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AHHOTALIUS

Jlannaa nayunas cmames NOCeAWEHA U3VUEHUID OCHOBHBIX OUOIOSUYECKUX
MeXanuzmMo8 mMemadonuzma KOCMHOU MKAHU U nepemewjeHus 3y008 8 npoyecce
OPMOOOHMUYECKO20 JNledeHUs.. AHanuupyromcs Kilemounvie U MONEeKYIapHble
UBMEHEHUsl, NPOUCX00suUe 8 NEPUOOOHMANbHOU C8A3Ke U AlbBEONAPHOU KOCMU
noo oeiicmgeuem opmodoHmuyeckux cui. IloOpobno ocseeujenvl npoyeccol
MeXanompanHcOyKyuu, YeHmpaibHas polb OCMeoYumos, Mexauusmvl pecynsiyuu
ocmeoxnacmoeernesa uepez cucmemy RANKL/RANK/OPG, a makoice enusanue
socnanumenvhvix meouamopos (TNF-a, [L-6). Kpome moco, paccmompeno
GIUAHUE 803PACIMHO20 (PAKMOPA HA CKOPOCHb PeMOOENTUPOBANHUS KOCIHOU MKAHU
u e2o enusAHue Ha 3pgexmusnocmsv opmoooHmuyeckoeo nedenus. Hayunvie
86160001, NPEOCMABEHHbIE 8 CMAMbe, CIAYHCAM MeoPemuUyeckoli 0CHO80U OJisl
paspabomxu UHOUBUOYATIbHO2O NOOX00d 8 OPMOOOHMUYECKOU NpaKmuKe, 6bloopa
ONMUMAILHBIX CUTIOBLIX NAPAMEMPO8 U NPOCHO3UPOBAHUSL CPOKOS JIeHeHUsL.

KIIFOYEBBIE CJIOBA: Opmooonmuueckoe nepemewjenue 3y008, Memabdoiusm
KOCMHOU  mKaHu,  ocmeoyumsl,  mexanompancoykyus, RANKL,  OPG,
OCMEOKIAcmozene3, anbeeoNApHas KOCMb, NEPUOOOHMANbHASL C8A3KA, 603PACHHON

gaxmop.
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ABSTRACT

This scientific article is devoted to the study of the main biological mechanisms of
bone metabolism and tooth movement during orthodontic treatment. The cellular
and molecular changes occurring in the periodontal ligament and alveolar bone
under the influence of orthodontic forces are analyzed. In particular, the processes
of mechanotransduction, the central role of osteocytes, the mechanisms of
osteoclastogenesis regulation through the RANKL/RANK/OPG system, as well as
the influence of inflammatory mediators (TNF-o, IL-6) are discussed in detail.
Furthermore, the influence of age-related factors on the rate of bone tissue
remodeling and its impact on the effectiveness of orthodontic treatment are
examined. The scientific conclusions presented in the article serve as a theoretical
basis for developing an individualized approach in orthodontic practice, selecting
optimal force parameters, and predicting treatment duration.

Keywords: Orthodontic tooth movement, bone metabolism, osteocytes,
mechanotransduction, RANKL, OPG, osteoclastogenesis, alveolar bone,
periodontal ligament, age factor.

