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MpeAacTaBneHbl AMTepaTypHbIE AaHHbIE O COBPEMEHHbIX NOAX0AAX MPU IeYeHNN paHeBbiX AedeKToB KoxKu. MoUCK MaTepuanos nNpoBoaUCsa no ny-
61MKaumam 3a nocnegHee gecatunetne ¢ 2005 no 2024 rog B crepytowmx UCTOUHMKaxX MHdopmaumu: elibrary.ru, cyberleninka.ru, PubMed, Scopus.
Mouck 6bin NPoOBEAEH MO CAEAYOLMM TEPMUHAM M K/THOUEBbIM C/I0BaM: pPaHbl, 4edeKTbl KOXHbIX MOKPOBOB, 3aXKMB/NEHME, KOXHbIE TPAHCNNAHTaTb,
[103MpOBaHHOE TKaHeBoe pacTaxeHue. [ 0630pa BbiGpaHO 42 nybAMKaLumMmM, OTBEYAKOLIME KPUTEPUAM MOMCKA, CPEAM KOTOPbIX 3a nociegHue 5
net — 21 nccneposaHue. B Kputepumn aHanmnsa 6biam BKAKOYEHbI NyBAUKALMM, CBA3AHHbIE C XUPYPrMYECKUM IeYeHNEM OBLLIMPHBIX AeDEKTOB MATKUX C
MCMONb30BAHMEM Pa3/INYHBIX CIOCOBOB 3aKPbITUSA PaH, B TOM YMC/IE C UCMO/Ib30BAHMEM KOXKHOM MNACTUKN. KpUTEPUAMM UCKITKOUYEHMSA CTa/IU CTaTby,
CBA3aHHbIE C TEMOW, HO 63 ONUCaHNA XMPYPrMUYECKMX aCNEKTOB IeYeHUs.

PaccmoTpeHbl MeToZbl MCCeYEHMA KPaEB paHbl C NOCIEAYIOLMM 3aKPbITUEM PAa3NNYHBIMM MIACTUYECKMMM MeToAaMU. [peacTaB/ieHbl NpermyLLecTsa
1 HE[OCTaTKM WUCMO/Ib30BaHNA KOMHbIX JIOCKYTOB M TPAHCM/IAHTATOB, MAACTUKM MECTHBIMU TKaHAMM NPK 3aKPbITUM OBLLIMPHBIX PaHEBLIX AedeKToB
KoKW, OTMEUEHO, YTO MociefHee Bpems BCE yalle NPUMEHSIETCA MEeTOA, 403MPOBAHHOMO TKaHeBOro pactsaxeHus (ATP). OxapakTepusoBaHbl BO3-
MOXHOCTU npumMeHeHna TP, Kak NepcnekTMBHOrO METoAa NeYeHns ObWMPHbIX AedeKTOB KoM, OcBelleHbl MeTOAbI CTUMYNALMW penapaTuBHbIX
npoueccos. MepcnekTUBHbIM NPEACTaBAAETCA NPUMEHEHE KOMBUHALMM METOA0B PEKOHCTPYKTUBHOTO MIAaCTUYECKOrO 3aKPbITUSA PaH, YTO MPUBOAUT
K Y/IydLEeHUI0 GYHKLMOHANbHbIX U 3CTETUYECKMUX Pe3y/bTaToB.
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The article reviews the current literature on modern approaches to treating skin defects. The research was based on publications from the last decade,

specifically from 2005 to 2024, sourced from eLibrary.ru, cyberleninka.ru, PubMed, and Scopus. The search utilized keywords such as "wounds", "skin
defects", "healing", "skin grafts", and "prolonged tissue expansion”. A total of 42 publications that met the search criteria were selected for review,
including 21 studies from the past five years. The analysis focused on publications related to the surgical treatment of extensive soft tissue defects
using various wound closure techniques, including skin grafting. Articles that addressed the topic but did not describe the surgical aspects of treatment
were excluded.

The article covers wound management, including skin edge excisional debridement, followed by closure using various plastic surgery techniques. It
presents the advantages and disadvantages of using skin flaps, skin grafts, and local flaps for closing extensive skin defects. Recently, the prolonged

tissue expansion (PTE) technique has gained popularity, and the article highlights its potential as a promising method for treating extensive skin
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defects. Additionally, it covers methods for stimulating reparative processes. The combination of reconstructive plastic closure techniques appears to

be promising, as it leads to better functional and aesthetic outcomes.
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JleueHne paHeBbIX MOBPEXAEHWIM MATKUX TKAHEN Pas/INYHbIX
YYacTKOB Te/la ABAAETCA aKTyasibHOM NPo6aeMoit COBPEMEHHOMN Xu-
pyprumn 1 TpaBmatonoruu. B nocneaHue rogbl Yactota NoAo6HbIX no-
BPeXAEHUIN YBEINYMBAETCA, BO3PACTAET KOMMYECTBO NOCTPAAABLUNX
B aBapusx, KatacTpodax, Npu TEPPOPUCTUUECKUX aKTax U B xoae 6o-
€BbIX AeWCTBUI, NPUYEM BONBLIMHCTBO TaKMX MALLMEHTOB HYKAAETCA
B XMPYPrUYECKOM /IEYEHUN BOHUKAOLLMX AePEKTOB KOXKM U MATKMX
TKaHel B pa3nnyHbIx obnactax [1, 2]. Bospacratolas HeobxoanmocTb
COBEpLUEHCTBOBAHUA METOAO0B IeYeHUA 3TUX NOBPEXKAEHUI 06YCN0B-
JIeHa Tem, 4To NoZobHble AedeKTbl, KPOMe Bpeaa 340P0BbI0, HAHOCAT
CEpbE3HDBIN MOpPabHbIN yLLepb NaLMeHTy, NPUBOAA K 3HAYUTEbHBIM
HapYLUEHWAM €ro COLManbHbIX B3aUMOAENCTBUIA M CHUKEHUIO NPO-
deccroHanbHOM akTUBHOCTM [3].

Be3ycnoBHO, KpaliHe BaKHbIM sBAseTca AuddepeHULMpoBaH-
HbI NOAX0Z, K BbI6OPY TAKTUKM Ie4eHms paHbl. Cieayet OTMETUTb, YTO
HeasleKBaTHaA Tepanua MOXKET CMocobCTBOBATb YBENWYEHUID AN-
TE/IbHOCTU €€ 3aXKMBJIEHUA U UHTEHCUBHOMY POCTY Py6LIOBOV TKaHM
B 0bnacTn nospexaerus [1, 3]. K HacToawemy BpemeHN Npeasioxe-
Hbl U MPUMEHSAIOTCA B KIMHUYECKOW NPAKTVKE COBPEMEHHbIE METOZbI
U TEXHWYECKMEe NPUEMBI, UCMONb3YEMbBIE B XMPYPIUYECKOM JIEYEHUM
paHeBbIX AeDEKTOB, TaKMe KaK UCCEYEHME KPAEB paHbl C UCMO/b30Ba-
HMEM YCOBEPLUEHCTBOBAHHbIX TEXHUK, MPUMEHEHWE 3aMeCTUTE/IbHbBIX
JIOCKYTOB M TPAHCM/IAHTaTOB, BO3AEWNCTBME OTPULLATENbHBIM AaBNEHU-
em [2, 3]. 3T noaxonpl MoryT bbiTb peanu3oBaHbl B KOMOUHALMK C
PasNNYHBIMK METOAMKAMM, MPUMEHAEMbBIMU B IEYEHUM PaH, B YacT-
HOCTW C MCMONb30BaHWEM annapaTtoB Mav3aposa, BakyymHOMN Tepa-
nUn 1 4pyrmmu metogamm [4-6].

OfHUM W3 MOAXOLOB, MONYYMBLUMM B MOCNELHEE BPEMA aK-
TUBHOE PACMpOCTPaHEHME B XMPYPrUYECKOM /IeYEHUM BbileyKa3aH-
HbIX MOBPEXAEHWUIA, ABNAETCA [O3MPOBAHHOE TKAHEBOE PaCTAXEHWe
(OTP). 3TOT MeToA NAACTUYECKOW XMPYPTMM NO3BOAAET NONYYaTb U
MCMO/b30BaTh A5 3aKPbITUA AeDEKTOB KOXKM AONONHUTENBbHBIN 06b-
&M TKaHeMl, TO/LLUMHA, TEKCTYPa W LIBET KOTOPbIX MAEHTUYHBI TAKOBbIM
XapaKTEPUCTMKAM YTPaYeHHOro KOXKHOro NoKposa [3, 5].

B nocneaHue roapl TP npumeHsAeTca BCE LMpe KaK Yy B3POC/bIX,
TaK U y geTel [6-9] B KIMHWYECKOW NPAKTUKE NPM Pa3inyHbIX 3a60-
NIEBAHUAX U MATONIOMMYECKUX COCTOAHUAX, AN1A KOPPEKLMM AedeKToB
KOMMW U TKaHEMN, B TOM YUC/IE A1 PEKOHCTPYKLMM MOJTOYHBIX MKEnés,
yXa, MNP NACTUYECKMX OnepaLLuax Mo KOPPEKLMM OXKOroBbIX aedop-
Mauyi, NpY yOANEHUU TUFAHTCKUX BPOMKAEHHbBIX MeNaHOLMTapHbIX
Hesycos [10-12].

B TO Xe Bpems, MeToA, MMEET PAL, OrPaHUYEHMUI, K KOTOPbIM
MOKHO OTHECTU MEAJIEHHbIN POCT PACTAHYTOM KOXKM, KOTOPbI MOXKET
L/MTbCA B TEYEHUE HECKO/IbKMX MECALIEB, HEPELKO — TaKKe HU3Koe
KayecTBO HOBbIX TKAHEN, BbICOKYIO YacTOTy PETpaKLMii U Apyrux oc-
NOXKHEHWI NPU UCMONb30BAHWUM ITOW TEXHUKM.

