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Biomechanics is a science that studies the mechanical properties of tissues, individual organs and systems
and the body as a whole. The unique mechanical properties of the skin provide the function of support and
protection of internal organs through the skin mobility and elasticity. This feature of the skin is determined by
its microstructural organization and arrangement of connective tissue fibres. The mechanical properties of
the skin are mainly determined by the collagen-rich dermis. The mechanics of the dermis, in turn, depends
on the structure, density and direction of collagen fibres. Each biological tissue is able to acquire deformation
properties i.e. stretching or contraction. At each stage of deformation in the tissues of different topographic
and anatomical areas there are changes in histoarchitectonics (within the plastic characteristics, and outside
these parameters). Different structural interactions are expressed by different mechanical factors, which are
adequate to the magnitude and direction of tensile forces (deformation vectors), form the typical features of
the connective tissue matrix of abdominal wall tissues. Normalization of the direction of tissue stress vectors,
uniform distribution of the direction and force of deformation prevent microstructural rearrangement of the
surface tissues of the abdominal wall. Dynamic changes in the histological structure and biomechanical
behaviour of the skin are closely related to the aging process, hormonal background, mechanical factors:
physiological stretching of the skin during rapid growth in adolescence, pregnancy, overweight (or rapid
weight loss), under the influence of physical load and wound healing. All these factors lead to connective
tissue remodelling. Thus, the skin has a complex three-dimensional morphological structure; it is subjected to

prolonged exposure to internal and external factors that determines its mechanical properties.
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The importance of mathematical analysis as an
objective method of planning in plastic surgery on
the anterior abdominal wall (AAW) was stressed on
in 1946 by A. A. Limberg, who was the first in
developing and introducing a list of theoretical
norms aimed to facilitate the planning of local
plastic surgery [10, 16]. The successful outcomes
of operation require well-planned technical
approach including a clear understanding of the
biomechanical properties of living tissue,
susceptibility to physiological and pathological
changes [9]. A. K. Langer in 1861 concluded that
human skin can withstand a certain degree of
tension, and when a skin sample is taken from the
body, it then always shrinks to a smaller size
relative to the initial area [18, 33].

Biomechanics is a branch of natural sciences
that studies the mechanical properties of tissues,
individual organs and systems, and the body as a
whole. The unique mechanical properties of the
skin provide the function of support and protection
for internal organs through the skin mobility and
elasticity. These peculiarities of the skin are
determined by the microstructural composition and
arrangement of connective tissue fibres [6],
therefore, mechanical studies are to some extent a
"functional biopsy" of the skin.

For the surgeons, three mechanical properties
of the skin are of the great practical importance:

contraction, displacement, and stretching. In terms
of biomechanics, the term "elasticity" , i.e. the ability
of a body or material to withstand significant
reverse deformation without destruction, at
relatively low loads, is used [9, 20]. While many
publications have been devoted to the study of
human skin elasticity, the process of skin
relaxation, as well as the possibility of its prediction
according to studies with skin stretching in clinical
practice is insufficiently covered [17, 23].

From the perspective of biomechanics, the skin
is a material that has non-linear, anisotropic,
viscoelastic properties and is subject to a certain
initial tension (preload) in vivo [5, 6].

Nonlinearity is manifested in static tests on
uniaxial tension, which enables to obtain data of the
"stress-strain” interdependence [12, 17]. When
stretching the skin on the curve of stress versus
deformation, the initial section | is detected, while
small loads cause significant stretching at low
stress in the samples. In the next section Il there is
an increase in the stiffness of the biological tissue,
and in the final stage Il the deformation is
accompanied by an even faster increase in stress.
It is possible to notice that if for a site | elastic
deformation is characteristic, the sites Il and Il
demonstrate expressed viscoelastic properties of
skin [6, 17]. This deformation behaviour is due to
the orientation and straightening of collagen fibres
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during stretching (fig. 1).

Fig. 1. Stages of skin deformation.

Anisotropy is the ability of the skin to stretch and
contract differently in different directions. This
property is due to a certain location of collagen
fibres in the dermis, according to the Langer lines
[6, 33].

