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IN1ABA 6

Peakuua TKaHen

Kapnanb6epra BepHa, Bupte MenceH

Oproneanyeckue 3chdexTbl

IIpuHLMIIBI Te4eHNA B3POC/IbIX MAI[IEHTOB B OCHOB-
HOM CBOJSITCS K TIepeMeleHNsIM 3y00B 11 OPTOTHATHYE-
ckuM onepanyuAM. OfHAKO fake Y B3POC/IBIX NAIMEHTOB
KIMHUYeCK) HaO/IOfNanuCch HEKOTOpble OPTOMefIYecKe
3¢ eKThI Py UCIOIb30BAHNY anmapaTos lepbcrTa u/mm
IIpYU TIepefiHeM CMelleHN) HVDKHeN JeloCTI.

Annapart lep6cTa

[Tpu neveHNM HeveOBEKOOOPA3HBIX IPUMATOB 10 Me-
Topuke [epOcTa HabMIONAMICh M3MEHEHUSA B CYCTaBHOM
OTPOCTKE HIDKHEN YemocTy U B popMe CyCTaBHOI AMKU
KaK y B3POC/IBIX, TaK M y Monogbix ocobeit (Woodside
et al, 1987; Voudouris et al., 2003a, b). Hecmorpss Ha
TO 4YTO TUIIEPAKTUMBHOCTD JIaT€PanbHOM KPbUIOBUIHONM
MBIIIIBI He KOPPEMPYETCA C M3MEHEHNAMI POCTa, PeLy-
IIPOKHOE PACTsKEHNe CBA3KY, COCHVHAIOLIEH OTPOCTOK
¢ AMKOI, MOXKeT UI'PaTb POJb B OCTEOTeHese.

Y MOJOABIX B3pOC/IBIX MAIMEeHTOB He3HAYMTEeIbHbIE
CKeJIeTHbIe HApYHIEHNSA MOXKHO MCIIPABUTh C ITIOMOLIBIO
ammapata lepbcra. Paulsen u Karle (2000) meunnn gBoux
20-7meTHUX TALMEHTOB ¢ marosormeit mpukyca II kmac-
ca, UCHONb3ys ammapar lepbcra, M oOHapyxmmu obpa-
30BaHMe HOBOJl KOCTM B OO/NacTM CYCTaBHBIX OTPOCTKOB.
JlucToKpaHMalIbHasA KOCTHAS aIIoO3ULA ObUIa pasinduMa
Kak Ha opromaHTomorpammax, Tak um npu KT. JJanHble
pesynbrarsl coBmagaor ¢ HaOmogenusmu Ruf u Pancherz
(1999), mokasaBLINX, YTO MaKCUMa/IbHasA 3(P(EKTIBHOCTD
ammapara lepOcta Ipu KOppeKUMY HapyLIEHMI OKKIIIO-
sun II xmacca Habmofamach MoC/Ie MOAPOCTKOBOIO CKad-
Ka pocTta. JJanueie o momenuposanuu BHYC, cycraBHBIX
OTPOCTKOB, @ TaK)Ke CYCTaBHBIX AMOK Yy MOJIOZIBIX B3pPOC-
JIBIX TAIMEHTOB ObIIM ITIOATBEPXJEHBI C IOMOIIBI0 Mar-
HUTHO-PEe30HAaHCHOI ToMorpaduu u 3D-peHTreHorpadmn
(puc. 6.1). Cormacio Ruf m Pancherz (1999), nedenue
anmaparom lep6cTa MOXKeT ObITH BO3MOYKHOI a/IbTEPHATH-
BOJI OPTOTHATUYECKOJ XUPYPIUM B IIOTPAHIYHBIX CIydasx
CKeNIeTHBIX aHOMa/mmii OkKmwosym II Kmacca y Momompix
B3POC/IBIX IAI[VIEHTOB

[epesHee NO3ULMOHMPOBAHME
HUXHENR YeNtoCTH

BosmoxkHocTh n3menennit 8 BHUC y B3pocnbix Obita
HOATBEPIK/ieHa KIMHNYECKMMIY yCTIeXaMy TepAINH C Tiepes-

Puc. 6.1. (1-3) MarHuTHO-pe3oHaHCcHas ToMorpamma Bu-

COYHO-HUXKHEYEIOCTHOrO CycTaBa nocie JIeYeHNs B3POC/I0N

nauueHTku annapatom [lep6crta. Ob6patuTe BHUMaHWe Ha

obpa3oBaHWe TKaHW Ha YPOBHE CyCTaBHOW FOOBKU U SMKK
(13 apxmBa npodeccopa S. Ruf)

HVIM [TO3UIIMOHMPOBaHMeM, pennoxeHHo Korn (munoe
obuenue, 2006; cm. cry4dart 1 HKe). BblIo BBIABIEHO, 9TO
nepefHee MO3ULMOHMPOBaHMe HVDKHEN YeTI0CTI MOYXKeT CITy-
SKIUTD a/IbTEPHATUBOI! [/ MAIlVIEHTOB, OTKAa3bIBAIOIUXCS OT
onepanyn. IlocTossHHOE CMelljeHMe HYDKHE Ye/TI0CTY BIeper
10 CKOOPAVMHIPOBAHHOTO IIOJIOXKEHIsI 3yOHBIX YT IIPUBO-
JUT CHa4asa K JBOIHOMY ITPUKYCY, HO €CIU IIPOJIO/IKATh,
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TO Yepes3 5 JIeT IAIMEeHT yrKe He CMOXKeT CMEeCTUTD HIDKHIOIO
YeJII0CTh B IIPeXKHee PeTPOIIOIoKeHNe. TeM He MeHee ellje
IPeJCTOUT U3YIUTh TOYHYIO PeaKINIo TKaHell B 06/1acTn
CYCTaBHBIX OTPOCTKOB I CYCTaBHbIX AIMOK.

Cnyuan 1. B3spocnbiin nayneHT

A0 1 nocne nepegHero NO3svLMOHNPOBaHNA
HWKHeN yentoctu (U3 apxmBa fOKTOpa

M. Korn)

JKenmmnna, 47 ner, ¢ IaTO/MOrMeil OKKIIO3UU IO
IT xmaccy 1-My HOAKIIAacCy, ¢ HapylleHueM 3yOHBIX PAOB
C morepeii BceX BTOPBIX MOJISAPOB M XPOHMYECKON Jnc-
¢ynkuueit BHUC, obpaTunach B CBSI3U C HEYHOBIETBO-
PUTENIBHBIMY BUHVPAaMM, KOTOpble OBUIM YCTaHOBJIEHDI
I KOPpeKUMM CTePTOCTM 3yOOB M MACKMPOBKU MX
TECHOTO IIOJIOXKeHMs 0e3 IIPUMEHeHMs OPTOIOHTHYe-
ckoro nedenus. IlanmeHTka OTKasajmach OT YeTIOCTHO-
JIUIEBOI Onepanuu, M €l YCTAaHOBUIM OKK/IIO3MOHHYIO
mMHY Ha 11 Mec 1 yyactus B oOydaloleil mporpaMme
[0 TepefHeMY INO3MLMOHMPOBAHUIO HIDKHEN YeloCTH.
OpTrofoHTIYecKoe HepeMelieHe 3y00B B Ipefenax 3y6-
HBIX IyT OBUIO BBIIIOJTHEHO C PACYETOM Ha IOC/IENYIOIIYIO
OPTOTHaTMYECKYIO OIIEpPaLlMI0, HO BMECTO 3TOTO Ialy-
€HTKa Hay4yulach BBIIBUTATb CBOK HIDKHIOK 4YelTOCTb
Brepen fo I kmacca, n copMupoBacs TBOVHON MPUKYC.
K KoOHIly jedyeHNsA NanMeHTKa He MOITIA IIePeMeCTUTb
CBOIO YeTIOCTb Ha3ajl, B MCXOAHYI0 nosuuuio. Yepes 8 et
IOC/le OKOHYAHNSA JIeYeHV Y INAlVEHTKM ObIIO COXpa-

HEHO HOpMajIbHOE COOTHOIIeHMe 3y6oB mo I kaaccy 6es
Haau4us OBOMHOTO IIPUKYyCa.

Hé6Hoe paclumpeHue

Pacmmpenns 3yOHBIX YT MOXHO JOCTUYb ITyTeM
PACKPBITUS CPESVHHOIO HEOHOTO IIBA MM VM3MEHEHVIsI
($hopMBI anbBEOJLIPHBIX OTPOCTKOB. I10 Mepe ycTaHOBIIe-
HVIsI OKKJTIO3VM TIOCTOSIHHBIX 3y0OB B CPEMHHOM HEOHOM
IIBe BO3HMKAIOT IUIOTHBIE KOCTHbBIE VMHTEPAUTUTALMNI,
U pacuIMpeHre B 9TON 0O/MacTy CTAHOBUTCS 3aTPYAHU-
tenbHBIM (Melsen, 1975; Persson, Thilander, 1977; Knaup
et al., 2004) (puc. 6.2).

BricTpoe pacumipeHne HEGHOrO IIBa BBINOTHSIETCS
C TIOMOIIBIO 3aIleMEHTVPOBAHHBIX allIAPATOB, a BEMUYN-
Ha CKE/IETHBIX M3MEHEHWIl B pe3y/bTaTe JIeYeHUs 3aBU-
CUT OT CTEIeHM pPacKpbITuA ImBa. IIpy rucronormde-
CKOM NCCIeJOBaHMM OMONTATOB CPeAMHHOTO HEOGHOTO
mBa nocsie OpicTporo pacummpennsa Héba (Hyrax) 6su10
BBISIB/IEHO, YTO y fleTeil CO CMEHHBIM IIPUKYCOM IIOB
PACKpBIT. YBe/MndeHe qrcia ocTeobmacToB 1 06pasosa-
HII€ OCTEON[OB CBUJETENBCTBYET O CTUMY/IILUN POCTA,
9YTO BIOCIAEACTBUM IO3BOJISIET CO3JATh IIPABUIBHOE
TPaHCBep3a/bHOE COOTHOLIeHMe. Kak TOMBKO IOSIBIIS-
I0TCSI IUIOTHBIE KOCTHBIE MHTEPAUTUTALNY, OBICTPOTO
pacumpenns HEOGA MOXHO OyfeT AOCTHYb C IIOMOIIBIO
HepesioMa HelOCPEeACTBEHHO B OOIACTH IIBA MU PSJIOM
co mBoM (Melsen, 1972). V3-3a cloXKHOCTelt B paspbiBe
HEOHOrO 1IBa OblIa IIpef/IOKEHa MEeTOAMKA XUPYPru-

Puc. 6.2. (1 u 3) luctonoruyecknii cpes HEGHoro WBea y AByx 13-neTHux AeBouek. (2 v 4) LLoB nepes paclumperviem, ayTo-

NcuiiHbIA MaTepuan. Lo Yepes 6 Heg nocne GbicTporo pacluvpeHus. ObpaTuTe BHUMaHWE Ha NepesoMbl, BO3HUKLLME B MpO-

Llecce paclumpeHus. B obnactax nepenomoB HabMOAAIOTCS aKTUBHOCTb OCTEOKNACTOB (KpacHble CTPEsiKU) U OAHOBPEMEHHO

aKTUBHOCTb 0CTE061ACTOB (roslybble CTPEsikM), YTO SBASETCS MPU3HAKOM 3axuBeHus koctu (mo Melsen B. A histological study

of the influence of sutural morphology and skeletal maturation on rapid palatal expansion in children // Trans. Eur. Orthod. Soc.
1972. P 499-507. Bocnpow3BeseHo ¢ ntobe3Horo paspeLleHns EBponeiickoro obLecTsa opTO40HTOB)



YeCKOIl IOMOIM i OBICTPOTrO pacIIMpeHusi BepxHe
gemocT — surgical-assisted rapid maxillary expansion
(SARME). Ilpu oberdennnu paspeneHns: ABYX HOIOBIMH
BepXHell Ye/II0CTI HAarpysKa Ha 3afjHue 3yObl, a COOTBET-
CTBEHHO, I PUCK BO3HUKHOBEHMsI OYKKaJbHBIX TPEIINH
yMeHbIIAITCsA. TKaHeBass peakuus B o6macTy IiBa Ha
SARME unu Ha ero paspbIB 3a C4eT aKTUBAIL[UM BUHTA
I71s1 OBICTPOrO PaCUIMpEeHNUsl CpPaBHMMA C AUCTPAKLMOH-
HBIM OCTEOTE€HE30M.

B 3aBucMMOCTM OT CTeleH)M pacHIMpeHNs MOXeT
nmpousoiti KposomsmusHue B 1moB. CormacHo Chang,
o6paszoBaHMe KPOBSIHOIO CIYCTKA B COCYfie KpaliHe He00-
XOJVIMO Ji/IA CO3[JaHMA HOBOVI KOCTM M3-3a Ba)KHOV pOIN
IIapaBacKy/LIPHBIX KIeTOK B ocTeoreHese (Chang et al,
1997). HemaBHO HpOBefjeHHOE MCCIEeNOBaHME IMOATBEp-
AUIO POIb KPOBSHOIO CIyCTKA B 3a)KMBJICHWM, IIPOJie-
MOHCTPMPOBAB, YTO CBS3aHHBIN C TPOMOMHOM MENTHT
YCKOpSIeT pereHepannio KOCTU MOC/Ie JUCTPAKLMIOHHOTO
octeoreresa (Amir et al., 2007). Ognako B mpouecce
3@KUBJIEHVS UTPAET POJb ellle ¥ HAaJKOCTHUIA, TaK Kak
medopManysi pacTsDKeHMs 3alyckaeT mpouecc anudde-
PEHIVMPOBKM IIEPUOCTATbHBIX KJIETOK B OCTEOTEHHbIE
xnetku (Kanno et al., 2005). HecmoTpst Ha TO 4TO Ipn
SARME mnoTeHnuampHbIl PUCK OYKKaAbHBIX TPELIMH
CHIDKEH, HY)KHO IIOMHUTb O BO3MOXXHOM PUCKe IOBPEX-
IeHVsA IapOIOHTA MEXXIY ABYM: LIeHTPa/IbHBIMI BePXHU-
mu pesuamu (Cureton, Cuenin, 1999).

OpTozgoHTHYecKue IeKTbl
y B3pOC/IbIX NALMEHTOB

PeakLus TKaHW Ha OPTOAOHTUYECKYIO
HarpysKky

TkaHeBas peakuusa Ha IIpUMeHEHMe OPTOJOHTNYE-
CKOIl CM/IBI — 3TO Pe3yIbTaT B3aMMOJENCTBUA MEXIY
MeXaHMYEeCKUM JIeJiCTBJMeM OPTOJLOHTMYECKOTO aIllapaTa
U MOJIeTMPOBaHMEM ¥ PeMOJeMPOBAHUEM a/IbBEOJIAP-
HOJl KOCTU. Bpau Mo)keT perymmpoBaTbh CUIOBOE BO3-
HeiiCTBME, CO3JaBaeMoe ammapaToM. TKaHM, Ha KOTO-
pble IPUXOANTCS BO3/IICTBIIE MEXaHINYeCKON HaTrpysKu,
BKJIIOYAIOT: OBEepXHOCTN KopHeit, [IJC n anbBeonapHyo
KocTb. KaKas m3 aTuX TKaHel MMeeT CBOM KIeTOYHbIe
U BHEK/IETOUHBIE 9/IEMEHTHI U 00/IafjaeT YHUKA/IbHBIMU
MEXaHNYECKMMY CBOJCTBAMU, a VX pPeaKIMs 3aBUCUT
KaK OT MeCTHBIX, TaK U OT obmux ¢dakropoB (Verna
et al., 1999).

OpropjoHTHYecKOe IepeMellieHle 3YOOB sBAETCS
0c060i1 MOZIENTbI0 MEXaHNYECKOII HATPY3KM, TaK KaK Ipy-
TIOXKEHHasA K 3y6aM cuiaa IepefjaeTcsl Ha albBeOJIAPHYIO
kocTb depes IIJJC, ybu MexaHMYECKMe CBOICTBA HOCTa-
TOYHO CJIOKHBI 13-32 €€ AaHM3OTPOIHON CTPYKTYPHI.
Peakumio anbBeonsApHON CTEHKM, IPUBOAAIIYIO K Iepe-
MeIleHNI0 3y0a, OOBIYHO OIUCBHIBAIOT KaK BTOPUYHYIO
o oTHomeHuo kK peaknyu [1JC. Ograko nepemernieHne
3yba 3aBuCUT OT MeTabO/MM3Ma B a/IbBEOJIIPHOI KOCTIL,
oxpyxartomeit IIJJC, 1 3T0 B3auMopeiicTBMe O CUX IOP
SBJISIETCSL TIPEMETOM AMCKYCCUil B 00O/IaCTM OPTOHOH-

FnaBa 6. Peakyusa TkaHem 95

TUYECKUX MCCTeNoBanmit. [Io Cux mop HEU3BECTHBI BCe
CTYIIeHM KacKaja COOBITUII, NMPUBOMIIIUX K IEepPexo-
Iy MeXaHWYeCKO} CHUIbl B OMONOIMYECKYI0 PeaKIuio.
OCHOBBIBasICh Ha KJIETOYHBIX MCCIEHOBAHNUAX, TPALULIN-
OHHOE IIPeJICTAB/IEHIIe O [JaB/IEHUN U HAIPSDKEHUN CTAI0
HEIPUMEHNMO, TaK KaK KJIeTKM €Ba I MOTYT OT/ININTD
IaB/IeHV/Ee OT HAIPSDKEHMs M BMECTO HTOIO Pearupyor
Ha pasmmume B pactsbkeHuu (Ehrlich, Lanyon, 2002;
Benjamin, Hillen, 2003).

