition of the microcirculatory vessels and
the cellular composition of tissues.

We analyzed the images using AxioVision 4.8 image
processing software (Carl Zeiss, Germany) and ImageJ
1.52u (National Institutes of Health, USA) and performed
statistical analysis using Statistica 10.0 software (StatSoft
Inc., USA). The Kolmogorov-Smirnov test was employed
to assess the distribution characteristics of the variables,
and descriptive and nonparametric statistical methods were
utilized for data analysis. The parameters were described
as median and quartiles, Me (Q1; Q3). The Kruskal-Wallis
test was used to compare independent samples. The differ-
ences were considered statistically significant at a signifi-
cance level of p<0.05.

Results

All animals resumed their normal activities the next day
after surgery; they began to eat and drink and also demon-
strated restored intestinal activity. The postoperative wound
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in all animals healed by day 7 of the study. By the end of
the experiment, the animals lost on average 500 (£150) g.

On macroscopic examination on day 21, the animals
in group 1 had adhesions at puncture sites. In group 2,
autopsy revealed a significant adhesive process within the
abdominal cavity, with connective tissue fibers infiltrat-
ing the mesh, whose parietal layer of the membrane was
firmly adhered to the anterior abdominal wall. A loop of
the colon, which was pneumatic and tense, was attached to
the visceral surface of the mesh via densely vascularized

adhesions; its wall was yellowish (Fig. 1 A). Blunt dissec-
tion of the adhesions was unsuccessful.

Macroscopic examination of group 3 revealed that ad-
hesions did not infiltrate the mesh on the parietal side;
however, the endoprosthesis was adhered to the anterior
abdominal wall peripherally, which is likely to be due to
its uneven sharp edges. An adhered loop of the small in-
testine was visualized on the visceral surface of the mesh
(Fig. 1 B), with the adhesions being loose, amenable to
blunt dissection, and exhibiting sparse vascularization.

Fig. 1. Macroscopic view in the area of barrier membrane implantation in the anterior abdominal wall. Day 21.
A — a part of the colon adhered to the implant by numerous vascularized adhesions, group 2. B — the visceral surface of the
endoprosthesis with a loop of the small intestine adhered to it by a thin adhesion, group 3. C — adhesions growing into the implant
from the side of the anterior abdominal wall, group 4. D — spontaneous rupture of thin membranous adhesions when lifting
the tissues of the anterior abdominal wall with tweezers, group 4

Puc. 1. Makpockonnueckas KapTuHa 00JIacTH UMILIAHTAlMH OapbepHOil MeMOpaHbI B riepeaHel OpIoIIHOi cTeHKe. 21-i eHb.
A — y4acTOK TOJICTOM KHIIKH, a/Ire3MPOBaHHbI MHOTOYHCICHHBIMU BACKY/ISIPU30BAHHBIMH CHIAHKaMH K UMILUIAHTY, Ipyrna 2.
B — BuclepanbHas HOBEPXHOCTh SHAOMPOTE3A C aAre3UPOBAHHOI K Hell MeTiel TOHKOM KHIIKH HOCPEACTBOM CIIa0OBBIPAKEHHON
craiiky, rpymnma 3. C — npopacTaHue CIIaeK B IMIUTAHT CO CTOPOHBI TIepeHel OpIoIIHO cTeHKH, rpymma 4. D — MexaHndecKuid
Pa3pbIB TOHKMX IUICHYATBIX aATe3Ui MPU NOAbeMe TKaHeH nepejHel OPIONIHOI CTeHKH NpH MOMOLIM NMUHIETa, rpynma 4
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In group 4, macroscopic examination indicated that the
parietal surface of the mesh was tightly fused with the tis-
sues of the anterior abdominal wall (Fig. 1 C). A loop of
the small intestine and its mesentery were adhered to the
visceral surface via thin membranous adhesions; however,
upon lifting the mesh with forceps, the adhesions spontane-
ously ruptured at a height of 1-2 cm (Fig. 1 D).

On day 21, the animals in group 2 exhibited an increase
in dense fibrous connective tissue on both the visceral and
parietal sides, with a specific area reaching 59.7% [53.1;
62.2] (Table). Additionally, there was loose fibrous con-
nective tissue with a specific area that was 5.8 times sig-
nificantly smaller compared to that of group 1 [p=0.007]
(Table, Fig. 2 A). Among the connective tissue fibers, we
observed small foci of adipose tissue, with a frequency
of occurrence being 35.0% [33.1; 37.4] (Table, Fig. 2 B).
We also detected extensive cellular infiltration, with a spe-
cific area 3.8 times greater compared to that of group 1
[p=0.013] (Table). Clusters of foreign-body giant cells and
epithelioid cells were identified (Fig. 2 B). The formed
connective tissue exhibited thin-walled, hyperemic blood
vessels, as well as vessels showing signs of stasis and
thrombosis (Fig. 2 C).