The term viscoelasticity embodies the property
of the skin to demonstrate a combination of elastic
and viscous mechanisms, when stress and strain
depend on the course of the deformation process
over time, and is characterized by energy
absorption in a closed deformation cycle with
gradual reduction of deformation with complete loss
of load [5, 34]. The property of the skin viscosity is
observed at rather large deformations, i.e. at
abdominoplasty, injuries [21].

Preload is a phenomenon associated with the
fact that human skin is in a certain state of tension,
which varies with age and the intensity of the
growth of subcutaneous fat. This property is
manifested by the fact that the thickness of the skin
increases, and the size of the skin flap decreases
after incision [5]. That is, from the perspective of
biomechanics, the reduction of skin area after
liposuction and lipectomy is also associated with
the elimination of preload [6, 8-10].

The mechanical properties of the skin are mainly
determined by the collagen-rich  dermis.
Biomechanical studies performed on full-skin and
dermal collagen separately give almost identical
results. The mechanical properties of the dermis, in
turn, depend on the structure, density and direction
of collagen fibres [6, 22, 23].

Collagen is the main component of connective
tissue, which determines its strength. A
characteristic feature of collagen fibre is the
tendency to spiral twist at all levels of the
organization. This structure limits the sliding of the
components relative to each other under tension,
which provides rigidity and strength. However,
collagen fibre is not a completely rigid rod, and is
capable of some reverse deformation, so the
stretching of dense collagen-containing tissues is
not only due to the straightening of wavy areas [6,

Tom 20, Bunyck 4 (72)

8].

Mylytsya K.M., examined patients with
postoperative ventral hernias and other AAW
defects in order to study the structural features of
tissues. Based on histological studies, the authors
concluded that in the altered skin and
musculoaponeurotic layer of the AAW, type Il and
Il collagen predominated, and in healthy individuals
type | collagen dominated. The researchers have
found out that these patients demonstrated the
prevalence of destructive-dystrophic and
disintegration changes in the tissues of all layers of
the AAW. The analysis of collagen structure
revealed a decrease in the number of fibroblasts
involved in the formation of collagen, a decrease in
its synthesis with a predominance of type Il-lll
collagen. Thus, we can conclude about the
existence of systemic structural lesions of the AAW
tissues [13].

So far, 29 types of collagen have been
described [32]. Histological organization of collagen
types corresponds to the functional load and
determines the functional features of connective
tissue types. More than 90% of all tissue collagen
belongs to type | - IV collagen. The combination of
collagen | (resistance to stretching) and |lI
(flexibility, ability to stretch in all directions) is
optimal for the skin. Macro- and microheterogeneity
of the primary structure of collagen determines its
morphological properties at all biostructural levels
(fibrous, filamentous and others) and the nature of
interaction with other components and cellular
elements of connective tissue. The literature
highlights the data that collagen has tissue and
immune specificity [32, 38].

Each biological tissue is able to acquire
deformation properties to stretch or contract. At
each stage of deformation changes in
histoarchitectonics (reversible - within the plastic
characteristics, irreversible - outside these
parameters) are revealed in the tissues of different
topographic and anatomical areas, which to some
extent affect the physiological and functional
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mechanisms of the tissue [22, 24].

Figure 2 shows the dependence of the degree of
deformation on tension in the form of three stages
of deformation. In the first stage (x1), the tissue
sample is deformed, but the tension (u) remains
constant. Such a deformation is called plastic. At

i

stages x2, x3 - pathological changes occur in the
tissues that leads to additional scar deformation in
the area of surgery or to necrotic changes in the
skin and fat flaps, due to changes in tissue tension.
[1, 3].

¥
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Fig. 2. Graphic representation of the stages of deformation of connective tissue structures during uniaxial linear stretching:
u — tension; x — deformation; x4, X,, X3 — deformation stages.

The techniques used in plastic and
reconstructive surgery create conditions of
deformation of the surrounding soft tissues of the
skin. Initially, the degree of tissue tension is a
purely mechanical parameter. Later, against the
background of deformation, reactive processes
occur in the tissues of arteriolo-venular
anastomoses, elements of the microcirculatory
tract, connective tissue components, and structures
of innervation with the involvement of cellular
mechanisms in response to a certain tissue stress
[1, 7]

Today, the properties of the dermis and
hypodermis in uniaxial linear stretching have been
studied and it has been established that these
surface layers of the AAW have significant volumes
of plastic deformations, which vary considerably
and depend on the shape of the body, age, and sex
[1, 13]..