[Tpu meyeHMU B3POCIBIX MAIMEHTOB 0C060€ BHMMA-
HIle C/IefyeT YAeTATb (PU3MONTOIMIECKUM BO3PACTHBIM
usmeHeHrAM (Barnett, Rowe, 1986; Jager, 1996; Krall
et al., 1997; Johnson et al., 2002; Jonasson, 2005; Misawa-
Kageyama et al., 2007), a Taxke U3MEHEHUAM, CBA3aH-
HBIM C 6OJ/Ie3HAMU HapylIeHMsi OOMeHa M [JINTEeTbHBIM
OpUEMOM MeJUKAMEHTOB, YTO T[OPa3[o dalle BCTpe-
qaeTCsi y B3pocibix manuentos (Johnson et al, 2002;
Verna et al., 2003; Kalia et al., 2004; Verna et al., 2006).
Kpowme pasnmunii, 06ycI0BIEHHBIX BO3PACTOM, OTBETHAs
peakuysi Ha OVHAKOBBIL CTUMYI OYIET 3HAYUTENIHHO
BapbUpOBATh MEXAY MHAMBUAYyMamu. [IpoBefjeHHBIe
9KCIIEPUMEHTHI Ha COOaKaX SICHO TOATBEPIOVIIA JIAHHOE
xmuundeckoe Habmogenne (Pilon et al., 1996; von Bohl
et al., 2004a, b).

Knaccnueckaa mogenb
«JlaBneHmne—-pacTaKeHve»

B kmaccmaeckoit MOfe/ TKaHeBOI PeaKI{uyL Ha OpPTO-
TOHTMYECKIEe CUIOBbIe BO3AEICTBIUS CYIIECTBOBA/IO YeT-
KOe pasfe/eHrie MeX/y 30HaMM [JABJIEHNs U PACTsDKEHNs
(Reitan, Rygh, 1994). Ilop Bo3fmeiicTBMEM CHUIBI B Tede-
HIle CYUTAHBIX MUHYT 3y6 cMemjaetcs B mpegmenax [1J1C
U CIaB/IVMBAET TKaHM B HAIIPAB/IEHUN CBOETO IepeMellie-
Hus1. Ha cTopoHe HanmpspkeHMs: MPOUCXORUT pacLIpeHue
ITC, u B TeyeHMe YacoB AyiaMeTP KPOBEHOCHBIX COCYZIOB
YBE/IMIMBAETCA.

ITo aHHBIM 3/IEKTPOHHO MUKPOCKOIINHU, OTTOK KOM-
IIOHEHTOB KPOBM IIPOVCXOANT B 30HAX, I/ JaB/ICHIE [IPH-
BOIMT K CHABJICHUIO KPOBEHOCHBIX COCYHOB. B ¢ubpo-
61acTax MPOMCXOAUT HabyXaHNUe SHIOIIIA3MATIIECKOTO
PETHUKYIyMa, C HOCTEAYIOLXM PaspbIBOM LIUTOIIA3Ma-
TUYECKOil MeMOpaHbl M BbIxOofoM IuTortasMmel (Rygh,
Brudvik, 1995). Tem He MeHee KOJIJIaT€HOBbIE BOJIOKHA
B IIJIC cOXpaHSIOT CBOW CTPYKTYPy B BHAE NYIKOB,
HO 13-3a CTEKJIONOfOOHOrO BMAA ITUX OOIacTell 3TOT
IPOLieCC TIOTyYNI Ha3BaHMe «THannHu3anys». Ha camom
Iere 9TO aCEITMYeCKMII HeKpO3, BbISBAHHDBIN MIIEMUEIL.
[manuHM3upoBaHHasA 30HA yHanseTcsa Makpodaramu 6e3
¢decronyaroro kpasd. 3y6 He OyzeT ABUraThCs, IIOKa KOCTD,
HokpbiTas ruamuHusuposanHoi I1JIC, He 6ymer pesop-
OMpoBaHa OCTEOKIACTaMM M3 KOCTHOTO MO3ra ry04aroil
KocTy (W 13 CyOKOPTMKATIBHOTO KOCTHOTO MO3Id, I
OTCYTCTBUM Ty64aToil kocty; puc. 6.3) (Baron, 1975a).
Kak Tonbko pe3opOuyist JOCTUTHET albBEOSPHOI CTEH-
KU, WK OHa OymeT ocimabieHa, 3y6 CTaHeT MOJBIKHBIM,
a pe3op6us B HAIIPAB/IEHNN HepeMeleHNs 3y0a MOXKeT
IPOJO/DKATBCSA: B CIy4dae cmaboit CUIbl — B BUfe Iepef-
HeJl VIV IPSIMOJL Pe30pOLMIM C OCTEOK/IACTaMM, AEICTBY-
IOLIMMY HEIOCPEACTBEHHO HAa aJIbBEONAPHYIO CTEHKY.
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®)
Cnyuyan 1. (1-8) Cutyaunsa Ao neyeHus

CunoBoe Bo3aencTeue unu cuna

Puc. 6.3. [IBuxeHune 3y6a yepes KoCTb. Kak TO/bKO NMpouc-
XOAMUT rmanuHusaums (1), 3yb6 nepectaer ABuUratbCs A0 Tex
nop, mMoka rmaavHU3MpoBaHHas TKaHb HE UCYe3HeT B pe-
3ynbTate Henpsimoi pesopbuun (2). B Tex obnactsx, rae
rMasamHu3aLmns He NMPOUCXOAMUT, KOCTb pe3opbupyeTcs ocTe-
oKJlacTamMu U3 MepUOSOHTaNbHOM CBSI3KW B Mpouecce nps-
Mot pe3opbunm (c paspelwenus Verna C. Biology of dental
movement. In: Melsen B. and Fiorelli G., eds. Biomechanics
in Orthodontics, A Multimedia Textbook. Arezzo, Italy: Libra
Ortodonzia, 2000. P 38-67)
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(15) (16)

Cnyuaii 1. lpogonxenne. (9—16) BbipaBHVBaHWe 3yOHbLIX AYr C MCMOb30BAHUEM COYETAHUSI HECBEMHBIX OPTOAOHTUYECKMX
annapartoB 1 HaKyCOYHOW MAaCTUHKN

OpHako ecnmy Cuaa BO3JENCTBUS [TOCTaTOYHO BBICOKA,
4TOOBI BHI3BATD TOKAIBHYIO MILEMIIO, TO MOTYT BO30OHO-
BUTHCSA IMATMHY3ALMA U HeIpsAMas pe3opOums u3 KocT-
HOMO3TOBBIX NPOCTpaHCTB (puc. 6.4). Ilocne mepemerne-
HYsI 3y6a Ha CTOpOHe HAIPSDKEHVsI 3aMeTHA AIIO3MIVISI
koctn (puc. 6.5).

Tak HaspIBaeMasi TeOpus «JaBIeHUsI—PACTSIKEHUI»
CYMTANACh Y/IbTPACOBPEMEHHON, BO MHOTMX NCCHIENO0-
BaHWSX MCIIONBb30BAMN HaHHBIN mopxon (puc. 6.6). Tem
He MeHee usMeHeHus mapnenus B [IJJC He ocramuch 6e3
BHuMaHUA. Bien (1966), OCHOBBIBasCh Ha (PU3NIECKUX
cpoiictBax IIJIC, yTBepjam, 4YTO pas OHa J[eJCTByeT
KaK HeIllpepbIBHAs TU/IPOCTATUYeCKas CUCTEMa, TO B Hell
(usnyecky HEBO3MOXKHO CO3[aTh 00/IACTY ONpefe/IeHHO-
To cKartus Win pacTskeHns. CrrefoBaTebHO, HAYaIbHOE
pacnipenenenne cun B I1JIC HEMOCTOAHHO, I M3MEHEHMA
HEBO3MOXXHO TMOJiep>K1BaTh. Ero B3ITIAABI pasjendan
Isaacson u coaBT. (1993). Nanda u Heller (1979) taxxke
TIOABEPI/IN COMHEHMIO ompefenAoyio ponb I1JC, moka-
3aB, uro 6Omodmsnmyeckas mommpukanus I1C mepen
HAYa/IOM ABIDKEHNs 3y0a He M3MEHsIa TKAHEBYIO peak-
LUIO aJbBEOJIIPHON CTEHKM, ¥ IPUIUIM K BBIBOLY, 4ITO
medopMaIst KOCTY MOXeT OBITb IEPBUYHBIM CTUMY-
JIOM, KOTOPBIIT 3aIIyCKaeT KacKaj COOBITMII, IPUBOMSILINX
K M3MEHEHUI0 pOPMBI aIbBEOJIbI.

Puc. 6.4. Tucronornyeckunii MONEPEYHbIA Cpe3 NepBoro Kop-
HS BEPXHEro MoAsipa Kpbickl nocie 21 AHS MNpUAoXeHUs
OPTOAOHTUYECKOrO CWJIOBOrO BO3AencTBMA. Korga nepuo-
[OHTa/lbHas CBS3Ka YPEe3MEPHO CAABAMBAETCS, MPOUCXOAUT
rmanuHusaums (KpacHas CTpesika), M KOCTb, Mpuexalias
K TUMaNMHWU3MPOBAHHOW TKaHW, pe3opbupyeTcs OCTeok/a-
CTamm 13 KOCTHOMO3TOBbIX MPOCTPAHCTB (3e/1eHas CTpesika).
MepuoAoHTaNbHas CBS3Ka HE HACTOJILKO LUMPOKas, Kak B TeX
30Hax, rae pe3opbuus KOCTH OCYLLECTBASETCS KAETKaMU ne-
PUOAOHTaNbHOM CBA3kM (kenTas cTpesika) (C paspelueHus
Verna C. Biology of dental movement. In: Melsen B. and
Fiorelli G., eds. Biomechanics in Orthodontics, A Multimedia
Textbook. Arezzo, Italy: Libra Ortodonzia, 2000. P. 38-67)
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Puc. 6.5. MNocne npunoxeHus opTOAOHTUYECKON Harpysku
K a/1bBEOIAPHOM KOCTU KpPbIChl HaboAal0TCs Mapkepbl 06pa-
30BaHMs KOCTU (3KENTHIM — TETPALMUKINH, 3e/IeHbIM — Kallb-
uenH). ObpaTuTe BHUMaHWe Ha HEAOCTATOK MAapKepoB Ha
6YrpucToit MOBEPXHOCTU KOCTU, YTO TUMUYHO ANS pe3opOLmuK
KOCTW B HanpasfieHuW cunbl (MpaBas CTOpoHa). Ha apyroi
CTOpOHe HabroAaeTcs LMpoKas Moocka KOCTHBIX Mapke-
pOB, YTO TUMWUYHO AN15 06pa30BaHUSA HOBOI KOCTH (C paspeLue-
Hus Verna C. Biology of dental movement. In: Melsen B. and
Fiorelli G., eds. Biomechanics in Orthodontics. A Multimedia
Textbook. Arezzo, Italy: Libra Ortodonzia, 2000. P. 38-67)




(25)

B
(26) (27)
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(28)

Cnyuaii 1. OkoH4aHue. (24-28) JledeHne yepe3 5 net. HukHAS YeniocTb 60/bLUe He CMeLLLaeTCs K3a4M B MOJIOXKEHNE, XapaKTep-
Hoe Ans |l knacca HapyLUeHWS OKKITIO3UK

Puc. 6.6. HauyanbHoe fABMxeHWe 3yba cpasy mocie mpuioxe-
HWUS CWJIbl B HanpaB/ieHUU, YKasaHHOM CTpenkoi. B Hanpasne-
HWUW Wbl MEPUOAOHTANIbHAS CBSA3KA CHaYasla CTAaHOBUTCS Y3KOW,
M B 3aBUCUMOCTM OT pacrnpeAeseHUs Harpysku MmpoucxoauT
npsmas uan Henpsimas pesopbums. 31a 061acTb BCeraa Hasbi-
Baflacb 061acTbio CkaTus. Ha NpoTMBOMOONXKHOM CTOPOHE Npo-
WCXOAMT pacluMpeHve MepuoAOHTaNIbHON CBSI3KM, a KAeToYHas
aKTUBHOCTb XapakTepusyetcs obpasoBaHMem KOCTU. [aHHyio
0611acTb TPaAMLMOHHO Ha3blBaIOT 061ACTLIO pacTskeHns (¢ pas-
pewenus Verna C. Biology of dental movement. In: Melsen B.
and Fiorelli G., eds. Biomechanics in Orthodontics. A Multimedia
Textbook. Arezzo, Italy: Libra Ortodonzia, 2000. P. 38-67)

He ymamoch ZOCTMYD €IMHOTO MHEHVSI OTHOCKUTETBHO
BKIafia cMetenus 3y6a BuyTpu IIJIC m mpormba xocTn
B OTBET Ha HAuajibHOe IepeMelieHre 3yba. Hexoropsie

aBTOPBI MIPUMNCHIBAIOT OCHOBHYIO PO/Ib B HAYaIbHOM Ilepe-
MemteHun 3y6a mporuby xoctu (Roberts et al., 1992). Bxmaz
npornba KOCTV MOXKeT ObITb MPONOPLMOHAIEH IIePBOHA-
Ya/JbHO NpuKaagbiBaemoit cwre (Grimm, 1972). lanHoe
MHeHMe NpoTuBopeunno Storey (1973), KoTopslil M3ydan
TPBISYHOB J IpMINET K BBIBOAY, YTO fedopMaimsa KOCTH
IIPAKTUYECKV He BaKHA, TaK KaK OHA MeHbllle, YeM IOorpell-
HocTb B 0,1 MM, ompeenseMas MHCTpyMeHTambHO. K ompe-
Ie/eHHbIM BBIBOJAM MeILIAeT IPUITH MEeTOLOJIO0TMYecKas
mpobyeMa, CBSI3aHHAS C TeM, KaK OT/IMYUTD CMELIeHIe BHY-
tpu ITIJIC ot pedopmanmm xoctu. Hecmorpst Ha pasnndHble
MOAXOABl M BCe NPOTUBOpEYNA, KOHIEMIMA 30H CXKATUA
U pacTsKEHNUA OCTaeTCs TOCTIOACTBYIOLIEN Teopueil.
Jlpyroii mopxop, K aHanu3y TKAHEBBIX peaKLMii MOT
Obl HayaTbCs C MEXaHMYECKOJI HArpy3KM ¥ IPOXOJKATh-
cs HaO/IofeHNeM 3a COOBITUAMM, IPOVCXONAIMMY B BYX
r1aBHbIX 067acTsix ([1JJC u anbBeosIpHOIT KOCTH) TI0 OT/ieTb-
HOCTH, IIOKa He OyIeT HOCTUTHYT OZMHAKOBBIN pe3y/ibrar,
T.e. MOJIeTVIPOBaHMe/PEeMOJIeTMPOBaHNe TKaHell MapOJOHTA.
Tpagyumonno IIJJC cumraeTca TKaHbBIO, KOTOpas perynm-
pyet pe3op6iuio u 06pasoBaHue KOCTH, YTO yAUBUTE/IBHO,
Beflb XOPOILO M3BECTHA PO/Ib OCTEOLMUTOB KaK OCHOBHBIX
TeTeKTOPOB MEXaHNYECKOTO PACTAKEHNA B KOCTIL.

MepuogoHTanbHasA cBA3Ka

Ilepnopnyeckne OKKIIO3MOHHBIE CUJIBI, IIPUBOASALIIE
K PaCTsDKEHMUIO [IePMOJOHTANTbHBIX BOTTOKOH, HEOOXOAIMBI
I COXpaHeHMA anbBeossApHoONl Koctu. Korma Takme
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OKK/TIO3MIOHHBIE CVUJIBI OTCYTCTBYIOT, TO IUIOTHOCTDb ajIb-
BEOJIAPHOJ KOCTU 3HAUUTEJIBHO CHIDKaeTcs (cM. I 3,
puc. 3.21) (Picton, 1964).

