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ABSTRACT

Background. With the introduction of synthetic mesh implants into clinical practice, the re-
currence rate of postoperative ventral hernias has been significantly reduced. However, the
extensive use of synthetic implants gives rise to specific complications. Thus, it is relevant to
develop biological implants that are based on highly purified decellularized collagen matrix of
xenogeneic origin as, unlike synthetic analogs, they have a biological origin and biodegrade
naturally, gradually being replaced with newly formed connective tissue. The use of biological
implants reduces the risk of complications.

Objectives. To comparatively evaluate the biomechanical characteristics of acellular dermal
matrix obtained via detergent-enzymatic decellularization and commercially distributed Perma-
col™ matrix.

Methods. The ADM was created using native skin samples from a 4-month-old Landrace pig,
with the dermis treated via the detergent-enzymatic method. In order to comparatively evaluate
the mechanical properties of the acellular dermal matrix, the biological samples were divided
into 2 groups, each containing 15 samples. The first group was comprised of acellular dermal
matrix samples, while the second group included samples of native porcine dermis. The control
group consisted of samples collected from the Permacol™ Surgical Implant, a xenograft for
hernioplasty approved for use in the Russian Federation (Covidien, France). All samples were
tested wet by means of an Instron 1122 Universal Testing Instrument. The obtained results
were statistically processed using MedCalc Statistical Software (Belgium).

Results. In the present study, porcine dermis was treated using the detergent-enzymatic meth-
od to produce ADM. A routine histological examination confirmed complete decellularization, as
well as showing that the native structure of the dermis remained intact during its treatment. The
mechanical characteristics of the xenogeneic ADM were determined: tensile strength — 9.1
0.6 MPa (910 N/cm?); elongation at break — 21.1 + 2.3%; elastic modulus — 50.0 + 1.6 MPa.
These characteristics largely corresponded to the strength characteristics of native porcine
dermis far exceeding the necessary physiological parameters. The control sample (Perma-
col™) was tested in two directions: longitudinal and transverse. In the longitudinal direction,
the sample exhibited high mechanical characteristics: strength — 12.0 £ 1.7 MPa, elongation
at break — 29.7 + 2.4%, stiffness modulus — 47.2 + 6.5 MPa. Conversely, 1.5-2 times lower
values were observed in the transverse direction.

Conclusion. The xenogeneic biological implant developed in the form of ADM is characterized
by good plasticity, tensile strength, tensibility, and elasticity, which allows it to be used as a
biological implant in the repair of abdominal wall hernias of any size and shape.

Keywords: hernioplasty, acellular dermal matrix, ventral hernia, biological implant, abdominal
wall reconstruction, surgical materials
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AHHOTALKA

BBeaeHune. C BHeAPEHNEM B KIMHNYECKYIO MPAKTUKY CETYATbIX CUHTETUYECKUX SHO0MNpOTE-
30B 4acTOTy peungmBOB MOCHEONEePaLNOHHbIX BEHTPANbHbIX TPbIXK y4anoCb 3HAYMTENbHO
yMeHbwnThb. Lnpokoe npumeHeHne CUHTETMYECKUX UMMITAaHTOB NPUBENO K Pa3BUTUIO Cneuu-
PrYECKNX OCMOXHEHUI. AKTYanbHOCTb pa3paboTkn OMONorMyecknx aHAONPOTE30B, OCHOBY
KOTOPbIX COCTaBMSET rMy0OOKO OYULLLEHHbIN AeLenonsapu3oBaHHbIN KONNareHOoBbI MaTpuKC
KCEHOreHHOro NpoMCXoXaeHu s, 00ycrnoBneHa TeM, Y4To, B OTNINYME OT CUHTETUYECKMX aHano-
roB, OHM MMeIT Bronormyeckyto npupony, bnogerpagupyroT eCTeCTBEHHbIM NMyTEM, NOCTe-
NMeHHO 3aMeLLasiCb Ha HOBOOOpPa3oBaHHYH COEAUHUTENbBHYIO TKaHb. [TpyuMeHeHne buonpoTe-
30B YMEHbLLAET PUCKU OCITOXKHEHWI.