OPTOAOHTHUK JABOJIAIIIA CYAK METABOJIN3MU BA THUII
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AHHOTALIUA

OpmoOoonmux 0aBoONAUIHUHE ACOCUHU MuUuuiapea OOWKaApuiIaouean MexaHux
KVUIapHUu KYJAlauw OpKAAu VIAPHUHZ AIb8eosp CYAK Uduoacu  XoaamuHu
V3eapmupuw mawkun smaou. by ocapaén napooonm 6oznamu (PDL) ea
AbBEONAP CYAKOA HCAOAL OUONOSUK KAUMA KYPUIUWHU Kelmupub yuxapaou, 0y
aca cysaK MemaborusMuy 8a Muud CUINCUUUHUNHS MYPAKKAO MeXaHUMAapu OpKaIu
amanea owaou. Ywby uimuti maxona opmoooHmux muwi cunxcuwu (OTM)
Hcapaénuoa  CysaKk  MemaOONUIMUHUHZS — ACOCULl  MEXAHUSMIAPUHU,  XVCYCAH,
mexanompancoykyus, ocmeoyumaapruue poiau, RANKL/RANK/OPG musumu 6a
SANNULTIAHUWL MeOUAMOPIapUHUHE MAbCUpuHU bamagcun épumunea 6a2UULIAHSAH.
Taokuxom namudcanapu wyHu Kypcamaouky, 0CMeoyumiap MexaHuk KyulapHu
ouonozuk cueHaiiapea amranmupuuioa mapkazut pons yunaiou, RANKL ea OPG
HUcOamu OCMeoKIACmMO2eHe3HU OOuKApUWOa Kaium Xucoonanaou 6a éul oMuiu
CYAKHUHZ KaUma Kypuiuul camapadopiueuea ce3uirapiu mavcup Kypcamaou.

KAJIAT CY3JIAP: Opmooonmux muui CUIICUWUU, CYAK Memadboausmu,
ocmeoyumaap, mexanompancoykyus, RANKL, OPG, ocmeokiacmozeenes,
AnbBeONAP CYAK, NAPOOOHM DONAMU, EWAUK OMUTIU.

KHUPUI

OpTOJOHTHK J1aBOJIAL THIL-XKAF TU3UMUHUHT aHATOMUK Ba ACTETUK MYBO3aHATHUHU
TUKJIAITa KapaTuiraH MyXuM THOOWii >xapa€Haup. Ymly NaBOJAIIHUHT aCOCHI
MPUHITUIN TUILIApra JOUMHUN, aMMO Ha3opaT KWJIMHAJAWTaH MEXaHUK KydJIapHH
KYyJUTalll OpKajdu YIApHUHT aJbBEOJSIP CYSK WUYUJATW XOJATUHU Y3TapTUPHINTA
acocnaHraH. bupok, Oy »kapa€H IIyHYaKM MEXaHHK CHDKUII 5Mac, Oajku
NAapoJOHT Ba CySK TYKMMajapuaa KedyaJuraH Mypakkad OHOJOTrMK »KaBoO
peakuusapd  MaXMyacHaup . Wl  CHDKUIIWHUHT  caMapajopiurd  Ba
Oapkapopiuru 6eBOCHUTa CYSIK TYKUMAaCHHUHT KaiTa KypUJIUIl KOOWIHITHTA, IHHU
CysIK MeTabonu3Mura OOFJIUK.
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Cyurru ¥wwuiapaa onu0 OopwiraH WIMHNM W3JIAHWNUIAP OPTOAOHTHUK Kydsap
TabCUpHUAA AJTbBEONIAP CySKIa Pyl OepyBUM Y3rapuIUIApHUHT XyKalpaBUid Ba
MOJIEKYJISIp JapakaJlard MEXaHU3MIIAPUHU YYKYppPOK TYLIYHUIITa UMKOH Oepau.
Optogontuk Tty cwpkuiiu (OTM) napogoHT OofnamMua sSUUIUFIAHUIITA VXAl
XKaBOOHM KenTupuO yukapaau . bocuM ToMOHHIA CysSiK Pe30pOLMsICH, TapaHIIIHK
TOMOHHJA 3ca cysak (opmanusicu comup OYynuO, Oy »xapaéunap Typiau Xuj
LHUTOKUHIAP, YCUII OMUJUIApU Ba TOPMOHAJI OMWJIJIAp TOMOHHMIAaH OOIIKApHIIAIH .
Ocreonutiap cysk TYKUMacuHUHT 90% paH OPTUFMHU TaIIKWUI 3THO, MEXaHUK
CUTHAJJTapHM OWOJIOTMK CHUTHAJUIapra ailIaHTUPYBUM MapKa3uil Xyxkaiipanap
cudarua amoxuaa axamusTra ara [citation:5, 7].