In group 3, there was a predominance of loose fibrous
connective tissue and an increase in dense fibrous connec-
tive tissue at the periphery of the mesh (Fig. 3 A). Areas
of dense fibrous connective tissue were found interspersed
among the loose connective tissue. The specific area of
dense fibrous connective tissue reached 34.3% (31.1; 39.1),
which was 1.7 times lower compared to that of group
2 [p=0.011] (Table). Cellular infiltration was sparse, with
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a specific area being 2 times smaller compared to that of
group 2 [p=0.015] (Table). Foreign-body giant cells and
epithelioid cells were observed in isolated fields of view,
primarily at the periphery of the membrane. Adipose tissue
associated with fibrosis was also identified at the periphery
of the implant (Fig. 3 B), with a frequency of occurrence
being 15.1% [11.5; 18.9] (Table). The vascularization of the
newly formed vessels was minimal, and we did not observe
signs of stasis, sludging, and thrombosis. This morphologi-
cal characteristic of the implantation area was consistent
for both the parietal and visceral sides relative to the mesh.

In group 4, with the hybrid mesh on the abdominal
wall side, there was a predominance of poorly vascular-
ized dense fibrous connective tissue with foci of cellular
infiltration (Fig. 4 A). The specific area of dense fibrous
connective tissue reached 76.2% (71.3; 78.9), which was
1.3 and 2.2 times greater than that in groups 2 and 3, respec-
tively (p=0.021). On the side facing the abdominal organs,
we visualized the predominance of loose fibrous connec-
tive tissue with a large number of blood vessels (Fig. 4 B,
4 C). Isolated foci of cellular infiltration were visualized;
however, their specific area did not significantly differ from
the values in group 1 (p=0.083). The specific area of dense
fibrous connective tissue, which was arranged in separate
longitudinally oriented bundles and corresponded to thin
adhesions upon macroscopic examination, was 5.8 and 3.3
times smaller compared to that of groups 2 and 3, respec-
tively [p=0.035] (Table, Fig. 4 D). We detected multinu-
cleated giant cells and epithelioid cells in isolated fields of
view and did not find adipose tissue associated with foci
of fibrosis.

Table | Tabruya

Morphological indicators of tissue changes in the area of mesh implantation in the anterior abdominal wall, Me (Q1; Q3) |
Mopdoaornueckue nokaszareu U3MeHeHHUsI TKaHell B 00J1aCTH UMILIAHTALMH 0apbepHOil MeMOpaHbI
B MepeaHeii OprouHoii crenke, Me (Q1; Q3)

Group 4 (visceral side / parietal side) |

Group 1 | Group 2 | Group 3 |
ovima 1 a2 o S I'pynna 4 (Bucuepa/jbHasi CTOpoHA /
pymna Tpynna ¥ MapUeTaJbHAs CTOPOHA)
Specific area of loose connective 93.7 16.2 53.6 84.3 (79.1; 89.9)*#&/

tissue, % | YmenpHast uromans peIxion
BOJIOKHHCTOH COCAUHUTEILHON TKaH!, %

Specific area of dense connective -
tissue, % | YmenpHas miomans rpyoon
BOJIOKHHCTOW COCIMHHUTEILHON TKaH!, %o

(91.3;95.6)#& (12.5; 17.8)*&

59.7
(53.1; 62.2)*&

(38.1; 45.7)*# 12.6 (8.1; 16.6)*&

343
(31.1;39.1)*#

10.2 (7.1; 14.1)*#&/
76.2 (71.3; 78.9)#&

Specific area of cell infiltration, % | 6.3 24.1 12.1 5.5 (3.1; 7.6)#&/
VienpHas mIomans KI€TOYHON (5.4;8.1) (22.6; 28.3)*&  (18.1;29.1)* 11.2 (9.6; 14.5)*#
nHpuIsTpammu, %

Frequency of adipose tissue occurrence | - 35.0 15.1 —#
YacroTa BCTpe4aeMOCTH )KUPOBOY TKAaHU (33.1;37.4)*  (11.5; 18.9)*#

* — significant differences compared to group 1 (p<0.05) | nocToBepHsbie oTaHums ¢ rpymmoii 1 (p<0,05)
# — significant differences compared to group 2 (p<0.05) | zocToBepHbIe OTAMYMs ¢ rpymmoii 2 (p<0,05)
& — significant differences compared to group 3 (p<0.05) | mocToBepHbIe OTAMYKS ¢ rpymmoi 3 (p<0,05)
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Fig. 2. Microscopic view in the area of barrier membrane
implantation on day 21, group 2. H&E stain.
A, B, C—x400
* — dense connective tissue, # — loose connective tissue,
F — adipose tissue, E — epithelioid cells, X — xanthomatous cells,
G — foreign-body giant cells, St — stasis, V — venule,
T — thrombosis