Harpyskn, oTmryaonecs 1o HaIpaB/IeHUIO U Ipo-
TO/DKUTEIBHOCTY OT TeX, YTO IPONCXOJAT B HOpMe,
HOPUBOAAT K IEPMAHEHTHOMY CMeILIeHNMIO 3y0a BHYTPU
Baskoanactuueckoit IIJIC. VisMeHeHMe B pacmpesie/ileHUN
HarpysKu/pacTsyKeHMsA NPUBOIUT K M3MEHEHMIO B pac-
Ipefie/ieHnN KUKOCTY, UM M3-32 KOCOH a/bBeOIAPHONM
HIOBEpXHOCTM TOPU3OHTa/NbHAA CU/IA NIPUBEJET K CHBUTY,
KOTOPBI, B CBOI0 OuYepefb, CIPOBOLUPYET IKCTPY3MIO.
Janubni s¢dexr HasbBalT 9PdeKkToM KOHyca, U OH
3aBJMICUT OH HAKJIOHA a/IbBEO/LAPHON cTeHKU. YacTo emy
MeIIAT CyIpaKpecTaabHble BOMOKHA, HO, Korga IIJIC
MOBPEXXTEHa, MOXKET IPONMCXOANTDb 3KCTPY3uA. Y B3poc-
JIPIX NALMEHTOB C IIOTepeil MaprMHa/JIbHOM KOCTU MaH-
HBIII 9 dexT O6ymer Oomee BBIpaKeH, a Mpuaaraemas
CMIa JO/DKHA MMETh MEHDIIUI MHTPY3UBHbI KOMIOHEHT
BO msbexanue skcTpysuu (puc. 6.7).

Korma Ha mepmopoHTanbHbBIe BOJOKHA [[eJICTBYeT
OPTOIOHTMYECKAs HArpysKa, MPOMCXORAT AedopManms
u cHibKeHue npodnHocty knetok IIJC m skcTpauenmo-
JIIPHOTO MAaTPUKCA, OCOOEHHO Ha CTOPOHE KOMIIPeCCUM
(Fukui, 1993). Takue m3MeHeHUs TaKXe IMPOUCXOMAT
B cocepHux 3ybax (Ki, 1990), HO OBICTPO yCTpaHAITCA
perennueit (Fukui et al., 2003).

Puc. 6.7. Dddekt koHyca. Koraa cuna npuknaabiBaercs
K HaK/JIOHHO/ MIOCKOCTU, TO OHa packfiajblBaeTcs Ha Bep-
TUKasbHbIA U FOPU3OHTAJIbHBIA KOMMOHEHTbI. BepTukaabHoM
cune 0BbIYHO NPens[TCTBYIOT CynpakpecTasbHble BOJOKHA, HO
KOrAa NpOUCXOAUT HapyLUeHUe CTPOEHUS NepPUOAOHTaIbHOM
CBSI3KM, TO BO3MOXHA 3KCTpy3us (c paspeleHus Verna C.
Biology of dental movement. In: Melsen B. and Fiorelli G.,
eds. Biomechanics in Orthodontics. A Multimedia Textbook.
Arezzo, Italy: Libra Ortodonzia, 2000. P. 38-67)

B uccnegoBaHusAx in vitro 6bUI0 BBIABIEHO, YTO Aedop-
ManuA KJIeTOK CBsA3aHa ¢ MeTabOoINIecKol aKTUBHOCTDIO
(Chicurel et al., 1998). Llutockener murpaer poiab BO3-
MO>XXHOTO IIepefjaTiMKa MeXaHMYEeCKOlI HarpysKi, B3au-
MOJIEIICTBYSI C 9KCTPAL/UIIOIAPHBIM MAaTPUKCOM depes
cBsispIBatolye mmuKonporenH uHrterpuuel (Talic et al.,
2004). ToxasaHo, YTO K/IETKM MCIIONB3YIOT apXUTEKTYPy
TeHCerpUTH (CKaTye-pacTshKeHye) MpU CBOeil OpraHu-
3aluM, MHaue TOBOPS, KJIETKM HACTPOEHbI Ha HeMeJ-
JIeHHYI0 OTBETHYIO PeaKIMI0 Ha MeXaHWYeCKyIo Harpys-
Ky, IepefiaBaeMyl0 4epe3 IIOBEPXHOCTHBIE KJIETOYHBIE
peuenrropsl (puc. 6.8). Llutockener ¢usmyueckn crapen
C 3KCTPALIe/UTIONIAPHBIM MAaTPUKCOM M, TaKUM 06pasoM,
perympyer KIeTOYHBII OTBET Ha YPOBHE Ppery/LALVN
rernos (Ingber, 1997). C aToit TOUKU 3peHNA CIeAyeT mpu-
HIMATh BO BHMMAaHNe 3HAYEHIe [[e/TOCTHOCTH KJIETOYHOI!
MeMOpaHBl B MeXaHOIlepefaleM MyTH, TaK KaK ObUIo
[I0OKa3aHO, YTO TPaBMa YBEIMYMBAET MEXaHOUYYBCTBIU-
tenbHOCTh (Wan et al., 1999), a B xnetkax I[IJIC mpu
BO3/ICICTBMY Ha HUX OPTOJ{OHTUYECKOI CUJIBI BO3MOXKHBI

: [ecdopmauus

TatnH

VnTdr ~ KneToyHas mem6paHa

Puc. 6.8. Cxematnueckoe n3obpaxkeHue apxuTeKTypHOR op-
raHu3aLumn K1eTok No NpUHLMNY TeHcerputu. locne mexaHu-
4eCcKOro BO34eNCTBUS IKCTpaLeNoNapHbIA maTpukc (ALLM)
AechopmMupyeTcs BMECTE C MOBEPXHOCTbIO KIETOK (BEPXHSS
naHesb). KneTkn npukpennsaoTcsa K 3KCTpauestoNapHOMY
MaTpUKCy C NMOMOLLbIO MHTErPUHOB (CPeAHSs MaHesb), Npo-
TENHOB, KOTOPblE COEANHSAIOT IKCTPALLENNIONAPHbIA MATPUKC
C BHYTPEHHMM LMTOCKeNeTOM (HUXHAA naHesb). LinTocke-
NeT NoAAePXKMUBAET apXUTEKTYPY KIETOK U Takum o6pasom
M3MeHSEeT U nepesaeT CUrHaa Ha ypoBHe asep (C U3M. u3:
Ingber D.E. The architecture of life // Sci. Am. 1998. Vol. 278.
P 48-57; c paspewerus Scientific American)



paspbIBbI MeMOpaAH C MOCAEAYIOLVM BOCCTAHOB/IEHUEM
(Orellana-Lezcano et al., 2005).

Cwmemenne >xugkoctut B IIJJC cosmaer MexaHm4YecKoe
pasgpakeHye M y4acTByeT B JedopManyy MeMOpaHbI
(Bien, 1966). Nunamuka >xuakocreit B IIJJC mommepxn-
BaeTCsl IIABHBIM 06pa3oM COCYIMCTOM CHCTEMOM, KOTO-
pas obecreunBaer [1JIC COOTBETCTBYIOIIMMY KIETKAMU
U KUCTIOPOJOM, HeOOXOMVIMBIMU JI1 MX PEMOJeMpPOBa-
HuA (Rygh et al,, 1986). 50% o6bema IIJIC 3aHMMarT
KPOBEHOCHBIE COCY/bI, HaMOOIbIIAS JACTh U3 HUX IPUIe-
XKIT K KOCTHOI CTOpOHe. B 06macTu cxxaTns HabmogaeTcs
YaCTUYHAs VMIN ITOJIHAS OKK/IIO3USA COCYLOB, IPUBOAALIAs
K I'MaZMHA3aIuN Yepes 24 4, B TO BpeMA KaK Ha CTOPOHE
pacTsoKeHMsA KPOBEHOCHBIE COCyAbl pacuypensl. Ilocre
7 pHell nedeHUs B OOMAacTM CKaTUA BacKyIApU3alusA
BOCCTAHAB/IMBAETCA 3a CYET IIPOPACTAHUA COCYAMCTBIX
CTPYKTYp B TMa/IVHMU3MPOBAHHbIE YYaCTKH, a Ha CTOPO-
He DPACTAKEHUA COXPAHAETCA YBEIMYEHHBINI KPOBOTOK
(Khouw, Goldhaber, 1970). Bouto gokasaHo, 4TO U3MeHe-
HUA B IDIOTHOCTY M pacIpefie/ieHNI KPOBEHOCHBIX COCY-
OB B IIpoliecce IepeMeleHNs 3yba CBA3aHbI C U3MEHe-
HUAMM OTBeTa HepBHOII cucteMsl (Vandevska-Radunovic
et al., 1997).

ITyn aHabOMMYECKM AKTUBHBIX KJIETOK BK/IIOYAET:
¢ubpobmactsr IIJIC, ocTeobmacTel U LeMEHTOOTACTEL
KneTkn-npeiecTBeHHNKN PaCIIONaraloTcs B OKpyKe-
HUM KPOBEHOCHBIX cocymoB B obmactu IIJC Bmor-
HYIO K anbBeonApHoit crenke. Pavlin u Gluhak-Heinrich
(2001) momrBeppmmu, 4TO MHAYKUuA AubdepeHIyu-
POBKM ¥ yBeIMYEHME KIETOYHOV (YHKIVM SBJIAIOTCA
[IepBUYHBIM OTBETOM HAa OCTEOTCHETUYeCKYI0 HarpysKy,
U TPEefIONOXKIIN, YTO MEXaHMYeCKUI CUTHAI MOXKeT
6bITH Halle/leH Ha NpeJIeCTBEHHNKOB 0CTe00/1acToB 6e3
IIepBOHAYA/IbHOTO IponudepaTMBHOrO oTBeTa. B mrore
YBeIMIMBAIOTCS BBIPAOOTKA KOJIIATEHA, CUHTE3 9KCTpa-
L[eJITIONIAPHOTO MaTPUKCA, IPOUCXOAUT aKTUBALUA aHTH-
aIloNTOTHYeCKMX (PAKTOPOB U BO3pacTaeT IPORYKIUA
MAaTpPUKCHOJ MeTa/UIONpPOTEeNHAa3bl 8, KOTOpas OoOHapy-
JKUBAETCsI B KpeBUKY/spHOIL >xupkocTu (Danciu et al.,
2004; Ingman et al.,, 2005). KaTabonn4eckast akTHUBHOCTb
OTMEYAeTCS Y OCTEOK/IACTOB, KOTOpble IPOM3OIUIN 13
KPOBETBOPHOI CUCTeMBl IyTeM auddepeHIupoBKY
JIMHUY MOHOLMTOB. IlepBBIMM K/Ie€TKaMU, y4acTBYIOLV-
MM B Pe30pOIH aTbBEOJIIPHOI CTEHKH, ABIAIOTCSA OCTe-
OKJIACTBI, KOTOPbIe 00pa30Ba/IIICh B pe3y/bTaTe MOCTMU-
TOTUYECKOTO C/IVISTHMA IIPEOCTEOK/IACTOB U3 KI€TOYHOTO
myna B IIJIC (Tsay et al.,, 1999). Cormacro Rody u coasr.
(2001), xmacTbl MPOMCXOAAT M3 KOCTHOTO MO3Ta, Ife
Hab/moaeTcA 3SHAUNTENbHOE YBeMdeHe IponudepaTus-
HOJ aKTUBHOCTU C IIEPBOTO JHSA BO3JEICTBUSA HArpy3Ku
(puc. 6.9).

C TouKM 3peHNs OMOXMMUM MeXaHW4YecKas Harpyska
yBeIN4YMBaeT BHIPAO0OTKY IIPOCTAIJIAHANHOB, BBICBOOOXK-
IeHMe OKCMIA a30Ta U Pery/LALUI0 9KCIIPeCCUU SHTOTe-
NMaIbHOM CMHTa3bl OKCUzia a30Ta. IIpMHATO cunTaTh, 4TO
M OKCUJL a30Ta, M IPOCTAIJIAHAMHBI SABIIAIOTCS BTOPUY-
HBIMU MeCCEH/DKepaMyl B TPAaHCAYKIMOHHOM IIyTH IIepe-
maun (Burger, Klein-Nulen, 1999). BricBoboxenne cy6-
CTaHIVM P 4yBCTBUTEbHBIMY HEPBHBIMU OKOHYAHUAMMU
B IIJIC cTumynupyeT BHIOpOC MPOCTAINAHAVHOB, MUTpa-
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Puc. 6.9. Mapaokk1031OHHbI Cpe3 KOpHS 3y6a KpbiCkl Yepes
21 feHb BO3AENCTBUS OPTOLOHTUYECKON Harpysku. Ha cto-
pOHe AaB/eHnUs MOTYT BbiThb U MpsAmas, U Henpsmas pe3opb-
LMs, 4TO 3aBUCUT OT MECTHOrO pacrpefesieHns Cua cxa-
Tus/pactsxenus (c paspewenus Verna C. Biology of dental
movement. In: Melsen B. and Fiorelli G., eds. Biomechanics
in Orthodontics. A Multimedia Textbook. Arezzo, Italy: Libra
Ortodonzia, 2000. P. 38-67)

IIMIO JICVIKOIIUTOB U CEKperyio MMMQOKNHOB U MOCTIEAY-
O[T 3HAYMMBI MOLBEM YPOBHEN BHYTPMKIETOUHBIX
BTOPUYHBIX MeCCEHIKePOB (L[MKINYECKOTO aJjeHO3UH-
MoHOdochaTa, LMKINIECKOTO TIyaHO3MHMOHOGOCha-
ta) (Davidovitch et al., 1998; Yamashiro et al., 2000).
Bmecre ¢ mpocraraHAMHAMU JIEIKOTPUEHBI SIBIISIOTC
MefMaTOpaMy OPTOOHTHYECKOTO IlepeMeleHus 3y0oB,
CTUMYIMPYsL Pe30pOIMI0 KOCTU ¥ CIOCOOCTBYSI IPO-
AYKLUM KOJUTareHassl ¢prbpobmactamu, BTOPraomMyICs
B I'Ma/IMHU3UPOBAHHBIE 30HBL. JTOT (PeHOMEH BMECTe CO
CTUMYJIALEN ABVOKEHMSI Ka/IbliMsl B K/IETKE MO3BOJISIOT
HPEANONOXNTb, YTO OH MOXeT OBITb TeM MEXaHU3MOM,
HOCPEfICTBOM KOTOPOTO JICHIKOTPMEHDI YCUMTUBAIOT PEMO-
memuposanue II1IC (Mohammed et al., 1989). LlutoxuHeL,
PacTBOpPMMBbIe MOJIEKY/IbI MO MacChl, CeKpelysi KOTo-
PBIX OCYILIECTBIAETCA OONBIIMHCTBOM AAPOCOAEPIKAIINX
KJIETOK, 3aMe[IA0T DPeMOJENNPOBAHME KOCTH, KOOP-
OVHUPYST MeTabOoIMYeCKUII OTBET COCENHUX KJIETOK.
LIMTOKMHBI, BAMSIONINE Ha PEMOJENMPOBAHNE COEHV-
HUTE/bHOV TKAaHM, BK/IIOYAIOT MHTEPIEVKUHBI, (HaKToOp
HEKpO3a OIyXOJIeN M CEMENCTBO €ro JIMTaHJ OB, MHTEp-
¢eponsl, momunentuaHble GAKTOPEl pocTa U (GAKTOPHI,
CTUMYIUPYIOLe KOJIOHUIL.

KocTtb

Korpa 3y6bl mopiBepraiorcs CUI0BOMY BO3JEICTBIUIO,
OKpY>KaIollasi a/bBeO/IsIPHAS KOCTb UCIIBITBIBACT Aedop-
MalUI0, CTEIeHb KOTOPOI 0OpaTHO IPOIOPILVOHAIbHA
paccrosiHnio ot Bepxyiuek 3y6oB (Asundi, Kishen, 2000).
W3-3a ynpyroit npupoabl MHTAKTHON KOCTH in Vivo MeXa-
HIMYeCKMe HarpysKy MpUBOAAT K puMepHo 0,2% medop-
Mamuu (Burr et al., 1996).