Ym0y MakoJIaHUHI Makcaaud OPTOJOHTHK JABOJAIla CYSK META0OIM3MHU Ba THUII
CUDKUILTUHUHT acocuu OHMOJIOTUK MEXaHU3MIIAPHHH, XyCyCaH,
MEXaHOTPAHCAYKLIHS XKapaéHiapu, acocuu CUTHAaJ nyiapu
(RANKL/RANK/OPG) Ba sumufiaHull MEAUATOPIAPUHUHT TAbCUPUHU TU3UMIIH
TaxJuia KWIMII, IIyHUHTAEK, ymly xkapa€uiapra €EnuiMK KaOu cucTteMaiu
OMWJUTAPHUHT TAbCUPUHU EPUTUIIAAH HOOPAT.

AJIABUETJIAP IIAPXH

2.1. OpromoHTHK KyY TabCHpPHMAA CYAK KalTa KyPMJIMIIMHUHI ACOCHH
O0ocKU4IapH

OpTONOHTUK THUII CHWIDKUIIM MEXaHWK KyYHUHT MapoJOHTra OeBOCHUTa TabCHUPH
HaTwkacuja OommaHanu. by Tabcup mapomont Gornmamu (PDL) Xyxkaiipanapw,
ocTeoOnacTiap Ba OCTEOIUTIAD TOMOHHUAAH '"ce3mnaau'" Ba MEXaHOTPAHCIYKIIMS
xKapa€HU OpKaiM OMOXMMHUK CUTHAJJIapra ainmantupuiaam [citation:2, 5.
Tykumanapaaru Oupnamyu  KaBoO cudaruga KOH OKMMHUHHMHT — Y3TapuIlH,
TUTOKCHS Ba SUUTUFJIAHUIITA OUJT METUATOPIIAPHUHT YMKAPWINIIN Ky3aTuiaau . by
XoJjar 00CMM Ba TapaHMIIMK 30HATAPUA CYySK METaOOIM3MUHUHT (haoJUIaIIuIIUTa
cabab Oynamu. Harmxkana, 60ocuM TOMOHHMAA OcCTeokinactiaap ¢aoyamud cysk
pPEe30pOIMSCHHN aMalra OMIMPaZH, TapaHIIMK TOMOHHKJA 3ca ocTeolmactiap
TOMOHH/IaH STHTH CySK TYKMMAacH X0Cui Oyaan .

2.2, OcTeouuTIAPHUHT poJu Ba MEeXaHOTPAHCAYKIUSA
Ocreouutinap CysaKk TYKUMAcHU MUHMIra KYMUJITaH, Y3Ura Xoc JICHIPUT Kapa€Hiiapura
sra O6ynran tepmuHan quddepeHnnanusiianral Xykanpanap 0ynuo, yaap J1aKyHoO-
KaHAJMKYIIAp TU3UM OpKajiu Oup-Oupu OWIaH Ba CysK r03acu OwsiaH OOFJIaHTaH .
Ymby Mypakka® Ty3wiMa OCTEONHTIApra MeEXaHuK JedopManusHu Kyaa
CE3TUpINK OwiaH KalOynl KWJIUII Ba YHH OcTeoOnacTiap Xama OCTEOKJIacTiaap
(daonuATHHM OOIIKApyBYM CUTHAJIApra aWjJaHTUPHUII WMKOHUSTUHU Oepaiu.
MexaHUK IOKJIaHTaH OCTEOIUTIAP CYSK METaOOTU3MUHUHT KAJIUT PETYASTOPIIApH
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oynran Wingless-related integration site (Wnt)/B-karenun Ba RANKL curnan
wymnapuan  gaommamtupaan . OcTeonuTiap TOMOHHMJAH WIUIA0 YHMKAPWITaH
acocuii Monekynamapra Ccysk wmopdorenetuk okcwuiapu (BMPs), Wnants,
IIPOCTAarIaHINHIIAP, OCTEONIOHTHH, a30T OKCHUIH, ckiaepocTuH Ba RANKL knpany .
Yuiby omwmap octeo0nacTiiap Ba OCTCOKJIACTIIAPHUHT  kKajl0 KUJIMHUIIY,
mubdepeHuuanuacy Ba (AOIUIUTMHU MOIYISLMS KWIHMII OpKajdd CYSKHUHT
MaxaJuTui KaTa KypuIMIIHHU OOLIKapaIu .

