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OpuruHaibHasi CTaThs

Jloarocpoynasi cTa0WJILHOCTh JUCTAJM3AINU BEPXHUX MOJISPOB € ONMOPOii HA MUHUBHHTBI
npu Jjgeyennu |l kiaacca.
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AHHOTALUS

Hesb: M3yduTh CTAOMIBLHOCTH AUCTATU3AIMHA BEPXHUX MOJISIPOB C OTIOPOI HA MHHUBUHTHI TIPU
neuenuu Il xmacca.

MatepuaJjbl 1 MeTO/ABI: PEeTpOCIIEKTHBHOE UCCIIE0OBAHUE COCTOSIIO M3 TPYIIIIBI TUCTATH3AINA
(n=19) u kouTposbHOU (N=19) TpymIbl, rpynna MaHEHTOB ¢ MUHUMAIbLHBIMH KOPPEKIUSIMU
CIIy’)KHJIa KOHTPOJIbLHOU. BOKOBEIE TenepeHTreHorpaMMbl 38 B3pOCIIBIX MAIMEHTOB OBLITU CJICTaHbBI
no (T0), cpasy mocne (T1) u uepe3 3-4 roma mocne (T2) neuenus. [IpoBoawmu w3MepeHUs
TOPU30HTAIBHBIX M BEPTHUKAIBHBIX BMKEHHUI M HAKIOHA MEPBBIX BepXHUX MOsipoB (U6) u
HeHTpaibHbIX pe3roB (Ul) BMecTe O CKeNeTHBIMH MapaMeTpaMu B TPEX BPEMEHHBIX TOUKAX JIIsI
CpaBHEHWMSI IBYX TPYII OTHOCUTEIHHO JOCTHTHYTHIX A (PEKTOB JICYSHUS i UX CTAOMIBHOCTH.
Pe3yabTatsl: [lucTanu3aius Bcero 3yOHOTO psizia mpuBena K 4.2 MM TUCTaIbHOTO TIEPeMENICHHUS
nepBbiX BepxHUX MoJisipoB (UB) Oe3 mx mucraimpHoro otkimonenus (0.68° m3ameHeHue ocu) u
YBEIIMYCHHUE YIila HAKJIOHA OKKIIIO3HOHHOHU miockoctr Ha 3.3°. Tlocie peTeHIMOHHOTO TIeproIa
MPOTSHKEHHOCTBhIO B cpeHeM 42 Mecsna, TUCTaIM3allds BEPXHET0 3yOHOTO psla JoKa3aia
XOPOIIYIO CTAOMIIBHOCTD PE3yJIbTaTOB JICUCHHS, ITOKA3aB TOT K€ 00bEM ME3HAIBHOTO JBIKCHHS
(0.7 MmM), 4TO ¥ B KOHTPOJIBHO# TpyrIIie.

BeiBoawbl: [lucranu3anyst BEpXHETo 3yOHOTO psiia ¢ ONMOPOW Ha MUHUBUHTHI 00€CIICUNBACT
CTa0MIIbHOE TUCTaTbHOE IMEPEMEIICHNE BEPXHUX MEPBBIX MOJISIPOB M IIEHTPAIBHBIX PE3IIOB IPH
neuennn |l kmacca. (Angle Orthod. 2020;90:362—-368.)
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BBEJAEHUE

CTaOuIbHOCTD MPH JICUCHUH CKYYEHHOTO MOJIOKEHUS 3yO0B 3aBUCUT OT KOJIMUYECTBA MECTa
B 3yOHOH Jyre W BO3MOXKHOCTEH €ro MoydeHHs 3a CUET CaruTTaJbHOW WM TPaHCBEP3AIbHOU
Koppekiuu. Jucranuzanus MokeT ObITh TIOKa3aHa JUIs MOJIy4eHHs MecTa B 3yOHOM psijLy, KOraa
IMpUHA 3yOHOTO pSAa ¥ MHKIMHALMS PE3LOB HE ITO3BOJIAIOT 3HAYMMO HX YBETHUHBATH. ™
Jlucranu3anusi MOJISIPOB - 3TO IIeNb 3HAYMTEIHHOTO YHWCIIA allapaToB, MCIOJB3YIOMHUX JINOO
3yboanbBeonsapHyo,*® 6o BHepoToByr0l'/mabuansHy0!! omopy. Jlrobas 3yGoanpBeonspHas
Ormopa HEW30e)KHO BBI3BIBACT JBIKCHHE B MPOTHBOIOJIOXKHOM HANpPaBICHUU CO CTOPOHBI
OTIOPHOTO CerMenTa,'? a Takue anmaparhl, KaK JIMIEBas Ayra Wid ryOHOH GaMiep, B OCHOBHOM
OTIHMPAIOTCS HA KOOTIEpaLnio nanueHTa. Takum 00pa3oM, 3TH METO bl MaJIO S((PEKTHBHBI C TOUKH
3pEHHSI AOCTIDKEHHSI IUCTAIN3AIUH CPETHEN BEIMYUHBI U IETIAI0T HEBO3MOYKHBIM €€ JIOCTIKEHHUE
B OoJbIINX 00BEMAX.

KonmuecTBo 1 KauecTBO BO3MOXKHOMN AUCTAIN3AINH 3HAYUTEIHFHO BO3POCIHU C BHEPEHUEM
METOJIOB  CKenleTHoH omopel’®  (6e3  Kkoomepamlum), KOTOpPHlE MOTHOCTHIO — yCTPAHMIIH
HekenaTenbHble dQQeKkThl oTaauM Bo BpeMs aucTamusanuu.'*!® TIpumeHeHMe MMHHBHHTOB
C/IeNao CKeNeTHYIO onopy 6oiee OCTYMHOM s opTogonTa.
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Pucynoxk 1. MutrocTparuss MEXaHUKH JUCTATH3AIMN BCETO 3yOHOTO psjia.

