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ATPOPMYECKME PYbIIbI
KAK OBBEKT TEPAIINMM HEOPTAHUMYECKVMM I'EJISIMU

B.I'. Huxkonoposa, B.B. Kpumuron, V.B. ®artees, A.C. OBuUnMHHMKOBa

OI'BY «I'ocymapcTBeHHBIVI HayYHO-VICCIIeA0BATeILCKIVL VICIIBITATeIbHBIVI THCTUTYT BOCHHO
MenuimHb» MuHmcTeperBa 00opons! Poccurickoit deneparyy, r. Cankr-IlerepOypr, Poccms

Ampocpuneckue pybyst npedcmabaaom codoil komniekcHyo npobiemy, oxBamuvibaiouyyio K040CCaIbHOE
Koauvecmbo nayuenmol, umerouwjux striae gravidarum, yepebyio 0o1es3Hs, ampoguueckue pyoys. nocie
xXupypeuveckoeo Bmeuiamesscmba, Cmpuy npu eunepkopmuyusMe U opyeux memabosuueckux Hapyuie-
Husx. C yuemom coyuatsioeo cmamyca nayuenno (bepemenmvie XeHujtvl, N00pOCKU, AUYa, cHpaod-
10UjUe XPOHUUECKUMU 20PMOHAALHBIMY HAPYUeHUAMU) Obiia nocmabiena yeas — cuchmemamusupobams
AUmMepamypHyie OaHHble 10 HauMmeHee UHBASUBHOMY Memooy AeueHUs — mepanuy ampoguneckux pyoyob
C UCNOAb308aH1eM HeopeaHuHeckux 2edetl 045 Bbiabaenus HOBbIX XUMUUECKUX KAACCOB ¢ NOMeHYUANbHOTL
npomubopyodyoboi axmubrocnvio.

ITpu 0bobuyernuy darnnbix uccaedobanuii 3a nocaednue 10 aem obHapyxero, umo sgpgpexm npomubopyodio-
Boi mepanuu 3abucum om okpacku ampoguyeckozo pyoya — eunep- UAU eUnonUeMeHMupoBaHHbli, e2o
mMuna — KAUHoBUOHbLIL, AA0beBUOHbLI, TPAMOY20AbHbLI, NPOUCX0KOEHUA ~ noCmaKHe, pyb1y06as aroneyus,
uHgbexyuonHsle pybybl, cmpuu, nocmpabmamuveckutl ampogpuueckuii pybey. Taxke sHAUUMYI0O potb Ue-
paem cmadus namoeenesa: acenmuyeckoe focnasenue, UHMHUALMPAYUA KAHKAMU 2eMAN102eHH020 OUh-
hepona, deepanyasyus myunsix k1emok, Bvibpoc buoaxmubrvix Beujecmb u usmenenue basarca axmo-
po8 pocma VEGF, TGF-f1, EGF, FGF, PDGF, muepayus axmuBupoBannsix maxpogpaeob, nobpexdenue
MACMUHECKUX U K0AAA2eH0BbIX B0A0KOH, NepubaCKYAAPHAA AUMPOYUMAPHAS UHDUALPAYUA, HAPYULe-
Hlle 2eMOpe0A02U Y, XPOHU3AYUA BOCNAAUMEAbHO20 NPOYECCA, POCHT HUCAA CEHECYeHMHbIX hubpodaacmob,
CHUJKEeHUE CUHMeMU4ecKotl akmuBHocmu KAemox ampoghuteckozo pyoyua, CHuXeHue Kiemounocmu u ac-
kyaapusayuy obaacmu ampogpuueckozo pybya. ITpu Bvicoxotl OUOUHEPMHOCI HeOpeAHUUeCKUX 2eteli
npomubopyduyobuiii spgpexm docmueaemea 3a cuem omuiesyuiubaroujeeo deticmbus, INUdePMALbHO-Me-
3eHXUMAAbHBIX B3aumodedicmbuil, Bauanus na eudpamayuio pyoua mesonopucmoi cmpykmypu eeas. Io-
MuMO usbecmnoeo cuauxonoboeo eeas, maxumu cboricmbamu 064a0aw0m 304v-2e4uU HA 0CHOBe HAHOMATNE-
puasa 0uokcuoa AAIOMUHUA, 4mMo 1o3Boasem paccmampubams ux Kax aivmepHamuby cuAukoHobomy

eento.

KaroueBuie croBa: ampocpuueckue pydyvl, HAHOMAMEPUALbL, HEOP2AHUHECKUE 2eAU, TEPANUS.

Beenenne. Acne vulgaris — oHO U3 caMBIX
pacrpoCTpaHEeHHBIX KOXHBIX 3a00JIeBaHUH, KO-
TopeIM cTpanatoT 80 % mromeii B Bo3pacte ot 11
1o 30 met [1], y 95 % KOTOpBIX BOHHKAIOT aTPO-
¢uueckne pyous (mocrakue) []. Kpome Toro,
KaKIBIM TOJ TOJBKO B pa3BHUTHIX cTpanax 100
MJTH MAIMEHTOB MOIYYaloT OCIeOnepalliOHHbIE
pyoust [3]. Jpyrum mpuMepoM aTpoQHUeCKHX
pyO1oB sBistorest Striae gravidarum — crpun,
BO3HHKAWOIME MpH OepeMeHHOCTH. B ocHoBe
3TOTO HAPYUICHHUS JIE)KHUT aCENTHIECKOE BOCIIae-
HHUE, MPHUBOJAINICE K TOBPEKICHHUIO 3JacTH4e-
CKHX BOJIOKOH. DTOT IIPOIECC HACTOIBKO PACIIpo-
cTpaHeH, 4ro oxBarbiBaeT 55-90 % JKeHIIMH,
MIPUBOJIS K 3HAYUTEIIEHBIM IICUXOJIOTUIECKUM T1e-
pexuBaHusM U TpaBMaM [4]. Eme npeBHepum-

ckuil mo3T OBuanit Ha3oH B CBOMX TBOpEHMSX
YKa3bIBaJl Ha 3Ty MPOOJeMy, TIOBECTBYS O TOM,
KaK >KeHIIMHBI TPEephIBAlOT OEPEMEHHOCTh, YTO-
OBl n30eXXaTh MOSBICHUS CTPUN, KOTOPHIE BBI3BI-
BalOT HE MEHBIIYI0O 03a00Y€HHOCTh W B HaIle
Bpems [5].