Koxka — camblii KpynHbIVi OpraH YeN0BEYECKOro OpraHU3Ma, AB-
NALOLMIACA NePBbIM MeEXaHUYeCKUM 6apbepom A8 opraH13ma Mo oT-
HOLLEHWIO K BHELLHEN cpese. Hapaay ¢ 3aluToii opraHu3ma OT BHeLL-
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Treatment of soft tissue wound injuries across various parts
of the body is a pressing issue in modern surgery and trauma-
tology. Recently, the rates of such injuries have risen, along with
the number of victims in accidents, disasters, terrorist attacks,
and military operations. Most of these patients need surgical pro-
cedures to repair skin and soft tissue damage in different areas
[1, 2]. The increasing demand for improved treatment methods
stems from the fact that these defects, besides harming physical
health, also cause deep moral and psychological damage, leading
to social isolation, professional difficulties, and a reduced quality
of life for affected individuals [3].

Indeed, a tailored approach to selecting wound treatment
strategies is critically important. It should be noted that inade-
quate therapy can prolong healing and promote the rapid growth
of scar tissue in the damaged area [1, 3]. Modern surgical practice
incorporates various techniques to promote wound healing, in-
cluding negative pressure wound therapy (NPWT) (also known as
vacuum-assisted closure or VAC therapy) to manage complex and
high-risk wounds, advanced flap and graft techniques for tissue
reconstruction, and improved wound edge management through
techniques like debridement and trenching to prepare the wound
bed for closure [2, 3]. These approaches can be combined with
other wound treatment techniques, such as the llizarov tech-
nique, and others [4-6].

One approach that has gained widespread use in recent
years in the surgical treatment of such injuries is prolonged tis-
sue expansion (PTE). This plastic surgery method enables the gen-
eration and utilization of additional tissue volume to cover skin
defects, with thickness, texture, and color matching those of the
original skin [3, 5].

In recent years, PTE has become increasingly relevant for
a variety of conditions in both adult and pediatric patients [6-
9]. These applications include the reconstruction of mammary
glands and ears, correction of burn deformities, and removal of
giant congenital melanocytic nevi [10-12].

At the same time, the method has several limitations, in-
cluding months-long duration, poor quality, a high rate of re-
traction of new tissue, and various complications. The skin is the
body's largest organ and its primary protective barrier, shield-
ing against the environment, regulating body temperature, and
maintaining fluid and electrolyte balance [2, 3].

The skin comprises the epidermis and dermis. The epider-
mis is the outer layer, made up of 4 or 5 sublayers depending on
the body area [1]. The dermis is a connective tissue layer that
supports the epidermis. When skin layers are damaged, a coor-
dinated, multi-phase process of wound healing begins to restore
tissue integrity [3, 13, 14].

Wound healing is affected by factors related to the type of
tissue damage: whether it is a primary or secondary infection, the
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HWX BO3AENCTBUM, KOXKA KOHTPOIMPYET TePMOPETYALMIO, TOMEOCTa3
YKUAKOCTU U 3N1eKTPoanTOoB [2, 3].

KoKa cocTouT 13 anmgepmmuca u Aepmbl. INUAEPMUC — HAPYK-
HbIV CZIOM KOXM, COCTOALLMM 13 4 unmn 5 noacnoés B 3aBUCMMOCTH OT
yyacTKka Tena [1]. lepma npeacrasnset coboit cnoi coeanHNUTENbHOM
TKaHW, noajep:usatowwein snuaepmuc. Mpy NOBPeEXAEHUM OAHO-
O WU/IN HECKO/IbKMX CNOEB KOXKM 3amycKaeTcs NpoLLEecc pereHepaumum
obnacT1 paHeBoro gedekta — pAg, BHYTPUKAETOUHbIX ABJIEHWUI, aKTU-
BUPYIOLLMXCA MOC/Ie NOBPEXAEHMA 1 06ecneymnBatoLmx BOCCTaHOBE-
HWe NoBpeXAEHHOM TKaHu [3, 13, 14].

Ha 3akuBneHue paHbl BAMAIOT $aKTopbl, 0BYCNOBNAEHHblE Xa-
PaKTEPOM MOBPENKAEHMA TKAHW: NEPBUYHAA UK BTOPUYHAA PaHEBas
MHOEKLMA, HaZIMuMe U BblPaXKEHHOCTb BOCMANEHMSA, MPenaTCTBYOLLe-
rO eCTeCTBEHHOM pereHepaLyu, UCXOLHOE COCTOAHME NOCTpajaBLue-
o, COCTOSIHUE MMMYHHOM CUCTEMbl OpraHu3ma, obecneunBatoLien
KaK CMCTEMHbIN, TaK 1 JIOKa/IbHbIM UMMYHHBbIV OTBET Ha NMOBPEXAEHME
TKaHel ¥ NPOHMKHOBEHME B OPraHU3M Pas/IMiHbIX aHTUIEHOB.

Mpw onpesenéHHbIX yCI0BUAX NPOLLECC 3aXKMBNEHNA PaHbl MO-
KET HapyLaTbCA, YTO MPUBOAUT K YBENIMYEHUIO €70 ANUTENBHOCTU UK
4ype3MepHOW peaKkLmm opraHM3Ma Ha NOBPEXAEHNe, B pAAe Cyyaes
MOTYT BO3HMKATb HE3AXKMBAIOLLME XPOHWUYECKME PaHbl. XpPOHMYECKas
paHa XapaKTepu3yeTcA OTCYTCTBMEM CBOEBPEMEHHOIO 3aXKMB/IEHUA,
06ecneynBatoLLero aHaTOMUYECKY0 U GYHKLMOHaNbHYO LenocT-
HOCTb KOMHOIO y4acTKa B TeueHue oT 4 Hegenb A0 3 mecaues [5]. Mo
pa3HbIM JaHHbIM, B SKOHOMMUYECKM Pa3BMUTbIX CTPaHax oT 1 go 2% Ha-
CeNeHnA B TeYEHUE CBOEW XKM3HW CTPASAtoT XPOHUYECKMMM paHaMMm,
3aTpaThbl Ha MX JIeYEHNEe COCTABNAOT OKoMOo 2-4% BrofKeToB 34paBo-
OXPAHEHWSA, B UX CTPYKTYPE OCHOBHbIE 3aTPaTbl CBA3aHbI C FOCNUTANN-
3aUMent, peryispHbIMU NepeBsa3Kamm, YX040M 3a NaLMeHTamu 1 co-
MyTCTBYIOLLMMM pacxogamu [1].

OCNOXKHEHMsA, pasBMBAOLLMECH MNPU XPOHMYECKOM pPaHEBOM
npouecce, MOFyT NPOABAATHCA MHOULMPOBAHMEM, KPOBOTEYEHMEM
W, B pAge CNy4yaes, NPUBOLAT K aMnyTaLMM KOHEYHOCTM UK eé cer-
MeHTa. [1epcoHanM3nMpPoBaHHbIV NOAXOA K XMPYPrUYECKOMY IEYEHUIO
paHeBoro gedeKkTta fomKeH ObiTb OCHOBAH Ha y4éTe xapaKkTepa no-
BPEXAEHNA, TO €CTb €ro 3TMONOTUM, IOKANN3aLLMKN, aHAaTOMO-TUCTO-
NOTMYECKMX XapPaKTEPUCTUK, a TaKKe OYHKLMOHANbHbIX PacCTPOMCTB,
BbI3BAHHbIX MOBPEXAEHUEM.

CoBpemeHHas XMpyprua npeanaraeT WUPOKKI CNEKTP METOA0B
[ONA 33KPbITUA paHeBbIX AedEKTOB, BKNIOYAA TPAAMLMOHHbIE U HOBbIE
metoapl [15]:

*  NepBUYHAA XMPYpruyeckan 06paboTKa paHbl, BKAOYatoLWas
McceyeHne Kpaés paHbl C UCMONb30BAHWEM YCOBEpPLUEH-
CTBOBAHHbIX TEXHMK, C NOCAEAYIOLLMM YLWIMBAHUEM PaHbl;

*  METOA A03VPOBAHHOIO PACTAKEHWUSA MATKMX TKAHEMN;

*  MpPUMEHEHWE 3aMECTUTENbHbIX AYTONIOCKYTOB M ayTOTPAHC-
NNaHTATOB, BK/OYas CBOOOAHYIO NepecasKy TKaHel ¢ Mu-
KPOXMPYPrUYECKOM TEXHUKOW;

®  a/N0TPaHCNNAHTaUMS TKaHew;

®  1CMONb30BaHNE KCEHOTPAHCNNAHTATOB;

®  LCMONb30BaHME WCKYCCTBEHHbIX [EPMasibHbIX MaTpuL,
a TaKKe MHHOBALMOHHbIE OMOTEXHOMOTMM, TaKMe Kak
3D-6moneyatb 1 KNeToYHasA Tepanus.