2.3. OcTeokiiacrorexes Ba RANKL/RANK/OPG TU3UMU
Tum cumkumm y4dyH 3apyp OYiraH Cysik pe3opOIusicu ocTeokiaacTiap (haoiusT
Owrman OeBocuTa OOFMMK. (OCTEOKIACTOreHe3 JKapaéHW XEMaTOIOATHK HWIIIN3
XyX)anparmapuaaH Kenud YuKKaH MOHOIUT/Makpodar TUHUSACH XyKalpaTapuHUHT
OCTEOKJIacTIapra auWjaHWIIMHM Y3 HWYWAra oJlaav . by jKapa€HHUHI MapKa3ui
perynsitopu RANKL (Receptor Activator of Nuclear Factor-kB Ligand)
Monekynacu xucoOmanaau. RANKL octeobnactiap, ocreouutiap, PDL
Xyxaipamapu Ba (aomramran T-muMmdonuTiap ToMOHHIAH WMNUTA0 YUKAPUIIAIH
[citation:7, 10]. RANKL ¥3 peuentopu RANK Owran OGornanub, oCTEOKIACT
npekypcopiaapuHuHr auddepenimanusicuan oonutaiian. RANKL HuHr Tadumii
unruouropu 3ca OPG (Ocreonporerepun) 6ynu6, y RANKL o6unan Gornanuo,
RANK ra Oupukummau OJOKJIAWAM Ba OCTEOKJIACTOICHE3HU CyCaTUpaIu
[citation:2, 8]. OTM xapaéuuga RANKL/OPG HucOGaTMHUHT OIIMIIK OOCHUM
TOMOHHJIA OCTEOKJIACTOTEHE3HU KYyYaWTUPHUII OPKAJIU CySK pe3opOIuscura oiauo
KeTIaau .

2.4. SAnnuraanuim MeIUATOPIAPHHUHT poJu
OpTOOOHTHK KyY TabCUPHJAA IMAPOJOHTIAA ACENTUK SUUIUFIAHUII PUBOXKIAHAIM .
bocum ToMoHHMAa MIIad YMKApUIIAUraH acoOCUM SULTUFIIAHUII [IUTOKUHIIApUAAH
oupu TNF-a (Yycumra Hekpo3w omunu-aiabda) xucobmanamu. TNF-o
octeonumiapaaru RANKL skcnipeccusiciin KydanTupaan Ba OCTEOKIACTOIC€HE3HH
o6eBocuta parOarnantupaau . TNF-o myHUHTIEK, OCTeOnUTIapAa CKIEPOCTHH
(SOST) skcnpeccuscuan ommpud, Wnt curHanuan uHruOnmusaam Ba RANKL
OKCIIPECCUSACUHA  KyYaTHPHUII  OPKadu CysSK  pe30pOIusCHHUA  KYyiuial-
KyBBamiaiau . bynnan tamkapu, TNF-o ocreokmact mpexypcopnapuna RANK
sKcrpeccusicuiu ommpu0, ynapau RANKL ra cesrupauruau Kyyantupanu . [L-6
Kabu OOILIKA LIMUTOKUHIIAPD XaM OCTEOKJIACTOT€HE3HH parOaTIIaHTUPUIIAA UILITUPOK
sraau. MacanaH, cTaTUK MarHUT MauaoHu Ttabcupuaa PDL ctBon Xyxkanpanapu
TOMOHHUJAH IL-6 CEKPELMACUHUHT Ky4YanuIIn OCTEOKJIACTOTCHE3HU
parOaTIaHTUPUO, TUII CHUDKUIIUHY TE3JAIITUPHUIIN aHUKJIAHTaH .
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2.5. Bo3pacTHble acnekTbl CySK MeTa00IM3MH Ba THII CHWIKHIIA
Cysik TYKUMAaCMHUHT KalTa KypWIHII KOOWmaTH €mra OOFIMK XOJiaa y3rapaim.
Bonanap Ba ycMupnapaa cysk MeTaboIu3MH I0KOpH Aapakana 0ynu0, OpTOAOHTHUK
Kyuiapra kaBo0 Te3 Ba camapaiu kedaau. by €émnaru 6emopiapaa ocreobnactiap
Ba oOcTeokjacmiap  (aoyusTH, UIYHUHTJACK, YIap TOMOHHUJAH  HIILIa0
yukapuiaguran Ouomapkepiap (RANKL, OPG, wunTepneiikuniap) mapaxacu
KarTajapra HucOaras okopu O6ynaau . Karranapna sca CysSsKHMHI KaiTa KypHJIMIL
CaJOXMATH Tacasiau, Oy Aca TUIl CWDKUIIKA CYPbaTMHUHT CEKWHJIAIIMIINIa Ba
JaBojlalll  MYJAATUHUHT  y3aiumura onub kemagu . CucTemartuk — mapx
HaTKanapura kypa, €m OGemopriapja OpPTOAOHTUK Kyd KYJUIAaHWJITaHAAH KEeWHH
nactinabku 72 coar uuuMga OWMOMapKepiap Japakacu Te3poK Yy3rapuO, THIIT
CUWJIKUIIM TE3POK Ky3aTUiIaau .