Puc. 2. Muxpockonnieckas KapTHHA B 00JIaCTH HMIUIAHTALIUI
GapbepHOit ceTkn Ha 21-e CyTKH HccieoBaHus, Tpymma 2.
Oxpacka reMaTOKCUINHOM U 303UHOM. A, B, C — x400
* — rpyOOBOJIOKHUCTAsI COCANHUTEINIbHAS TKaHb, # — PBIXJIas
BOJIOKHHUCTas COCIUHUTECIIbHASA TKaHb, F- JKApOBasi TKaHb,
E-— OIHUTCINOUIHBIC KJIICTKH, X — KCaHTOMHbBIE KJICTKH,
G — TUraHTCKHe KIETKH HHOPOAHEIX Tell, St — cTa3, V — BeHya,
T — Tpom603

Fig. 3. Microscopic view in the area of barrier membrane implantation on day 21, group 3. Van Gieson’s stain. A, B — X400
C — cell infiltration, V — venule, * — dense connective tissue, # — loose connective tissue, F — adipose tissue, E — epithelioid cells

Puc. 3. Mukpockonuieckas KapTUHa B 00JaCTH HMIUIAHTALMK OapbepHON ceTKH Ha 21-e CyTKU HCCheIoBaHus, rpymnma 3.
Okxkpacka 1o Bad ['m3ony. A, B — x400

C — xieTouHast HHpUIbTpanus, V — BeHya, # — PhIXJIasi BOJIOKHICTAsl COSIUHUTENbHAs TKaHb, F — sxupoBast Tkaub, E — osnuTenonHbIe KISTKH
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Fig. 4. Microscopic view in the area of barrier membrane implantation on day 21, group 4.
A — %400, Van Gieson’s stain. B — x100, H&E stain. C, D — x400, H&E stain
* — dense connective tissue, M — muscle tissue, # — loose connective tissue, V — venule

Puc. 4. Muxpockonnieckas KapTUHa B 00JIaCTH UMIUIAHTalMK OapbepHON CeTKH Ha 21-e CyTKH HCCIeJoBaHys, rpymma 4.
A — okpacka 110 BaH ['m3omy, X400, B — okpacka remarokcunuaoM u 303uHOM, X 100. C, D — 0Kpacka reMaTOKCHIMHOM
u 503uHOM, X400
* — [LIOTHAs COCJMHUTEIbHAs TKaHb, M — MBIILICYHAs TKAHb, FPyOOBOJIOKHHCTAs COSAMHUTENIbHAS TKaHb, # — PBIXJIast BOIOKHUCTASL
COCIMHUTCIIbHASA TKaHb, V- BCHYJIa

Discussion abdominal wall and separating organs to prevent adhesive
Based on our literature analysis, we may conclude that  process during hernioplasty.
adhesive disease can lead to numerous complications fol- The use of samples with the largest cell diameter

lowing hernioplasty [10]. There is a notable dissatisfac- (1.9 mm) in group 2 yielded negative results. We observed
tion among surgeons regarding the emerging interest of  extensive ingrowth of richly vascularized adhesions into
researchers in modifying the Lichtenstein hernioplasty  the mesh and surrounding tissues at the macroscopic level.
technique. Consequently, the laparoscopic technique At the microscopic level, we noted the formation of dense
known as IPOM (Laparoscopic intraperitoneal onlay mesh)  fibrous connective tissue underlying these adhesions on
has been recognized as the safest and the most effective  both the parietal and visceral sides.
approach, which entails the intraperitoneal implantation Conversely, a different scenario was observed in experi-
of a mesh that completely covers the defect [11]. In this  mental group 3, where the pore diameter was the small-
context, the development and implementation of effective  est (0.9 mm). The adhesions were primarily located at the
barrier membranes represent a critical task in contemporary  periphery of the mesh, particularly at its edges and suture
surgery [12]. sites, suggesting the need for modifications to the pros-
In this study, we evaluated the preliminary results of  thesis—specifically, the creation of rounded corners and
using polymeric barrier meshes made from VDF-TeFE  streamlined edges. The adhesions at the macroscopic level
with varying microstructures for reinforcing the anterior — appeared whitish, and at the microscopic level, they were
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poorly vascularized and predominantly consisted of loose
fibrous connective tissue. Thus, we can conclude that a
smaller pore diameter prevents the development of adhe-
sions; however, it does not contribute to the reinforcement
of the anterior abdominal wall.