[NcuxoconuanbHbIe IOCIEACTBUS aTpoduye-
CKUX pyOIIOB, BO3HUKIIUX B ()MHAJE MPOTPECCH-
poBaHUs akHe (IMOCTaKHe), OBUIM BIIEPBbIE OIH-
canbl Matiepom Cymbiioeprepom. Mccnenoanue,
BKJIIOYABIIIEE OIIEHKY KadecTBa JKM3HM MAaIMeH-
TOB C TOCTaKHE, BBISIBIJIO TICHXOJOTHYECKHE U
SMOIIMOHAIIFHBIE PACCTPONCTBA, COTIOCTABUMEIE C
MOCJIEACTBUSAMH TaKUX XPOHUUECKUX, UHBAIUAU-
3UPYIOIIUX COCTOSHUM, KakK SIMWIEIICHUS, caxap-
HBII1 TnabeT u peBMaTouIHbIH apTpuT [6]. Kpome
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TOTO, TMOSIBIJIUCH AaHHBIE O TOM, YTO aTpodude-
CKHe pyOIbl ¢ BO3pAaCTOM MPOTPECCUPYIOT U3-3a
€CTEeCTBEHHOM TMnoaTpoduu, KoTopas e1e 00b-
IIe TTOTYEPKUBACT KOXKHBIN nedekT [7].

KonnvecTBO AOCTYMHBIX AJIsI CAMOCTOSATENb-
HOTO JICUYCHHS aTpOPHUUECKHX pyOIIOB KOCMETHU-
YEeCKHX M JIEKaPCTBEHHBIX CPEACTB JOCTATOYHO
Benrko. OHAaKO NOAaBIIsIoIIee OOIBIIMHCTBO U3
HHUX UMEET OPraHM4YEeCKYyIO IPHPOY, YTO JEIacT
UX TIOTEHIUAIBHO OIaCHBIMU BBHIY Pa3BHUTHSA
ajuieprudeckux peakuuid. Ilo nurepaTypHbBIM
JaHHbIM, ipuMepHo y 50 % HaceneHust oTMeva-
eTcsl aliepruyeckas CeHCHOMIM3anus 1o Kpaid-
Hell Mepe K OTHOMY aJUIepreHy U, Kak CIIEICTBHE,
K 2050 r. monoBHHA HAceJIEHUs 3€MHOIO IIapa
OyzeT uMeTh aiepruueckue 3abonesanus [8].

IlenbI0 HaIIEro MCCIIEIOBAHMS CTAIO 0000-
[ICHUEe JIUTePATyPHBIX JAHHBIX O JEUeOHBIX d(-
(ekTaX HEopraHMYeCKUX Teled IpH Teparnuu
aTpouUecKuX pyOLOB JUIA BBISBICHUS HOBBIX
XMMHYECKHX KIIACCOB C MOTEHIMAIBHOM MPOTH-
BOpPYOIIOBOI aKTHBHOCTEIO.

Marepuanaom Ui HMCCIENOBaHHA TOCIY-
KWJIM OpPHI'MHAJIBHBIE CTaThbU M 0030pHBIE pa-
0O0TBI, pa3MeIICHHBIC B HAYKOMETPHYECKUX 0a3ax
nanaelx PubMed, Google Scholar u eLibrary 3a
nocneanue 10 ner.

Hwxe mpuBeseHO HECKOJBKO KiaccH(UKa-
i aTpoduyeckux pyOILOB TIO pa3HBIM MPH3HA-
KaMm.

I. Knaccudukaius arpoduueckux pyOLoB IO
okpacke [9]:

1) runepnurMeHTHPOBAHHBIC PYOILIBI;

2) TUNONHMIMEHTHUPOBAHHBIC PyOIbI.

Il. Knaccudurarust arpopudeckux pyOLoB IO
dopwme [10]:

1) «pyOGrist oT Megopybay (KITHHOBUAHBIE) —
y3kue (MeHee 2 MM), TIIyOOKHe, ¢ AIHUTEINANh-
HBIMU PACHIMPECHUSMH, JOCTHUTAIOIIUMHU TIy0o-
KHX CIJIOEB JIEPMbI WM MOJIKOKHON KIIETYATKH, C
MOBEPXHOCTHBIM OTBEPCTHEM IIHPE, YeM HX 00-
nee TiyOokas BhnaauHa (MMeroT (opMmy OYKBBI
«V»). OObIYHBIC BapHAHTHI JIedeHUs1 MAT0dhdek-
TUBHBI, TaK KaK Mpenaparhbl He JOCTUTAIOT CaMOn
riry6okoit yactu pyb6ma [11, 12];

2) ckatbIBaroIuecs: pyoIpl (JlaapeBHUIHBIC)
pa3BuBalOTCA B pe3yibpTare (PUKCAMU KoJulare-
HOBBIMH BOJIOKHAMH IpUjIeXkariei K pyoiy Hop-
MaJIbHOU Ha BUA KOxkH. VX TruaMeTp oObIvHO Mpe-

BbIaeT 4—5 MM. XaOTHYHO PacroioKEHHBIE BO-
JIOKHA, CBS3BIBAIONINE JAEPMYy C THIIOIEPMOI,
NPUBOIAT K BOJHUCTOCTH KOXH (popma OyKBBI
«M»). Takum o0pa3om, Je4EHHUE yYacTKa MOJ
JepMON SABTSETCS KIIOUYOM K YCIEIIHOMY HC-
XOLy;
3) TUpsAMOYToJIbHBIC PYOLbI BABJICHBI, IMeE-
I0T KPYIJIyl0 WM OBAJIBHYIO (popMy C XOpOIIO
OYEpUCHHBIMHU KpasMH, 0ojee IIMPOKOe, YeM B
«pybuax ot nemopy0ay» MOBEPXHOCTHOE OTBEP-
CTHe, He CyXaroTcs y ocHoBaHHA (popma OyKBEI
«Uy»). Ux rmyOuHa U mupruHa BapbUPYIOT B pa3-
Mepax, a JUaMeTp Yalle BCero COCTaBiseT oT 1,5
1o 4,0 M. Ilo rmyOuHe IpSMOYTOIBHBIE PYOITBI
MoryT ObiTh Menkumu (0,1-0,5 mm) wmu rory6o-
kumu (6omee 0,5 mm). Uem ry0ke mpsSMOyTOIIb-
HBIE PyOIBI, TEM OOJiee PEe3NCTEHTHBIMHU K Jiede-
HUIO OHU cTaHoBsATCs [11, 13].
I1l. Kmaccudukanus arpoduyaeckux pyOIOB 1O
npoucxoxaeHuio [9]:
1) BocmanuTeabHBIC PYOLIBI:
a) TIOCTaKHE;
0) pyOroBas anorenusi, 00ycIOBIeHHAs
nmonuMop(HOW Tpynmnol 3a0oJeBaHMUIA,
KOTOpBIE Pa3pyIIAlOT BOJIOCSHOM (OIITH-
KyJI, 3aMelias ero pyoIoBoil TKaHbIO;
2) uH(DEKIMOHHBIC PYOILIbI;
3) cTpuH, WK «PACTIKKID
a) Striae gravidarum,
npu OepeMeHHOCTH;
6) Striae Distensae:
— artpoduyeckue pyOlIbl, BEI3BAaHHBIC
3aHATUSAMU (PU3HUYECKUMH YIIPaXK-
HEHUSIMHU, CIIOPTOM, UHTEHCUBHBIM
poctom mbI [14];