It was also found that in response to the action
of plastic deformation (load within normal limits) of
the tissues of each topographic anatomical area are
able to reduce in the range of certain rotational
angles depending on body constitution and
biomechanical properties of skin and fat flaps and
this range of angles can be used to optimize
mobilization and fixation of rags from the surface
layers of AAW in order to minimize the uneven
distribution of stress in the tissues, due to the
relaxation that occurs in the postoperative period
due to changes in the force of the load [2, 13].

Thus, different structural interactions are
expressed by different mechanical factors, which
are adequate to the magnitude and direction of
tensile forces (deformation vectors), form the typical

features of the connective tissue matrix of AAW
tissues. [2, 4]. AQualitative and quantitative
parameters of fibrous structures (collagen and
elastin) in the formations of the connective tissue
framework of AAW tissues are directly dependent
on the indicators of deformation and stretching of
tissues of different topographic and anatomical
areas [25, 26].

Normalization of the direction of tissue tension
vectors, uniform distribution of the direction of
deformation and its force prevents microstructural
rearrangement of the surface tissues of the AAW
[3, 10, 12].

In  addition to genetically determined
morphological heterogeneity, the skin undergoes
constant changes due to physiological and
pathological processes, as a manifestation of
dynamic heterogeneity. Changes in collagen types
occur during the development of organs and
tissues, as well as in pathological conditions. Type
[l collagen synthesis occurs mainly in rapidly
developing tissues (embryonic skin, young
granulation tissue, keloid scar, etc.), and type |
collagen predominates in mature tissues. The
aminoacid composition of collagen also changes
with age [8, 17, 31, 38].

Tensile strength and Young's modulus of
individual collagen fibres, different tissues, differ
insignificantly [31]. The main reason for mechanical
differences is the geometry of the location of fibres
and bundles, as well as the nature of the interaction
of collagen with other components. Human skin
undergoes significant changes in length without any
damage due to the interaction of collagen fibres,
which in themselves are weakly prone to stretching.
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The main factors that determine the architecture of
the fibres are the strength and topographic
distribution of the load on the tissue. It is
experimentally proved that the direction of the
Langer lines corresponds to the orientation of the
collagen network of fibres [28, 33].

The final individual morphology of collagen
structures in different types of connective tissue,
which determines the diversity of functions and
mechanical properties, affects the interaction of
collagen with proteoglycans, which play the role of
interfibrillar cementitious substance, significantly
[18].

The distribution of collagen fibres by thickness is
one of the most important factors influencing the
mechanical properties of tissues. Thus, the
resistance to plastic deformation to bending and
torsion is directly related to the percentage of small-
diameter fibres, due to the significant interaction of
the fibres with other components of the tissue
matrix. At the same time, large-diameter fibres are
able to withstand high levels of tensile stress, which
is associated with an increase in the number of
intermolecular “firmware". The coincidence of the
direction of stretching of the fibre and the vector of
applied force provides tension and tensile strength
of the tissue. Accordingly, the spatial orientation of
the fibres differs in certain tissues [8].

The presence of elastic fibres in the connective
tissue also determines its elasticity and stretching.
They are based on globular scleroprotein, elastin,
which is characterized by very high plasticity and
strength. Elastic structures are found in the form of
fibores in tissues (skin, sclera, veins, elastic
ligaments, and cartilage) and membranes (arteries)
[27, 28].

There is no direct relationship between collagen
and elastin fibres. Collagen fibres are twisted
around an elastin rod. When stretched by about 1.3
times, the collagen helix is straightened. Thanks to
an elastin network the normal arrangement of fibres
changed under the influence of external forces is
restored, and mechanical durability at small
loadings is provided [8, 17].

The biomechanical properties of the skin are
also affected by the hormonal background [31, 37].
Deficiency of female sex hormones accelerates
skin aging, and hormone-dependent skin aging is
independent of photoaging and is manifested
mainly in skin thinning and degradation of elastin
and collagen fibres. Histological analysis of the skin
of the lower abdomen (where photoaging is less
severe) shows that the collagen content in the skin
decreases sharply after 40 years and after
menopause, the latter trend is less severe in
women receiving hormone replacement therapy
[31, 36].