Llenb nccnegoBaHus — NpPoOBECTU CPaBHUTEJIbHYHO OLIEHKY OromexaHn4eckunx XapakTtepu-
CTUK NONMYYEHHOro auennindapHoOro gepmanbHOro MaTpukca, nojly4eHHoro metoaom gertep-
reHTHO-3H3UMaTUYECKON pgeuennonapuniaugmnni, 1 KOMMepP4YeCKoro MmaTpumkca Permacol™.

MeTtopabl. [1na co3gaHusa auennionspHoro gepmMarneHoro matpukca (AQM) 6binm ncnonb3o-
BaHbl 00pa3ubl HATUBHOM KOXK NOpoceHKa nopoAbl JlaHgpac Bo3pactom 4 mec. O6paboTky
AepMbl MPOBOAMMIN AETEPreHTHO-3H3NMATUYECKUM CNOCcoBOoM. [N CpaBHUTENbHOM OLEHKM
MEeXaHN4YeCKMUX CBOMCTB aLEeNoNsipHOro AepMaribHoro Matpukca ouonormyeckne obpasubl
ObInKn pasgeneHsl Ha 2 rpynnbl No 15 06pasLoB B kaxgon. B nepsyto Bownm obpasubl auen-
NIONSPHOro AepMarbHOro MaTpukca, Bo BTOPYH rpynny BOLWN HaTUBHbIe obpasLibl CBUHOWN
OepMbl, He npowewme o6paboTky. KOHTponbHy rpynny cocTtaBunu obpasibl paspeLleH-
HOro k NnpumeHeHuto B Poccuinckon ®egepaunmn KCeHoTpaHcnnaHTaTa Ansi repHUoNIacTukm
Permacol™ Surgical Implant (Covidien, ®paHuus). Bce ob6pasubl nccnegopanucbk BO Briax-
HOM COCTOSIHUW C UCMONb30BaHUEM YHUBEpCcaribHON pa3pbiBHOW yCTaHOBKKM Instron 1122.
CratncTtudeckyto o6paboTky pe3ynbsraTtoB UccrnefoBaHus BbIMOTHANM C MOMOLLbIO Nporpam-
mMbl MedCalc Statistical Software (benbrus).

Ky6aHckun Hay4HbIi MeguumHcknin BecTHuK / Kuban Scientific Medical Bulletin 95
2022 | Tom 25 | N2 5 | 94-107 (In Russ., English abstract)




OPUT'MHAABHBIE CTATBH / ORIGINAL ARTICLES

Pe3ynbtaTthl. B HacTodwem nccnegosaHmm B pedynbrate 06paboTkm CBMHONM AepMbl geTep-
FEHTHO-3H3MMaTUYECKMM MeTOAOM Obif NoNyYeH auenmionsapHbIi AepMarnbHbId MaTpuke. Py-
TMHHOE MCTONOrMYeckoe uccnegoBaHne NoaTBEPAUNO yaaneHne BCexX KIMeTOYHbIX 3N1IEMEHTOB,
npu 3ToM BbINO JoKa3aHO, YTO HAaTUBHAs CTPYKTypa AepMbl Npy ee obpaboTke coxpaHuniach.
B panbHenwem Obinu onpefeneHbl MEXaHNYECKME XapaKTEPUCTUKM KCEHOTEHHOTO aLernsto-
NAPHOro AepmansHoro matpukca. Ero npoyHocTb Ha paspsiB coctasnsna 9,1 + 0,6 MMa (910
H/cm?2), yanuHenus npu paspbiBe — 21,1 + 2,3%, a moaynb ynpyroctn — 50,0 £ 1,6 MMa. O1u
XapakTePUCTUKM BO MHOMOM COOTBETCTBOBANM MPOYHOCTHBLIM MOKa3aTensM HaTUBHOW CBU-
HOW OepMbl 1 HAMHOTO MNpeBbIWan Muanonorndeckn Heobxoammole napameTpbl. KOHTponb-
HbI o6pasey, Permacol™ 6bin ncnbiTaH B AByX HanpaBneHnsx (MPOAOSIbHOM U MONEPEYHOM).
B npogoneHom HanpaeneHun obpaseL, nmen 6ornee BbICOKNE MEXaHUYECKNE XapaKTEPUCTUKN:
npoyHocTb — 12,0 £ 1,7 MlNa, yanuHeHue npwu paspbise — 29,7 + 2,4%, MOAYNb XECTKOCTN —
47,2 + 6,5 MlMa. B nonepe4yHoM HanpaBneHuu Bce nokasaTtenu 6binm B 1,5—-2 pasa Huxe.