BO3HHUKAIOIIHNEC

— aTtpoduyeckue pyOLbl, BEI3BaHHBIE
NPUEMOM TOPMOHAJBHBIX Mperna-
paros [15];
— atpoduyeckue pyOuUBbl,
IIME TOcie OXYACHUS WK OBICT-
poro pocra.
IV. Knaccudukauus ctpuii 1o JMHaMUKE pPa3BU-
Tug [16]:
1) striae rubra;
2) striae alba.
V. Knaccudukanusi mocTTpaBMaTn4eckux aTpo-
¢ugeckux pyOLOB MO ATHOJOTHH:
1) mocromnepanuoHHbIe aTpoduueckue pyo-
el [17];

BO3HUK-
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2) TpaBMaTH4ecKue aTpopuuecKue pyOIbI

MexaHnusmbl

IIaTorcHesa

aTpo(hUIECKUX

[18, 19]; pyOI10B M (haKTOpPHI pPHCKA, CBSI3aHHBIC TOW HIIN
3) MmocIeoKOToBbIe aTpOQHUECKHe pPYyOITBI WHOW HO30JIOTHEH, TPEICTaBICHBI B TA0. 1.
[20].
Tabnuya 1
Table 1
OcobeHHoCTH NaTOreHe3a aTpopuyeckux pyonos
Pathogenesis of atrophic scars
Tun pyona IIaTorene3 DaKTOpPHI pUCKA
Type of scar Pathogenesis Risk Factors
1. Bocnanienue, runepcedopest, aHoMalbHas
KepaTHuHU3alUA CI)OJ'IJ'II/IKYJ'IOB " pOCT 00CeEMEHEHHOCTH
Cutibacterium acnes [21].
1. Inflammation, hyperseborrhea, abnormal follicle
keratinization and increased prevalence of Cutibacterium
acnes [21].
2. BocnanurenbHble peakiiy, MTHAULUUPYIOLTUE
HHOUIBTPAIHIO epUOITHKYIAPHBIX obnacteir Th17-
u Thl-knerkamu, ¢ MOBbIIEHHOH mpoaykuueii 1L-17 [21].
2. Inflammatory reactions initiating the infiltration I'eneTnueckas
of perifollicular areas by Th17 and Thl cells, with MPEAPACIIONIOKEHHOCTb,
ATtpoduueckue increased IL-17 production [21]. 3aJIepIKKa B JICUYCHUH aKHe,
py6].[bl 3. Pa3pymeHHe 3JIACTHYCCKHX BOJIOKOH M KOJIJIar€Ha IIOBCACHUC ITallUCHTAa
OT yIrpeBoit 1-ro u 3-ro Tumos [22]. C MEXaHUYECKOU TpaBMOH
CBIH 3. Destruction of elastic fibers and collagen [25]
Atrophic (types 1 and 3) [22]. Genetic predisposition,
acne scars 4. Poct ypoBusi TGF-b1 u IL-6 u konuuecTBa delay in acne treatment,
Th17-k1eToK, MPUBOASAIINIA K YCTOHIHBOMY behavior of patients with
BOCIIAJICHHIO U TIOBPEXICHHIO TKaHel [23]. mechanical injuries [25]
4. Increased TGF-b1 and IL-6 levels and increased
number of Th17 cells, leading to sustained inflammation
and tissue damage [23].
5. Hossrenue ypoBust TGF-b1, cioco6erBytoriee
6OJ'ILH.IGMy BOCCTAHOBJICHHIO KOJIJIareHa 1-ro tuma
10 CPABHEHUIO C KOJIJIareHoM 3-ro Tumna [24]
5. Increased TGF-b1 level, promoting greater type 1
collagen restoration compared to type 3 collagen
restoration [24]
bakrepuanbHas
I/IH(peKHI/ISI, TCHETHYCCKAA
Pybuosas JlumbonurapHas, HeUTpopHUIbHAS WM CMEIIaHHAS HpezlpacnvonomeHHOCTb,
ajonenus caxapHBI auader
Scarring HquanpaI.mﬂ [26] - e 2-ro Tuna [27]
. Lymphocytic, neutrophilic or mixed infiltration [26] L . .
alopecia Bacterial infection, genetic
predisposition, type 2
diabetes mellitus [27]
I'enetnyeckas
IMepexo/1 0CTPOro acenTHYECKOTO BOCTAICHHS, MPEIPACIIONOKEHHOCTh,
TIPUBOALIETO MAaTEpPUHCKUHI U CEMENHBIN
Striae K TIOBPEXKJICHUIO 3JIACTUYECKUX BOJIOKOH, aHaMHe3, TTOBBIIIIEHHBINA
gravidarum B XpoHndeckoe [14] BEC 10 OEPEMEHHOCTH

Transition of acute aseptic inflammation into
a chronic one, leading to elastic fiber damage, [14]

U JI0 POZIOB, a TAKXKe
TIOBBIIIEHHBIN BEC
IIpU poxJIeHUH [3]
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Tun py6na
Type of scar

IIaTorene3
Pathogenesis

DaKTOpPHI pUCKa
Risk Factors

Genetic predisposition,
maternal and family
history, increased
pre-pregnancy and prenatal
weight, and increased birth
weight [3]

TpaBmaTtuueckuit
aTpOPUUCCKUit
pyGert

Traumatic
atrophic scar

PaneBoe HanpskeHue, ONMO3ULIMS TKAHEH,
WHJIMBUAYaJIbHbIE BapUallMU 3aKUBJICHUS paH

U COKparieHne pyomna [28]

Wound tension, tissue opposition, individual variations
in wound healing and scar reduction [28]

1. Bererapuanctso [17].
1. Vegetarianism [17].
2. Hapymienust MmecTHOM
CTEPOUIHOM Tepamnuu:
CJIMIIIKOM 4acTogE,
riryOoKOe BBEACHUE
MpenapaTon

B IIOJKOKHO-)KUPOBYIO
KJICTYATKY HUJIN UX BbBICOKAs
KOHIleHTpanus [29].