In patients with hypopituitarism, the skin often
loses normal turgor and becomes waxy, and often
there are an increased number of wrinkles and
stretch marks. The growth hormone affects the
amount, distribution and  accumulation of
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subcutaneous fat, which gives the oval female
shape. When an adult's growth hormone production
decreases, skin nutrition is disrupted and it
becomes atrophic: it becomes pale, cold, dry, sweat
and fat secretion decreases, small wrinkles appear,
its elasticity is lost. At the raised level of
somatotropic hormone, the skin thickens, roughens,
the expressiveness of skin folds amplifies, the
number of sweat glands increases and a real
thickening of all layers of the skin occurs [35-37].

In Cushing's syndrome or after treatment with
glucocorticoids in appropriate pharmacological
doses, there is often the appearance of stasis,
overflow of skin vessels with blood, thinning of the
skin, a tendency to bruising [39].

Thus, dynamic changes in the histological
structure and biomechanical behaviour of the skin
are closely related to the aging process, which
occurs due to external and internal factors and has
different biological, biochemical and molecular
mechanisms, and affects its morphofunctional
properties. The stretching and thickness of the skin
remain the same until the seventh decade, but the
elasticity and ability to recover progressively
decreases from an early age. Over time, the skin
becomes thinner, firmer, less elastic and the ability
to stretch decreases [23, 39].

Internal mechanisms of aging include atrophy of
the dermis due to loss of collagen, degeneration of
the network of elastin fibres and decreased
hydration, which is clinically manifested by a
network of fine wrinkles, atrophy of the dermis and
loss of subcutaneous fat. The decrease in collagen
mass is due to a decrease in its synthesis and
increased breakdown of collagen fibres. At the
molecular level there is the formation of cross-links
and modification of the side chains of collagen,
which leads to a violation of the normal interaction
between cells and extracellular structures, loss of
flexibility of molecules [29, 30].

External photoaging involves a massive
accumulation of altered elastic fibres known as
elastosis in the upper and middle layers of the
dermis, which are more responsible for the
elasticity of the skin and are clinically manifested by
coarse wrinkles, folds, and thickening [29, 30].

Along with the changes in the skin over time,
mechanical action can lead to its restructuring, due
to physiological stretching of the skin during rapid
growth in adolescence, during pregnancy and
overweight (or rapid weight loss), under the
influence of physical load and wound healing. All
these factors lead to connective tissue remodelling
[19, 20].

The biomechanical properties of the skin are
affected by its preconditioning - a term used to
describe the tolerance of tissue to the action of
traumatic agent due to previous exposure to
stressors, and different types of loads (static, cyclic,
stretching, compression, torsion, etc.) cause
different microstructural changes , affecting both
fibrous structures and the intercellular matrix. This,
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in turn, affects cellular metabolism by altering the
biomechanical properties of the skin. Proof of this is
the behaviour of the skin during prolonged
stretching by tissue expanders, i.e. dermotension. It
is known that with the gradual stretching of the skin,
its mechanical properties change, and then return
to the previous ones [9, 17].

Certain groups of scientists devoted their work
to the study of skin retraction and, on the basis of
the obtained data, created mathematical models
and programs for predicting and modelling the
behavior of the surface layers of the skin during
certain surgical interventions [12, 14, 15].

Thus, the skin is a complex three-dimensional
structure and is subject to prolonged exposure to
internal and external factors, which is reflected in its
mechanical properties. It is not possible to assess
the influence of internal and external factors on the
individual features of the patient's skin
biomechanics, so in practice, studies of individual
biomechanical properties of the patient's skin
depending on the purpose and objectives of
treatment are conducted.
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Pedepar

AHATOMIYHE NIAFPYHTA EIOMEXAHIYHUX BIACTUBOCTEW MOBEPXHEBWUX TKAHWH NEPEOHBOT YEPEBHOI CTIHKW.
Opaboscbkuii B.C., Kepbax H.P., Akenwi A.K., Pubanka A.B.
KntoyoBi cnoBa. GiomexaHika, nepeHs YepeBHa CTiHKa, LuKipa