OfHMM U3 Hambonee YacTo MPUMEHSAEMbIX METOZLOB 3aKPbITUA
paHbl, NO3BONAOWMM cPOPMMPOBATL TOHKMI pybeL, ABAseTca nep-
BUYHAA XMPYpruyeckan o6paboTka paHbl, BKIKOYAIOLLAA TaK1e 3Tanbl
KaK MCCEYEHME HEKM3HECTIOCOBHDBIX TKaHeN M pOPMUMPOBaHME CTEHOK
W [Ha paHbl, C NOCNEAYHOLWMM HaN0XKEHWEM NEPBUYHBIX LWBOB. Bbi-
MONHAETCA YAANEHNE HEKM3HECTIOCODHBIX TKAHEM, YTO BAXKHO C TOUKM
3pEHNA NMOAFOTOBKM PAHEBOTO /10XKa, NPefoTBPaLLEeHMA HapyLUEeHWi
NPOLLECCOB 3aXKMBIEHWUA U YCKOPEHMA PEMOAENMPOBAHMA BHEKNETOY-

presence and severity of inflammation that hinders natural regen-
eration, the initial condition of the patient, the immune system's
status, which provides both systemic and local immune respons-
es to tissue injury, and the infiltration of various antigens into
the body. Under certain conditions, the healing process may be
disrupted, resulting in a longer recovery time or an excessive re-
sponse by the body; in some cases, chronic non-healing wounds
may develop. A chronic wound is characterized by delayed heal-
ing, failing to restore the skin's structural and functional integrity
over 4 weeks to 3 months [5]. In economically developed nations,
1-2% of the population experiences chronic wounds, a condition
that consumes 2-4% of healthcare budgets due to costs from hos-
pitalization, dressing changes, patient care, and related services
[1].

Complications in chronic wound progression include infec-
tion, bleeding, and the need for amputation. A surgical approach
requires a detailed assessment of the wound's cause, location,
tissue characteristics (anatomical and histological), and the pa-
tient's resulting functional impairment.

Modern surgery offers a diverse array of techniques for
wound closure, incorporating both traditional and innovative ap-
proaches [15]. These methods include:

e  Primary surgical wound treatment, which involves exci-

sion of the wound edges followed by suturing.

e  Soft tissue stretching techniques.

e Use of autografts and autotransplants, which includes
free tissue transplantation using microsurgical tech-
niques.

e Tissue allotransplantation.

e Xenografts.

e Artificial dermal matrices.

e Advanced biotechnologies, such as 3D bioprinting and
cell therapy.

Together, these approaches provide comprehensive options

for effective wound closure.

One of the most used methods of wound closure, which al-
lows for the formation of a thin scar, is primary surgical wound
treatment. This method closes a wound to form a thin scar by
removing non-viable tissue and then suturing the edges togeth-
er. This process, which requires careful anesthesia and technique
to minimize tension, is an effective way to promote rapid healing
and reduce scar size by controlling the healing environment, al-
though it carries some inherent risks. Key steps include debride-
ment, creating a well-defined wound bed, and approximation
with sutures to ensure a clean, thin scar [3, 5].

Scars, in addition to wounds, are one of the most common
chronic skin defects. Longitudinal scars of relatively small size can
be excised using a technique similar to that used in primary sur-
gical treatment, provided the edges of the scar are mobile. After
removing the scar tissue, the wound's walls and base are formed,
and the edges are immobilized and sutured together. This can
be done using various methods, such as adhesive plasters, con-
tinuous intradermal sutures, subdermal sutures made with bio-
degradable thread, or multilayer sutures, particularly for deep
wounds. Surgical removal is also often used for painful, restric-
tive, or disfiguring keloids and hypertrophic scars, but it carries
a high risk of recurrence, frequently leading to a larger scar. To
minimize this risk, it is advisable to combine surgical removal with
adjuvant therapies, such as corticosteroid injections, bleomycin,
or interferon, following the procedure. While linear suturing is a
common way to close wounds, it can cause excessive tension and
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HOro MaTpuKca. 3To bbicTpas u 3pdeKTMBHan npoueaypa, NPoBOAM-
Mas C MCMONb30BaHWEM COOTBETCTBYHOLLEMO aHECTE3MONOTMYECKOTO
nocobus, 4To COMPSANKEHO C ONpeaeneHHbIM PUCKOM A1 NaLmeHTa (3,
5].

Kpome paH, 0fHUM M3 YacTO BCTPEYAIOLLMXCA BapPUAHTOB XpO-
HUYEeCKoro AedeKTa KOXKM ABNAETCA Hanuune pybuos. MpoaonbHbie
pybLbl OTHOCUTENbHO HEBO/bLIMX PA3MEPOB NPU YCNOBUM MOLABUNK-
HbIX KPaéB, MOryT BbITb MCCEYEHBI METOAMKOM, aHANIOTUYHOW NepBUY-
HOWM XMpypruyeckoit obpaboTke: nocne yaaneHus pybLoBOW TKaHW
1 GOpMMPOBaAHUA CTEHOK M [iHA paHbl, Kpas paHeBoro aedekTta Um-
MOBUAU3YIOT U COEAMHSALIOT, C 3TOM LieNbio MOTyT 6biTb MCNONb30BaA-
Hbl NNACTbIPW, HEMPEPbIBHbIE BHYTPUKOMKHBIE LUBbI, CybAepMabHble
LIBbI, BbINO/MHEHHblE OMOAErPaAMPYEMOIN HUTbIO, MHOTOC/TOWHbIE
LWBbI — NPY 3HAYUTENBHOW NYBWHE paHbl. XMpYpruveckoe yaaneHve
KeNoMAHbIX ¥ runepTpodryecknx pybLIOB HEPEeLKO paccMaTprUBaeTCs
B KayecTBe METOAa, WCMO/Ib3yeMOro MpU SIEYEHUN WHBANWUAM3NPY-
IOLLMX U CUIBbHO COKpaLatoLmxca pybLOBbIX Kpaés paHbl. Cnepyet
OTMETUTb, YTO XMPYPIUYECKOE UCCeYEHWe U pesususa pybua moryT
NPUBECTU K YBENMYEHWUIO Pa3MEPOB PaHbl W, COOTBETCTBEHHO, K yBe-
JINYEHWMIO YACTOTbI PELMANBOB. PEKOMEH/YETCA COYETaTb XMPYpruye-
CKOe McceyeHre Kpaés paHbl C aflbloBaHTHOM Tepanuei B BUAE MHBEK-
LI cTepomnaoB, 6reomuLmMHa UK MHTepdEPOHA NOCNEe BbINOIHEHNS
BMELLATEeNbCTBA, YTOObl CHU3UTL M OrPaHUYUTL YaCTOTy PEeLVAMBOB.
JInHeHOe yLIMBaHWe paHbl — 3TO LUMPOKO PAcNpPOCTPAHEHHbIV METO,
33KPbITUA PaHbl NOC/Ne UcceyeHns pybLOB, Npu 3TOM CneayeT oTme-
TUTb, YTO MPU YLIMBAHUM PaHbl C MPUMEHEHWEM AAHHOW METOAUKM
BO3MOMKHO Ype3MepHOE HATAXKEHME TKaHEeN, CBA3AHHOE C AedULUTOM
MATKUX TKaHel B 061acTv ncceuéHHoro pybua [2, 4].

MpW OTCYTCTBUM BbIPABHWMBAHWA PaHbl MO UHUAM HATAXKEHUS
NaHrepa ucnonb3yetca Z-naacTvka — MeTOZ, MO3BO/AIOWMIA U3Me-
HATb GOPMY M COOTBETCTBEHHO OPUEHTALMIO PaHbl B COOTBETCTBUM C
BblLLEYKa3aHHbIMK NMHUAMU. MoanduLmMpoBaHHas Z-naactuka npw
PYOLLOBO-KOHTPaKTYypHOW AedopmaLym, B TOM YMC/E BbINONHAEMAs
B 06/1aCTU CYCTaBOB, ABNAETCA MPOCTbIM, ObICTPO OCYLLECTBUMBIM W
3 dEKTUBHBIM METOLOM XMPYPrUYECKOro fedeHus. Ewe ogqHum npe-
MMYLLECTBOM MeTOAa ABNAETCA BO3MOXKHOCTb YBEUYEHUA AJIWHDI
TKaHell, 4To 06YC0BUAO LWMPOKOE NPUMEHEHME Z-NNACTUKM NpU Ne-
YEHMM OKOToBbIX pybLoB [1, 4].

MoanduumMpoBaHHasa Z-nnacTMka Xxapaktepusyetca 60ablinm
YIIOM HaK/N0Ha, 3axBaToM 6onbluoro 06bEMa OKpyatoLlein pybLo-
BOV TKaHW. Mpyu eé BbINONHEHUM BbICBODOMKAAIOTCA TKaHW, NoABepr-
wueca pybuosoi aedopmaumn nocne onepauuu, B TO Bpems Kak
BEPOATHOCTb peuuayBa pybLOB ABASETCA HE3HAYUTENbHOW. B 3Ha-
UMTENBbHOM Mepe CXOAHBIMU C Z-NaacTuKoi asstTca W-naactuka
U TEOMETPUYECKOE 3aKPbITUE JIOMAHON NIMHUM — METOZAbI, KOTOpble
M3MEHSAIOT OPUEHTALMIO Pa3pesa, HO HE YBEMYMBAIOT AJIMHY PaHbl.
CyLLeCTBEHHbIM OrpaHUYeHnemM NpUMeHeHUsa AaHHOTO MeToaa ABNS-
IOTCA PaHbl C HEAOCTAaTOUHbIM O6BEMOM TKAHEN ANA X 3aKpbITUA be3
HaTAXKeHUA Kpaés. Mpun 6onblunx AedeKTax KOXKM MOXKET ObITb CIOXK-
HO WM HEBO3MOKHO COMOCTaBUTb KPas PaHbl A1 UX 3aKPbITUA STUM
metoaom [16].