3akntoyeHune. Pa3paboTaHHbIN KCEHOreHHbIN BMONorMyeckMin aHAoNpoTes B BUAE auennio-
NSApHOro AepmarnbHOro MaTpvkca obnagaeT Xopownmy nokasaTensamMmm NnacTMYHOCTH, NPoY-
HOCTM Ha paspbIB, PacTAXXMMOCTU 1 YPYrocTh, YTO NO3BONSAET UCMONb30BaThb €r0 B Ka4yecTBe
Buonornyeckoro aHAONPOTE3a NPU NNACTUKE rPbIXKEBLIX eeKTOB OPIOLLHON CTEHKK ntoboro
pasmepa 1 popmbl.

KntouyeBble crioBa: repHuoniacTvka, aLenmonsapHbIn AepMarbHbIi MaTpUKC, BEHTParbHas rpbl-
Xa, BMonorM4ecKknin UMNNaHTaT, PEKOHCTPYKLMSA BPIOLLHON CTEHKW, XMPYpPrudeckne marepumarnbl

KoHdNUKT nHTEepecoBs: aBTopbl 3aABNAT 06 OTCYTCTBUM KOH(PNNKTa MHTEPECOB.

Ona untupoBaHusa: MenkoHsaH K.W., Monangonyno K.A., Basnos C.B., PycuHoBa T.B., Mo-
ckantok O.A., BbikoB V.M. CpaBHUTENbHasA oLeHka GuoMexaHN4YeCKMX XapakTepUCTUK alen-
NIONSAPHOro AepmMarnbHOro MaTpukca Ans repHuonnacTtukn. KybaHckuli Hay4YHbIU MeOuyUH-
ckull secmHuk. 2022; 29(5): 94—107. https://doi.org/10.25207/1608-6228-2022-29-5-94-107
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INTRODUCTION

Implant selection for hernioplasty performed to treat
ventral hernias maintains its relevance nowadays [1].
With the introduction of synthetic mesh implants into
clinical practice, the recurrence rate of postoperative
ventral hernia has been significantly reduced’ [1-11].
However, the widespread use of synthetic implants
gives rise to the following specific complications:

plants that are based on highly purified decellularized
antigen-free collagen matrix of xenogeneic origin [13,
14]. Unlike their synthetic counterparts, they are of
biological origin and biodegrade naturally, gradually
being replaced with newly formed connective tissue.
The use of biological implants reduces the risks of
seromas, fistulas, implant rippling, as well as the for-
mation of coarse fibrous connective tissue in the area

implant migration to the abdominal cavity; adhesive
intestinal obstruction and intestinal fistula formation
with adhesion between the intestine and the implant;
seroma formation or implant infection; implant rejec-
tion or rupture followed by hernia recurrence [10, 11].
In some cases, the postoperative life quality of pa-
tients can be impaired by the chronic pain syndrome
in the area of the postoperative scar, paresthesia, for-
eign body sensation, as well as the restricted mobility
of the anterior abdominal wall [11, 12]. Recent years
have seen an active development of biological im-

of repair [13-16].

Acellular porcine xenografts have been studied
most extensively to date, an example of which is
Surgisis® (Cook Biomedical, Bloomington, IN, USA)
derived from porcine small intestinal submucosa.
Several porcine skin derivatives treated via different
methods are also available as grafts: Permacol™
(Covidien, Ireland) and Collamend® (Davol Inc.,
UK). Heterografts derived from the pericardium or
fetal dermis of bovine donors include Tutopatch®
(Tutogen, USA) [6].

' Belokonev V.I., Gogiya B.Sh., Gorskiy V.A., Ermakov N.A., Zhdanovskiy V.V., lvanov |.S., lvanov S.V,, I'chenko F.N., Kabanov
E.N., Kovaleva Z.V., Lebedev N.N., Matveev N.L., Mishustin A.M., Narezkin D.V., Parshikov V.V., Presnov K.S., Protasov A.V,,
Pushkin S.Yu., Rybachkov V.V., Rutenburg G.M., Samartsev V.A., Tevyashov A.V., Kharitonov S.V., Cherepanin A.l., Chernykh A.V.,
Shestakov A.L., Shikhmetov A.N., Ettinger A.P., Yurasov A.V., Inguinal and Postoperative Hernias. National Clinical Guidelines on