B reuyenue XusHM B KOCTM IIPOMCXOZAT ABa IIpoliecca:
MOJIeIMPOBaHNE ¥ peMOJeNpOBaHNe. 3alyThiBasd CUTYa-
IJVII0, OPTOJOHTBI MCIIO/IB3YIOT TUIIb TEPMUH «PEMOJIETNPO-
BaHMe» I OIMCAaHVA 000MX IIpoleccoB. MofenmupoBanue
ABJIATCA JOMVHUPYIOIUM OMOTOIMYeCKUM IIPOLECCOM
BO BpeMsA POCTa, YTO NPUBOAUT K M3MEHEHMAM pa3Mepa
u ¢opmpr Koctu. MopenupoBanne B OOnblIell CTelre-
HJ IPOVCXOAUT IOf BIMSHUEM TeHeTHYeCKuX (aKTopoB
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U (QYHKIVIOHA/IBHBIX HATPY30K U B MEHbBIIEN CTelleHN —
CUCTEMHBIX MeTabONMNYIeCKNX CTUMYIOB. Y B3POC/IBIX
MOJIeTMPOBAHNe BbI3bIBAeT (DU3MONTOTUYECKUIT CHBUT
B /IbBEO/IIPHOM KapMaHe ) MHAYOMPYeT CTPYKTYPHYIO
aflalTallMio0 KOCTU K Pas/IMYHbIM MeXaHMYECKUM BO3Iel-
ctBusaM (Frost, 1990a). Bo Bpemst cMmeleHns 3yba mmpu-
Ha IIJJC m TommMHAa KOCTU MOAJEpP>KUBAKOTCA 3a CUET
KOOPAVHALMY Pe30pOLMI 1 alHO3UINY, YTO IPUBORUT
K CMeleHno Bcell anpBeonsl (Baron, 1975b) (puc. 6.10).
OpnHaKo MCCIeOBAHNSA HA KUBOTHDIX BBIABU/IN, YTO JIaH-
HBIII IIpoliecc HaMHOro cinoxkHee (Vignery, Baron, 1980;
Tran Van et al., 1982; Baron et al., 1984; King et al., 1992;
Keeling et al., 1993; Melsen, 1999). Taxxe 6b110 mOKa3a-
HO, 4TO 00pa3oBaHue KOCTY IIPOMCXOAUT B HallpaBIeHUN
IPWIOKEHHON CUJIBI, a pe3opOIms KOCTM — Ha Tak
HasbpIBaeMoll cTopoHe pacTspkeHms (Mohri et al., 1991;
King et al., 1992; Zaffe, Verna, 1995). Hanmnune B ajb-
BEOJIAPHOI KOCTU MapKepoB KaK pe30pOTMBHOI aKTWB-
HOCTH, TaK U 06pasoBaHMsI HOBOI KOCTM COOTBETCTBYET
B3aMIMOJIC/ICTBUIO MEXJy OCTeobnacTaMu M OCTEOKIa-
CTaMu B Ipoliecce pemopienupoBanus (puc. 6.11).

PemopennpoBaHue NPOMCXOAUT B Pa3pO3HEHHBIX
MeCTaX, COCTOUT U3 YepefoBaHMs pe3opOumm M mocie-
mymomero (GpopMMPOBAHNUA, CBA3AHHBIX B IIPOCTPAHCTBE
M BO BpeMEHU 6as1cHoOI1 MY/IBTUK/IETOYHONM €VIHILIEN
(Frost, 1964). PemonennpoBaHue I03BONSAET afjalITUPO-
BaTbCA KOCTYM K MeXaHMYeCKMM HarpyskaM, MYHUMM3N-
pyeT HMOBpEeXHEHNA M3-3a YCTAJTOCTYM M HAXOAUTCS IIOf
BIVIIHVMEM [eiiCTBMSA TOPMOHOB M LuTOKMHOB (Frost,
1998; Mori, Burr, 1993). CrHXpOHM3MPOBAHHBIIT 3aITyCK
MHOTOYJCTICHHBIX 0a3MCHBIX MYIBTUKICTOUHBIX €VIHUIL
XapakTepeH U A CTOPOHBI CXXAaTuA, ¥ I CTOPOHBI
PacTsKeHMA.

IIpornecc pemopienMpoBaHNA KOCTU COCTOUT U3 YETHI-
pex ¢as: akrtuBauum, pezopbummn, pesepcun u Hopmu-
poBanmA (puc. 6.12). B dase akrupanum BBICTUIAIONINE
KIeTKM U3 IUIOCKUX CTAHOBATCA KyOuUdeckoil (opMsl
npeocreobnactamu u cekperupyror nurang (RANKL)
pelieniTopa aktuBaropa sjepHoro ¢akropa K-B (RANK),
KOTOPBIl OCTAeTCA CBA3AHHBIM C IIOBEPXHOCTBIO KJIETKIL.
RANK-penentoppl IpUCyTCTBYIOT Ha KJIE€TOYHOI MeM-
OpaHe IIPeOCTEOKTACTOB U3 KOCTHOIO MO3ra, KOTOpBIE
nocne aktuBanuy RANKL camBatorcs u puddepen-
LVPYIOTCA B 3pefble MYNbTMHYK/IeapHble OCTEOKIACTbI
U pe3opOupyIoT KOCTb. Pe30pbumsa KOCTH TakKe IMPONC-
XOJUT B pesy/IbTaTe MHIMOMPOBAHNsI aKTUBHOCTU OCTEO-
671aCTOB, HaIpUMep IPU BBICBOOOXKAEHMN CKIEPOCTHHA,
KOTOPBIII MHTHOMpPYyeT 06pasoBaHye KOCTU M YCUIUBAET
amonto3 ocreobmactoB (Winkler et al., 2003). B To xe
Bpems ocreornporerepur (OPG, cBobofHO mTaBaromimii
peneritop-noByika 13 cemeiictBa TNF) MoxkeT cBs3bI-
BaTb RANKL, Takum 06pasoM IpemsATCTBYS aKTMBALUN
RANK. [loxasano, uro MexaHusm RANK-RANKL npn-
cyrcteyer B IIJIC u ycunmBaeTca NpU MeXaHMYECKOI
Harpyske (Ogasawara et al., 2004). [TokasaHo, 4TO MecT-
Hoe BBegeHNe RANKL yckopser nepememienue 3y60B.
Perynanua RANKL samyckaercss Bo3feliCTBMEM OpPTO-
TOHTUYECKOJ CUJIBI M, KaK OBUIO TOKa3aHO, 3aBUCUT OT
Hamn4anst PGE2, koTopbiit BbICBOOOXKTaeTcsi octeobmacra-
mu u ocreonntamu (Kanzaki et al., 2006). ITpu nsydenun

Puc. 6.10. MozenvpoBaHue anbBEONAPHON KOCTU BO BPEMS
opToAoHTUYeckoro neyenud. (1) MNocne NpUMeHeHUs Cuibl
B 25 I y KpbICbl MPOUCXOANT Me3UasbHbIA Hak/JIOH MEPBOro
monspa. Mocne 14 pHell nedyeHus, mukpopaauorpaduye-
CKMIA aHanu3 mokasas obpasoBaHWe HOBOW KOCTW BREpesu
3y6a Ha CTOpOHe Jie4eHuns (2) No cpaBHEHUIO CO CTOPOHOM 6e3
neveHuns (3). C WweyHoM CTOPOHLI HablloAaeTcs nepuocTaib-
Hoe chopMMpOBaHUE KOCTU, O YEM CBUAETE/LCTBYIOT LUMPO-
KM€ MONOChl KOCTHbIX MapkepoB (4). 3eneHblil — KabLenH,
KENTbIi — TeTpauukauH. (5) ObpatuTe BHUMaHUe Ha TOHKUE
JIMHUM KOCTHBIX MapKepoB Ha LL,eYHOW CTopoHe 6e3 nevye-
HWS, B OT/IMYME OT CTOPOHbI NiedeHns. (6) MNpu okpalumBaHum
TONYAMHOBBIM-CUHUM Ha CTOPOHE Jie4YeHUs Mo GO/bLIUM
YBE/IMYEHUEM MOXHO YBUAETb WHTEHCHBHOE OGpasoBaHue
HOBOW KOCTW akTWBHbIMM ocTeobnacTamu. (7) Ha ctopoHe
OTCYTCTBUS JleYeHWUs He onpejensioTcs kakue-nmbo npu-
3Haku 06pas3oBaHUs HOBOW KOCTU (¢ paspelleHuns Verna C.
Biology of dental movement. In: Melsen B. and Fiorelli G.,
eds. Biomechanics in Orthodontics. A Multimedia Textbook.
Arezzo, Italy: Libra Ortodonzia, 2000. P. 38-67)

_ |WeuHas cTtopoHa[

ﬁ\'] KocTs |,

Puc. 6.11. AnbBeonsipHas KOCTb Ha LLEYHON CTOpPOHe 3yba
KpbiCbl nocsie 14 cyT OpTOAOHTUYECKOrO JieyeHns. Ha cTo-
poHe, obpalleHHON K MepUoAOHTaNbHOM cBsi3ke (ykasaHa
CTpesikamu), OKpaluMBaHWE MO3UTUBHOE W Ha LLENOYHYIO
¢ocdpatasy, T.e. 06pazoBaHue KOCTU (TEMHO-CUHWI LiBET, Nle-
Bas CTOPOHA), ¥ Ha Kucayto cocarasy, T.e. pe3opoLms KocTu
(kpacHbiii uBeT, npaBas cTopoHa) (c paspewenus Verna C.
Biology of dental movement. In: Melsen B. and Fiorelli G.,
eds. Biomechanics in Orthodontics. A Multimedia Textbook.
Arezzo, Italy: Libra Ortodonzia, 2000. P. 38-67)
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Puc. 6.12. (1) B coctoaHum nokos octeouuntsl (OL) cekpeTupytoT cknepocTuH (),
KOTOpbLIA MHrMOUPYeT Wnt (NpoTenH, KOTOpbIA akTUBUPYET peLenTopbl KAETOUYHOM
MembpaHbl) B kneTkax Bo3sie moBepxHocTu. Mpeocteoknactbl (M-OK) uupkyaupyiot
@) B KOCTHOM MO3re. BHe3anHbIil CTpecc NpuBOAUT K MuKpoTpelnHe. OcTeounThl NoZ

TpeLwwmnHOR noasepratotca anonTtosy. OcTeoLnThl ONPEAENSioT HaNpsXeHue n cekpe-

TUPYIOT pasninyHble akTopsl, Takue Kak akTopbl pocTa, npocTarnaHAnHbl U OKCUA
aszota: KB — kneTku BeicTUAKM. (2) CTpomanbHele kneTku (CK) Ha 3ToM 3Tane 0CcBOGOXKAAIOTCS OT MHIMOUPOBAHUS CKIEPO-
CTUHOM, NOABepratTCs AeNCTBUIO UHTEpAeliknHa-1 1 06pa3ytoT npeocTeobacTbl. CTpOMasbHbIE KNETKU TakxkKe CeKpeTupyioT
MOHOHYKJ/IeapHblii paroLuTapHblii kKoNoHUecTUMyupytoLwuit haktop (M-KC®), koTopblit TOMOraeT B CO34aHNK NpeocTeokna-
CTOB. * — puau3nHroBele akTopbl. (3) MpeocteobnacTbl NPOINGeEPUPYIOT, a Takxke CEKPETUPYIOT BosbLLEE KONMYECTBO ak-
TOPOB, Takux Kak Wnt, UHTEpAENKMHbI U KOCTHbIE MOPhOreHeTUYEeCKME MPOTENHBI, U HAYMHAIOT IKCMPECCUPOBATh PELLENTOPHbIE
aKTUBaTOpbl ANs MraHaa saepHoro gaktopa K-B (RANK-L) Ha cBoei noBepxHOCTU. Ha noBepXHOCTM NPeoCcTeokIacToB eCTh
peuenTtopsl RANK-L. AKTUBKMpPOBaHHbIE MPEOCTEOKNACTHI CIMBAIOTCS M 06pasyioT ocTeokaacTbl. (4, 5) KneTku BbICTUAKK U3Me-
HsI0T cBOIO hopmy U obHaxatoT konnareH. Octeoknactbl (OKJ1) CBS3bIBAIOTCS C KOCTHBIM MATPUKCOM C MOMOLLLbIO UHTErpu-
HOB 1 CEKPETUPYIOT KMUCAbIA KaTencuH K ans pe3opbumnm koctu. KocTHas pe3opbLus B 3TOM MeCTe MPOUCXOAUT OKOJIO 2 Hej.
BrigensioTcs KOCTHble hakTopbl poCTa, MHCYAMHOMOAOOHBIN thakTop pocTa W TpaHchopmupyloLwmuii daktop pocTa. (6) Mpe-
ocTeob1acTbl NpoAUcepupyIoT 1 NpeBpaLLalTcs B 0cTeobaacThl, KoTopbie npekpatiatoT BeipabatbiBate RANK-L 1 HaumnHaloT
cekpeTupoBatb octeonpoterepuH (OMT). OcteonpoterepuH cBssbiBaeTcs ¢ RANK-L, 4To 610KMpYeT akTMBaLMIO NPeocTeokna-
ctoB. (7) Octeo6nactbl (OB), BbICTUAAIOLLME NONOCTb PE30pOLMM, HAYUHAIOT CEKPETUPOBATL OCTEOUA U MUHEPATU3UPYIOT €ro,
3anosiHAS NoNoCTb 3a 3—4 mec. MaTpuKC Takxe COAEPKUT Apyrue NpoTenHbl 1 pakTopbl pocTa, Takme Kak MHCYMHOMOA0OHbI
cakTop pocta (IGF) u TpaHcdopmupylowwmin haktop pocta (TGF-B). HekoTopble 0cTe061acTbl CTAHOBATCS OCTEOLMTAMU, HEKO-
TOpble — KJI€TKaMU BbICTU/IKM, @ HEKOTOPbIE MOABEPraloTCa anonTo3y. TeM BpeMEHEM HOBbIE OCTEOLUTLI HATAXKMBAIOT MEXK/1e-
TOYHbIE CBSA3M C OOoJee CTapbiMU, U NMOC/E TOro, Kak OHW BCTPaMBAIOTCS B HOBYIO KOCTb, HAYMHAIOT CEKPeTUPOBaTb CKIEPOCTUH
1 UHTMOUPYIOT NMOBEPXHOCTHbIE KNETKU. TaKUM 06pa3oM, YCTpaHAETCS MUKPONOBpexAeHne. HOBbI MaTPUKC HakanaMBaeT Mu-
Hepasbl U YNIOTHSETCS B TEHEHWE MPUMEPHO Tpex nocaeayloLmx aet (c paspewerus npod. S. Ott u3: Osteoporosis and Bone

Physiology. http://courses.washington.edu/bonephys)
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opropoHTIMYecKoyl Harpyskm Kanzaki m coast. (2004)
BBISICHIITN, YTO HEJOCTATOK OCTEOMPOTErePUHA TIPUBOIIIT
K 60JIee BBICOKIM YPOBHSIM KOCTHOI pe3opbumuu B 06ma-
CTU CXaTusA, B To BpeMA kak BBefleHne OPG cHmxano
CKOPOCTb IepeMeleHNs 3y0a.

Pe3op6uyst KOCTH IUTCS OKOMO 2 Hell, IOCTIe KOTO-
PBIX OCTEOKIACTBI IIOJBEPTAIOTCA 3aMPOrPaAMMUPOBAH-
HOIT KJIETOYHOJ CMEPTH WM anonTosy. B ¢ase pesepcun
MOHOHYKJIeapHble (aronyuTapHble KIeTKM B3aMMOZeli-
CTBYIOT C KOCTBIO, 3aBepiuasi pe3opOumio u yrmyomss
nakyHy (Eriksen et al., 1994). IIpeocTeo6macTsl MUrpu-
PYOT B 1ONOCTh pesopbuun u guddepeHInpyoTcs
B ocTeobOmacThl. IpaHuija MeXAy pe3opOMpOBaHHOI
CTapoil KOCTBIO ¥ BHOBb OOpPa3OBaHHOI KOCTHIO Ha3bl-
BaeTCA JIMHMEN IIeMEHTAa, VM PEBEPCUBHON JIMHMUEN.
OubpobmacTel TaKKe MUTPUPYIOT K L[eMEHTHON NTMHUK
M BBIJIE/ISIIOT TOHKME KOJUIAT€HOBbIe (UOPWUIIBI, BOKPYT
KOTOPBIX OCTE0OIACThI HAYMHAIOT CHTE3MPOBATh OCTEO-
up. OubpusIE! 3aTEM BCTPaMBalOTCSI B KOCTHDIN MATPUKC,
U TIOCTIeAyIoIas MyHepaau3alys IVNIOTHO 3aKpeIUiieT X
B HOBOI1 KocTu (Saffar et al.,, 1997).