MoNHOCNOMHAA KOXKHAA MAAcTMKA ABNAETCA XOPOLIO 3apeKo-
MeHZ0BaBWMUM cebs MEeToAOM 3aKpbiTvs paH. OCHOBHbIMM MOKa-
3aHMAMM 19 e€ NPUMEHEHUA ABNAIOTCA PaHbl, PACMONONKEHHbIE B
GYHKLUMOHANBHO M 3CTETUYECKM 3HAYMMbIX 30HAX, TaKMX Kak 0b6nacTb
CYCTaBOB, CTOMbl, KUCTH, MLLA. TaKXKe 3TOT METOZ, MOXKET BbITb UCMO/b-
30BaH Ha BOCCTAHOBWTE/IbHOM 3Tane e4eHns NpoexKHew, mybokmx
O)XOTOB, A3B, 06PA3YIOLLMXCSA, B TOM YNC/IE, B Pe3y/bTaTe TPODUUECKMX
HapyweHwuit [17].

MpPUMEHEHWE KOXHbIX TPaHCM/IAHTaTOB (ayTo-, anno- U Kce-
HOTPAHCNNAHTATOB) ABAAETCA Hambosnee PacnpOCTPAHEHHbIM METO-
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lead to poor scar outcomes, especially in areas with limited soft
tissue [2, 4].

Z-plasty is a surgical procedure that involves the transpo-
sition of triangular skin flaps to reorient a scar, making it more
aesthetically pleasing by aligning it with the natural skin tension
lines, and to lengthen contracted tissues. It is beneficial for treat-
ing scars, especially those that are contracted or cross joints, like
in burn scars, because it effectively changes the direction of the
scar to improve function and appearance [1, 4].

Modified Z-plasty is characterized by using a large angle of
inclination, which allows it to effectively mobilize and release sur-
rounding scar tissue affected by cicatricial deformation. This tech-
nique helps reduce tension and improve functional and aesthetic
outcomes, with a low likelihood of scar recurrence. In compari-
son, W-plasty and geometric closure of a broken line are similar
to Z-plasty in that they alter the orientation of the incision to im-
prove scar concealment and alignment. However, unlike Z-plasty,
these methods typically do not increase the overall length of the
wound; instead, they focus on breaking up the scar line to make
it less noticeable and more aligned with natural skin creases or
lines. A key limitation of these techniques is the requirement for
sufficient tissue volume to achieve tension-free wound closure.
For larger skin defects, it may be challenging or impossible to ap-
proximate wound edges using this approach [16].

Full-thickness skin grafts (FTSGs) are used to close wounds
in sensitive areas like the face, hands, and feet, as well as in the
recovery of deep burns and pressure ulcers [17].

Using skin grafts — including autografts, allografts, and xeno-
grafts — is the most common approach for treating partial burns
and managing chronic wounds. Among these, autografting is con-
sidered the gold standard for surgical repair of wound defects. In
autografting, healthy tissue is harvested from a donor site on the
patient's own body. This autologous tissue facilitates the rebuild-
ing of the local vascular network, with revascularization process-
es supporting the restoration of epidermal functions. A key ad-
vantage of autografts is the absence of immune rejection, which
ensures better integration and healing. However, autografts also
have limitations. These include a limited availability of healthy
skin for large wounds, and the procedure may result in scarring
and painful healing at both the donor and recipient sites [4, 17].

Allografts involve the transplantation of skin from one per-
son to another, serving as an alternative to autografts. Xenografts
involve transplanting animal skin to humans [3, 18]. Both al-
lografts and xenografts mainly function as biological wound cov-
erings that facilitate the healing process by creating a conducive
environment and encouraging the body's own tissues to regener-
ate [18, 19].

In 1938-1939, Krasovitov V.K., in his PhD thesis, recommend-
ed performing "debulking" by removing excess subcutaneous fat
from the skin-fat flap and wound bed during transplantation. This
approach aims to improve blood supply, reduce the risk of tissue
necrosis, and lower infectious complications. The procedure is of-
ten carried out using a dermatome to ensure precise and even
fat removal. Applying this technique in plastic surgery of skin
defects allows for immediate wound closure within the first few
days after injury. It helps minimize purulent complications and
eliminates the need for additional donor sites by maximizing the
use of the injured tissue itself [19]. In cases of traumatic skin de-
tachment, Krasovitov's technique is typically performed within
hours of hospitalization to optimize outcomes. Further research
into Krasovitov's method has demonstrated that full-thickness
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[10M, BbICTYNAIOLMM B KAUECTBE aNbTEPHATMBbI YaCTUYHOMY /IEYEHNIO
OMKOTOB MM XPOHUYECKMX PaH. 30710TbIM CTaHZ4APTOM XUpyprude-
CKOr0 BOCCTaHOB/IEHMA paHeBbIX AedEKTOB ABASETCA NPUMEHEHME
ayTOTpaHCNNaHTaTa, NPU KOTOPOM A/1a ero 3abopa MCMonb3yoT A0-
HOPCKMI1 YYaCTOK C HEMOBPEKAEHHBIMM MATKUMM TKAHAMM Y CAMOT0
nocTpazasLuero. Mcnonb3oBaHMe ayToONOTMYHOM TKaHM cnocobeTayeT
NepecTpoiike MECTHOM COCYAMUCTOMN CETK, @ NPOLLECCHI PEBACKYNAPU3a-
LMK, B CBOIO o4epesb, 0becneynBatoT BOCCTaHOBEHME GYHKLMIA 3NU-
aepmuca. Mpu 3Tom B6ONbLIMM NPENUMYLLECTBOM ABSETCA OTCYTCTBUE
MMMYHHOTO OTTOPXKEHMA TpaHcnaaHTata. OfHaKo MCNo/b30BaHWe
ayTOTPAHCNNAHTaTOB MMEET HEKOTOPbIE OrPaHMYeHUs, Takne Kak Je-
bGULMT HOPMaNbHbIX YY4ACTKOB KOXM A1A BbINOSHEHUA ayTONOTMYHOWM
TPaHCMAAHTaLMKU NpK paHax 6o/bLIOK Naowaaum, nocneaytulee 0b-
pasoBaHwue pybLoB 1 6onesHeHHoe 3axuBaeHue [4, 17].

ANNOTPaAHCNNAHTATbl NPEACTaBAAT cobOW ansTepHATMBY ay-
TOTpPaHCNAaHTaTaM, UX UCMOb30BaHWeE NpeacTaBnseT coboi TpaHc-
NAAHTALMIO y4acTKa KOXKM OT APYroro YesoBeKa. KceHoTpaHcnnaHTaTbl
— 370 06pasLbl KOXM KMBOTHbIX, KOTOPbIE NEPECAKMBAIOT YEN0BEKY
[3, 18]. CnesyeT 0TMETUTb, YTO 3TU BUAbI TPAHCMIAHTATOB B HonbLuel
Mepe BbINOHAT QYHKLMIO BUONOTMYECKMX PaHEBbIX MOKPbLITHIM, CNO-
COb6HbIX CO3AaBaTb 61aronpUATHYIO Cpeay M CTUMY/IMPOBATL NPoLec-
Cbl 3MUTENIM3aALMM 3a CHET COBCTBEHHDbIX TKaHel opraHuama [18, 19].

[na npoduNakTMKM HEKPO3a KOMKHO-*KMPOBOrO JIOCKyTa Mpwu
TPAHCM/IAHTaLLMK, @ TaKKe NPefoTBPaLLEHNA BOSHUKHOBEHMA MHDEK-
LIMOHHbIX OC/IOXKHEHWI, cornacHo pekomeHgaumm B.K. KpacosuTosa,
«...JJOCKYT U AHO PaHbl MOAHOCTBbIO OYMLLAIOTCA OT KMPOBOM TKAHM.
KOXKHO-*KMPOBOW MaTepuan OTCNaMBaAETCA OT IOCKYTA Ha YPOBHE Nog-
KOKHO-KMPOBOM KAETYaTKW. [pn 3TOM MCMONb3YHOTCA AEPMATOMbI.
BbInosHeHWe NAaCTUKM AePEKTOB KOXKM B COOTBETCTBUM C S@aHHbIM Me-
TOZLOM MO3BOAAET B NePBble AHM NOC/NE NOBPEXKAEHUA OCYLLECTBUTD
3aKpbITe paHeBoro AedekTa, YMEHbWMUTb PUCK Pa3BUTUA THOMHbBIX
OC/IOXKHEHWI M UCNONb30BaTb TPABMMPOBAHHbIV KOXHbIW NOCKYT H6e3
[OMONHUTENbHbIX LOHOPCKUX y4acTKoB» [19]. Mpu TpaBMaTMyecKoi
OTC/IOViKE KOXKHbIX MOKPOBOB MaacTvka no B.K. Kpacosutosy nposo-
[OWTCA B NepBble Yacbl Nocie rocnuTanvsauum naupeHta. OgHako B
npouecce AanbHEWLIEro M3y4eHUA METOAMKM, npeanoxeHHow B.K.
KpacoBnTOBbIM, 6bIN0 YCTAHOBNEHO, YTO ayTOTPAHCMIAHTALLMIO MOA-
HOC/IOMHOMO KOXHOTO IOCKYTA-TPAHCMAAHTaTa MOXKHO BbIMOAHUTL U
Ha rpaHyaupytowye paHbl [20].