Herniology [in Russian], Moscow (2018).
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However, the production of such biological im-
plants involves a complex process, requiring the use
of special equipment, which significantly increases
their cost. Also, the need for the dehydration of some
types of implants complicates their practical applica-
tion. Another serious issue consists in the insufficient
strength of biological implants, which increases the
risk of hernia recurrence [17,18]. In this connection,
it is necessary to create and evaluate new non-
immunogenic biological implants for hernioplasty
that are characterized by biodegradability and high
strength. Thus, acellular dermal matrix was derived
from porcine xenodermis for abdominal wall ventral
hernioplasty at the Central Research Laboratory of
the Kuban State Medical University of the Ministry of
Healthcare of the Russian Federation (Russian Pat-
ent RU 2768156 C1; registration date: 05/31/2021;
patent application No. 2022109499/20(019863) as
of 04/08/2022).

The paper aims to comparatively evaluate the
biomechanical characteristics of the obtained acel-
lular dermal matrix (ADM).

METHODS

Experimental animals

In order to obtain biological samples (sampling
of dermis for ADM production), three 6-month-old
Landrace gilts weighing 38.8 kg that had undergone
quarantine for at least 14 days at the vivarium labo-
ratory of the Education Department of Kuban State
Medical University (KubSMU) were selected from
the experimental and educational farm Kuban of the
Kuban State Agrarian University named after I. T.
Trubilin (KubSAU).

Accommodation and maintenance of animals

The animals were kept in the vivarium under
standard conditions: 12 hours of light per day, free
access to water and food, standard food and wa-
ter ration, and temperature range of 18-25 °C. The
animals were kept and the experiments were con-
ducted in accordance with the following regulato-
ry documents: Order of the Ministry of Healthcare
of the Russian Federation No. 199n (as of April 1,
2016) On Approval of the Rules of Good Laborato-
ry Practice, GOST 33215-2014 Guidelines for Ac-
commodation and Care of Animals. Environment,
Housing and Management, Directive 2010/63/EU
of the European Parliament and of the Council
of September 22, 2010 on the protection of ani-
mals, and European Convention for the Protection
of Vertebrate Animals Used for Experimental and
other Scientific Purposes (ETS 123, Strasbourg,
1986). The animals were fed according to daily
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norms (Order of the rector the KubSMU No. 527 as
of 07/09/2015 On the Formation of a Commission
for Determining the Feeding Norms for Laboratory
Animals).

Study design

Thirty samples of porcine dermis were examined
in an uncontrolled (randomized) experimental clini-
cal study as models of nonimmunogenic biological
implants for hernioplasty. A Permacol™ Surgical Im-
plant (Covidien, France) for hernia repair approved
for use in the Russian Federation was adopted as a
reference. The design of the study is presented in
Figure 1.

Sample size

In order to comparatively evaluate the mechani-
cal properties of the ADM, all biological samples
were divided into two groups, each containing 15
samples. The first group was comprised of ADM
samples (decellularized porcine dermis treated via
the detergent-enzymatic method), while the second
group included samples of untreated native porcine
dermis. The control group consisted of samples
(n=15) collected from the Permacol™ Surgical Im-
plant, a xenograft for hernioplasty.

Inclusion/exclusion criteria

Inclusion criteria

Dermal samples were collected from healthy ani-
mals showing no visible skin lesions.

Exclusion criteria

Damage to dermal samples during the decellular-
ization procedure.

Randomization

The dermal samples were distributed prior to the
decellularization procedure using a closed envelope
method.

Data anonymity assurance
In the study, data was not anonymized.

Permacol™
Surgical
Implant (n = 15)
as a xenograft
for hernioplasty

( Experimental animals )
[

]
[ Dermal samples (n =30) ]

Decellularization procedure

Sampling

|
| ADM samples (n =15) |[ Native samples (n =15) |
I I

Evaluation of biomechanical characteristics

Fig. 1. Schematic diagram of the research design.
Puc. 1. Briok-cxema du3aliHa uccriedo8aHusl.
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Resulting indicators (outcomes of the study)

A study comparing the strength characteristics of
ADM samples obtained using an original procedure
and the Permacol™ Surgical Implant as a xenograft
for hernioplasty.