BiomexaHika — Hayka, L0 BUBYAE MeXaHi4YHi BNaCTUBOCTI TKAHWH, OKPEMMX OpPraHiB i CUCTEM Ta OpraHiamy
B UinoMy. YHikanbHi MexaHi4Hi BNacTUBOCTI LWKipK 3abe3neyyroTe OYHKUIK0 NiATPUMKN Ta 3aXUCTY BHYTPILLHIX
opraHiB, 36epiraoum nNpu LboMy i pyxnuMBIiCTb i po3TArHeHHA. Lis ocobnuBicTb LKipu geTepmiHoBaHa i Mik-
POCTPYKTYPHUM CKIagoM i opraHisauieto CnonyyHOTKaHMHHUX BOMOKOH. MexaHiyHi BnacTMBOCTI LWKipU rono-
BHMM YMHOM BM3HA4Ya€e Hacu4eHa konareHoM gepMa. MexaHika gepmu, y CBOK Yepry, 3anexuTb Big CTPYKTY-
pW, WiNbHOCTI i HanpaBneHHst KonareHoBMx BOMOKOH. KoxHa GionoriyHa TkaHuHa 3gaTHa HabyBaTu gedop-
MaUiiHUX BNacTUBOCTEN — pO3TAryBaTucb abo ckopodyBaTuCh. Ha koxHin cTagii aedopmadii B TkaHUHax pi-
3HUX TonorpadoaHaToOMiYHUX AINSHOK BiAbyBalTLCS 3MiHM FCTOAPXITEKTOHIKU (3BOPOTHI — B Mexax nnactu-
YHUX XapaKTepUCTUK, HE3BOPOTHI — No3a LMxX napameTpiB). PisHi CTPYKTYpHI B3aeMOAIT BUpaxaloTbCa Heoa-
HaKoOBMMUN MeXaHiYHUMU hakTopaMu, AKi agekBaTHi BENUYMHI Ta HanpaBfeHHIO CUM PO3TAMHEHHS (BEKTOPIB
Aedopmadii), HPopmyloTb TUMNOBI OCOBMMBOCTI CMOMYYHOTKAHUHHOIO MaTPUKCY TKaHWH nepeaHbol YepeBHOT
CTiHkW. Hopmanisauis HanpaBreHHS BEKTOPIB Hanpy>XeHHS TKaHWHW, PiIBHOMIPHWIA pO3nodin Hanpsamky Ae-
chopmadii Ta ii cunu, nonepeaxye MiKpOCTPYKTYpHY nepebyaoBy NOBEPXHEBUX TKAHWH NepegHbOol YepeBHOI
CTiHKW. [nHamiyHi 3MiHKM ricTonoriyHoi 6ynoBM Ta BGioMexaHiYHOT NoBediHKM LKipK TiCHO MOB'A3aHi 3 npole-
COM CTapiHHA, ropMoHarnbHUM OOHOM, MeXaHiYHUMK dhakTopaMu: i3ioNoriYHOro PO3TArHEHHS LUKipK Nig Yac
LUBMAKOrO POCTY B MiAMiTKOBOMY BiLj, Nig Yac BariTHOCTI, Npu HaaMipHii Basi (abo wewuakin i BTparti), nig ai-
€10 (PI3NYHOro HaBaHTaXKEHHS Ta NPU paHo3aro€eHHi. Bei Ui YMHHMKM NpM3BOAATL 4O PEMOAENOBAHHSA Crony-
YHOI TKaHUHW. TaknMM YMHOM, LIKIpa € CKIagHoK TPMBUMIPHOK MOPMOOriYHOK CTPYKTYPOI Ta CXunbHa Ao
TPWBanoro BMMMBY BHYTPILLHIX i 30BHILLHIX YMHHMKIB, L0 BiobpaxkaeTbCcs Ha il MexaHiYHMX BMacTUBOCTSAX.