OCHOBHbIM MPEVMYLLECTBOM NPU  UCMOMb30BAHMA  KOMXKHbIX
JIOCKYTOB NPM 3aKPbITUM OBLUMPHBIX paHeBbiX AeEKTOB KOXKM Mo
CPaBHEHMIO C MPUMEHEHWEM TPAHCNNAHTATOB ABAAETCA MOALEPHKKA
KPOBOTOKa, YTO 0becneymBaeT NocTynaeHUe B TKaHb NUTATE/IbHbIX BE-
LLecTB, HEOBXOAMMbIX A1 NPOLECCOB Nponndepaumn u audodepeH-
LIMPOBKM KNETOK, LUTOKMHOB M GaKTOPOB POCTa, KOHTPOIMPYHOLLMX
3axusneHue. Mpu 3Tom Nt0b6oe HapylieHne MUKPOLMPKYAALMKM MO-
KET MPUBECTM K PaspyLUEHMIO IOCKYTa M YXyALINTb 3axKnBaeHue [20].

ANbTEPHATMBHBIM NMOAXOAOM K JIEYEHUIO PAHEBbLIX AeEKTOB AB-
NAETCA NNACTMKA MECTHbIMM TKaHAMM. M1acTUKa MOXKET BbINOMHATL-
CA TpaneumeBUaHbIMU UK BCTPEYHBIMM TPEYFONbHBIMU OCKYTaMM
MECTHbIX TKaHel nauueHTa B 0b61actu paHbl [21].

HecmoTpA Ha BHeapeHWe B MPAKTUKY PEKOHCTPYKTMBHOWM Mna-
CTUYECKOW XMPYPrum Bosee CNOXKHbBIX U YCOBEPLUEHCTBOBAHHbIX CMO-
c060B 3aKPbITUA OOBEMHDLIX AEPEKTOB KOXM, MUCMOAb30BaHWE Nna-
CTUKM MECTHbIMM TKaHAMM UMEET CYLLECTBEHHbIE NPEUMYLLECTBA MO
CPaBHEHUIO C APYTMMU TEXHUKAMM, Kak 3TO Bbl10 NOKa3aHo, Hanpu-
Mep, NPU BbINONHEHUN NNACTUYECKMX ONEpaLLMit B YENHOCTHO-/IULLE-
BOM 06nacTu [22]. Takke cneslyeT OTMETUTb, YTO NAACTUKA MECTHbIMU
TKaHAMM NpeanonaraeT MCnonb3oBaHWe ANA YCTpaHeHus aedekTa
COOCTBEHHOM KOXM MALMEHTa, YTO 0becneymBaeT ONTMMAsIbHbIN cTe-
TUYECKUI Pe3ynbTaT XMPYPrUYECKOTO /IEYEHNS PaHEBbIX AedEeKTOB.

skin flap autotransplantation can also be successfully carried out
on granulating wounds, thereby expanding its applications in skin
reconstruction and improving the healing process [20].

The primary advantage of skin flaps over skin grafts is their
independent blood supply, which nourishes the tissue and pro-
motes healing. In contrast, grafts lack this inherent support and
rely on integration with the wound bed. This established blood
flow ensures the delivery of vital nutrients, oxygen, growth fac-
tors, and cytokines necessary for tissue survival, cell growth, and
functional recovery. In contrast, grafts are prone to failure if the
underlying wound bed does not become well-vascularized quick-
ly, and they are more prone to contraction [20].

An alternative approach to treating wound defects involves
the use of local flap methods. This can be performed using trap-
ezoid advancement flaps or triangle advancement flaps (also
known as Burow's triangles) from the patient's local tissues in the
wound area [21].

Despite the advent of more sophisticated and advanced
techniques for closing extensive skin defects in reconstructive
plastic surgery, local flap surgery continues to offer notable ad-
vantages over alternative methods. This is particularly evident in
procedures such as maxillofacial reconstructions [22]. It is also
important to note that local flap surgery utilizes the patient's own
skin to close the defect, thereby achieving an optimal aesthetic
outcome. This approach typically involves fewer stages compared
to other plastic surgery techniques. Consequently, when select-
ing a method for facial defect reconstruction, local flap surgery
should be considered the preferred option [16].

Free flap transplantation is a surgical technique used to re-
place missing tissue by transferring a section of tissue — such as
skin, muscle, or bone — along with its own blood supply from a
distant part of the body to the area of a wound. This "free" flap
is wholly disconnected from its original site, and its arteries and
veins are microscopically reconnected to the blood vessels in the
recipient area, restoring blood flow and keeping the transplanted
tissue alive. The procedure utilizes specialized microsurgical tools
and operating microscopes, which enable precise connections
between vessels to ensure the viability of the flap [15, 23, 24].

Free flap transplantation shows promise for treating com-
plex skin defects such as extensive wounds, burns, deep scars,
and other injuries. Its advantages include a more precise match of
the flap shape and size to the defect, reducing the risk of necro-
sis in the transplanted area and enhancing aesthetic outcomes.
Future developments in this field focus on several key objectives:
optimizing transplantation techniques to enhance efficiency and
reduce the risk of complications; creating new synthetic materials
to improve graft survival; incorporating 3D bioprinting to produce
custom-made autologous grafts or flaps; utilizing growth factors
and other biological agents to promote skin regeneration; and es-
tablishing methods to evaluate the effectiveness of microvascular
reconstruction to refine treatment approaches [25].

Despite these benefits, several disadvantages exist [15, 24,
25]:

e High cost: The procedure is costly due to expensive
equipment, specialized materials, and a highly skilled
medical team, making it financially less accessible for
many patients.

e Lengthy procedure: The free flap surgery can take sev-
eral hours, requiring considerable time in the operating
room.

e  Extended recovery: Patients are required to undergo an
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MpUMEHeHVWe AaHHOTO MEeTOAa XapaKTepusyeTcs MEHbLIMM KO-
YECTBOM 3TanoB MO CPAaBHEHWUIO C APYTVMM MIACTUYECKUMM Onepa-
umaMU. C yUETOM BbILIEU3IOKEHHOTO, NPU BbIBOPE METOAA KOXKHOM
MAacTUKM B 061aCTV ML NPEANOYTEHNE CeAyeT OTAaBaTh NAACTUKE
MECTHbIMM TKaHAMM [16].

CBobOAHAA MMKPOXMPYPrUYecKas nepecagka JI0CKyTOB — 3TO
OAMH 13 METOLOB XMPYPrMYECKOro 3ameLLieHUs AedEKTOB KOKHbIX No-
KPOBOB. ITOT METOZ, NPEANONAraeT NepecasiKy yyacTka Koku (N0ocky-
Ta) C OAHOTO MeCTa Tefla Ha ,PYroe C MOMOLLI0 MUKPOXMPYPTUYeCcKon
TEXHWKM, BK/OYAA UCMO/b30BaHWE OMEPALMOHHBIX MUKPOCKOMOB U
cneLyanbHbIX TOHKUX MHCTPYMEHTOB. 3TO NO3BO/ISIET TOYHO CONOCTaB-
NATb COCyAbl (apTEPUM M BEHbI) LLOHOPCKOTO Y4ACTKa U PeLUnMeHTHON
30HbI, 0becneunBas, Takum 06pasom, KPOBOCHABKEHWE NepecarkeH-
Horo nockyTa [15, 23, 24].

MUKpOXMpPYpruyeckas nepecasika J0CKyTOB MOMKeT BbiTb nep-
CNEKTUBHOMN ANA NEYEHUA CNOXKHBIX AePEKTOB KOXM, TaKUX KaK 06-
WMPHbIE paHbl, OXorK, rybokue pybupl U ApyrMe MOBPEKAEHUS.
MNpeumyLLecTsa MeToza BKAOYAtOT 6osiee ToUHOe cooTBeTCTBHE hOop-
Mbl M pa3mepa NockyTa AedeKTy, MUHUMMU3ALIMIO PUCKa HEKPO3a ne-
PecaKeHHOTO y4acTKa W yayyLleHne 3CTETUYECKUX pe3ynbTaTos. MNep-
CNEKTVBbI PAa3BUTUA 3TOTO METOZA BK/IHOYAIOT: ONTUMMU3ALMIO TEXHUK
nepecasku 41a NoBbIWEHNA SPOEKTUBHOCTU M CHUMKEHWA PUCKA OC-
NOXKHEHWI; pa3paboTKy HOBbIX CUHTETUYECKMX MaTEPUANOoB AAs Yyy-
LIEHWA NPUKMBAEMOCTM TPAHCM/IAHTATOB; MHTerpaumio ¢ 3D-nevyatbio
[/19 CO3aHUA UHAMBUAYaNbHbIX NOCKYTOB; NpUMeHeHWe (aKkTopoB
pocTa 1 Apyrvx 61oNOrMYecKN aKTUBHBIX BELLECTB /1A CTUMYIALMUK
pereHepaLmu Koxu; pa3paboTKy METOZLO0B OLEeHKM 3 EKTUBHOCTH
MWKPOXMPYPTUYECKUX MEPECALOK AN1A ONTUMM3ALIUM fiedeHus [25].