Experimental procedures

The experiments (dermal sampling) were per-
formed following euthanasia of the animal in accor-
dance with the regulatory documents: Order of the
Ministry of Healthcare of the Russian Federation
No. 199n (as of April 1, 2016) On Approval of the
Rules of Good Laboratory Practice, GOST 33215-
2014 Guidelines for Accommodation and Care of
Animals. Environment, Housing and Management,
Directive 2010/63/EU of the European Parliament
and of the Council on the protection of animals, and
European Convention for the Protection of Verte-
brate Animals Used for Experimental and other Sci-
entific Purposes (ETS 123, Strasbourg, 1986). The
animals were euthanized using a lethal dose of Zo-
letil 100 (active ingredients — tiletamine hydrochlo-
ride and zolazepam hydrochloride).

Porcine dermis was sampled using a disk der-
matome (disk knife diameter — 100 mm). The de-
cellularization procedure was performed using the
following solutions and detergents: trypsin-versene
solution (Biolot, Russia), 1% Triton X-100 (Sig-

—

Fig. 2. Study of biomechanical properties exhibited by
the ADM using the Instron 1122 instrument.

Puc. 2. UccnedosaHue buomexaHuyeckux ceoucme
AM Ha ycmaHoske Instron 1122.
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ma-Aldrich, USA), 4% sodium deoxycholate (Sig-
ma-Aldrich, USA), porcine pancreatic DNase | (EC
3.1.22.1, Sigma-Aldrich, USA), 2000 U/200 ml of
phosphate buffer with calcium and magnesium. The
obtained ADM was subjected to a histological exam-
ination: hematoxylin-eosin staining.

All samples (reference sample length of 30 mm for
both groups) were examined wet using an Instron
1122 Universal Testing Instrument (Fig. 2) at 23 +
1°C, a pressure of 762 + 2 mmHg, a humidity of
45%, and a tensile rate of 20 mm/min.

The obtained stress-strain diagrams were used
to determine the main mechanical characteristics of
the samples:

-P
0= Fo’ (1)
where o — strength, MPa; P — breaking load, N/
cm?, F — cross-sectional area, mm;
_ Al
=T (2)
0
where € — relative strain at break, %; A/— absolute
elongation, mm; /. — initial (reference) length, m;
Ao

E,=ae @)

where E_ — initial modulus of elasticity, MPa, Ac —
change in strength at a given section of the stress-
strain diagram, MPa, Ae — change in the relative
strain at break at a given section of the stress-strain
diagram, %.

€

Care and monitoring of the animals

No care and monitoring of the animals were pro-
vided.

Statistical methods

The study results were statistically processed
using MedCalc Statistical Software (Belgium). The
sample distribution was assessed using the Sha-
piro-Wilk test. Since all variation series showed
a normal distribution, the results are presented
as M1SD, where M is the arithmetic mean and
SD is the standard deviation. The Student’s t-test
was employed to compare absolute values in the
groups as the samples were of the same size and
demonstrated the same variance, with differences
considered significant at p < 0.05. When construct-
ing stress-strain diagrams of biomaterial samples
in the Origin 8.5.1 program (OriginLab Corpora-
tion), the arithmetic mean of the obtained values
was used.

RESULTS

Due to the detergent-enzymatic treatment of na-
tive dermis samples, the resulting ADM was white
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A

Fig. 3. Acellular dermal matrix: A — general view; 6 — plasticity; B — hematoxylin-eosin staining (x200 magnifi-

cation)
Key:1) A—A;2) 6b—B;3) B—C

Puc. 3. AuyennonspHbil depmarnbHbll mampukc: A — obwuli sud; b — nnacmu4yHocmsb; B — aucmornoaudyeckas

OKpacka 2eMamoKCcUnuH-303uHoM (ys. x200).

in color and had a smooth and microporous surface
(Fig. 3A). The obtained ADM exhibited greater plas-
ticity as compared to heavy polypropylene mesh
implants and Permacol™ Surgical Implant samples
(Covidien, France). The plastic properties of the
ADM allow it to be optimally adjusted to the shape
and size of hernia defects (Fig. 3B). A routine histo-
logical examination confirmed complete decellular-
ization, as well as showing that the native structure
of the dermis remained intact during its treatment
(Fig. 3B).

Data obtained from the tensile tests of available
samples are shown in Table 1. These data were
used to construct the stress-strain diagrams of bio-
material samples (Fig. 4) and determine their main
physical properties (Table 2).