2. Violations of local
steroid therapy: too
requent, deep drugs
injection into subcutaneous
fat or high drug
concentration [29].

3. NeneTnyeckas
MIPEIPaCIIOIOKEHHOCTh
[30]

3. Genetic predisposition
[30]

HecmoTpst Ha TO uTO GONBIIICE BHUMAHHE aB-
TOPOB COCPEAOTOYEHO Ha THIEPTPOPUUECKUX
pybmnax, arpoduueckne pyOubl Oolee CIOXKHBI
JUTSl JIEYeHUs U3-3a 0cOOEHHOCTEH MaTo(u3noo-
rudyeckux mnpoueccos [31, 32], koTopele He Bce-

raga Y4YuTBIBAIOTCA B KIIMHUYCCKHUX MCCJICIO0BA-

HUAX. B cBs3m ¢ aTuM B Tabn. 2 mpencraBieHa
CpaBHHTEIIbHASI XapaKTEPUCTUKA MaTOTeHeTHYe-
CKMX MEXaHHU3MOB (HOpMUpPOBaHUS arpodude-
CKHX ¥ TUTIEPTPOPUIECKUX PYOIIOB.

Tabauya 2
Table 2

CpaBHeHHe MATO(PU3NOJOTHYECKMX MEXaHN3MOB (popMUpOBaHUS
aTpodu4ecKux M runeprpopuyeckux pyonos

Comparison of pathophysiological mechanisms of atrophic and hypertrophic scars

I'nnepTpoduyeckuii M KeJOHIHBIA

Usually occur at the site of a wound
in high tension areas, e.g. in the joint
areas or in the areas where the skin
is bent at a right angle [20]

XapakrTepucTukKa ATpoduueckmuii pyoen u Striae gravidarum
pyoen . . -
Parameters . . Atrophic scar and striae gravidarum
Hypertrophic and keloid scars
OOBIYHO BO3HHUKAIOT HA MECTE
aHEBOTO JIe(eKTa KOXKH B 30HAX . .
p neh Striae gravidarum o6er4HO pacronararoTcs
TIOBBIIICHHOI'O HAIIPSYKCHU A,
Ha TpyAH, )KuBoTe u 6enpax [3], arpodruaeckne
HampuMep B 00JIaCTH CYyCTaBOB WIIN
. pyOIIBI OT aKkHE — Ha JIIle, CiuHe U rpyau [33]
Jlokanuzauus Ha y4acTKax, II€ KOXKHBIM ITOKPOB . .
S Striae gravidarum are usually located on the

Localization crubaeTcs moj NpsIMbIM yriioM [20]

chest, abdomen and thighs [3], atrophic acne
scars are located on the face, back and chest
[33]
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I'uneprpoduyeckuii U KeJOUIHBIH

XapaKkTepucTHKa ATtpoduueckuii pyoen u striae gravidarum
Parameters p yoen . Atrophic scar and striae gravidarum
Hypertrophic and keloid scars
Hapymenns cTpykTypsl 6a3anbsHOM MeMOpaHBI
HHUOAUPYIOT TUQPEepEeHIUPOBKY
KEepPaTHHOLUTOB B IPOJTH(EPATHBHBIN (DEHOTHII.
ATpO(IJI/IH snuacpMuca, noTeps Poct TOJIIHWHBI SIIMACPMUCA MCKIAY 0a3aabHBIM
Dnuaepmuc ceTuaThIX rpedHeit [34] Y POTOBBIM ciiosimi [35, 36]
Epidermis Epidermal atrophy, reticular ridge Disturbances in the basement membrane
loss [34] structure initiate the keratinocyte differentiation
into a proliferative phenotype.
Increase in epidermal thickness between
the basal and horny layers [35, 36]
AHOMaJIbHOE HaKOTIJIEHUE
o BHCKJIETOYHOI'O MaTpUKCa,
Breknerounslit

ManI/IKC ,HepMLI
Extracellular
matrix of the

COCTOSIIIIETO B OCHOBHOM M3
Je3UHTET PUPOBAHHBIX
KOJIJIAar€HOBBIX BOJIOKOH [37, 38]
Abnormal extracellular matrix

I[e(i)I/IL[I/IT KoJIJ1areHa 1 Apyrux BOJIOKHUCTBIX
TKaHeH [37]
Collagen and fibrous tissue deficiency [37]

dermis . - .
accumulation, consisting mainly of
disintegrated collagen fibers [37, 38]
B PaHHIO0 CTAANUI0 — HCOPTAaHU30BaAHHBIC
KOJUIareHoOBbIe (pUOpHILIBI, HE 00pa3yloIue
IIYYKOB, ¢ MHOTOYHCJICHHBIMHU BCTBALIUMMUCA,
pacHIMpCHHbIMU U NEPCTIIICTCHHBIMUA COCYAaMU.
JKecTkue komareHOBEIE BOJOKHA
o B 3pCJIOM COCTOSIHUH — IIYYKH KOJUIArcHa,
Komnarenossie HETPaBIIIEHOH ()OPMBI ¥ OOJIBIIIOTO
IIJIOTHO U T'YCTO YJIOKCHHBIC pAAaMUn
BOJIOKHA nuamerpa [39]

Collagen fibers

Tough collagen fibers of irregular
shape and large diameter [39]

NnapajiieJibHO SMMUACPMUCY

In the early stage — disorganized collagen fibrils
that do not form bundles, with numerous
branching, dilated and intertwined vessels.