Jlist o6pasoBanust KocTu Heobxoauma guddepenim-
POBKa IpeocTe061acToB B 0cTe061acThL. [lepBble, ckopee
BCETO, NPUBIEKAIOTCS TPAHCHOPMUPYIOIIUM (HAKTOPOM
pocta p, oTHOCAIMMCS K (akTopaM pocta koctu. OH
IPOMCXORUT M3 KOCTHOMO3TOBBIX CTPOMAJIbHBIX K/IETOK,
KOoTOpble MOryT AuddepeHLnpoBaTbCcsA B afUITOLNUTLI
WIN B OCTeOO/MacTbl. AKTUBHBIE, CEKPETUPYIOLIIE OCTe-
0071aCTBl CHMHTE3MPYIOT CIOM OCTEOJa U IIOCTEIIEHHO
3aIIONHAIT IONOCTb. [0 MeXaHM3MY IIOIOXXUTETbHO
00OpAaTHOI CBSI3M OHU TAKXKE CEKPETUPYIOT (HAKTOPEI
POCTa, OCTEOIOHTHUH, OCTEOKAIBLVH M [pyrue OenKi,
TaKye KaK MHCYIMHONOKOOHBIN (akTop pocTta 1, uHTep-
JIEVIKMH-6, KOCTHble MOp(QOreHeTHYecKre MIPOTENHbI
u ¢paxrop pocra prubpo6IaCcTOB, KOTOPbIE CTUMYINPYIOT
aKTUBHOCTb ocTeobmacToB. Korma TommpmHa ocreoupaa
ZOCTUTaeT IPYMEPHO 6 MKM, HauMHAETCS IPOLIeCC MUHe-
panusaunm, M OpuOMM3UTENBHO dYepe3 4 Mec TOMOCTb
pe3op6iuy 3aIOIHAETCST HOBOIL KOCTBIO, C IUVIOTHO YIIa-
KOBAaHHBIMJ MVHEPA/TbHBIMI KPUCTA/UIAMU VI 3HAYUTE/Ib-
HO TIOBBIIIIEHHO TIOTHOCTHIO KOCTH.

VI mopenupyoiee [BIDKEHNE, M PeMOJeINpPOBAHIEe
BOBJIEUEHBI B IPOLIECC CMelleHysi anbBeosl. Llemb co6bl-
THI, KoTopas TpaHCHOPMUPYET NPUIOKEHHYIO CUTY
B KJIE€TOYHYIO PEeaKI[UI0, HEOOXOAUMYIO /sl CMELeHIsI
a/IbBEOJI, SIB/IAETCS IIPEIMETOM MHOTOYVIC/IEHHBIX MCCITe-
TIOBAHUIL.

[Tporu6 TMApPaTMPOBAHHON KOCTYM BBISBIBAJIO CMe-
I[eHMe BHEK/IETOYHBIX JKMUIKOCTEN 4Yepe3 MeXKPUCTA-
JMYecKue IMOpPHl B MATpUKCe, 4 BbI3BaHHBIE ITOTOKOM
HOTEHIAIbl MOXXHO Obio usMeputb (Weinbaum et al.,
1994). DnexTpudeckue 3apsjipl, CO3aBaeMble MOTEHIMA-
JlaMM IIOTOKA, MOTYT BIMATh Ha COMAaTMYecKue IIpo-
LIeCChl OCTEOLNTOB, KOTOpbIE MTOCPEICTBOM BTOPUYHBIX
COOOIIEHNIT TN HU3KOTO COMTPOTUBIIEHMS [ETIEBBIX KOH-
TaKTOB HePefal0T CUTHAJIBI CETU OCTEO0OTACTOB U BBICTHU-
naromyx Knetok (Cowin et al.,, 1991) (puc. 6.13). B To xe
BpeMsl ApYyIie MOTOKOBblE IIOTEHIIMAJIBI, CO3/jaBaeMble
MHTEPCTULMAIBHBIMI JKUAKOCTSIMM, YCUIMBAIOT CUTHAJT
(Burger, Klein-Nulen, 1999).

Puc. 6.13. Cxema mexaHu3ma nepegayn no nNpoBOAHUKAM.
Knetkn octeoreHHon nnHum [cTpomansHble knetkn (CK),
octeobnactsl MM KAeTku KocTHow Bbictuaku (KKB), ocre-
ountbl (OLL)] cBs3aHbl hyHKLMOHANbHBIM CUHLUTUEM, KO-
TOpbLIA MO3BOJISIET OCTEOLMTAM BLICTYNaTb B POJM CEHCOPOB
MeXaHW4Yeckon Harpysku. Takum oOpasoMm, KIETOYHOE B3aw-
MOJENCTBME OCHOBAHO He TOMbKO Ha 06beMHON nepejade
(napakpuHHOW U IHAOKPUHHON CTUMYASALMM), HO TakxKe U Ha
NPOBOAHWKOBON NepeAaye, Mo NPUHLMMY nepesadyu HEPBHbIX
umnynbcos (c paspewwenns G. Marotti // Int. J. Anat. Embriol.
1996.Vol. 101. P 4 v Firenze University Press // J. Musculoskelet
Neuron. Interact. 2000. Vol. 1. N 2. P 133-136)

MesxkeToYHast XUAKOCTb TedeT Yepe3 CeTb JaKyH
M KaHAIOB, KaK ecau Obl KTO-TO CHaBM/I HAIOTHEH-
HYI0 BOJON IyOKy. ITOCKONBKY KIeTOYHBIe MeMOpaHBI
U OTPOCTKM OCTEOLUTOB PACIO/IATAIOTCA BHYTPY JAaHHOM
CeTM, TO OHU IIOABEPraloTCs IPAMOMY BO3JEIICTBUIO
IIOTOKA MEXK/IeTOYHOI >xyaKocTy npy Harpyske (Klein-
Nulend et al., 2005). B kmerkax koctu ObUIM Halife-
HBl JIOHHbIe KaHaJIbl, aKTUBMPYeMble PacTKeHMEM, HO
HeJb3s1 MICK/IIOUNTD, YTO IpsMas MexXaHudeckas gedop-
Maluyst KIeTOYHOI MeMOpaHbl 11 M060e HapylleHye pac-
TSDKEHMsI B SKCTPALe/UTIONISIPHOM MHTETPUHE IePefaloT
curHan B sAppo ocreouutoB (Duncan, Turner, 1995).
HepaBHO 6bI10 0Ka3aHO, YTO Y KJIETOK KOCTHU €CTh IIep-
BUYHBIE PECHUYKMU, KOTOPbIE OTXOMAT OT IOBEPXHOCTU
kimeTku. OHM OTKJIOHAIOTCSI BO BpPeMS TOKa XKUIKOCTU



U HeoOXOAVIMBI I OCTEOT€HHOTO ¥ Pe30pOTUBHOrO
OTBETOB Ha [OuHaMudueckmit Tok >kupkoctu (Malone
et al., 2007). Nicolella u coasr. (2005) moxrBepANIN,
YTO OCTEOLMTBHI MOTYT MOAM(UIVPOBATh pasMep JTAKyH
U IVMaMeTp KaHA/IbLeB, TeM CaMbIM 3HAYMUTENTbHO M3Me-
HsAA TOK XUAKOCTU B KocTu. IIpn ofmHaKkoBoit cKopocTu
IIOTOKA KUJKOCTU B KOCTK Gojiee y3KUil KaHa yCUIUT
MeXaHMYeCKYyI0 HarpysKy, B TO BpeMdA KaK IIMPOKUIA
KaHaJl — YMEHBIIUT. DTO MOXeT OOBACHUTD, IIOYe-
My II0 Mepe CTapeHM: CKelleT Xy)Ke OTBeyaeT Ha pac-
TsDKeHMe. VIcnonb3ysa Merop LyQpoBOIl BU3yalIu3any
TEXHUKU U3MEpPeHMsA KOPPEJLALVM PaCTSKEHUdA, ObUIO
TOKa3aHO, YTO MMKPOCKOINMYECKOe PACTSKeHMEe IpM-
MmepHO Ha 0,2% yBemrumBaeTcs 6ormee yeM B 15 pas Ha
yPOBHe JTaKyH octeonnTtoB. O6pasibl pacTsHKEHIS OT/IN-
YaJJICh BBIPAYKEHHOI IeTepOreHHOCTBIO M B HEKOTOPBIX
00671aCTAX CO3[jaBa/yi MUKPOIOBPEXIEHMsI BOKPYT JTAKYH
OCTEOILINTOB.

KonnyecTBo MUKpPONOBpEXIEHNUI YBEeMMYNMBACTCA
13-3a YCTATIOCTHON HAarpysKu B (pU3MOIOTUYECKUX YCIIO-
BUAX, YTO IIPMBOJUT K PeMOJETMPOBAHNIO KOCTI 1 aIloIl-
to3y ocreountoB (Noble, 2003). Bce 6onbliie BHUMaHMsA
NIpMBJIEKAET POIb MUKPOTPEIINH ¥ MUKPOIOBPEXKIEHNIA
B 3aITyCKe pe30opOLuy KOCTU BO BpeMsA OPTOLOHTUYECKO-
ro nepemMeleHus 3y6oB. Verna u coasT. (2004) BbIABUIN
3HAYMMOE YBe/IMYEHMEe KOMMYECTBA TPEHIMH B HAIpaB-
JIeHNM CuIbl depe3 1 JeHb OT Hayaja jedeHMA. Takum
06pasoM, MUKPOTPEIINHBI MOTYT ObITb IIEPBBIM IPO-
SIBJICHMEM IIOBPEXIEHMII IOJ, BO3JEIICTBMEM OPTOMOH-
Tideckoit Harpysku (Verna et al.,, 2004). BosHukHOBeHne
MUKPOTpEIMH IIpU IIPUIOKEHUM OPTOZOHTUYECKON
CU/IBI Ka)keTcsl elle Oojee BEPOATHBIM, €CIM IIPUHATD
BO BHMMAaHNE, YTO IIOBEPXHOCTb, IO KOTOPOIl pacIpe-
HeneHbl CMIbl (MM, KaK ee Has3bIBAIOT B JIUTEPATYpe,
lamina dura), npencraBieHa cepusiMu JOBOIBHO MENTKUX
KOCTHBIX BBICTYHOB (puc. 6.14).

Puc. 6.14. (1) TpexmepHas PeKOHCTPYKLMSA KOPHA MOSA-
pa KpbICbl U OKPYXaloLLieid ero anbBeosIAPHON KOCTU Mo pe-
3yNbTaTaM MUKPOKOMILIOTEPHON TOMOrpacun C BbICOKUM
paspelueHvem. (2) [etanb B3aMMOAENCTBUS 3y6-KOCTb
C NCeBAOOKPALUNBAHNEM MATKMUX TKaHeN. TeMHO-Cepbiit CN0i
0TOGpaXxaeT MeHee MUHEPATN3NPOBAHHYIO, BHOBb 06pa3o-
BaHHYI0 KOCTb. (3) Ha npubanskeHHOM 1306paskeHnn MArkux
TKaHen BU3Yann3MpPyeTcs TOHKAas CeTb BOJOKOH U COCYAOB,
NMEHETPUPYIOLLUX B a/1bBEOIAPHYIO KOCTb
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HoBas Teopua n ee TepmnHonorunsa

Ha ocHOBaHMM pe3y/nbTaTOB MCCIENOBAHNUII B OPTO-
HeMYecKOoil CTOMAaTOIOINN O0IIeN3BeCTHO, YTO HArpy3Ka
IPUBOAUT K YBEINYEHMIO IUIOTHOCTM KOCTHU, @ CHIDKe-
HHe HarpysKW, KakK, HaIpuMep, Y KOCMOHABTOB, IIPUBO-
IUT K CHVDKEHUIO IJIOTHOCTM KocTeit. Ilostomy kaker-
Csl TIPOTMBOECTECTBEHHBIM, YTO OPTOHOHTBI CBS3BIBAIOT
KOMIIPECCHIO C pe30pOIiuei.

VI3smeHeHre QoOpMBI AIMHHBIX KOCTeil, Habmomae-
MoOe TIOCIe IpPUMEHEeHUs HArpys3Ky, sIBJIAETCS pe3y/bra-
TOM aNIO3MIMM Ha CTOPOHE KOMIIPeCCUM ¥ pe3opouun
Ha CTOpOHe, Ie npeobnasaer pactspkenue. CBA3h MEXLY
usMeHeHssMU GOPMBI 1 OUMOTOTMYECKOl AKTUBHOCTBIO
B a/IbBeOJIAPHON KocTu Oblna 3amedeHa Epker m Frost
(1965), kOoTOpBIE HPEIONOKWUIN, YTO M3MEHEHMs KpU-
BI3HBI TIOBEPXHOCTH A/TbBEONIAPHBIX CTEHOK OIIPefe/IA0T
MecTa pe3opbunu u o6pasoBanms Koctn. Bo Bpemst mepe-
MeleHNss 3y6a TaK HasblBaeMas CTOPOHA «CHABIEHISI»
ymromaeTcs (CTAaHOBUTCA MeHee BOTHYTOI), a IPOTUBO-
HOJIOKHAsT CTOPOHA, HA000POT, CTAHOBUTCA 60O/Iee BOTHY-
TOJI, TaK KaK ee HaTATMBAIOT IIePUOJOHTA/IbHBIE BOJIOKHA
nop, HanpspkeHyeM (puc. 6.15). KoHeuyHbIiT 57eMeHT aHa-
JM3a VICIIO/Ib30BA/ICS ISl M3YYeHUA IIepefiadyl Harpys3Ku
OPTOZOHTIYECKOTO aIllapara yepes 3y6 Ha alIbBeoAPHYIO
CTeHKY. 30HBI CXKATVA U PacTsDKeHNUA HaOMIONAI0TCA TOb-
Ko B ToM cnyudae, ecnu I1JIC mopenupyerca Kak TBeppasd
CTPYKTypa C IPsAMOI 3aBUCHMOCTBIO MEXJY Harpy3Koi
u gedopmanyerr. OfHAKO HepeaTMCTUYHO IPeJIIoararh,
yro I1JIC sABnsAeTcA TBEpHON CTPYKTYpOI M3-3a ee BA3-
KO37IacTU4ecKoit mpuponbl. OfHAKO eC/M peannCTUYHO
OLIEHMBATh CBOJICTBA MaTepyaza C y4eTOM ero (usude-
CKMX CBOVICTB ¥ MOPGOIOrnY, CTAHOBUTCS MOHATHO, UTO
nepefava CTYMYy/Ia abBeO/IaM He MOXKET OBbITh 00BsICHEHA
TO/bKO MIaBJIEHMEM U pacTsDKeHMeM. [Ipy mpumeHeHUM
MaJIBIX CUJI, YYUTBIBas HenmuHelHble cBoricta [1]1C, Hats-
JKeHJe HaMHOro IpeBocxoput pasyeHye (Cattaneo et al.,
2005). Ha cropone «maBneHusi» BoimokHa [1JJC ctaHOBSAT-
Csl BOJTHMCTBIMM ¥ IIPAKTHYECK) He HepefaloT HarpysKy
Ha a/IbBEONIAPHYI0 CTeHKY. [losTomMy mepemHsAs mpsaMas
pe3opOius MOXeT PacCMaTPUBATHCS Kak pe3opoius,
BBI3BaHHAS PEMOMENMMPOBAHUEM, TaK KaK pacTsKeHUe
Oyger HIDKe MUHMMAaIbHOI addexTuBHOI Hedopmarun,
omucanuoit ®poctom (1990b). auHas TouKa 3peHMs
HOATBEPXK/AAaeTCs HAOMIOEHNEM, YTO [JaXKe MUHIMAIbHBIX
CHUJIOBBIX BO3ZENCTBUII LOCTaTOYHO, YTOOBI 3aMyCTUTD
KacKaj peakumil, IPUBOMSILIMX K IepeMelieHNuio 3y6a
(Weinstein et al., 1963; Ren et al., 2004). Kax mnpen-
CTaBJIEHO Ha puc. 6.16, B HaIpaBIeHUM CUJIBI B KOCTHU
OTCYTCTBOBAJIO HaTsDKEHME U ITOYTHU He ObIIO KOMIIPeCcCy-
OHHOIT fedopManyy. B anbBeosApHON CTEHKe HArpy3Ku
pacTsKeHM, co3/jlaBaeMble HaTATuBaHueM BomokoH I1J1C,
TpaHCHOPMMPOBATINCH B KOMIIPECCHOHHbIE aHA/IOTMYHbIE
HOJKOBOOOpa3HbIe HATPY3KU. JTO O3HAYaeT, YTO KaK pac-
TSDKEHIe, TaK 1 KOMIIPECCHOHHOE CXKATIe COCYIIeCTBYIOT
Ha cropoHe faBneHusA. C atoit Touku spenus IIJC nmeii-
CTBYeT KaK allapaT AUCTPAKINU KOCTU C BO3MOXXHBIM
BIMSIHIEM HA pereHepaunio KOCTH, YTO 0COOEHHO HeoO-
XO[VIMO Y B3POC/IbIX IALMEHTOB C IPEUMYLIeCTBEHHO
HapyLIeHHBIMY 3yOHBIMU psgamu (puc. 6.17).
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Puc. 6.15. Cxematnyeckas unnoctTpaums gepopmanmm aibseo-
NSAPHOM KOCTU B TOPU30OHTIbHOW MIOCKOCTW MOC/E NMPUIOKEHUS
OPTOAOHTUYECKOW CUJIbI C NPaBOW CTOPOHBI. C TON CTOPOHBI, B KO-
TOpyio 3y6 NepemeLLaeTcs, NOBEPXHOCTb KOCTU MEHEe BOTHY-
Tas, Tak Kak BOJIOKHA NEPUOAOHTAIbHON CBA3KM He HaTAHYTHI.
Co CTOPOHBI, OT KOTOPO#t 3y6 NMepemeLLaeTcs, MOBEPXHOCTb KO-
cT1 6osnee BOrHyTas, Tak kak BOJIOKHA NepPUOAOHTaIbHOM CBS3KM
HaTsHyTbl. Ha MeHee BOrHyTO# CTOpoHe NpeobaaAaloT npoLec-
Cbl pe30opbLMK; Ha 6osiee BOrHYTOM — O0ObIYHO MPOUCXOAST NPO-
Liecchl 06pa3oBaHus KocTu. M3meHeHus B hopme NOBEPXHOCTM
KOCTW Ha3blBAlOTCS JIOKa/bHBIMU AeOpMaLUAMU HaTSXKEHNS
U KOHTPOAMPYIOT OMONOrMYECKOE MOBEAEHUE B MEXaHUYECKM
MHAYLMPOBaHHOM MmozennpoBaHun [c paspelueHns Verna C.
Biology of dental movement. In: Melsen B. and Fiorelli G., eds.
Biomechanics in Orthodontics. A Multimedia Textbook. Arezzo,
Italy: Libra Ortodonzia, 2000. P. 38-67]