MYXOKAMA

Anabu€tnap mapxyd HaTWXKajdapu OPTOAOHTUK THIN CHDKUIIMHUHT WITapH
TacaBBYp KHWJIMHTAaHUJAH aH4Ya Mypakkad Ba Kym OOCKUUYIM OHMOJIOTHK >KapaéH
OKAHJUTHHH KypcaTaau. MexaHuK KywIapHUHT OWOJIOTHK KaBoOra aillaHuinmia
OCTEOLIUTIAp MapkKa3ui ponb YihHahmu. Ymly Xyxaiipamap HadakaT Cysk
TYKUMaCUHHUHT '"MEXaHUK ceHcopiapu', Oanku OyTyH CydK KalTa KypUIHILIUHU
OoITKapyBUM SHIOKPUH XyKaipanap cudaruaa xam unviaiian. Aitaukca, RANKL
Ba CKJIEPOCTMH KaOW MOJEKyJalapHU HILIA0 YHMKApHII OpKajJd OCTEOLUTIIap
OCTEOKJIACTOT€HE3 Ba OCTE00JAaCTOreHe3 YypracuJard HO3MK MYBO3aHAaTHH
TapTulra conasau [citation:5, 7].

RANKL/RANK/OPG Tuszumu cysik pe30opOIUsCHHUHT aCOCUN peryisTopu 0yiuo,
yHuHT Qaonusatu OTM camapagopnurunu 6enrmnaiinu. bocum tomonnia RANKL
UUIad YMKAPUIUIMUHUAHT opTrid Ba OPG HUHT KaMaluIIM 0CTEOKIACTOTEHE3HH
Ky4auTupuO, CySIKHUHT Te3 pe3opOorusianummra onuo kemnaau. by skapaénna TNF-
o Ba IL-6 kaOu syMFIaHUII LHATOKWHJIAPUHUHI POJIM XaM Kyda MYXUM, YyHKH
ynap RANKL »skcnpeccusicuH  OeBOCHTa KydyaTHUpaaud Ba  OCTEOKJIACT
MPEKYPCOPIAPUHUHT CE3THPIMTUHMA olMpaau [citation:3, 7]. ByHnan Tamkapw,
ocreouuTiap TOMOHMJAH wunuIad yukapuiaauran CXCL10 xabu XeMOKHHIIAp
OCTEOKJIACT MPEKYPCOPJIAPUHUHT CYsIK pe30pOLus 30HAcUra MUTPALUICUHU
TabMUHJIA0, OCTEOKJIACTOTEHE3HH SIHA/1a Ky4auTUpaIu .

OpTONOHTHK Ky4 TabCUPHUIA CYIK TYKAMacuaa pyu 6epyBun y3rapunuiap Hadakar
Maxajiui, OanKkM CHCTEMATd OMMILUIAD TabCUpHAA XaM Oymamu. Bmmmk cysk
METabONMM3MH TE3JIUTUra TabCUp KUIYBYM MYXUM OMIJUIapAaH OUpH caHalaIu.
Anabuétnapna KentupuwiMiinya, €m OeMopiapla CysK KalTa KypWIMIIM y4YyH
Machyn Oynran Ouomapkepiap (RANKL, OPG, IL-1B, PGE2) napaxacu
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KarTajapra HucOaTaH IOKOPH Ba Yy3rapyBuaH OynuO, Oy THUIUIAPHUHT TE3POK
cwpkumura cabad 6ynaaum . Karranapma sca ymOy 6momapkepiap napaxaCHHUHT
MACTINTH Ba CYSKHUHT KaWTa KypWIHII CAJOXUSATHHHHT YerapajlaHTaHIUuTH
JABOJIANITHYU PeKATAIMITHPHUIIAA KYIIIUMIa KHHHHYIWIUKIIAD TYFIAPAIH.