In a mature state — collagen bundles are densely
arranged in rows parallel to the epidermis

DacTHYECKHE
BOJIOKHA
Elastic fibers

KonnuecTBo sr1acTUUeCKUX BOJIOKOH
CHHMKACTCs, OHU CTAHOBATCA TOHBILIC
u Oosiee pparmMeHTHPOBAHBI [34]
The number of elastic fibers
decreases, they become thinner and
more fragmented [34]

3HaYUTENHLHOE pa3pyuieHne 3J1aCTUICCKUX BO-
JiokoH. O6unue KOPOTKHUX, HCOPTaHU30BaAHHBIX,
TOHKHX TPOITO3JTaCTUHOBBIX (PHOPHILIL.
HOJ‘IHOL[GHHOfI C60pKI/I QJIACTHYCCKHUX BOJIOKOH
He nipoucxoaut [40]

Significant destruction of elastic fibers.
Abundance of short, disorganized, thin
tropoelastin fibrils. Complete assembly

of elastic fibers is not abserved [40]

dubpobnacTs
Fibroblasts

3HAYNTENHHOE CHIDKCHIE
KieTouHocTH [41]
Significant reduction

in cellularity [41]

B cTanuto xpacHOU CTpUM — yBeJINYEHUE
KIIeTOYHOCTH. B cTanuio Oenoit crpun —
HE3HAYUTENIbHOE CHIKEHHE KiIeTouHOCTH [41]
At the striae rubrae stage there is an increase

in cellularity. At the white striae stage — a slight
decrease in cellularity [41]
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XapaKTepuCcTHKA
Parameters

I'uneprpoduyeckuii U KeJOUIHBIH

py6en
Hypertrophic and keloid scars

ATtpoduueckuii pyoen u striae gravidarum
Atrophic scar and striae gravidarum

TyuHBIE KIETKU
" KICTKHU
BOCIIAJICHUA
Mast cells and
inflammatory
cells

PocTt yncna TYYHBIX KJIETOK

B KeIougax. Ectp IpPEAIOJI0KECHHUE,
YTO XUMa3a TYyYHBIX KJIIETOK
croco0OcTByeT npoiudepanun
¢hudpoOIACTOB MO CUTHAILHOMY
oyt TGF-B1/Smad. Takxe oT™MeueH
pocCT 4nciia IerpaHyIupOBaHHBIX U
3peIbIX TYYHBIX KJIeTOK [42-45].
KpoBocHabkeHue pyOIIoBOii TKaHH
obmpHOE [35]

Increased number of mast cells

in keloids. There is an assumption
that mast cell chymase promotes
fibroblast proliferation via the
TGF-B1/Smad signaling pathway.
Increased humber of degranulated
and mature mast cells [42—45].
Abundant blood supply to the scar
tissue [35]

Ha cTanuu xpacHoli cTpuu pacter
ACTPpaHyINUA TYYHBIX KIJIIETOK, BIIOCIIEACTBUN
OTMEYACTCA MUT'pAllUA aKTUBUPOBAHHbBIX
Makpodaros, KOTopsle GaronuTHpYIOT dhpar-
MCHTHUPOBAHHBIC 3JIACTUYCCKUEC BOJIOKHA,
(bopMupyercst nepuBacKyJsIpHast
muMbonuTapHas HHQUIbTPALKS B BUJC
MaHXCTOK, B OCHOBHOM aMOp(l)HOM MaTpHKCe
pacTeT D0JI rITMKO3aMUHOTJINKAHOB.
OtmMmeuaercs oTek aAepMbl [46].

B cramuro Genoit ctpun HaOMIOMACTCS CHIDKE-
HUC INIOTHOCTHU TEMOKAITUIIJIIAPOB, IEMAaTOT'CH-
HBIX KJIETOK U TYYHBIX KJIETOK [41, 42]

At the striae rubrae stage, mast cell degranula-
tion increases, subsequently activated macro-
phage migration is noted, which phagocytize
fragmented elastic fiber. Perivascular lympho-
cytic cuffs are formed. Proportion of glycosa-
minoglycans in the amorphous matrix increases.
Dermis edema is observed [46].

At the white striae stage, a decrease in the den-
sity of hemocapillaries, hematogenous cells and
mast cells is observed [41, 42]

®axkTopsl pocTa
Growth factors

VEGF — nossitien [47]
Increased VEGF [47]

VEGF — cunxen [48]
Reduced VEGF [48]

TGF-B1 — noseimien [49]
Increased TGF-B1 [49]

TGF-B1 — cumxen [48]
Reduced TGF-B1 [48]

AxtuBHocTh EGF moBeImeHa.
[IponemoncrpupoBan
MTOJIOKUTEIBHEIN A3PPEKT OT TeparTuu
Ha paHHHX CTaIAAX PyOIIeBaHUS.
I[OCTaTO‘{HLIX JaHHbIX 00
3(1)(1)6KTI/IBHOCTI/I Ha NMO3JHUX CTaausaX
(hopMHUpPOBaHHUS THIIEPTPOPHIECKUX
py61oB Het [50]

Increased EGF activity. A positive
therapeutic effect in the early stages
of scarring has been demonstrated.
There is no sufficient data on therapy
effectiveness in the late stages

of hypertrophic scar formation [50]

EGF — nokasan monoxxutensHbIi 3 dext ot Te-
panuu [51]

EGF — positive therapeutic effect has been
proven [51]

FGF — moka3aH moJyio»KHTEIbHbIH
a¢dexT ot Tepanun [52, 53]
EGF — positive therapeutic effect
has been proven [52, 53]

FGF — nokasan nonoxwurenbHblid 3 dekT ot Te-
pammu [54]

EGF — positive therapeutic effect has been
proven [54]

PDGF — npoaykius 3HAYUTETBHO
YBCJIIMYCHA KaK B SIIMJACPMUCE, TaK U
B iepMe runepTpoduueckux pyomnos
PDGF production is significantly
increased in both the epidermis

and hypertrophic scar dermis

PDGF — cymiecTByeT 060JIbI1I0€ KOJTUIECTBO
npumepoB 3¢ dextnBHOCTH PRP-Tepanun.
Anba-rpaHyIisl TPOMOOIIUTOB CO/IEPKAT TPOM-
Gonmrapusie paxTopsl pocra (PDGFaa,
PDGFbb u PDGFab) [55]
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XapaKkTepucTHKa Tuneprpogueciuii u kexonmb1ii ATtpoduueckuii pyoen u striae gravidarum
Parameters p yoen . Atrophic scar and striae gravidarum
Hypertrophic and keloid scars
PDGF — there are many examples of PRP ther-
apy effectiveness. Platelet alpha granules con-
tain platelet-derived growth factors (PDGFaa,
PDGFbb and PDGFab) [55]
®ubpoOIACTH MOBHIMIAIOT YPOBEHD DKCIIpeccusi perienTopoB ICTPOTeHa B PaCTsIK-
PETYIINH PEUEenTOPOB (HaKTOPOB Kax IOYTH B JIBa pa3a BBILIE, YEM B HOPMAJIbHOM
pocTa, TeM CaMbIM CTaHOBSCH Oomee | Koxke. DKCIPECcCHs PeleNTOPOB aHIpOreHa
Penenropsr gyBcTBUTEIbHBIME K TGF-b 1 PDG U TTIFOKOKOPTHKOHIOB TaK)Ke MOBbImIeHa [56]
Receptors [39] The expression of estrogen receptors in stretch
Fibroblasts upregulate growth factor | marks is almost twice as high as in normal skin.
receptors, thereby becoming more Expression of androgen and glucocorticoid re-
sensitive to TGF-b and PDG [39] ceptors also increases [56]