Pedepar

AHATOMUYECKAA OCHOBA BMOMEXAHWUYECKNX CBONCTB NMOBEPXHOCTHbLIX TKAHEW NEPEOHEWN EPIOLUHOM CTEHKN
Opabosckuin B.C., Kepbax H.P., Akenwn A.K., Pubanka A.B.
KntoueBble crioBa. 6|/|omexaH|/|Ka, nepegHAaa 6pPOLIJHaF| CTeHKa, KoXa

BuomexaHuka - Hayka, udydaroLiass MexaHM4eckMe CBOMCTBA TKaHeln, OTAEeNbHbIX OpraHoB, CUCTEM U Op-
raHMama B LienoM. YHUKanbHble MexaHn4yeckne cBOMCTBa KOXMN obecneunBaloT PYHKUMIO 3aLLUTbl BHYTPEH-
HMX OpPraHoB, COXPaHsiA Npu 3TOM €€ MOABWXHOCTb U peTpakumio. OTa 0COBEHHOCTb KOXM AETEPMUHNPOBA-
Ha ee MUKPOCTPYKTYPHbIM COCTaBOM W OpraHu3aumMen CoeanHUTENbHOTKaHHbLIX BOSTOKOH. MexaHunyeckue
CBOWCTBa KOXMW rMNaBHbIM 0BpasoM onpedenseT HacblleHHas KomnnareHoM gepma. MexaHnuka gepwebl, B
CBOI oyepeb, 3aBUCUT OT CTPYKTYpPbI, NNIOTHOCTU U HaMnpaBneHns KonnareHoBbIX BOMokoH. Kaxaas 6uono-
rmyeckas TkaHb crnocobHa npuobpeTaTtb edopMaLOHHBLIX CBONCTB - pacTaArMBaTbCs Uy cokpawaTtees. Ha
Ka>kgon ctagum gedopMannm B TKaHAX PasfuyHbIX Tonorpado-aHaTOMUYEeCKUX obracten npoucxogaT us-
MEHEHMS TMCTOapPXUTEKTOHMKM (0DpaTuMble - B npedenax nnacTUYecKMxX XapaKTepUCTWK, HeobpaTumble -
BHE 3TUX NapaMeTpoB). PasnunyHble CTPYKTYpHblE B3aUMOAENCTBUS BbIpaXaloTCA HEOANHAKOBBIMU MeXaHu-
YeckMMU hakTopaMu, KOTopble afeKBaTHbI BENUMYMHE U HaMpaBneHUI0 CUN pacTskeHns (BeKTopos gedop-
Maummn), PopMUPYIOT TUNMUYHBIE OCOOEHHOCTUN COEAMHUTENBHOTKAHHOIO MaTpuKca TKaHel nepegHen oproLu-
HOW CTeHKU. Hopmanusauumsa HanpaBreHUs BEKTOPOB HanpsikeHus TkaHu, paBHOMEpPHOE pacrnpefeneHve
HanpasneHun gedopmaumm U ee cunbl, NpeaynpexgaeT MUKPOCTPYKTYPHYIO NepecTporKy NOBEPXHOCTHBIX
TKaHeln nepegHen OpIOLLHON CTEHKN. [IMHaMM4eckne N3MeHeHUs rTMCTONOrMYECcKoro CTpoeHust n bruomexaHu-
YeCcKoro NoBefeHNst KOXN TECHO CBSA3aHbl C MPOLECCOM CTapeHusl, FopMOHarnbHbIM (POHOM, MeXaHN4YeCcKnuMmmn
hakTopamMu: PU3NONOrMYECKOro PacTAKEHUS KOXU BO BpeMst BbICTpOro pocrta B NOAPOCTKOBOM BO3pacTe,
BO BpeMsi 6epeMeHHOCTH, Npu n3bbITOYHOM Bece (Unn BbICTPOK ee noTepe), Nog AENCTBMEM (DU3NYECKOTO
Harpysku 1 npu paHosaxueneHun. Bce aTu cakTopbl NpUBOSAT K peMogenUpoBaHNI0 COEOUHUTENBHON TKa-
HW. Takum obpa3om, Koxa ABNSETCA CIOXKXHOW TPeXMepPHON MOpdONOrMYeckon CTPYKTYPOR U CKNOHHA K Anu-
TEeNbHOMY BO3[ENCTBUIO BHYTPEHHMX U BHELLUHUX (DAKTOPOB, OTODpaXKaeTCA Ha ee MeXaHUYeCcKMX CBOMCTBaAX.
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