It follows from the presented data that the native
porcine dermis has a strength of 11.62 + 2.80 MPa,
a strain at break of 25.41 * 4.20%, and an elastic
modulus of 56.13 £ 9.19 MPa. Taking the measure-
ment error into account, the decellularized porcine
dermis treated via the detergent-enzymatic method
(Group 1 samples) exhibits mechanical properties
that are close to the original sample: 0 =9.13 £ 0.63
MPa, £ =21.12+2.30%, and E_=50.01 + 1.58 MPa.

In terms of mechanical characteristics, the Group
2 samples are most similar to the control sample
tested in the longitudinal direction, while the Group
1 samples resemble the control sample examined in
the transverse direction.

The control sample (Permacol™) was tested in two
directions: longitudinal and transverse. In the longi-
tudinal direction, the sample exhibited high mechan-
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ical characteristics: strength — 12.02 £ 1.74 MPa,
elongation at break — 29.70 + 2.44%, and stiffness
modulus — 47.20 + 6.53 MPa. Conversely, lower
values were observed in the transverse direction
(p <0.05).

DISCUSSION

Interpretation /scientific merit

The present study revealed that the xenogeneic
ADM designed to be used as an implant for hernio-
plasty exhibits high strength, which is comparable
to or even higher than that of its synthetic counter-
parts. Its characteristics are as follows: strength —
9.13 + 0.63 MPa (910 N/cm?); relative strain at
break — 21.12 + 2.30%; initial modulus of elas-
ticity — 50.01 £ 1.58 MPa. These characteristics
largely correspond to the strength characteristics of
native porcine dermis, far exceeding the physiolog-
ically required parameters, which should be taken
into account during hernioplasty. The best results
were obtained when testing decellularized dermis
treated via the detergent-enzymatic method.

The Permacol™ Surgical Implant control sample
also exhibits high strength characteristics; howev-
er, these characteristics differ significantly under the
longitudinal and transverse loading. Under trans-
verse loading, they decrease by 1.5-2 times, which
necessitates the choice of the correct implant posi-
tion. In addition, the ADM exhibits significantly more
pronounced plastic properties as compared to the
Permacol™, which gives it an advantage in the re-
pair of complex-shaped hernia defects, as well as
minimizing the formation of a coarse connective tis-
sue capsule around the implant.
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Table 1. Tensile properties of biological samples
Tabrnuya 1. MexaHu4yeckue mokazamesiu npu pacmsixeHuu buonoauyeckux obpasyos

€, % o, MPa €, % o, MPa €, % o, MPa €, % o, MPa

0 0 0 0 0 0 0 0
1.33+012 | 0.69+0.08 | 2.33+0.66 | 1.67+£0.84 | 2.00+£0.58 | 1.00+0.09 | 117 +0.49 | 0.50 £ 0.07
266+0.57 | 1.39+0.34 | 4.83+0.25 | 3.33+112 | 400+£0.13 | 2.00+0.37 | 2.33+0.64 | 1.00+0.11
400+1.09 | 2.08+0.96 | 7.33+£0.98 | 5.00+1.08 | 599+0.29 | 3.00+0.38 | 3.66+0.28 | 1.50+0.86
533+111 | 278+0.14 | 9.66+2.01 | 6.67+0.17 | 8.33+1.12 | 400+112 | 516+0.06 | 2.00+0.01
6.66+151 | 3.47+1.52 | 1215+ 0.54 | 8.33+0.66 | 10.32+0.44 | 500+ 1.02 | 6.49+0.17 | 2.50+0.44
799+046 | 417+0.05 | 14.65+0.55| 10.00+£0.14 | 11.99+0.69 | 6.00+0.99 | 7.66+0.56 | 3.00 £ 0.52
9.66+1.04 | 4.86+0.02 | 17.32+0.16 | 11.67 +1.88 | 13.99+0.87 | 7.00+0.15 | 8.99+0.46 | 3.50 + 1.08
10.66 £ 1.00 | 5.56 +1.42 | 20.31+£0.74 | 12.00+0.12 | 15.65+0.64 | 8.00+0.16 | 9.99+0.33 | 4.00+ 1.1
11.99+0.44 | 6.25+0.98 | 24.31+1.33 | 1267 £0.18 | 17.32+1.55 | 9.00+0.27 [ 10.99+1.28 | 4.50 £ 0.45
13.65+0.59 | 6.94 +1.14 - - 19.31+£1.08 | 10.00 £ 0.46 | 12.32+0.34 | 5.00 £ 0.56
1465+1.71 | 764+0.14 - - 22.98+1.10 | 11.00+0.59 | 13.65+0.44 | 5.50 £ 0.89
16.32+0.51 | 8.33+0.22 - - 28.97+012 | 12.00+1.14 | 16.48 +0.16 | 6.10 £ 1.46
17.98 £ 0.04 | 9.03+0.85 - - 29.64 +£1.25|12.00 £ 1.23 - -
19.98 £1.47 | 9.31+1.62 - - - - - -