3axuBieHne paH 0e3 00pa3zoBaHus pyOLIOB B
MOCTHATAJILHOM TEPHOJIC HE SIBJSICTCS HOPMOI,
MOCKOJIKY OCHOBHAS 33/1a4a PereHepaluy Kox-
HOTrO JeeKTa Mocie TPaBMbl — KaK MOXKHO CKO-
pee npenoTBpaTHTh MH(UIIMPOBAaHUE, BOCIAJC-
HUE W THOenb cocegHux TKaHed [57]. Omuaxo
KIIMHUYCCKA BaKHOW SIBJISICTCS 3ajiada IOJHO-
[EHHOTO 3a)KUBJICHUS PaH C BOCCTAHOBIICHHEM
HCXOJIHOTO COCTOSTHUS TKaHeH. [[jist 3Toro Heoo-
XOJIUMO TPEAOTBPATUTH BO3MOXKHYIO HH(EKIIUIO,
MUHUMH3UPOBaTh MECTHBIC (haKTOPhI YCKOPEH-
HOW pereHepanuu [58] u MoOOYHBIE CUCTEMHBIE
a¢dekrs [59].

Nmeetcs Gonblioe KOIM4ECTBO padoT, MOCBS-
MICHHBIX N3YYEHUIO BIUSHUS HEOPTaHMIECKUX CH-
JIMKOHOBBIX TeJIel Ha pyOIIbl KaK B MOHOTEPAITHH,
TaK ¥ B KOMOMHAITMH ¢ MUKPOHHUTHHTOM [60].

CHIMKOHOBBIE T€JIA AKTUBHO HMCIIOJIB3YIOTCS
JUTSL JIedeHUs aTpoUIeCKUX pyOIIOB, OJHAKO Me-
XaHW3M MX JEHCTBHA IO KOHIA He m3ydyeH. Kak
MIPEeJIoJIaraeTcsi, OH HE CBSI3aH C MPSMBIM JICH-
CTBUEM ITOJIMCUIIOKCAHOB.

Bb110 BBIIBUHYTO HECKOJIBKO THUIIOTE3, 00h-
SCHSIOIINX AaHTUPYOLOBBIH 3P HEKT:

1. TloBeimieHWEe YpPOBHS TUApaTalMd. JTO
MPUBOANUT K JIYYIIEH IMepecTpoiKe KOJUIareHo-
BBbIX BOJIOKOH [61]. [Ipeanonaraercs, 4To OKKIIO-
3MOHHOE JICUCHHE MHHHMHU3HUPYET TPaHCAIIH-
JIEPMAIbHYIO [TOTEPIO BOJBI [62].

2. YBenuveHHE KOJIMYECTBA MEJNaHWHA U
CHI)KCHUE TEeMOIJIOOMHA. DTO MPHUBOJIUT K BOC-
CTaHOBJICHUIO TOHA KOXU [42].

3. JlokanbHOE TMOBBINICHUE TEMIEPATYPHI,

MPUBOJISIIEE K POCTY aKTUBHOCTH (DEPMEHTOB CO-
XPaHUBIIMXCS KJIETOK arpoduyeckoro pyorma,
9TO OJAroNpHATCTBYET BOCCTAHOBICHHUIO TOMEO-
cTaza MEXKKJIETOYHOTO BelecTBa [63].

4. 3amuTHas (QYHKLIUS 1O OTHOIICHHIO K
MOBPEXKJCHHBIM TKaHsIM pyOna [63]. Mcronye-
HUE JMUAepMHCca, AeQUIUT KoJlareHa, ImoBpe-
JKJIGHUE BOJIOKOH OKa3bIBAIOT HETATHBHOE BIIHS-
HUE Ha BSI3KOCTHO-DJIACTUYECKHE CBOHCTBA TKa-
Hel obmactu pyOlia, 4YTO MOXKET CIIOCOOCTBOBATh
MUKpoTpaBMaM. [IprMeHeHne TOIHCUIIOKCAHOB
MOJKET TIOBBIIIATH AIACTHYHOCTH TKAHEH U MUHH-
MU3UPOBATH MEXaHUYECKHE TIOBPEKICHHS.

5. TloBblleHNe BHYTPUTKAHEBOTO HAIIPsi-
skeHus Oz [64]. BaxHbIM CBOMCTBOM CHIJIMKOHO-
BBIX TeJed SBIAETCS MPOHULAEMOCTb IS BOIS-
HBIX [IAPOB, a HE MOJHAsl OKKJIIO3MUS IOBEPXHOCTH
pyOla, 4TO OKa3bIBaeT OJArONPHUATHOE BO3JEH-
CTBHE HA OKCHI'CHAIIMIO TKaHEH M JHepreTudve-
CKO€ 00ecTeYeHHe MIaCTHYECKHX POLIECCOB.

6. CHmXeHue ypoBHsS LUTOKHHOB, OCOOEH-
HO TpaHchopmupytomiero gakropa pocra-p [65].
Kak mokazano B tabi. 2, poct cekpeunn TGF-f1
KJIETKaMu pyOua, B T.4. KEPaTUHOLUTAMH, U TO-
BBIILICHNE YyBCTBUTEIBHOCTU €TO PELENTOPOB Ha
¢ubpobiacTax SBISIOTCS OCOOCHHOCTSIMH TH-
neprpoduueckux pyounos. B atpoduueckux pyo-
nax cogepkanue TGF-f1 caHmwxeHo, HO Ha Ha-
YaJbHON CTaguM MMEHHO TPaH3UTOPHOE YBEJIH-
yeane 1GF-B1 sBusercs npeaukropom (opmu-
poBaHus pyOIla, YTO MOXKET OOBSICHATH MPOQu-
JAKTHYECKYIO AP PEKTHBHOCTh CHIIMKOHOBBIX I'E-
aei u ux 3(PEeKTUBHOCT HA cTaauH striae rubra.
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7. BosgeiicTBie Ha KJIETKH UMMYHHOH cH-
cTeMbl [66]. OgHIM 13 BaKHBIX MEXaHU3MOB pas3-
BUTHA aTpoQHUUecKOro pyOIia sSBIsIeTCs mepuBac-
KyJisipHas muMonnTapHast HHGUIbTpanus. Jinm-
(GOoLUTB CIOCOOHBI MUTPUPOBATH B SMUAEPMUC,
I7ie, YUUTHIBAs CHWKEHHE OapbepHoil (QyHKIMN
MOCJIEHET0, OHH MOTYT B3aUMOJAEHCTBOBATH C
MOJIEKYJIaMU ITOJINCUIIOKCAHA.