HecmoTps Ha CBOM NMPEUMYLLECTBA, OHA TaKKe UMeeT paj, Heslo-
cTaTkos [15, 24, 25]:

e BbICOKas CTOMMOCTb: MpoLeaypa TpebyeT 4OpOorocTonLLero
060pya0BaHMA U MaTePUanoB, a TaKKe BbICOKOKBaNUOU-
LLMPOBAHHOTO NepPcoHana, YTo AenaeT eé GUHAHCOBO HeAo-
CTYNHOM AN1S MHOTVIX NaLMEHTOB.

e [lnnTenbHoe Bpems onepauuun: cBoBoaHas MUKPOXMPYp-
TMYECKas Mepecasika JI0CKYTOB MOMKET 3aHATb HECKO/bKO
yacoB, 4YTo TpebyeT OT NauueHTa AAUTeNbHOMO npebbisa-
HUA B ONEPALMOHHON.

e [lnuTenbHblii nepuog peabunutauuu: nocnae onepaumu
TpebyeTca AUTENbHBIN NEpUoS, BOCCTAHOBNEHUS, B Teue-
HME KOTOPOro NaLMeHTy Heobxoanmo cobatoaatb CTPoruit
PEXMM U BbINONHATD PEKOMEHALIMM Bpaya.

e OrpaHuYyeHHas JOCTYNHOCTb: HE BCE MEAULMHCKUE YUpexk-
[eHua umeroT Heobxosumoe obopyaoBaHWe W creuya-
NINCTOB A1 NPOBEAEHMUSA TaKMUX ONEepaLmii. ITO MOXKET 3a-
TPYZAHUTb JOCTYN K NpoLeaype ANA NauueHToB, 0COHEHHO
B OTAaNEHHbIX PETMOHAX.

e OrpaHuYeHus B MPUMEHEHWU: He Bce BUApI AedeKToB
WU TPaBM MOTYT BbiTb YCMELIHO YCTPaHEHbI C MOMOLLbHO
€B06OLHOW MUKPOXMPYPrUYECKOW Nepecasiku NOCKyToB. B
HEKOTOPbIX C/IyYasx MOryT NoTpPe6oBaThCA Apyrne MeToabl
NeyeHus.

¢ HeobxoAMMOCTb MOBTOPHbIX OMepaLuii: B HEKOTOPbIX CAy-
yasx MOXeT MoTpeboBaTbCA MOBTOPHAA onepauua Ans
KOPPEKLMU UK yIyULLEHWUS pe3y/bTaTa.

HecKkonbKo AecATUNETUI Hasas bbln NpeaokeH MeTos, 403U-
POBAHHOTO TKAHEBOTO pacTseHusa (ATP), KOTOpbI 3aK/ioyaeTcs B
TOM, Y4TO BO BPEMSA BbINONHEHUA NPOLEAYPbI NMOZ, KOXKY UMMIAHTUPY-
I0T pPa3gyBaemblii CUIMKOHOBBIN 3KcmaHaep. Mpy nomoly perynsp-
HbIX UHBEKLWMI HU3MON0MMYECKOrO pacTBopa NOCTENEHHO YBEIMYMBA-
IOLLMIACA SKCMAHAEP CO3AAET HATAXKEHME B TKaHsX, YTO HEMNPEepPbIBHO
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extended rehabilitation period after surgery and must
adhere strictly to medical advice and regimens.

e Limited availability: Many medical centers lack essen-
tial equipment and specialists, especially in remote ar-
eas, restricting patient access.

e Usage restrictions: Not all types of defects or injuries
can be corrected through free flap surgery; alternative
treatments may be required.

e Revision surgeries: In some cases, additional surgeries
may be necessary to correct or enhance the results of
the initial procedure.

Many years ago, a reconstructive surgery technique known
as PTE was developed. This method involved using an inflatable
silicone expander placed under the skin. Over the course of sev-
eral weeks or months, saline was injected into the expander,
gradually stretching the skin and promoting new skin growth
through the mechanical stretching of the tissue [26-29].

Skin soft tissue expansion involves a complex mechanobi-
ology process, including dynamic fluctuations in force and shape
that happen in skin [29]. The main biological responses to me-
chanical stretching include increased tissue growth and elastic
deformation, driven by the displacement of tissue layers [30, 31].

Mechanical stretch-induced skin growth involves multiple
molecular pathways regulating cell proliferation and differentia-
tion, including the YAP/TAZ, MAPK-ERK, Wnt/B-catenin, and AP-1
signaling cascades, as well as cell adhesion molecules such as
B1l-integrin and E-cadherin [32, 33]. Signaling pathways that trig-
ger intracellular processes have been identified; for example, cell
adhesion molecules can respond to mechanical stimuli like PTE
and act as non-specific regulatory molecules [31].

Transcriptome sequencing studies have shown differences
in gene expression during this process, which triggers the pro-
liferation, migration, and differentiation of mesenchymal stem
cells into fibroblasts and skin cell precursors, ultimately leading to
their differentiation into keratinocytes [31-33].

PTE results in changes across all layers of the tissue flap,
which include the epidermis, dermis, subcutaneous fat, mus-
cle tissue, nerves, and blood vessels. When a stretching force is
applied, specific alterations occur within the soft tissues. These
changes include an acceleration of epidermal cell division, result-
ing in an increased number of cells, as well as a rise in the ac-
tivity of fibroblasts [32]. This heightened fibroblast activity leads
to increased collagen production by these cells. However, rapid
tissue expansion can thin the dermis, damage collagen and elas-
tin fibers, and lead to a weakened, disordered dermal structure
[29-32].

Tissue distraction stimulates soft tissues, as observed
through electron microscopy. Stretching a tissue flap results in
the fusion of nuclear membranes in the epidermal and dermal
layers [33]. In addition to reducing subcutaneous fat thickness,
there is an increase in the number of mitochondria in peripher-
al muscle fibers. While muscles tend to thin under stretching, a
fibrous capsule primarily composed of collagen and fibroblasts
forms beneath the muscle layer, surrounding the expander during
its use. After stretching begins, the skin shows an increase in
blood vessel density, and hair growth accelerates due to the stim-
ulation of hair follicles [32].

The primary challenges of the PTE method are its lengthy
duration, low efficiency, and often subpar skin quality, resulting
in small, inadequate skin grafts for defects. The extended time-
line of two to six months before plastic surgery is due to the slow
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CTUMYNUPYET POCT KNETOK U, B LLIEIOM, PACTArMBAEMOrO Y4aCTKa KOXKM.
Mpv 3TOM OTMEYEHO, YTO UMEHHO MEXaHWYECKOe PacTAXKeHWe ABNA-
€TCA OCHOBHbIM (aKTOPOM, CTUMYAUPYIOLWMM BUONOrMYECKUiA pocT
KOMM B NpoLecce AepmoTeHsnn [26-29].

[epmoTeH3una npeacTaBaseT coboil CNOKHbIM MexaHobwono-
TMYECKMI MPOLECC, B XOAe KOTOPOro MPOMCXOAMUT AMHAMMUYeCcKoe
M3MeHeHe GOPMbl U PasMEPOB KOXKHOIO /IOCKYTa MOA, BAMSAHUEM
BO3JeMCTBYOWMX Ha Hero cun [29]. OCHOBHbIMM BMONOTUYECKMMM
peaKuMaMM, BOSHMKAIOLWMMM B OTBET HAa MEXaHMYECKOE PacTAKeHue,
ABNAKOTCA YCUNEHHBIA POCT BMONOrMYECKON TKaHM U eé anacTu4Hoe
pacTaxKeHue, YTo 0byCNI0BNEHO CMeLLeHNeM CNoéBs TKaHel [30, 31].

Buonornyeckunii poct, B pesynbrate KOTOPOrO YBE/MYMBAETCA
NAoWaAb PacTArMBaeMoro y4acTka KoXW, ABNAETCA A/IUTENbHO Mpo-
TEKAlOLWEeN peakumen — pesynsTaToM COMHbIX MPOLLECCOB Mone-
KYNAPHbIX MYTEN perynauumM KNeTouyHoro pocta. Ha monekynspHom
YPOBHE MeXaHMYecKaa CTUMYAALMA NPUBOAMT K aKTUBALLMM pAaa CUr-
Ha/bHbIX nyTen, BKAtoYan YAP/TAZ-curHanuuHr, MAPK-ERK-curHanuHr,
Wnt/B-KaTeHMH-KacKag, U CUrHaibHbIA NyTb AP-1, @ TakKe MoneKyn
KNETOYHOM afresunu, Takux Kak Bl-uHterpuH u E-kagrepwH [32, 33].
YCTaHOBNEHbI CUTHANbHbIE MYTU, MHULMUPYIOLLME BHYTPUKAETOUHbIE
NPOLLECChbl: Tak, MONEKY/bl KNETOYHOM afre3nn NpoABAAOT Cnocob-
HOCTb pearnpoBaTb Ha MexaHW4Yeckne BO3AEWCTBMA, Takme Kak TP,
1, TaKMM 0b6pPa3oMm, BbICTyNaTb B KauecTBe Hecrneunduyeckmnx peryns-
TOPHbIX Monekyn [31].

Pe3ynbTaThl UCCNef0BaHUIA C UCNONb30BAHNEM METOA0B CEKBe-
HWPOBAHMA TPAHCKPUNTOMA MO3BOIMAN YCTAHOBUTL MPOUCXOAALLYHO
npu aTom anddepeHLManbHy0 3KCNPECCUIO HEKOTOPbIX FTeHOB, 3any-
CKaOLLYH MPOLLECChl aKTMBaLLMM KNETOYHOM nponavndepaumm, murpa-
U v andPepeHLMpPOBKM ME3EHXMMA/bHbIX CTBOJIOBbLIX K/IETOK B
dVBPOBNACTBI U KNETKU-NPEALIECTBEHHMKM KNETOK KOXKMK, @ 3aTeM — B
KepaTuHoumTbI [31-33].

MposepeHve ATP NpMBOAUT K M3MEHEHUAM TKaHEM BCeX CNo-
6B NIOCKYTa: aNnaepmmca 1 Aepmbl, NOAKOKHO-*KMPOBOIN KNETUYATKM,
MbILLEYHOW TKaHW, HEPBOB U COCYANCTON ceTw. MNoa AencTBMEM pacTa-
TMBAKOLLEN CUbI NMPOUCXOAAT creumduUeckme USMEHEHUS B MATKUX
TKaHAX, @ UMEHHO, YCKOPAETCA AeNeHWe KNeTOK anuaepmuca, Tem
CaMbIM, YBEIMYMBAETCA MX KONMYECTBO [32], yBennumBaeTca Konnye-
CTBO aKTUBHbIX GUOPOBIACTOB, TEM CaMbIM, NOBbILLAETCA KOSIMYECTBO
KO/nareHa B TKaHAX, CUHTe3Mpyemoro umu. OgHaKo BbICTpble TEMMbI
PaCTAXKEHUA TKAaHEN MOTYT NPUBOAMUTL K UCTOHYEHMIO AE€PMbI, @ YacTb
KO/INareHoBbIX BOJIOKOH Pa3pyLIaeTca MAM PacrnonaraeTca XaoTUyHo
[29-32].