Table 2. Main mechanical properties of biomaterials, M + SD
Tabnuya 2. OcHo8Hble MexaHu4Yeckue ceolicmea buomamepuanos, M £ SD

ADM 2112 +2.30 9.13 £ 0.63 50.01 + 1.58
Native porcine dermis 25.41£4.20 11.62 £ 2.80 56.13 + 9.19
Permacol™ (longitudinal direction) 29.70 £ 2.44 12.02 + 1.74 47.20 + 6.53
Permacol™ (transverse direction) 17.52 + 2.63*#* 6.17 + 0.62*# 28.37 £ 6.14*#*

Note: * — p<0.05 vs. ADM, * — p<0.05 vs. native pig dermis, + — p < 0.05 vs. longitudinally directed Permacol™;
AAM — acellular dermal matrix.

Ipumeuanue: * —p < 0,05 no cpasuenuro c AAM, # — p < 0,05 no cpasreHnuto ¢ HamugHoti depmoti ceurvl, + — p < 0,05
N0 CpasHeHUIO ¢ NPOOOALHO OpueHMUPo8anHbiM Permacol™; AAM — aueAntonApHbLL 0epMAAbHBLIL MAMPUKC.

189 Research limitations

b s et e Not identified.

- = — Dt

104 ey Generalizability/extrapolation
- o Ventral hernia repair is one of the most common
§ i surgical procedures, with the strength of implants
g 5 for hernioplasty adopted as one of the most import-

;; ant criteria for their selection. Most cases involve

’ the use of tension-free hernioplasty employing high-

10 n'm f.lfw N 30 w0 ly polymeric implants made of polyethylene, poly-

propylene, polytetrafluoroethylene (PTFE), ivalon,
nylon, etc. [1-11]. Synthetic materials are charac-
terized by commercial availability, high strength, in-

Fig. 4. Stress-train diagrams of biomaterial samples.
Key: 1) AOM — ADM; 2) HamusHass depma —

Native dermis; 3) Permacol (npodonbHbil) — . . . , .

Permacol  (longitudinal  direction); 4) Permacol ability to biodegrade, and biological inertness.
(monepeyHbill) — Permacol (transverse direc- . . . .
tion); 5) Hanpsxenue, MMa — Stress, MPa; The issue regarding the required strength of im-

plants is currently understudied. It is known that the
maximum abdominal pressure resulting from cough-
ing or sneezing can reach 150 mmHg or 0.02 MPa.
The strength of an implant is considered sufficient

6) Jegpopmayus, % — Strain, %
Puc. 4. Juazpammbl pacmsixkeHusi obpasyoe buoma-
mepuaJios.
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at a breaking load of 16 N/cm? (0.16 MPa) for small-
sized hernias and 32 N/cm? (0.32 MPa) for large
hernias? [18,19].

The conducted studies revealed that the strength
of synthetic implants significantly exceeds that
which is physiologically required (36-56 N/cm?
or 0.36-0.56 MPa)? [18,19]. The tensile strength
amounts to 137 N/cm? (1.4 MPa) for Prolene
(Ethicon, Johnson & Johnson Medical Ltd., Ger-
many), 118 N/cm? (1.2 MPa) for Surgipro™ (Covi-
dien, France), 109 N/cm? (1.1 MPa) for Premilene®
(B. Braun, Germany), and 96.2 N/cm? (0.96 MPa) for
Esfil® (Lintex, Russia). Nevertheless, it is widely be-
lieved that the use of lighter implants in case of large
hernias can lead to the implant rupturing in the mid-
dle and a higher recurrence rate [20]. Upon the cap-
sule formation, the strength of the implant having a
connective tissue component increases significantly,
which can exceed the initial values by 2.6 to 5 times.
This process is accompanied by a 2-fold increase in
stiffness, a decrease in tensibility and elongation at
break, as well as a size reduction of the implant by up
to 26.7% [21], which may be the cause of hernia re-
currence. The use of heavy large mesh implants that
extend beyond the borders of the hernia defect up
to 5 cm increases the invasiveness of the procedure
while causing complications in the form of seroma,
discomfort, and the restricted mobility of the anterior
abdominal wall in almost half of the patients [22].

