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TensomeTric characTerisTics of de-epiThelized skin 
grafT and polypropylene mesh implanT 
used in hernioplasTy

A b s t r A c t  — The purpose of the research work was to 
study the mechanical properties of a de-epithelized skin 
graft and polypropylene mesh prosthesis used in herniology. 
Tensometric studies included: tensile strength and bursting 
strength of suture material. The average value of tensile load 
of the skin graft is 51,2±4,1 N/cm2, of a synthetic implant – 
19,9±3,4 N/cm2. It was noted, however, that the compliance 
of the skin graft is higher than that of the mesh implant. 
The average value of the bursting strength of the skin graft 
by suture material is 20,1±2,7 N/cm2. The skin graft, while 
maintaining anisotropy during tensometric studies, showed 
the ability of compliance and tensile strength more than 2 
times higher, and the bursting strength 1,4 times higher than 
the polypropylene implant.
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r e l e v a n c e
Restoring the anatomical structures of the 

anterior abdominal wall with ventral hernias is a com-
mon surgical procedure. Over the past twenty years, 
the standard way of the reconstruction of defects of 
the anterior abdominal wall is the use of artificial 
mesh alloprostheses [1, 2, 3]. However, with their use, 
complications are noted (seroma, hematoma, suppura-
tion, fistula formation, rejection, prosthesis migration, 
etc.). This encourages researchers to use the biological 
tissue. The available literature of recent years vigor-
ously reflects studies of the tensometric properties of 
allografts. However, studies on the mechanical prop-
erties of biological implants are highly insufficient. 
Therefore, the study of the mechanical properties of 
the biological and synthetic implants is relevant [4, 5]. 
The purpose of this research work was to study the 
mechanical properties of a de-epithelized banked skin 
graft and polypropylene mesh prosthesis used in hernia 
surgery.

m a T e r i a l s  a n d  m e T h o d s .
Tensometric tests to study such parameters 

as tensile strength and bursting strength of suture 
material were carried out in a certified laboratory for 
materials study. For this research we used a test labora-
tory kit with a software for the strength of materials 
from PASCO AR-8214 (USA). As a polypropylene 
mesh implant, a prosthesis was used with thread 
thickness of 0,60–0,68 mm and a density of 65 g/m2. 
A de-epithelized banked human skin flap was used as 
a bioimplant. Skin samples were taken from patients 
during operations at the site of excised "old" postopera-
tive scar. Further, the skin flap was prepared according 
to our own original technology including its de-
epithelialization with a dermatome, preservation in a 
special solution containing an antibiotic and an oxy-
genated preparation in a certain ratio (Patent for the 
invention No. 2011132679/14, dated 03.08.2011). 10 
samples were compared. The width of the samples was 
10 mm. The result of the study was shown by a graph 
of the deformation curve (tensile diagram) in the 
coordinates: ordinate — tension (N/cm2), abscissa — 
relative elongation (%). The breaking load (N/cm2) 
was calculated as a result of multiplying the maximum 
tension by the thickness of the sample. Statistical 
analysis of the obtained data was carried out using 
Data Studio software, STATISTICA 6.0 application 
software package.

r e s u l T s
The mesh and skin flaps of the implants showed 

linear elongation. Tensometry of both types of samples 
at the beginning of the study revealed a relatively 
uniform distribution of the load without resistance. At 
the same time, it was noted that the compliance of the 
de-epithelized banked skin graft is 1,5–2 times higher 
than that of the mesh implant and depends on the 
thickness of the sample, i.e. it represents a flatter curve 
than that of a polypropylene implant. The average 
values of the tensile load under uniaxial stretching of a 
free de-epithelized banked skin graft at 100% defor-
mation amounted to 51,2 ± 4,1 N/cm2. The average 
values of the tensile load of a polypropylene mesh 
implant under uniaxial tension along the base was 
19,9 ± 3,4 N/cm2 (p <0,05) (see Fig. 1). The maximum 
average value of the bursting of the de-epithelized 
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banked skin graft by suture material at its 100% deformation was 28,1 ± 3,7 
N/cm2. At the same time, the maximum average value of the bursting of a 
polypropylene mesh implant by suture material, with its 100% deformation 
was 20,1 ± 2,7 N/cm2 (p <0,05) (see Fig. 2). When studying the mechanical 
properties of a de-epithelized skin graft and a polypropylene mesh implant, 
a certain mathematical dependence was revealed expressed by the formulas: 
for a polypropylene mesh graft y=2x; for a de-epithelized banked free skin 
graft y=(3,5÷4,0)x. Where x is the abscissa axis (deformation %), and y is 
the ordinate axis (breaking load N/cm2).

Fig. 1.  The average values of the tensile load of a de-epithelized autodermal transplant (DEAT) and a 
polypropylene implant PPI under uniaxial stretching (along the base) (M±m)

DEAT

PPI

ance of the de-epithelialized skin 
graft was 1,5 times higher than 
that of the mesh implant. At the 
same time, it should be noted that 
a skin flap is characterized by flex-
ibility, fluidity, compliance. The 
bioimplant exhibits this property 
at high loads of 15 N/cm2 with 
its 50% deformation. This quality 
was absent in the synthetic mesh 
prosthesis, where under similar 
loads the deformation curve had 
the form of a sinusoid, which is as-
sociated with the gradual rupture 
of the threads of the polypropyl-
ene prosthesis. This quality of 
the skin graft, in our opinion, is 
valuable and brings it closer to the 
anisotropic mechanical properties 
of the anterior abdominal wall.

c o n c l u s i o n
The results obtained in an 

experimental test of a skin trans-
plant prepared by the proprietary 
methodology showed the abil-
ity of compliance, fluidity and 
strength, which is typical for bio-
logical tissues that include both 
collagen and elastin fibers. All this 
is confirmed in terms of tensile 
load indicators and indicators of 
the bursting strength of suture 
material. The results indicate the 
eligibility of skin graft in hernia 
surgery. 
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d i s c u s s i o n
Studies of the mechanical properties of the skin graft made it possible 

to acknowledge its greater strength, as expressed in the tensile load param-
eters, which amounted to 51,2 ± 4,1 N/cm2. A similar trend was reflected in 
the indicators of research on the bursting strength of suture material. The 
results on the bursting strength test of the suture material were higher than 
those of the mesh implant and amounted to 28,1 ± 3,7 N/cm2. The compli-
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Fig. 2.  The average values of the bursting strength of a de-epithelized autodermal 
transplant (DEAT) and a polypropylene implant PPI by suture material (M±m)
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