Takum 06pa3om, TKaHEBan AMCTPAKLMA OKa3biBAET CTUMY/MPY-
toLLLee BO3LENCTBME Ha MATKME TKaHM, YTO YCTAHOB/IEHO MPY NOMOLLM
3NEKTPOHHON MUKPOCKOMUM: MPW PACTANKEHUU MATKOTKAHOTO SIOCKYTa
HabAo4aeTca CAnAHNE AAEPHBIX MEMBPaH KNETOK aNMAepManbHOro
N OepManbHOro CNoEB KoM [33], yMeHbLUAeTca TONLMHA NOAKOK-
HO-*KMPOBOI KNETYaTKK, @ B Nepudepnyeckon YactTv MbllleyHbIX BO-
JIOKOH YBE/IMYMBAETCSH KOMYECTBO MUTOXOHAPUIA. MbilLbl Ha ¢poHe
PACTANKEHUA UCTOHYAKOTCA, NOZL MbILWEYHbIM cnoem obpasyetca du-
6po3Has Kancyna, CocTosLLas, B OCHOBHOM, U3 KosnareHa u ¢pubpo-
671aCTOB, KOTOPaA OKPY)KAeT 3KCNaHAep NpW ero UCNonb3oBaHuu. B
KOMe Moc/ie Hayana pacTsaXKeHMs YBEe/MUYMBAETCA NNOTHOCTb KpoBe-
HOCHBbIX COCYZ10B, Ha GOHe NPoBeAEHUA LEPMOTEH3NM TaKKe 3HAUMMO
YCKOPAETCSA POCT BOIOC 33 CYET CTUMY/IALMM BONOCAHBIX GONNMKYI0B
[32].

OCHOBHbIe CNOXHOCTM NpU peanusaumum metoga ATP obycnos-
NeHbl BbICOKOW O/MUTENbHOCTBIO €r0 NMPOBEAEHWA, HEeAOCTaTOYHOM
3 dEKTUBHOCTbIO NMPOLEecca U, HePeAKO, OTHOCUMTENIbHO HU3KMM Kaue-
CTBOM KOXMW. BoNbLIaA NPOA0AKMTENBHOCTb BbINOJHEHWUA NPOLEAYPbI
CBA3aHa C Mef/IeHHbIM POCTOM TKaHEMN KOXM, KaK NpPaBuo, AAUTeNb-

growth of skin tissue. This slow and inefficient growth results in a
limited amount of stretched skin, which may not be enough for
the intended repairs [29].

To enhance skin regeneration and increase flap size, specific
signaling pathways must be activated by stimulating genes that
promote cell division, differentiation, metabolism, and angiogen-
esis [29-32]. To promote skin flap growth and regeneration at the
cellular level, it is essential to stimulate cells to proliferate and
synthesize new materials, such as collagen, which build the ex-
tracellular matrix in the dermis. Enhancing the differentiation of
multipotent mesenchymal stem cells (MSCs) into specialized skin
cells is crucial, as it will accelerate skin flap growth, resulting in
the creation of skin with native appearance and histological char-
acteristics [29, 35, 36]. Currently, various approaches are being
explored to enhance skin growth during the PTE. One key factor is
that different types of stretching exert unique stimulating effects
on skin tissue, which can vary based on the intensity and duration
of the mechanical action applied. For instance, local injections of
botulinum toxin type A (BTX-A) can facilitate tissue stretching by
reducing fibrosis processes and improving blood circulation in the
microvasculature of the stretched skin area [34].

The application of epidermal growth factor (EGF) and vas-
cular endothelial growth factor (VEGF) stimulates regenerative
processes that enhance skin elasticity [27, 28, 35]. Platelet-rich
plasma (PRP), rich in critical growth factors, effectively stimulates
tissue regeneration, including during PTE, as demonstrated in
several studies [27, 36].

Stem cell transplantation methods aim to deliver hemato-
poietic stem cells (HSCs) and adipose-derived stem cells (ADSCs)
into the body to promote healing by leveraging their natural abil-
ity to proliferate, differentiate into specialized cells, and secrete
growth factors. The goal is to increase the available cell numbers
to stimulate and repair damaged tissues.

The factors that facilitate the acceleration of processes
during PTE include:

e Stimulating effects on regulatory signaling pathways

and ion channels that modulate cellular activity.

e Transplantation of exogenous mesenchymal stem cells

or activation of local cells in vivo.

e Increasing cell activity by introducing external growth

factors [29].

A combined approach that employs both PTE and plasty
techniques after scar excision appears particularly promising [37].
The benefits of this method stem from the fact that the tissue
flap created from the surrounding areas closely matches the
original tissue in terms of structure, morphological features, and
blood supply, thereby improving wound healing. Research has in-
dicated that PTE methods allow for earlier closure of soft tissue
injuries, especially in extensive soft tissue injuries. The formation
of tissue-expanded flaps can be expedited using automated con-
tinuous PTE techniques. External tissue expansion methods pro-
vide advantages over traditional balloon-like silicone expander
techniques, including their applicability to any part of the body
and suitability for use in field conditions [38].

The combination of treatments for wound defects using PTE
improves the management of both acute and chronic wounds
[39]. This method contracts wound edges, removes exudate, in-
cluding inflammatory and infectious material, and promotes an-
giogenesis and the formation of granulation tissue. Numerous ex-
perimental studies and randomized controlled clinical trials have
demonstrated the positive effects of combining therapies, such
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HocTb 3Tana ATP 40 BbINOMHEHMA NNACTMYECKMUX ONepaL i 3aHUMaET
OT ABYX A0 WwecTn mecaues. Hu3kana apdeKTMBHOCTL npoLiecca pocTta
TKaHel 0bycnaenvBaeT Manylo NAoWaAb PacTArMBAEMbIX YYaCTKOB
KOXKM, 3a4aCTyt0, HeJOCTAaTO4HYIO A/1A KOppeKLmn aedekTos [29].
BbillensnoxeHHoe 0byc0BAMBaeT HEOBXOAMMOCTb NOYYeHUs
60onee KpynHbIX KOXHbIX TOCKYTOB U YCKOPEHUS PereHepaLym TKaHek
B XOZe NMPMMEHEHWUS paccMaTpuBaemMoro metoga. [na focTuxeHuUs
5TOW LEeNM Ha MOJIEKYNAPHOM YPOBHE HEOOXOAMMO aKTUBMPOBATb
CUrHaNbHble NyTW, CNocobCTBYIOWME pereHepaLuy TKaHel, U reHbl,
yyacTsylolme B AeneHunu, auddepeHUMpoBKe U MeTabonmsme Kne-
TOK, a TaKe B aHrmoreHese [29-32].
Ha KneToyHOM ypoBHe HEOOXOAMMO Y/yYLIMTb CMOCOBHOCTL
Pa3/IMYHbIX KNETOK K nponudepauum U CUHTE3y, 4To cnocobcTeyeT
YBENIMYEHMIO KNETOYHON MAcCChl U HAaKOMAEHUIO BHEKIETOYHOTO Ma-
TPUKca B aepme. Kpome 3toro, Heobxoamma cTumynaums audodepeH-
LIMPOBKM CTBO/IOBbIX M MY/IbTUMOTEHTHBIX ME3eHXMMabHbIX KNEeTOK
no nyTM GOPMMPOBAHMA B KNETKU KOXMU, YTO, B CBOIO o4epesb, Npu-
BEAET K YCKOPEHMIO POCTa KOXKHOTO IOCKYTa W, Takum 06pasom, no-
3BONIUT NONYYUTb KOXKY, BUZ U TUCTONOTMYECKME XapPaKTEPUCTUKM KO-
TOPOW 6bIIN 6bl AHANOTWUYHBI KOXKHOMY MOKPOBY 10 BO3HUKHOBEHWA
aedekra [29, 35, 36].
B HacToAlee BpeMA NPUMEHAETCA HECKObKO NOAXOA0B, Cro-
COBCTBYHOLLMX POCTY KOXKM B npoLiecce ATP. Bo-nepsblix, pasHble BUAbI
pacTAXKeHMA OKa3blBalOT OTMYAlOLWMeECA CTUMyAMpytowwme 3ddeKTbl
Ha TKaHW KOXM, YTO 0BYCNOBNEHO UX PA3IMUMAMM MO UHTEHCUBHOCTU
W NPOJO/MKUTENBHOCTU MeXaHW4YeCKoro BO3AencTBuA. Tak, NoKanb-
Hble MHbEKLMKN 6OTyNOTOKCMHA TMna A (BTXA) moryT cnocobcTBoBaTh
PacTAXEHUIO TKaHel NYTEM 3amef/IeHUA MPOLLECCoB, cnocobCeTayto-
Wyx GopmMmpoBaHMIO GUOPO3HOM KanCybl, @ TaKKe Yy4LlEeHMA Kpo-
BOOOPALLEHVA B MUKPOLIMPKYNATOPHOM PyC/ie, B 30HE PaCTAXKeHWs
Koxu [34].
MpumeHeHWe anuaepmanbHoro gaktopa pocta (EGF) u cocyam-
ctoro ¢aktopa pocrta (VEGF), Take CTUMyAMpPYyeT pereHepaTuBHbIE
MPOLLECChl, CNOCOBCTBYIOWME PACTAKEHMIO KoXKM [27, 28, 35]. Obo-
ralwéHHas TpombounuTamm nnasma (PRP), cogeprkallas MHOMKECTBO
BaXKHbIX GaKTOPOB pocTa, IPPeKTUBHA ANA CTUMYNALMM pereHepa-
LMK TKaHEN, B TOM YMC/Ee NPU AO3MPOBAHHOM PACTANKEHUM KOXKM, YTO
6b110 NOKA3aHo B psAAe UccnesosaHui [27, 36).
MpeanoxeHbl MeToAp! TPAHCMIAHTALLMK CTBONOBbIX KNETOK, KaK
reMonosTUYECKMX, TaK U U3 }KMPOBOM TKaHW, KOTOPble CMOCO6HbI He
TONBKO CEKPETUPOBATb PasnyHble GakTopbl PocTa, HO U obnasatoT
cnocobHoOCTbIO K Nponudepaumnm n auddepeHumnposke. MprmeHeHne
nofo6HOro Noaxoaa MoXKeT obecneynTb nossaeHUe LOMNONHUTENb-
HbIX K/IETOK, YTO, B CBOIO OYepesb, NPOABAAETCA YCUAEHWEM CTUMY-
nupytowero adpdeKTa.
Takum 06pasom, YCKOPEHWIO MPOLLECCOB, MPOUCXOAALLMX BO
BpemMs BbinosHeHMs TP cnocobcTaytoT cneaytoLime GakTopbi:
e CTumynupyoLLye BO3LENCTBMA HA PErynaTOpHbIe CUrHa/b-
Hble MyTWU M HA MOHHbIE KaHaslbl, KOTOPblE CNOCO6CTBYOT
MOAYNALMM KNETOYHOM aKTUBHOCTY.