Onu6® OopwiraH TaAKUKOTIAp IIYHU KypcaTaaudKH, ONTHUMal OPTOJOHTHK Kyd
MUKJIOPH XaM CYSIK KaBOOMHUHT camapaJiopiurd Ba XaBPCUZIUTHUHU OEITHIOBUYH
acocuit ommiaup. Hazopar kunuHaauran kyuwiap (Macanad, 50 T) mapogOHTHUHT
3apapliaHMac/iaH, MebEpHia KalTa Kypuiuiiura onud Kejca, XaJlgaH TallKapH
okopu Kywiap (100 r) mapoaoHT TYKUMaTapUHUHT KUAANN [MIMKACTIaHUIIUTa Ba
CYSK PpE30pOIMSCHHUHT TATOJIOTHK Japakara KyTapwiuimura cabald Oymumm
mymkuH . [lyagan kenn® 49ukuO, OPTOMOHTHK ABOJIAIHU PEXAIAMITHPUINIA
Hadakar MEXaHHMK MapaMeTpiapHH, Oalku Xxap Oup OEMOpPHUHI €HM Ba CYSK
MeTa00IM3MH XOJIATUHU XUCOOTa OJIUII 3apyp.

XVJI0OCA

OpTOAOHTHUK THIIl CHIDKUIIU CYSIK TYKUMAaCHHUHT MOCJAIIyBYAHIUK KOOMIUSATUTA
acocjaHraH Mypakkad OMOJOTHK >kapaéH OYynubd, y ocTeouutap, OCTEOKJIacTiaap
Ba ocTeoOnacTiap ypracuaaru y3apo Mypakkad OOFIMKIMK OpKaIu amajra Ollaju.
Mexanotpancaykiust  skapaéuuna ocreouutiap RANKL/OPG  tusumu  Ba
SJUTMFJIAHUIT  MEAUaTropiiapyd OpKalM CysSK pe3opOuusacu Ba (hopmarusicuHu
oomkapaau. RANKL/RANK/OPG Tuszumu cysik MeTaOOIM3MUHU TapTUOra
CONUIIA KaJUT axaMusATra sra OYynuO, YHUHT (DAONAMATH THUII CHIKUIIMHUHT
TE3JUTH Ba camapanopiauruau oenrunaiau. TNF-a, IL-6 Ba Oomika sSyUTHFIAHUII
IIUTOKMHJIAPH OCTEOKIACTOreHE3HH KYUalTHPHUIIIA MyXUM poib YitHaiiau. Eumuk
OMWIHM CYSKHUHI KailTa KypWJIUIIl NMOTEHUMAIUra ce3wiapiid TabCUp KypcaTraiw,
€ Gemopap/a THII CHJDKUIIN TE3POK Ba caMapaliipoK Kedaau. Yoy OMOIOTHK
MEXaHU3MJIAPHU TYLIYHUII KIWHUK aMalM€ra ONTUMall Kyd pPeXUMIIapUHHU,
WHJMBUAYyaJl JaBOjalll CTPATETUsJIApUHU HUILIA0 YHMKUII Ba OPTOJOHTHUK
JABOJIAIIIHUHT caMapaJOpJIUTMHU  OLIMPUIIl HMMKOHMHU Oepanu. Kenaxkaknaru
TAJIKUKOTJIAp CYSIK METa0O0JIM3MHUTra TabCUP KUIYBUU STHTU OMOJOTUK MapKepiliapHU
Ba yJIApHU KJIVMHHUK aMajJuéTha KyJulall WYJUIApUHHA aHUKJIANITra WYHaJITHPUIUIIN
JIO3UM.
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