Based on the data obtained from the morphological
study of tissues in animals from groups 2 and 3, we de-
cided to create a hybrid mesh consisting of a visceral layer
with a 0.9-mm cell diameter and a parietal layer with a
1.9-mm cell diameter. This modification aimed to prevent
the formation of adhesions between the abdominal organs
and secure the membrane to the anterior abdominal wall
through the formation of dense fibrous connective tissue.
Preliminary morphological investigations indicated that
this barrier mesh design aligned with the goals of surgical
intervention in hernioplasty.

To further enhance the methods for preventing adhesive
disease, it is essential to continue research aimed at the
development and optimization of biocompatible materials,
improving their physicochemical and biological proper-
ties [13]. Pharmacologically active coatings for nonre-
sorbable meshes present new opportunities in preventing
adhesive disease. Pharmacological classes of drugs that
may potentially be applied in combination with nonre-
sorbable materials include glucocorticoids, nonsteroidal
anti-inflammatory drugs, inhibitors of proinflammatory
cytokines, statins, antifibrinolytic agents, and antibacte-
rial medications [14, 15].

Thus, this exploratory study has identified the primary
characteristics of the barrier mesh, i.e., a hybrid two-layer
structure that allows for integration into the anterior ab-
dominal wall, thereby reinforcing it and preventing the
formation of adhesions with the gastrointestinal organs
and featuring streamlined edges and rounded corners. In
future studies, we aim to modify the mesh surfaces with
pharmacological agents.

Further comprehensive morphological research will
focus on the comparative study of barrier meshes with
properties validated during this investigation. The number
of control points will be increased in accordance with the
stages of tissue regeneration, i.e., alteration, exudation, and
proliferation. The comprehensive morphological study will
include an increased number of staining techniques for light
microscopy, immunohistochemical analysis, and electron
microscopy, which will facilitate the examination of all
aspects of connective tissue formation, its vascularization
and innervation, as well as the release of biologically ac-
tive substances.

Conclusion

Based on our morphometric analysis, it can be con-
cluded that the hybrid structure of the barrier mesh is pref-
erable due to the following reasons. Firstly, it provides
reinforcement of the anterior abdominal wall, which is a
crucial aspect in preventing recurrences of anterior abdomi-
nal wall hernias. Secondly, it contributes to the reduction in
adhesion formation between intestinal loops and the mesh.
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Furthermore, we believe that it is promising to enhance
the endoprosthesis by modifying its visceral surface with
pharmacological agents that inhibit adhesion formation.
However, this issue necessitates further in-depth inves-
tigation.
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Mudopmammsa 06 aBTopax

Amnacracus JleaucoBHa KoHseBa — KaHINAAT MEAUIMHCKUX HayK, JOIEHT Kad)eapbl aHATOMUH YeTI0BEKa ¢ KypcoM ToIorpadHieckoil aHaTOMHUI
¥ onepatuBHoi xupypruu Cu6I'MYV.

Enena IOpreBHa BapakyTta — TOKTOp MEIUIMHCKHX HayK, Hpodeccop, 3aBeyromias kadeapoil aHaTOMUH YeJIOBeKa ¢ KypCOM TOMorpadHyeckoit
aHAaTOMMU U oriepatuBHOM xupypruu CuoI' MYV.

Mapuna Buransesna @enocosa — cTyaeHTKa 4-ro Kypca neguarpudeckoro daxynsrera Cuol'MY.
Anekceit Banepbesuu [ToTanoB — OKTOp MEAUIIMHCKUX HAyK, Ipodeccop Kadeapbl THCTONOrHH, SMOpuonoruu U nutoiaoruu Cu6I'MYV.
Anexcannp Bnagumuposud I'epaciMoB — TOKTOp MEAUIMHCKUX HayK, Ipodeccop Kadeapbl THCTONOIHH, SMOpHonoruy U mutonorus Cuol' MY.

Apuna EBrenbeBHa Jleiiman — opauHaTop 1-ro roga oO0y4eHust o CreHaibHOCTH «rartojornueckas anaromus ['HI[ ®MBL]
uM. A.1. bypHna3sHa.

Esrennit HukonaeBnu boiabpbacoB — kaHIUAT TEXHUUECKUX HayK, qupektop LleHTpa aqanTuBHBIX TexHONOrHi obero nocryma HU TITY.
Anexcangp Onerosud BopoObeB — unkenep LienTpa agnuTuBHbIx TexHonorui odomero nocryna HU TITY.

Vnbsina BagumoBHa YepHoBa — HHXKEHEP MHKEHEPHOM 1IKoubl «HTemIeKTyansHblit sHepreTuyeckue cuctemsn» HU TITV.
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