e TpaHcniaHTaLMA 3K30reHHbIX Me3eHXMMasbHbIX CTBOJO-
BbIX KNETOK W/IN aKTUBALMA MECTHbIX KNETOK in Vivo.

e [oBbILEHME aKTUBHOCTU KNETOK C MOMOLLLbIO BBEEHMA K-
30reHHbIX paKTopos pocta [29].

OcobeHHO NepcrnekTUBHbIM NPEACTaBAAETCA NPUMEHEHNE KOM-
6MHMPOBAHHOTO NOAX0A3, B OCHOBE KOTOPOTO IEXKUT UCMO/Ib30BaHNE
KaK [031POBAHHOMO PACTANKEHUA KOXM, TaK U NAACTUKM paHbl, 0bpa-
30BaBLUeNcA nocne mcceveHus pybua [37]. Mpeumyliectsa Takoro
NOAX0Aa 3aKNI0YAoTCA B TOM, YTO TKAHEBOM IOCKYT, cHOPMMPOBaH-
HbIN 13 Bansnexalmx K aedeKTy TKaHel, MMeeT BbICOKOe CXOACTBO
MO OTHOLLUEHMIO K TKaHAM B 061aCTv gedeKTa no CTpyKType, Mopdo-
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as PTE and vacuum-assisted closure therapy. These approaches
have shown significant improvements in both the functional and
aesthetic outcomes of skin wound treatment [40-42].

CONCLUSION

Wound treatment is a significant concern in modern med-
icine, particularly in fields such as surgery, traumatology, burn
treatment, and plastic surgery. The combination of various treat-
ment approaches, tailored to individual patient needs, enhanc-
es recovery outcomes after surgery. A thorough understanding
of the etiology and pathogenesis of scar formation enables the
development of more effective treatment strategies, improved
wound healing monitoring, and reduced scar formation. The PTE
method has shown effectiveness in treating defects across var-
ious body areas. It regulates the activity of skin signaling path-
ways, thereby improving the quality of skin flaps and reducing
treatment time. To enhance the effectiveness of PTE, it is crucial
to investigate the mechanisms behind its impact on skin regener-
ation. Additionally, research into factors that promote skin regen-
eration and the effects of mechanical stretching on intracellular
signaling pathways is essential. There is also a growing interest
in exploring the clinical potential of mesenchymal stem cells,
non-cellular derivatives, and growth factors in conjunction with
PTE for treating extensive skin defects.
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JIOTUYECKMM XapaKTEPUCTMKaM U 0CODBEHHOCTAM KPOBOCHaDKeHMs,
4To CnocobCTBYET ONTMMM3aLLMM NPOLEeCca 3aXUBNEHWUA paHbl. [Mo-
Ka3aHo, 4To NpumeHeHne metogos [ATP no3BoNAET COKPATUTb CPOKM
JIeYeHNA NALMEHTOB C OOLUMPHBIMU NMOBPEXAEHUAMMU MATKUX TKAHEW,
Gnarofaps pacMpeHUo NoKasaHUM K paHHeMY 3aKpbITUIO paHeBo-
ro aedekra. YckopeHue npouecca GOpMUPOBAHUA IKCTEH3UOHHOTO
TKaHEBOrO /IOCKYTa MOXKeT ObITb AOCTUIHYTO NPUMEHEeHMeM MeTosa
aBTOMATU3MPOBAHHOMN HeMpepbiBHOW A03MPOBAHHON TKAHEBOW AMC-
Tpakuwmu. MpermyLiectso annapaTtHbix meTogos TP no cpaBHeHwMto ¢
3KCnaHAepHOW 1 6anNOHHOW 3aK/HOYAETCA B BO3MOKHOCTU NPUMEHE-
HWA 3TOr0 MeToAa Ha Nto6OM yyacTKe Tena, a TakKe B BO3MOXKHOCTU
€r0 WCMO/b30BaHUA B NO/EBbIX YCN0BUAX [38].

KombuHVpoBaHHOE NeyeHne paHeBbIX AedEeKTOB C UCMO/b30Ba-
Huem TP no3BONAET U3MEHUTb MOAXOA, K IRHEHUIO OCTPbIX U XPOHU-
yeckux paH [39]. Mpu ncnonb3oBaHUM Nofob6HOro NOAXoAA OCyLLECT-
B/IAETCA NOCTENEHHOe CTArMBaHWME KPaés paHbl, YAANAETCA IKCCYaaT,
cofiepaliyin GaKkTopbl BOCMANEHNA U MHPEKLUMOHHBIE areHTbl, YTO
CNocobCTBYET aKTUBALMM aHTMOTeHe3a 1 06PA30BaHMIO FPaHYNALMOH-
HoOW TKaHW. MonokuTenbHble 3GdEKTbI UCNONb30BaHUA METOA0B KOM-
61HMpOBaHHON Tepanuu B Komnaekce ¢ [TP, a Takke ¢ BakyyMHoOM
Tepanuen, 6bI1M NPOAEMOHCTPUPOBAHBI B PAAE SKCMEPUMEHTANBHBIX
paboT M pPaHAOMM3MPOBAHHBIX KOHTPONIMPYEMBIX KJIMHUYECKUX WC-
CNefloBaHMI. Bbio OTMEYEHO 3HauuTeNbHOEe YyAyulleHue GYHKLMO-

Ha/lbHbIX M 3CTETUUECKUX PEe3yNbTaToB NleYeHUs paHeBbIX AedeKToB
KOMM MPW UCMONb30BaHMM NoA06HbIX Noaxoaos [40-42].

3AKNIOYEHUE

NeyeHune paH ocTaéTca BaxHON Npobiemoii COBpEMEHHOMN Me-
OVUMHBI, 0COBEHHO B XMPYpruuM, TPaBMaTonoruu, Kombyctnonornum
W MiacTM4eckon xupyprum. KombMHWMPOBaHHOE MPUMEHEeHWe pas-
JMYHBIX NOAXOA0B, YYUTbIBAA MEPCOHANM3NMPOBAHHYIO MeAULMHY,
YNy4LWaeT BOCCTAHOBNEHWE MALMEHTOB MOCAE XMPYPrUYecKux Bme-
waTenbeTs. MOHUMMaHME 3TMONOTMU U NaToreHesa pybLOB No3sonseT
anddepeHUMpPoBaHHO BbIGUPATL TaKTUKY IeYEHUA, KOHTPOAMPYA 3a-
KMB/IEHWE PaH M yMeHbluas naowaab pybuos. Metog ATP adpdektn-
BeH 1A NedeHns fedeKToB Ha NtobbIx yuacTKax Tena. OH peryampyet
AKTMBHOCTb CUTHA/IbHBIX MYTEN KOXM, MOBbLIWAA KAYeCTBO KOMKHbIX
JIOCKYTOB M COKpaLlasa Bpema nedeHus. [na nosblweHua sbdekTus-
HocTu ATP HeobxoAMMO MCCNenoBaTb MeXaHW3Mbl €ro BAMAHMA Ha
pereHepaumio KOXU. BaxkHo wm3yyaTb dakTopbl, crnocobcTsyolme
pereHepaLyn KOXHu, v BAMAHNE MEXaHUYECKOro PACTAMXEHUA Ha BHY-
TPUKNETOUHbIE CUTHA/bHbIE NYTU. AKTyaNbHO UCCNef0BaTb NOTEHLM-
an KNMHUYECKOTO NPUMEHEHNA Me3eHXMMaNbHbIX CTBOIOBbIX KNETOK,
HEKNIETOYHbIX NPOW3BOAHbIX U (HAKTOPOB POCTa NPU UCMONb30BAHUK
[OTP gns neyeHns obWIMPHBIX AePEKTOB KOKM.
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