ITpsamas ¢ppoHTaNIbHAA Pe30pOLUNA PEIKO IPOUCXONUT
B Hayasle IBIDKEHUA 3y0a, a TaK KaK IIOBEepXHOCTD lamina
dura HermagKast, To 06/1aCTY TMATMHU3AINY MOYKHO OIIpe-
[eNNTh Ha IPOTSDKEHNUM BCETO IepeMeleHus 3y6a, gaxe
oy, BoszeiictBueM cmabpix cua (von Bohl et al., 2004a).
B a/npBeONAPHBIX CTEHKaX IOJ OYaraMy THMaIVMHM3ALIN
MO>XHO HaOJIOfaTh IMyCTble TAaKyHBl OCTEOLMTOB, XOTs
OCTEOLMTHI B IIPUJIEKAILell aTbBEO/IAPHOI KOCTI KaXyT-
Cs1 MHTAKTHBIMMU. B MccenoBaHusax co crennduiecKumu
MapKepaMy alonTo3a ObUIM BBIABIEHBI IPU3HAKM Jere-
Hepalui, alomTo3a 1 HeJOCTATOK BBICTU/IAIOIUX KIETOK
(Hamaya et al., 2002). Ha ocHOBaHMM yKa3aHHBIX JAHHBIX
JIOTMYHee TOBOPUTH O HENpPsIMON pe3opO1um KakK o Ipo-
recce BoccraHoBieHusi. C/IOBO «fIaBieHNe», BO3MOXHO,
ocTaeTcA IOOXOMAIUM [JIA OINMCAHNA CIyd4aeB C BBICO-
KOJ KOHIEHTpalMel CUJI Ha MaJIeHbKMX IIOBEPXHOCTAX,
I7ie oHa 6OsIbIlle ApTEPUANTBPHOTO faB/IEHNUS, KPOBEHOCHBIE
cocynbl u cocrapnamoonye [IJJC oxarbl, a MOBEPXHOCTD
KOpHsI OT/jelieHa OT a/lbBEO/MSPHON KOCTU TONBKO 0Obra-
CTAMU TMaTMHUSALNI.

CormacHo pesynbraTaM HelaBHO IIPOBENEHHDIX MCCIe-
TOBaHUIL, CIefyeT u3beraTb CIOB «IaBJIeHME U pacTsDKe-
HIe» U VCIIO/Ib30BATh BMECTO HUX «TKAHEBYIO PEAKIIIIO»,
CBSI3QHHYIO C PacIIpefie/ieHIeM CKaTuA/ PacTsKeHIs, Ol -
CaHHyI0O B MexaHocrarumdeckoil teopuu Ppocra (Frost,
2003) (puc. 6.18). CornmacHo 9TOit Teopuu, Hespenas
KOCTb OOBIYHO Habmomaercs Brepenu 3y6a, a ¢ Imepuo-
CTaJIbHOI MTOBEPXHOCTM OTMEYAIOTCS MIPU3HAKU OBICTPO
ycKopsmouierocsi heHoMeHa, T.e. IPOoLecca 3aKNBIEHNs
(Melsen, 1999; Verna, 1999) (puc. 6.19).

[Tepemernienne 3y60B MOXKET MPOMCXOANUTH «BMeCTe
C KOCTBIO» WM «CKBO3b KOCTb». Korma 3y6 pBioxercs
B Me3MOIMCTaIbHOM HaIlpaB/IeHNH, Ipo6ieM 0OBIYHO He
BosHuKaeT. OfHAKO CIefyeT yAenATh 0c060e BHUMAHIE,
KOI'fla IlepeMellleHie JO/DKHO IIpefycMaTpUBaTh MO/ -
pOBaHIe anbBeOISIPHOTO OTPOCTKA IIPU IepeMeleHIN
3y6OB 3a [OIYCTMMBIE IIPEfe/Ibl, TaK KaK YCIIeX TAKOTO

Harpyska ®oH-Museca
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Puc. 6.16. ViccnesoBaHne KOHEYHbIX 31EMEHTOB K/blKa X MPemMofapa B KOPOHAPHOM Cpe3e asbBEOAPHON KOCTU, KOra Ha-
KJIOHHOE NepeMeLLLEHNE UMUTUPYETCA B HaNpaB/iEHUN CTPENKK, CO CBOMCTBAMU maTepuana, npeanoaoXnTelbHO HEJIMHENHbI-
mun. PacnpeaeneHve Harpy3ok, onucanHoe Von Mises, nokasbiBaeT, YTO HAMMEHbLUMNE 3HAYeHUS NPUXOAATCS B Hanpas/eHUK
CUIIbI, & C MPOTUBOMOJIOXKHOW CTOPOHbI HabmoAaeTcs obpatHoe (1). KoMNpeccroHHbIe HArpy3ku — HavMeHbLUWE B HanpaBieHuu
cunbl (2), a Harpysku pacTsXkeHns 4JEMOHCTPUPYIOT 0OpaTHYI0 3aKOHOMEPHOCTL (3). O6paTUTe BHUMAHWE, YTO B OA4HOW 061aCTH
MPUCYTCTBYIOT Kak KOMMPECCHOHHbIE Harpy3ku, Tak U Harpy3ku pactsxkeHus (kentas ctpenka) (Cattaneo P. et al. The finite
element method: a tool to study orthodontic tooth movement // J. Dent. Res. 2005. Vol. 84. N 5. P 428-433. Copyright © 2005,
Reprinted by permission of SAGE Publications).



Puc. 6.17. [BuxeHue 3yba uepes kocTb B 6e33yboil ya-

CTW a/IbBEOJISIPHOTO TPebHS C OTCYTCTBMEM KOCTHOW TKaHu

(1, Bepx 1 HU3). ANbBEONSIPHOE CMELLEHME MO3BOISET Nepe-

MeLLaTbCs BCEN anbBeosie MOJHOCTbIO (2, BEpXHAS 4acTb),

n npu 06pa3oBaHUM HOBOIW KOCTW B MONHON Mepe MposiB-

NIIETCS1 OCTEOTEHHbIM MOTEHLMaN NepuoOHTaIbHON CBA3KM
(2, HMXHS5 YyacTb) (M3 apxmuBa A. Fontenelle)

JeYeHMsI 3aBMCUT OT HABVDKEHUSA «BMeCTe€ C KOCTBIO».
IIpy pBWOKEHMM NIPOTUB KOPTMKA/JIbHOM KOCTU CTIENy-
eT MUHMMM3MPOBATh TMAMHU3ALNIO, YTOOBI [OOUTH-
cs1 mpsmoit pesopbuuu (Baron, 1975b). Ilpu ToHKOI
HaJIKOCTHMIIE ¥ TMAIMHU3ALUU IPOMCXOAUT HelpsAMasd
pe3opOuMsa ¢ NeproCTanbHOI CTOPOHBI, NPUBOJALIAL
K TeHepalmy KOCTHOI ¢enecrpanym. Kmaccudukanmsa
HepeMeleHNs 3yO0B «C KOCTbIO» WM «CKBO3b KOCTb»
MOXKeT OBITb IlepecMOTpeHa B IIePCHEeKTUBE VICTOPUU
HaTpY3KIL.
¢ «C KOCTbIO»: MeXaHNYeCKas HarPy3Ka B y3KUX Ipefie-
JIaX «OKHa YMepeHHoI1 eperpysku» (1500-3000 exu-
Hun Mukpopedopmanyn). Cmemenne obpazosa-
HIIsI IVIACTUHYATO KOCTHU U He6GOJIbIIIOe KOIIIECTBO
MUKPOIIOBP€XIEHNIL.
¢ «CKBO3b KOCTb»: MeXaHM4YecKas Harpyska Ipe-
Bopiraet 3000 emuHuMI, MukpomedopMaluy, «OKHO
MIaTO/IOTMYeCcKoil neperpysku». [Manmansanns I1IC,
UIIEMIYECKUIT HEKPO3 BRICTU/IAIOIINX K/IETOK M MUK-
POTOBPEXEHNA KOCTY B HaIPaBJI€HUM CHUJIBI BOC-
CTaHAB/IMBAIOTCA yBENNYEHNEM JaCTOTHI aKTVMBALINN
6a3VCHBIX MY/IbTUK/IETOYHDIX e[[VIHNL] U PaspyILIeHNU-
€M aJIbBEOJIAPHON CTEHKMU.

MopemipoBaHe aTbBeOIAPHOTO OTPOCTKA IIPH IBU-
JKEHMM 3y6a «C KOCTbIO» IIO3BOJISIET BpadaM IIPOBOANTb
mepeMelreHne 3y0oB, KOTOpOe paHee KasaloCh HEBO3-
MOXXHBIM (CM. puc. 6.17).
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aKTOopbl, 3aBMUCSLLME OT OPTOAOHTA

JloxanbHOe pacIipefenieHIie HanpspKeHys/ e opManmum
OIIpefie/sieTcs BEKTOPOM BO3AENMCTBUSI CUJIBL, YTO MOXXHO
OTC/IeANTb, M3MEHsSI COOTHOILIEHVE MOMEHTa K CUIIe,
HIPUIOXKEHHOIT B obmacTi Opekera. OPTOLOHT yIIpaBysieT
TaKUMI IIePEeMEHHBIMM, KaK BeIMYNMHA, pacIpefeneHne,
BpeMs NPUIOXKEHUSI CUJIbI, HOCTOSIHCTBO WM/IU IIPepbIBHU-
CTOCTb, a TAKXe IPOJO/KUTEIBHOCTD BO3MIEICTBIA.

Buppl cumoBoro BO3[ENCTBUA HOAPAsfeNAOTC Ha
HOCTOSIHHOE, IIPepPBaHHOE IIOCTOAHHOE MM IepeMeHHOe
(Reitan, Rygh, 1994). Ha TkaHeBOM ypOBHe M3MEHEHM:
B paclpefienieH1 Harpy3ku/meopMany sSB/SIIOTCS IPO-
AYKTaMy B3aMMOJENCTBYSI IIPUMEHSIEMOIT CUIOBOI CHCTe-
MBI C (DYHKIMOHATBHBIMY M3MEHEHVSIMM, TaKMMM Kak
KeBaHUe U rnoraHue (puc. 6.20). VIHpuBMUyaIbHbIE CTU-
MY/IBl JO/DKHBI OBITh BbIIIE IIOPOTOBOTO 3HAYEHUsS [
HAYaJIbHOM PeakKLuu, a IPOJO/DKUTENIBHOCTb CTUMYJIOB
IO/DKHA OBITh ZOCTATOYHOI [/Is 3aIlycKa KacKafa 61oso-
IMYecKUX peakumil. V3-3a BA3SKO3MACTUYECKON IPUPOJbI
[IIC BenmuuMHa ¥ NPOJOKUTENBHOCTh CTUMY/IA B3au-
MocBsi3aHbl. Ecrm ybOparbh BIMAHME BCEX OKPYXKAIOIIVX
TKaHell, TO Jja)ke CTOJIb Majas CU/Ia, KaK 4 I, MOXeT ObITb
mocratouHbIM cTuMynoM (Weinstein et al., 1963). OnHaxo
OIIpefieNTh ONTUMAJIbHBI YPOBEHb CUIBL I 3(dex-
TUBHOTO OPTOJJOHTMYECKOTO IIepeMeleHns 3y6a, CKopee
BCET0, HEBO3MOXKHO, TaK KaK CYILIECTBYeT OTPOMHOE KO-
vecTBO Bustomyx akropos (Melsen et al., 2007). Nikolai
HOACYNUTAJL, YTO BE/IMYNHA KAIIWUIIPHOTO JAB/ICHISI KPOBI
(mexpy 20 u 47 r/cM?) ABIAETCA TeM IIpefie/ioM, BBIIIe
KOTOPOTO IIPOMCXOAUT HEKPO3 BCIef, 3a IOJIHOIN UIIe-
mueit IIJIC (Nikolai, 1975). Benmuunuy Harpysku ciegyer
nof6uparb, NpUHMMAs BO BHUMAaHME MHJVBUJYalbHbIE
0COOEHHOCTH MOJAEP>KUBAIOLINX CTPYKTYP.

HecpemHble ammapaTbl OKasbIBAIOT IIOCTOSTHHOE
CIMIOBOE BO3JENICTBUE, ObecriednBasi HMU3KWUII YPOBEHD
cniL, a KosieGaHusI B pacIipeieieHny Harpysku/gepopma-
L) B NIEPMOJOHTE BCE €llje TPOUCXOAAT KaK Pe3y/bTaT
¢byHKUMY, U TakuM 00pasoM OMOIOrMYecKass peaxuys
UMWUTHPYeT pPeaKINio, BO3HUKAIOUIYI0 IIPU IepeMeH-
HOM BO3JeiicTBuu. TOMbKO NpU IpYMEHEHUU CTalbHOM
Ha3yOHOII IPOBOJIOKYU U IPY KOPOTKOM MeXOpPeKeTHOM
paccrosiaun IIJJC 6ymeT BOCIPUHMMATb OPTOLOHTHYE-
CKYI0 CMJIOBYIO CHUCTEMY KaK IOCTOsiHHYI0 (Andersen
et al. 1991). Takum o6pasom, clenyeT IepecMOTpeTb Tep-
MUHBI «IIOCTOSIHHasI» 1 «IlepeMeHHas». Lanyon n Rubin
TOKaszami, 4YTO IpPOAO/DKUTENbHAsA Harpyska He 3ally-
CKaeT OMOIOTMYECKYI0 PeaklNio, B TO BpeMsl Kak Ilepe-
MeHHasl Harpy3Ka JJOCTaTOYHa Ui COXPAaHEHVsI KOCTHOM
apxutektypsl (Lanyon, Rubin, 1984). IToxoxe, 4To yBe-
JMYeHre CKOPOCTM IlepeMelieHyst 3y6a, HalOmopaemoe
IpY HU3KUX CUJIAX, SIBJISETCSI OTPAXKEHMEM IepeMeHHOI]
CHCTeMBI CUJI, BO3/IEIICTBYIOLIEN Ha TI€PUOLOHT.