8. CHmxeHue ypOBHS TKAHEBOTO HWHTHUOU-
TOpa METAJUIONPOTENHA3bI-2 U APYTHX METaJIo-
NPOTENHAa3, KOTOPhIE MOBBILICHB! Y ALUEHTOB C
MocTakHe U arpoduueckumMu pyomamu [66]. Otu
(bepMeHTHl MOBPEXIAIOT KOJUIATCHOBBIE U HJla-
CTHYECKHE BOJIOKHA pyOIla, CrIocOOCTBYsI CHIeIH-
¢ugeckrM MOP(OIOTHIECKIM TTePECTPOUKAM.

9. MexaHnyeckoe yMEHbIICHHUE IOCTIEOIe-
PaALlMOHHOTO HATSKCHMS KOXKH, YTO, OUEBHUIHO,
MOYKHO pacCMaTpUBaTh KaK BAPHUAHT TUIOTE3HI 4.

10. I3MeHeHusT SIEKTPUYECKON TONIpU3a-
UM M COKPAaTUTEIbHBIX CBOWCTB KOXHU pyoOLa.
Kpome 3Toro, nokanbHasi MexaHuueckas aedop-
Malys TKaHed 3a cYET pealn3aliy IbEe303JIeK-
TpUUeCKOro 3¢ dexTa OyAeT crmocoOCTBOBATh U3-
MEHEHUIO KBa3UIIOCTOSHHOIO OMO3JIEKTPHUECKO-
T'O MOJISl KJIIETOK TKaHEH, BBI3bIBAsi CIBUT PEIOKC-
NOTEHIMANA U, KaK CJIeJICTBHUE, IPUBOJIS K CTUMY-
JISIIUM TTPOLIECCOB POCTa, jAeicHus u nuddepeH-
IUPOBKH KJIETOK dYepe3 aKTHUBANUI0 (aKTOPOB
TPAaHCKPHITIIUH T€HOB PAHHETO CTPECCOPHOTO OT-
BeTa [67].

Onnako HanOousblIyIo 3QQEeKTUBHOCTh CH-
JIMKOHOBEIE TeJIM IPUOOPETAIOT IIPU KOMOWHHUPO-
BaHHOM JieueHuu [61]. Coderanue na3zepHOU Te-
panuu 1 JeYeHUs TeliiMU Ha OCHOBE CHIIMKOHOB
CUHTAETCS 30JI0THIM CTaHJAPTOM HEWHBA3MBHBIX
METO/IOB MPOMUIIAKTUKN ¥ JedeHHs: aTpodude-
ckux pyoroB [34, 68].

Kak nanbHeliee pa3BuTue ujeu o 1ecTBUU
HEOPraHMYECKHX resiell HaMu ObLITO MPETIOKEHO
UCTIOJIB30BaTh JIJIS JIeUeHHsT aTpouieckux pyo-
IIOB T'eJTh Ha OCHOBE amroMuHus [69]. K aTtomy Hac
MOJTOJIKHYJIN JiBa (haKTa.

Bo-mepBbIX, MEXaHU3MBI BIUSHHS CHIINKO-
HOBOTO TeJIsl Ha 3AKHUBIICHHE aTPOQUIECKHUX pyo-
OB, a MMEHHO OTCYTCTBHE TPSMOTO BO3JICH-
CTBHSI CHJIMKOHA M OOJIbINasi poiib B (hOPMHUPOBa-
HUM TOPOHHULAEMOH Ui BOABI ME30TIOPUCTOMN
CTPYKTYPBL, KOTOpasi YBEJIIMUNBACT OKCUTCHALIUIO
W THIpaTalMio TMOAJeXkale AepMbl, B OTIH-

Yhe OT OPraHMYeCKUX COEAWHEHHH, HampuMep
Ba3enHa.

Bo-BTophIX, psn uccinenoBaHUil, KOTOpPbIE
JIEMOHCTPUPYIOT, YTO MEXaHHUYECKOE BO3JEHCT-
BHUE Ha SMUACPMHUC BBI3bIBAaET 3P PEKT BOCCTAHOB-
JeHUsT B TIOBPEXJEHHOM Jnepme. Mukponep-
Mabpas3usi ¢ KpUCTAIJIaMUd OKCHJA aJIOMHHUS —
3T0 (GU3NONPOLENYPa, IPU KOTOPOH KPHUCTAIIIbI
OKCHJa aTIOMUHHSI MEXaHHUYECKH BO3AEHCTBYIOT
Ha ToBpexXaeHHbIN sruaepmuc [70]. Tlpu sTom
OH yJaJseTcs, a HEPOBHOCTH KOXH BbIPaBHHUBA-
10Tcs. Bmecre ¢ TeM 3Ta MeToauKa o0ecriednBaeT
YMEPEHHOE OTJOXEHUE KOJUlareHa B JepMe
ctpuu [71]. B nuccnemoBanuax Apyrux aBTOPOB B
JepMe CTpUU OBLIO BBISBJICHO IOBBIIIEHHE JKC-
npeccun MPHK mpokomnmarena ol-tuma [72].
[IpencraBnenHble Bbille (EHOMEHBI 3aTPYyIHH-
TEJBHO OOBSICHUTH MCKITIOYUTENBHO OTIIETYIIN-
BaromuM 3P QPEeKTOM, OHA TPEOYIOT BKIIFOUEHUS
MEXaHU3MOB  3IHICPMAIbHO-ME3CHXUMAIbHBIX
B3aumonencTeuil. OAHOKpaTHas MHUKpoJepMa-
Opasusl NPUBOIUT K CTATUCTUYECKU 3HAYNMOMY
MOBBIIICHUIO COJEPXKAHUS KIIIOUEBBIX OEJIKOB,
CBSI3aHHBIX C PEMOJICIIMPOBAHUEM AEPMBI, BKIIIO-
yasi MAaTPUKCHBIE METAUIONPOTEenHasbl-1, 3 u 9,
UHTEpIeHKuH-1h, dakTop Hekpo3a omyxonu-o u
C-JUN-KOMIIOHEHT akTuBaTopa nporeuna-1 [73]
Jpyrue uccnenoBareny Ttakxke oOpamaroT BHH-
MaHHUe Ha 3TOT MapajioKC: TUCTOJIOTHYECKas dKC-
MepTH3a BBISBISACT HE3HAYMTENBHOE HCTHPAHUE
KOXKM TIPH TIPOBEJCHUW MPOIETYphl, OJHAKO B
JlepMe HaOJI0JIaloTCsl BBIPAXKEHHBIE pereHepa-
TOpHBIE M3MeHeHus [ 74]. Ha mamm B3rms, kitode-
BbIM MEXaHHU3MOM B JJAHHOM CiIy4ae, KaK 1 B CITy-
Yyae Tepariy CHIMKOHOBBIMU TEJISIMH, SIBISIFOTCS
AMHEPMATEHO-ME3CHXUMaNbHbIC dPMEKTHI, HH-
JIyLUUPOBAaHHBIE MEXAHUYECKOW CTUMYJISILUEN
MHUJEPMUCA HA €ro MHUKPOTONOrpaguyeckoM
YpOBHE.