Biological implants developed to date are devoid
of these drawbacks, as well as exhibiting minimal
inflammatory reactions of adjacent tissues, biocom-
patibility, and biodegradability. The primary problem
associated with the use of biological implants lies in
their insufficient strength? [10, 12].

Thus, the developed acellular xenogeneic dermal
matrix exhibits the necessary physical characteristics
for it to be used as a surgical implant in the treatment
of anterior abdominal wall hernias in the experiment.
Further, it is planned to conduct a comparative ex-
perimental study into the biodegradation and biointe-
gration of the developed matrix and its commercial
counterpart. In vitro calcification and biodegradation
tests will be performed; in addition, immunohisto-
chemistry will be used to evaluate the response of the
recipient body (experimental animals) to the use of
various biological materials during hernioplasty. The
achievement of project objectives will ensure signifi-
cant progress in understanding how the extracellular
matrix components of xenogeneic implants partici-
pate in renewing the histoarchitecture of human tis-
sues in the process of their repair.

CONCLUSION

The developed xenogeneic biological implant in the
form of ADM exhibits good plasticity, tensile strength,
tensibility, and elasticity in comparison with synthetic
allografts, as well as available commercial counter-
parts of biological implants. Thus, it can be used as a
biological implant in the repair of abdominal wall her-
nias of any size and shape. Provided no pronounced
tissue reactions to the implant or cytotoxicity effects
are observed and the immunogenicity is low, the ADM
can become a competitive commercial biomaterial
for hernioplasty in the domestic and world market.

Protocol registration

The study design was prepared prior to the study
and approved by the Independent Committee for
Ethics of the Kuban State Medical University (Minis-
try of Healthcare of the Russian Federation).

Data access

Data on the conducted study can be freely ac-
cessed in machine-readable form to be used and
republished without any limitations.

COMPLIANCE WITH ETHICAL STANDARDS

The study protocol was approved by the Indepen-
dent Committee for Ethics (Minutes No. 102 as of Oc-
tober 1, 2021) of the Kuban State Medical University
(Mitrofana Sedina str., 4, Krasnodar, Russia). The an-
imal welfare was keptin accordance with the principles
of the Declaration of Helsinki on Humane Treatment
of Animals, Directive 2010/63/EU of the European
Parliament and of the Council of September 22,
2010 on the protection of animals used for scientific
purposes, GOST 33044-2014 Principles of Good
Laboratory Practice approved by Order No. 1700-
ST (November 20, 2014) of the Federal Agency for
Technical Regulation and Metrology.

COOTBETCTBUE NMPUHUUMNAM 3TUKU

Mpotokon wccnepoBaHua opobpeH HesaBucu-
MbIM OTUYECKMM KOMUTETOM (heaepanbHOro ro-
CydapcTBEHHOro OromKkeTHOro 0bpasoBaTenbHOro
yupexgeHus Bbicllero obpasoBaHus «KybaHckui
rocyaapCTBEHHbIN MegULMHCKNIA yHuBepcuTeT» Mu-
HUCTepcTBa 3gpaBooxpaHeHusa Poccuiickon depe-
paumu (yn. um. MutpodaHa CeguHa, 4. 4, r. Kpac-
Hogap, Poccus) npotokon Ne 102 ot 01.10.21 r.
YcnoBus cogepXaHust XXMBOTHBIX M paboTbl C HAMM
COOTBETCTBOBANM NpUHUMNAM XenbCUHKCKON fe-
Knapauum O ryMaHHOM OTHOLUEHWN K XXMBOTHbIM,
anpektnBe EBponenckoro napnameHTta u Coseta

2 Zhukovskiy V.A. Polymeric implants for hernioplasty: current trends and development approaches. Grekov’s Bulletin of Surgery.

2011; 2(170): 102-105.
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