(DaKTOpr, CBA3aHHbIE C NAUMEHTOM
Bospacr

C B0O3pacTOM IPOMCXOMAT U3MEHEHVIS B TKAHSIX, IIOAIep-
xmBaromux 3y6 (puc. 6.21). Ha yposare IIJIC ¢ Bo3pacTom
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Puc. 6.18. OnuceiBasg mexaHU4eCKoe UCNOb30BaHNe KOCTU, PPOCT BbIAEIN YETLIPE «OKHA» B COOTBETCTBUM C YBEIMYEHUEM
pasmepa KOCTHOrO pacTsxXeHUs, Koraa peMOAENUPOBaHUE, MOAEINPOBAHUE U BLICTPLIN akcenepaloHHbI (heHOMEH npouc-
XOASAT B pa3nuyHbix obbemax. (1) OCTpoe OKHO HEUCMOb30BaHUS, KOTAd PEMOAENNPOBaHNE YBENNYMBAETCS B 5 pas, HO HeT
NMpU3HAKOB MOAESIMPOBaHMS MW BLICTPOro akcenepaLMoHHOro peHomeHa. MuHUManbHoe 3dhekTUBHOE pacTskeHue ANs
pemozennpoBaHus B AaHHOM cnyyae coctaBnsieT 50-100 eanHUL, mukpogedopmaumm. Takoe MOXKET MPOUCXOAUTL B Cyyae
pe3opbunmn 6e33ybnix rpebHer. (2) OkHo aganTauun (mexzay 50-100 u 1000-1500 eanHULAMU MUKPOZLEPOPMALLMK), KOT-
Aa 6a3ncHble My/IbTUKIETOUHbIE eAUHMLIBI YpaBHUBAIOT pe30op6Lmio 1 o6pa3oBaHre HOBOM KOCTU, 6e3 pemMosenMpoBaHns Uam
BbICTPOro akcenepaLMoHHOro heHomeHa. ITo CnocobCTBYET COXPAHEHUIO KOCTU U €€ MPOYHOCTU, YTO MPOUCXOAUT BO BPEMS
06bIYHOM MeXaHUYeCKon Harpy3ku Ha KocTb. (3) OkHO HebonbLon neperpysku (mexay 1000-1500 1 3000 eanHUL, MUKPOAe-
chopmanum), Koraa 06bIYHO MPOUCXOANT NaAMENISPHOE CMELLLEHUE, C HOPMabHBIM 06pa3oBaHeM 6a3UCHbLIX MYbTUKIETOYHbIX
eAVHUL, 6€e3 BbICTPOro akcenepalMoHHOTo heHOMeHa U ¢ HEGObLUMMIU MUKPOMOBPEXAEHUAMU. MUHUMaNbHOE 3hdeKTUBHOE
pacTskeHve B JaHHOM cnyyae cocTasnseT 1500 eanHuL, mukpoaedopmannn. OBbIYHO 3TO MPOUCXOAUT NpU aAanTaLum KOCTen
K POCTY M NpU pacTsadkeHnn, 06yCI0BAEHHOM HEKOTOPbIMU 3yGHBIMU UMNIaHTaTamu (MogenunpoBaHue). (4) OKHo natonoruye-
ckoii neperpysku (>3000 eanHWL, MUKpOAedOpMaLUK), TAe MPOUCXOAUT MUKPOTOBPEXAEHNE U Ba3nCHbIE MYIbTUKIETOYHbIE
€AVHULbl YBENIMYMBAIOTCS B MPOLIECCe BOCCTAHOBEHUS. B TO ke Bpems 6a3nCHbe MyIbTUKIETOYHbIE e4UHNLbI YBEIUYUBAIOTCS
3a c4eT BLICTPOro akcenepaLMoHHOro heHoOMeHa, U NPOUCXOAUT NepemelleHre He3pesoit KocTh. MuHrmansHoe 3ddekTns-
HOe MaTo/IorMyeckoe pacTsixkeHue B 3TOM ciydae coctasnseT 3000 eanHUL Mukpoaecdopmaumnn. MN36bITouHas OpToA0HTHYE-
CKasi Harpyska MOXeT C JIerKOCTbIO Bbi3BaTb TaKylo peakLuio, YTO B pe3ynbTate npuBeseT K 0ClabieHnto KOCTHOW CTPYKTYpbI.
Mpu 25 000 eanHKULLaX MUKpoAecOpMaLMK KOCTb JOCTUraeT CBOMX MPeAesioB NPeoAoIeHNUs HanpsKeHNs, U MPOUCXOAUT ne-
penom. HekoTopble HemexaHunyeckue akTopsl (reHbl, FOPMOHbI, BUTAMUHbI, MUHepasbl, 1eKapCTBEHHbIE CpeAcTBa U Apyrue
areHTbl) CNOCOOHbLI U3MEHATL NMEePEYNCIEHHbIE BbILLE MapaMeTpbl MUHUMAIbHOTO 3peKTUBHOrO pacTskeHus (Frost, 1998), uto
06bsicCHseT HekoTopble 3aboeBaHus (¢ paspelterus Verna C. Biology of dental movement. In: Melsen B. and Fiorelli G., eds.
Biomechanics in Orthodontics. A Multimedia Textbook. Arezzo, Italy: Libra Ortodonzia, 2000. P. 38-67)

CHIDKAIOTCSI MeTabOMU3M KOJITareHa M IpojndepaTuBHast
aKTMBHOCTh ¢ubpobmactononobusix kimetok (Kyomen,
Tanne, 1997). Taxxe ¢ BO3pacTOM YBEIMYMBACTCS COOT-
HOIIIEHNe OCHOBHOTO BeIeCTBAa, KaK K KOJUIaTeHy, TaK
U K KJIeTo4HOII nomynauym ($pubpo6mactos, 0cTeo6/1acToB
u nemeHnro6mactos) (Manson, Lucas, 1962). Kak pe3syib-
TAT, HAYQJbHAs TKAHEBasl PeaKIysi Ha OPTOJOHTUYECKYIO
CIJIOBYIO CHCTEMY PasBUBAETCS C 3a/I€PXKKOIL

Kpowme T0r0, ¥ B3pOC/IBIX 10 CPaBHEHMIO C IIOAPOCTKA-
M MeHbllle OTHOCUTE/IbHAS BeMMYMHA KOCTHOI IOBEpX-
HOCTM, ITOKPBITOJ aKTUMBHBIMM OCTeOO/IacTaMM, X MEHb-
mee KonmuectBo ocreoknactos (Melsen, Mosekilde, 1980;
Jager, 1996). YV OXWUIBIX MeHblIIee COfepyKaHye KOCTHOTO
MO3ra, B HEM CTaHOBUTCS MeEHbIIE KJIETOK, a a/bBeo-
JISIpHBIE CTEHKM B OCHOBHOM COCTOSAT M3 IUIOTHON IUIa-
CTMHYATOM KOCTU C HEMHOTOYMCIIEHHBIMU OTBEPCTUAMMU



Puc. 6.19. fopn30HTa/IbHbIN Cpe3 HUKHel YentocTn 06e3bs-
Hbl MOC/e NPUMEHeHUs OPTOAOHTUYECKON Harpysku (6enas
cTpenka). Obpatute BHUMaHWeE, 4TO B HanpaBleHWU Aeii-
CTBUS CUMIbl 0Bpa3syeTcs He3pesias KOCTb, YTO CBUAETENbCTBY -
eT 0 deHOMeHe ObICTPOro akcenepaLMoHHOro BOCCTaHOB-
NeHna TKaHu (3eneHble CTpesku). Hespenas KoCTb He Takas
nioTHag, Kak 3penas (cuHaa cTpenka). Ha Tak Ha3biBaemol
CTOPOHE «CXKaTus» Takxke MPOUCXOAUT pe3opbLus KopHeit
(xentas ctpenka)

B KOCTHBIT Mo3T (Jager, 1996). 3amepykKa unu OTCyTCTBIE
KOMIIEHCATOPHOTO OCTEOreHe3a y IepUOCTabHOIO Kpasd,
HabmofaeMas ¢ BO3PACTOM, MOXKeT IIPUBECTM K IIOTepe
BBICOTBI /IbBEOJIAPHBIX I'PeOHell U K YBeMMYEHNIO PUCKa
HeTUCIEeHIUN KOCTU. DBBIIO yCTaHOBIEHO, 4TO KOPTU-
KaJIbHasl MOPUCTOCTb HYDKHEN YelTOCTV YBEMTNYMBACTCA
¢ BospacroM (Manson, Lucas, 1962). B ciayuae marono-
IMYeCKUX M3MEHeHMII MeTabommsMa KOCTHOM TKaHU w/
JWIN IIPOTPeCCUPOBAaHNUA 3a00JIeBaHN IEPUOJOHTA BO3-
pacTHast IIoTepsi KPaeBOlt KOCTU MOXKET yCYIyOsaThCs.
TkaHeBasi peakuus, HeOOXOAMMAsL HJIsI OPTOOHTM-
4eCKOro IepeMelieHns 3y6a, He 3aBUCUT OT BO3PacTa,
HO 00YCTIOB/IMBAET Pas/INunsA METOJIOB JIEUEHNUS Y MOJIO-
OBIX ¥ B3POC/IBIX IAIMEHTOB. Y B3POCIBIX MCIONb-
3yeMble CUIBI JO/DKHBI OBITH MeHBINE, YeM Y JeTeit,
0cOo0eHHO B Hayaje IepeMelleHus 3yba, Tak Kak Iyl
KJIETOK, JOCTYIIHBIX JJIA 3aIllycKa OMOTIOTMYeCKMX peak-
nuii, Menpine. Harris u Baker (1990) npu usydeHun
BBICOTBI Q/IbBEOJLAPHOTrO TPeOH IO ¥ BO BpeM: JIeUeHN
y MOAPOCTKOB U B3POC/IBIX BBISBWIN OOBUIYIO YOBUIb

M

FnaBa 6. Peakuyusa TkaHen 109

Bbicokas npoaoIKN-
TelbHada

Hunakas npogonxu-
TenbHas

)KeBaHune

JInHnsg otcyeTa

Puc. 6.20. PuTMmnyHaa akTMBHOCTb BO BPEMS XEBAHUSA Me-
LIaeT cuaam, Co3aBaemMbiM OPTOAOHTUYECKMM annapaTom.
Yem MeHblue cuna, Tem 6osblue BAUSET eBaTe/lbHas ak-
TUBHOCTb, Kak MOKa3aHo Ha Anarpamme. ipyrumu cnosamu,
Tak Ha3blBaeMbl€ MOCTOSIHHbIE CN1labble CUJTbl HA CAMOM Aefne
nepuoaunyeckue U3-3a oTpULATENLHOIO BAMSHUS KEBaHUS.
C Apyroii CTOpOHbI, UCNo/b3oBaHue 6onblUKX cun obecne-
YMBaeT MPEUMYLLECTBEHHO MOCTOSHHOCTb BO3AENCTBUS,
Tak Kak keBaHWe Ha HUX He BAUseT. TeM He MeHee NocTo-
sIHHblE CUJIbl 6oslee paspyLwnTebHbl 415 NEPUOAOHTAIbHOM
CBSI3KM, YeM MepuoanYeckn AeicTBylone cunbl (C paspe-
weHus Verna C. Biology of dental movement. In: Melsen B.
and Fiorelli G., eds. Biomechanics in Orthodontics. A Multi-
media Textbook. Arezzo, Italy: Libra Ortodonzia, 2000.
P.38-67)

KOCTHOJT TKaH! Y B3POC/IBIX, HO TJIABHbIE OTINYMA ObIIN
oOHapy>KeHbl B Hayaje JledeHusA. DTO IONYEPKMBAET
B)KHOCTD TIJATeTbHOI OIL[eHK! ITapPOJOHTATBHOIO CTa-
TyCa Iepef JIeYeHEM U TO, YTO OPTOZOHTUYECKOE JIede-
HIe IIPU €ero IPaBIIbHOM BBIIO/IHEHNUV He SIBIIAETCS
puckom camo 1o cebe (Harris, Baker, 1990). Y kpsic cko-
POCTb IepeMeleHNs 3y6OB BbIIIE, a 3afieP>KKa MEHbIIle
y MOJIOABIX 0co0eli 110 CpaBHEHUIO C 60jiee BO3PacTHBI-
mu (Bridges et al., 1988), uro coorBercTByeT HabmO-
menmio Reitan (1951) o 3afep)kke 06pasoBaHMsI KOCTH
y B3POCTBIX U HU3KOMY OTBETY YPOBHEil LIUTOKIHOB
B KPEBMKY/SIPHON J>KMAKOCTM B3POC/IBIX KPBIC IOCIIE
opropoHTHYeckoi Harpysku (Ren et al., 2002). Jpyrum
00bsICHeHUEM 60Jlee JIIUTEIbHOI 3a/Iep>KKM ¥ B3POCIBIX
KPBIC MOXKeT CIy>KUTb 6oree y3kas [11IC, 4To menaer ee
6onee nopBepxennoit rmannunsdanumu (Kabasawa et al,
1996). Ilo maunubiM Ren m coaBT. (2003), KaK TONBKO
ABIVDKeHIE 3y6a HA4a/I0Ch, OHO MOXKET OBITH OJMIHAKOBO
Pe3y/IbTATUBHBIM KaK y MOJIOABIX, TaK M Y B3POC/IBIX
[AI[MIEeHTOB.

@

Puc. 6.21. KocTb BepxHeii YentocTv Yepena noapoctka (1) u B3pocioro (2) yenoseka. ObpaTute BHUMAaHUE, YTO C BO3PACTOM NPo-
MCXOAWT rOpU30HTaNIbHAS YObIb KOCTH, YTO OMpesensieTcs Npu CpaBHEHUM ABYX YelocTel Ha pucyHke (¢ paspelueHns Melsen B.
and Fiorelli G., eds. Biomechanics in Orthodontics. A Multimedia Textbook. Arezzo, Italy: Libra Ortodonzia, 2000. P. 38-67)
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N3meHeHna metabonusma

Peaxiyst abBeOISIPHON KOCTU Ha BO3[EICTBIE OPTO-
DOHTMYECKUX CUI B3aMMOJEICTBYeT C NPOTEKAIIIVMU
IIpoLeccaMyl PeMOJENNPOBAHMSA KOCTH, Ha KOTOpPbIE BIIN-
SI0T CUCTeMHble (akToppl. IIOCKONBbKY [ons maryeH-
TOB ¢ MeTabONMYecKMMIU 3a00NeBAHMAMN U [IUTENBHO
IPYHMMAIOINX JIEKapCTBa YBEIMUIMBAETCS C BO3PACTOM,
TO BIVUSHME KOCTHOTO MeTabo/mM3Ma Ha OPTOOHTHIE-
CKOe TepeMelieHne 3y6a CTAaHOBIUTCSI OCOOEHHO BaXKHBIM
Y JIedeHNN B3POC/IbIX MALeHTOoB (Tabi. 6.1).

B akcmepuMeHTe CKOPOCTb IepeMelieHnst 3yba BTO-
PUYHO yBeIMYMBA/IACh M3-32 BO3PACTaHMsI MeTabomus-
Ma KOCTH, BBI3BAHHOTO CHIDKEHVEM YPOBHA 3CTPOIE€HOB
B MeHomayse wiyu mocie osapuoskromunu (Yamashiro
et al, 1994; Arslan et al., 2007). C pgpyroit cTOpOHBI,
BBeJleHNe 9CTPOreHa HeMTpanyusyeT HaHHbIe M3MEeHeHMs
U CHIDKaeT CKOPOCTb IepeMelneHus 3y6os. IIpu Gepe-
mennoctu (Hellsing, Hammarstrom, 1991) u maxrarum
YCKOPSIIOTCSL MeTabo/M3M KOCTHOJ TKaHM M CKOPOCTh
HepeMeleHys 3y60B, Tak >Ke Kak U IIpI fAueTe ¢ HU3KUM
Coflep)KaHMeM KanbIVisl, BO3MOYKHO, M3-32 BTOPUYHOTO
runepnaparupeonpusma (Goldie, King, 1984). Yckoputsb
MeTabo/MM3M KOCTHOI TKaHU MOXKHO TaKXKe BBeIeHVEM
TUPEOUJHOTO TOPMOHA M TeM CaMbIM CII0COOCTBOBATDH
6onee 6picTpoMy mepememiennio 3y6os (Verna et al,
2000). Yamasaki u coaBt. (1984) mpemmoxmuny mpoBO-
INUTh MHBEKLMYU [IPOCTATIAHAMHOB C LIe/bI0 I0OKATbHOTO
yBemuueHus pesop6bumyu. OZHAKO UX METORMKA He Oblia
BHEJIpeHa B ITOBCELHEBHYIO IIPAKTUKY 13-3a 60/Ie3HEHHO-
CTHM CaMmolt IpoLefypbl U TOro ¢axra, YTo CBsI3b MEXMIY
pesop6bruert n 06pasoBaHeM KOCTYU He COBCEM SICHA.

MsHore B3pocC/ible ALMEHTHI 110 Pa3HbIM IIPUYMHAM
IPUHYMAIOT CTEPON/IBI, HO UX BIINMSAHIE Ha IepeMeleHue

3y60OB 3aBMCHUT OT [JINTENBHOCTY VX IHpNEMa, TaK Kak
JledeH1te KOPTUKOCTEPOUIaMI [IePBOHAYAIBHO MTOfIAB/Is-
eT MeTabOo/MN3M KOCTH, HO MOCTEIIeHHO IIPMBOAUT K BTO-
pryHOMy rumnepnaparupeosy (Kalia et al., 2004).

boeuto ycranosneno, 4ro npuem ButammHa D ysenm-
4MBaJ CKOPOCTB IepeMertienus 3y6os (Takano-Yamamoto
et al., 1992).

YacToe MCIONMB30BaHNE HECTEPOUHBIX IIPOTUBO-
BOCITA/INTE/IPHBIX CPEACTB 3aJep)KMBaeT IepeMelleHne
3y60B U3-3a MX BIMAHNA Ha CUHTE3 IPOCTAITIaHJVHOB.
Kimandeckn u3 06e360/MBaOIINX [IPENapaTtoB Ha [iBU-
>KeHIte 3y0a He B/IMsIeT apareTaMort (AueTaMMHO(beH‘@)
(Mohammed et al., 1989; Kehoe et al., 1996; Arias,
Marquez-Orozco, 2007).