O06001Iast  BEIMICTIEPEUNCIICHHBIC MEXaHU3-
MBI, MBI IIPEJIIIOJIaracM, 9TO HEOPraHMUYECKUH rellb
C TOTCHIMAIBHBIM aHTUPYOIOBBIM 3P dexTom
JIOJOKEH 00J1a/1aTh CIEAYIOMIMHI CBOMCTBAMH:

1) OMOMHEPTHOCTD;

2) OapbepHbIil yBIOKHSIOMNN 3P PeKT;

3) pasBuTas HaHO- W MHKpoTOnorpadus,
crocoOHasi MHULIUHPOBATH AMIHIEPMaIBLHO-Me-
3eHXUMaNIbHBIE () (DEKTHI;

4) Hu3Kasi HAHOTOKCUYHOCTH [75].
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HenaBuo BeIIenpuBeneHHbIE TpeOOBaHUS
OBLTH TIOATBEPIK/ICHBI B MiccenoBanuu J. Jinetal.,
MPOJIEMOHCTPUPOBABIIEM MMOTCHIUPYIOIUA aH-
TUPYOLOBBIHA 3QQEKT KBEpLETHHA PH UMMOOH-
JU3aldd B ME30NOPHCTON CTPYKTYpE IOJIMCH-
JIOKCAaHOB CHUJIMKOHOBOTO res [76].

3axmovyenue. Atpodudeckue pyOLs! mpen-
CTaBJIIOT COO0H KOMIUIEKCHYTO MTPOOIIeMY H BIIH-
SIOT HA KA4ECTBO XKHU3HU PA3IUYHBIX COL[MATBHBIX
rpynmn. [locrakue, aTpodudeckne pyOIbl U CTpHH
SBJSIFOTCA HE TOJIBKO JI€PMAaTOJIOTUYECKUMH Ha-
PYLICHUSMH, HO U IPUIMHOMN IICUXOIOTHYECKUX U
SMOLIMOHATIBHBIX paccTporcTB. CyliecTBYIOLINE
METO[IbI JICUEHHS HE COBEPILEHHBI U UMEIOT MHO-
JKeCTBO orpaHmueHuii. Hanbonee >3 pexTuBHBIC

METO/BI, TaKUe KaK (pu3noTepamnusi Ui Me30Te-
panusi, Oone3HeHHbl U noporu. Kocmernueckue
CpeAcTBa He OYCHB A PEKTHBHBI H3-32 OpraHuve-
CKOM MPHUPOJBl aKTUBHBIX WHTPEIUEHTOB, KOTO-
pbl€ MOTYT BBI3BIBATh AJJICPTUUECKUE PEAKIIHU.
Hawnnyuymmmy xapakTepucTHKaMHy ISt MECT-
HOTO JieueHUsI aTpouieckux pyOIoB 0bIanaoT
HeopraHudeckue reau. B ornuuue ot opranuye-
CKUX aHAJOrOB OHU 00JalaloT MEHbILEH asep-
TeHHOCTBIO, YTO BA)XHO MAJsI TaKMX LEJIEBBIX
rpymm, Kak OepeMeHHbIC U TAIlUEeHTHI ¢ MeTa0o-
JUYECKUMH HapyLICHUsIMH. BaXHbIMU CBOH-
CTBAMH HEOPraHWYECKHUX Teieil SIBISIOTCS Me3-
OIOPUCTOCTb, OMOMHEPTHOCTD U YBIAKHSIOIIUI

a¢dexr.

KondaukT natepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(INKTa HHTEPECOB.
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ATROPHIC SCARS AS AN OBJECT OF INORGANIC GEL TREATMENT
V.G. Nikonorova, V.V. Krishtop, I.V. Fateev, A.S. Ovchinnikova

State Scientific Research Testing Institute of Military Medicine,
Ministry of Defense of the Russian Federation, St. Petersburg, Russia

Atrophic scars are a complex problem, covering a huge number of patients with striae gravidarum, acne,
atrophic surgical scars, and striae due to hypercortisolism and other metabolic disorders. Taking into ac-
count patients’ social status (pregnant women, adolescents, people with chronic hormonal disorders), our
goal was to systematize the literature data on the least invasive treatment modality - atrophic scar therapy
with inorganic gels - to identify new chemical classes with potential anti-scar activity.

When summarizing research data over the past 10 years, it was found that the effect of anti-scar therapy
depends on the atrophic scar color - hyper- or hypopigmented, its type — wedge-shaped, scaphoid, or rec-
tangular, its origin - post-acne, cicatricial alopecia, infectious scars, stretch marks, or post-traumatic
atrophic. The stage of pathogenesis also plays a significant role: aseptic inflammation, infiltration of hema-
togenous differential cells, mast cell degranulation, release of bioactive substances and changes in the
VEGF, TGF-p1, EGF, FGF, PDGF growth factors, migration of activated macrophages, damage to elastic
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and collagen fibers, perivascular lymphocytic infiltration, impaired hemorheology, chronic inflammatory
process, increased number of senescent fibroblasts, decreased synthetic activity of atrophic scar cells, de-
creased cellularity and vascularization of the atrophic scar area. In case of high bioinertness of inorganic
gels, the anti-scar effect is achieved due to the exfoliating effect, epidermal-mesenchymal interactions, and
the impact of the mesoporous gel structure on scar hydration. In addition to the well-known silicone gel,
sol-gels based on aluminum dioxide have similar properties, which makes it possible to consider sol-gel as
an alternative to silicone gel.

Key words: atrophic scars, nanomaterials, inorganic gels, therapy.
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