Bce 6osmblee 4YMCIO MOXKMIBIX IAIMEHTOB IIPH-
HUMAT 61cHoChOHATH IS JIeYeHMsI OCTEONopo3a.
VsHayanbHO 6ucochOHATHI NPUMEHAMN A/ JIeYeHUA
MeTaboMMuecKnx 3abomeBaHMil ¥ HOBOOOPAa3OBAHMUIL
KocTel. JI3-3a 9acTOro MCIONb3OBAHUA [IA JIEYEHUA
0CTEOINOpPOo3a B3POC/ble MOTEHI[MAbHbIE OPTOLOHTIYE-
CKMe TAIMeHThl MOTYT HAaXOAMTHCS Ha JiedeHmu Ouc-
¢docponaramn. Mexauusm gevictsusi 6uchocdonaros
OCHOBaH Ha CHIDKeHuu mnpommdepanyun 1 MHIMOUPOBa-
HUM QYHKLIUYM OCTEOKIACTOB, 2 TAKXKe OHM BBI3BIBAIOT
IpOAYLMpPOBaHNE OCTeOOMaCTaMy OCTEOKIACT-MHIUOU-
pyoumx ¢axropos. Ipdexr 61uchochoHaTOB UIMPOKO
OIVCBIBAJICA KaK CHVDKEHMe pe30pOTUBHON aKTHMBHOCT,
HO MHPONCXOAUT 1 oOlee IOAaBIeHNEe MeTabonn3Ma,
TaK KaK ajJbTepalys TAKKe BK/IIOYAeT B cebs Iepyof
¢dhopMupoBaHMsT HOBOI KOCTYM B IMKJIE PEMOJENMpPOBa-
Husa (Follet et al., 2007). ITpu npomo/mKUTEIbHOM IIPY-
MEHEHN! CPeJHMII BO3PACT OTHEIbHBIX €VHUI YBeIu-
YMBAETCS, M B pe3y/lbTaTe YBEIMYMBACTCS XPYIKOCTD,
U HAKAIUIMBAIOTCS MUKPOIIOBPEXIEHMA.

Tabnuua 6.1. BnvsiHre cuctemHbix GakTOpPOB 1 IEKAPCTBEHHbIX NPENapaToB Ha VHAYLMPOBAaHHOE NepemeLlleHune 3yba

(c u3m. n3: Gameiro et al., 2007)

BnuaHme Ha meTabonusm KocTu

BnusiHue Ha aBMKeHue 3y6a

DcTporeH
AHpporeH
PenakcuH

Tn peonaHble TOPMOHbDI

MapaTtpeongHbie FOPMOHbI

Butamun D

HeCTepomngle npoTMBOBOCMNANINTENIbHbIE JIEKAPCTBEHHbIE CpeACTBa

Auetuncanuuunosas kucnota (AcnnpuH®)
AuknopeHak

MN6ynpodeH

MiHoomeTauuH

Llenekokcn6

KopTtukocteponabl

BricdocdoHaTbl

MapaveTamon (ALueTammrHodpeH*®)

 pe3opbuua koctn
 pesopbuwa koctn
T pe3sopbuua kocTu

T ckopocTb peMoaenMpoBaHus KOCTH

pe3opbuns Koctu
T pesopbuwa koctn

T CKOPOCTb pemMmoaenmpoBaHnA KOCTA

pe3opbuusa KocTu

 pesop6uwa koctn
I pe3opbuya kocTu
{ pesop6uusa koctn
{ pesopbuua koctn

d pe3opbuus koctu (in vitro)

T pe3opbuya KocTu (ganTenbHoe

npUMeHeHMe)
 pesopbuwa koctn
He pnokaszaHo

d nopBuxHOCTL 3y6a
He pokasaHo
1 nopBukHOCTL 3y6a

T noaBukHOCTb 3y6a
pe3opbuns KopHsA

T noaBMKHOCTb 3y6a

T noaBMKHOCTb 3y6a

4 nopeuxHOCTL 3y6a
 nopBuxHOCTL 3y6a
{ noasuxHOCTL 3y6a
{ nogeukHOCTL 3y6a
He Bnnset

T nopBuUkHOCTL 3y6a

»L noaBMXHOCTb 3y6a

He Bnuaet




[TOCKO/IBKY OXXIMEAETCST POCT YMC/IA IAIVIEHTOB, IIPK-
HUMAIOUMX pasnnyHble Bupbl 6ucdocdoHaTos, mms
OPTOIOHTA KpaliHe BaXXHO TIIATEIbHO M3YYUTh AaHAMHES
[aIMeHTa B OTHOLIEHNN [IpyeMa MefUKaMeHTOB. DddexT
6ncdocdoHaTOB 3aBUCUT OT HO3BI U MPOJOIKUTENTHHO-
CTHU yledeHns. Y MalMeHTOB C HU3KUM PUCKOM, T.e. y Tex,
KTO mpuHrMaet 6mchocdoHaTl BHYTPb U B TedeHHe
KOPOTKOTO TIPOMEXYTKa BPEMEHM, MOXXHO OXUJATh 3Ha-
YUTETPHOTO 3aMefIeHNsA IIepeMelleHus 3y0OB ¥ KOM-
IPOMUCCHOTO jedeHus. IIpy Hanuuuy CyljecTBEHHOTO
pucKa Ho6ouHoro addexra cnepyeT usberarb 06bEMHOTO
OPTOLOHTMYECKOr0 BMellaTenbcTBa. Zahrowski B 2007 T.
IIpeIOXKI/I IPOAKTUBHBI IOAXOJ K JIedeHUIo 6ucdoc-
¢onaramu. OH PeKOMEHIOBAI MEIUIIMHCKIIT CKPVHIIHT,
KOHCY/IbTUPOBAHIE TALVEHTa, MOANICaHne MHPOPMU-
POBAHHOTO COL/IACHS 1, BO3MOXKHO, MI3MEHEHUs B IIPef-
JlaraeMbIX I/IaHAX JIeYeHMsL.

OpuuM 13 mobouHbix 3ddektoB Oucochonaros
ABJIAETCS Pa3BUTUE OCTEOHEKPO3a YEMIOCTHOI KOCTH, U3
KOTOPBIX 60% pasBUBaeTCA BTOPUYHO MOCIE CTOMATOTIO-
TUYecKoro BMelraTenbctBa. O630p COBpeMeHHOI JnTe-
paTypsl IOKasaja, 4TO OOJBIIMHCTBO CIyd4aeB HEKPO3a
YeJTIOCTENl IPOVICXOANIO y PAKOBBIX IAL[EHTOB C MeTa-
CTasaMM B KOCTM, HOMy4aBUIMX O1chocHOHATH BHY-
tpuBeHHO. OJHAKO y MAIMEHTOB, IPMHUMABIINX IIpe-
[IapaThl ISl JIeYeHNsT 0CTEONOPO3a BHYTPh MEPOPAIBHO,
TaKoKe OTMEYasINCh CTy4an OCTeOHeKpo3a yemocteit (Woo
et al, 2006). Ilepen Tem kak craam obpaimiaTh BHUMA-
HIle Ha SITPOTEHHbIE MOBPEX/CHWsI, BbI3bIBaeMble 3TUMU
npernaparamy, 6uchochoHATbl BBOAWIN MHDBEKIVOHHO
IUIA 3HAYMUTENTBHOTO CHIDKEHMA KOMMYECTBA OCTEOKIIa-
CTOB ¥ IOC/TERYIOIEro yMEHbIIEHNs Pe30pOIyu KOpHs
U yBenm4deHys cydnepuocTanbHoi ctabunpHoct (Adachi
et al,, 1994; Igarashi et al., 1994, 1996; Liu et al., 2004).

Pe3op6uus BepXyLKM KOPHS,
BbI3BaHHAS OPTOAOHTUYECKIUM IEYEHUEM

Buemrnsas pesopOums KOpHS — 9TO M3BECTHBII
(beHOMeH, CBSI3aHHBINI C OPTOJOHTUYECKUM JIeUeHMEeM
(Killiany, 2002; Segal et al., 2004). Cy1jecTByeT HECKONIb-
KO BEPOATHBIX (JaKTOPOB PMCKA BOSHMKHOBEHMSA TAKOTO
BUJia pe30pOLMY, CBA3AHHBIX KaK C MHAMBUYaTbHBIM
[IAL[EHTOM, TaK M C IPOBOAVIMBIM JIeYeHVEM, HO IOKa
He YHA/JOCh YCTAHOBUTD IIPsIMble NPUYMHHBIE (HAKTOPDI
(Vlaskalic et al., 1998).

Cpennt (akTopoB, CBS3aHHBIX C MALMEHTOM, IIpef-
[OJIOKII BO3MOXKHOE BJIVSIHVE TeHETHKM, VMMYHHOIL
CUCTeMBl M IepeHeceHHbIX 3abomeBanmit (Baumrind
et al., 1996; Harris et al., 1997). OgHako B OONbIINHCTBE
VICCTIEOBAHNUIT YIIOp ObUI CHeMaH Ha (aKTOpPbI, CBA3AH-
Hble C JIedeHNeM. B HeTaBHO IPOBeeHHOM MeTaaHa/Iu3e
Ceran n coaBT. (Segal et al., 2004) ycraHOBMIHM, YTO
CpemHAsA pe30pOLUsA BEPXYIIKM KOPHSA CUIBHO KOppe-
MpyeT C OOIMM amyMKaabHBIM cMeleHueM (r = 0,822)
U TPOJAO/DKUTENbHOCTBIO jtedenus: (r = 0,852). Takum
06pasoM, NTOrOBYIO BEeNMMYNHY IlepeMeleHNs] BepXYLIKI
KOPHSI 1 TIPOJO/DKUTEIBHOCTD JIEYeHNST CTIEAYeT CINTATh
dakTOpamMm pucka.

FnaBa 6. Peakyusa TkaHem 11

TakoKe Ha PUCK Pe30POIUN KOPHS BIUSET TUII IPUMe-
HsIEMOTO J/Is1 JledeHyst anmapara. HecbeMHbIe ammapaTsl
Ooree TpaBMaTU4HBI, YeM cbeMmuble (Linge, Linge, 1991).
3HadeHNe TaKXKe MMeET U BeMMYNHA IIPUIOKEHHOI CHUJIBL,
TaK KaK CWUIa, IPeBbILIANNIas ONTUMAIbHOE NaBIEHIE
KPOBM B KaNmWUIApax, HpUBeLeT K IepPUOJOHTAIbHOM
MIIEMUM, 4 OHA, B CBOIO O4Yepenb, K pe3opOuuu KopHeit
(Harry, Sims, 1982). Yaie Bcero pesop6uuio KOpH: olje-
HYBAIM B OGHOM M3MEPEHNY, KaK MaKCUMyM OupuMeH-
CHOHHO, HO KaK TOJBbKO pe30opOIpysi KocTy 6bUIa orpa-
JKeHa 00'beMHO, Cpasy ellle 60ree OYeBNUIAHBIM CTANIO, YTO
6onbie cuibl 00yClIOBIMBAOT Gonmpiryio B 3,31 pasa
pesop6umio, yem massie cunpl (Chan, Darendeliler, 2004)
(puc. 6.22). Opnako Manbpra n coasr. (Maltha et al,
2004) BBIACHWIN KaK IIPM ABYX-, TaK ¥ IPU TPEXMEPHOM
00CTIeOBaHNM, YTO CHIOBOM PEXMM U MPOJODKUTENb-
HOCTD JIeUeHNsI UMEIOT OOJIblilee BVsIHIE Ha Pe30pO1nio
KOpHell, ueM BennuyHa cuibl. [locTostHHBIE Bl Gonee
PaspyIINTeNIbHbI, YeM MPEPbIBUCTbIE, a MCIONb30BaHNUE
CYIEPaNTaCTUYHBIX AYT IPUBOIUT K OObILelt pe3opounmy,
YeM JCIIONIb30BaHMe NyT M3 HeprkaBeroljeit cTamm (Acar
et al, 1999). Or Tuma pyru 3aBucena He TONBKO CTe-
IIeHb pe30opOIyM KOPHeil, HO ¥ [IyOMHA IIOOCTel, TaK,
ob6beM KpaTepoB pe3op6biuy 61 B 140 pa3 6onplite mpu
VICIIOZIb30BAHUY CYIIEPITACTUYECKNUX AYT O CPABHEHINIO
co cranpubiMu (Weiland, 2003).

IIpu nepepbiBe B NeYeHUM Ha 2-3 MeC y MALMEHTOB
C pe3opOIyeil KOpHeil CTeleHb Pe3opOLuy CHIDKAETCS
(Levander et al., 1994). VI3 Bcex BUAOB mepeMeIleHMIT
3y60B HamMOOJBLUINIT PUCK HECET MHTPY3UsI, HO eC/Ii OHa
BBIIIO/THSETCSI MA/IBIMU CUIaMU, TO pe30opOums He3Ha-
YNMTeNbHA ¥ He BIMsET Ha IPOTHO3 JaKe y B3POCTIBIX

16,77
= -
KoHTponb

Bonblwas

Puc. 6.22. (1) CpesHue 06beMbl pe30pOLMM KOPHER NPeMo-
NIIPOB MOC/IE MPUMEHEHUS MabiX U GObLIMX cui. Pe3op6b-
LMIO KOPHEN NoA AENCTBUEM OPTOAOHTUYECKUX CUJT CPABHU-
Ba/n ¢ pesopbuuein 6e3 neueHus. bonee Toro, 6onbLLME CUbI
BbI3Ba/IM 3Ha4MTENbHO GOJbLYIO Pe30pOLUMIo, Yem JNlerkue
cunosble BosgencTeua. (2-3) [MpeactaBneHa TpexmepHas
PEKOHCTPYKLMS Pe30pOLMOHHOMA MONOCTU B CAyvasx BO3-
AEVCTBUS MasbiX U GONbLUMX CUT COOTBETCTBEHHO (M3 apXu-
Ba A. Darendeliler)
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MAI[VIEHTOB C IIOBPEXJAEHHBIMM IAPOOHTUTOM 3ybamm
(Melsen et al., 1989). Parker u cOaBT. BBISCHUIU, UTO
MHTPY3Usl C IMHIBATIbHBIM KOPHEBBIM TOPKOM SIBJLSIETCS
(dbakTOpOM prcka pe3opOIuy KOPHsI, B TO BpeMs KaK JuC-
TajIbHAsl KOPITyCHAsk PETPY3usi, 9KCTPY3Ns ¥ JIMHIBAIb-
HBIII HAK/IOH KOPOHOK He OKa3bIBalOT BUAMMOTO 3¢ dexTa
(Parker, Harris, 1998). [IBykeHMsI «KadaHusI» 3y60B B3an-
MOCBsI3aHbI ¢ pe3opO1iueit UX KOpHell, ¥ CBeIeHNs O TOM,
YTO pe30opOLMs Yallje NMPOUCXORUT NPYU NPUMEHEHUN
MEXKYETFOCTHBIX 9/TACTUYECKUX TSI, 0COOEHHO B 06/1acTu
3y60B, K KOTOPBIM HEIOCPENCTBEHHO NIPIIOXKEHA Harpys3-
Ka, MOT'YT IOATBep>KHaTh HaHHy0 rumoredy (Mirabella,
Artun, 1995).

Takum 06pa3oM, BCcTaeT BOIPOC O 6ojee BBICOKOIL
MIPEPACIIONOXEHHOCTI B3POC/IBIX AI[MEHTOB K Pe30p6-
UM KOPHeW, TakK Kak ;x nemeHT mupe, I1JC ToHbIIe,
a cocyguctas u mponudepaTuBHAsT aKTUBHOCTb CHIU-
xkensl (Kyomen, Tanne, 1997). Harris u coast. (1990)
He BBIABMINM KaKMX-TO PasIN4uUil MEXAY IOLPOCTKAMM
M B3POCTBIMM IALMeHTaMM, MPOLIEAIINMI OPTOFOHTIH-
YecKoe JiedeHye, HO MHOTMEe B3pOC/Ible Ial[MeHTbl MMe/N
Oonblllee KOMMYECTBO pe30pOLyii KOpHel O JIeYeHMs.
B sakmoueH1me MOXHO CKa3aTh, YTO €C/M IMPOBENEHO
TIjaTeIbHOE 06CTIENOBaHMEe MAIMEHTA, TO PUCK Pe30p6-
LMV KOPHE Y B3POCTIbIX IAIMEHTOB He CYNTAETCS IPO-
TUBOIIOKA3aHVEM K OPTOJOHTUYECKOMY JIEICHNIO.
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