MUHHMBHHTBI MOKHO HAarpyxath Hanpamyo,'>!’ umm yepes mancrpoiiku®® ITokasano, uto
BO3MOYKHO OJTHOBPEMEHHOE JINCTANBHOE IBIKEHNE MOJISIPOB U IpeMonsipo?’2!, ¢ MuHMMATBEHBIM
JUCTATBHBIM OTKJIOHEHHEM MOISPOB,2?? mpesmonararomiee BHICOKYIO CTaOMIBHOCTb. TeM He
MeHee, B TEUEHHE JKH3HM IOCTOSHHBIE MOJAPHI IOCTENICHHO CMEIIAIOTCS BIEpe> M3-3a
HAIPaBJICHHOTO ME3HAJILHO KOMIIOHEHTA CHIIBI, YTO SIBJISCTCS PE3y/IbTATOM ME3HAIbHOTO HAKJIOHA
3y60B.2426 XoTs 3T0 CMeleHre 0THOCHTCS K (PU3MOIOTNUECKOMY SBICHHUIO, 3TO MOKET 03HAYATh
CHIDKEHHE CTaOMIIBHOCTU PE3YJIbTAaTOB JUCTAIN3AIUU MOJISIPOB.

Il xiacc B coueTaHnM cO CKy4EHHOCTBIO B 00JIACTH BEPXHETo 3yOHOTO psiia MOKET OBITh
MOKA3aHMEM K JMCTANM3allid MOJSPOB C OMOpoil Ha MMHMBMHTEL?"?® B 3ToM mMccienoBaHHU
THIIOTE3a COCTOSUIA B TOM, YTO JUCTAIIM3AIUEH MOJIIPOB, TOYHEE JMUCTANIM3AICH BCero 3yOHOTO
psia, MOXKHO JOCTHYb CTaOWJIBHBIX M3MEHEHHUH B OOJIACTH TEPEIHUX U OOKOBBIX 3yOOB IpH
CPaBHEHHH C TAI[UCHTAMHU, KOTOPBIM OBLIH MPOBEACHB MHHHUMAaJIbHBIC KOPPEKIIUH.

MATEPHUAJIBI U METO/bI

HccnenoBanne  mpoBOAMJIOCH — TOCiHe  0J00peHHss — HaONIOJaTeldbHBIM  COBETOM
YHHBEPCHTETCKOTO cToMaTonorudeckoro rocrnutans Exnce (IRB No. 2-2016-0017), koTopblii He
TpeOoBal MMCbMEHHBIX HH(OPMHUPOBAHHBIX COTTIACUN M3-3a PETPOCIIEKTUBHOCTH HCCIIEI0BaHNUS.

Cy0beKThI HCCJIeI0BAHUS

PerpocriekTuBHOE  KpPOCC-CEKIIMOHHOE (MOMEPEYHOe) KOTOPTHOE HCCIEOBAaHUE C
TPYIIOBBIM TIOCJEIOBATENbHBIM JU3aHHOM TMPOBOJIMIOCH Ha TMallMeHTaX, OOpalaBIIMXCS B
OT/ieIeH1e OPTONOHTUN YHUBEPCUTETCKOTO CTOMATOJIOTHYECKOro rocrutans Exce ¢ susaps 2015
no ¢espans 2019 rr. mis HaOarOAEHUN B peTeHIIMOHHOM mepuoje. [lanuenTs! oTOMpanucey mo



HaJM4UUI0 OOKOBBIX TenepeHTreHorpamm rnepex (T0), cpasy mocne (T1), u kak MEHUMYM 2 roJa
(T2) mocne nedenus. Bxmrowanuce manueHTtsl ¢ |l kmaccoMm o jedeHus, y KOTOPBIX 00BbeM
JMCTAIN3ALUU BEPXHUX MIEPBBIX MOJIIPOB ObLI O0Jiee 2 MM.

DKCIEepUMEHTAILHOW TpyIie MPOBOAWIM JUCTAIM3ALMI0 BCETO BEPXHEro 3yOHOro psja,
UCIIOJIb3YS 3JIACTUUECKHE LIETIOYKU K JJIUMHHBIM 32KHUMHBIM KPIOYKaM ME3UajbHEE KIIBIKOB OT
MEXKOPHEBBIX MUHUBUHTOB, YCTAHOBJIEHHBIX MEX/y BTOPBIM IIPEMOJISIPOM U NEPBBIM MOJISIPOM
¢ xkaxaoit croponsl (Puc. 1, rpynna mucranuzauuu). 1o U mocie AUCTAIM3ANMN KOJIMYECTBO
JTUCTAILHON aJIbBEOJISIPHON KOCTH TIOJATBEPXKIAIN MAaHOPAMHOUW peHTreHorpadueii 1 OGOKOBOU
TejaepeHTreHorpaMMoii. B ciydasx Oospmioro oObema AucTanM3allMM BCEro 3YOHOro psijia
nepeycTaHOBKa MEKKOPHEBBIX MHHHUBHUHTOB Obllla HE0OX0AMMa JIUIIb OMIKE K KOHILY JICYCHHUS,
TaK KaK KOHYMK MMHHMBHHTa ObUI OOpallleH aluKaJbHO U MEXKOPHEBOW NPOMEKYTOK B
CarMTTAJIBHOM IUIOCKOCTH Ha 3TOM YPOBHE IIPEBBIIIAJT TAaKOBOW, W3MEPEHHBIM HAa YPOBHE
CepeHbI KOPHSL.

B KoHTpOaBHOM TpyIIe NPOBOAUINCH, MUHUMAJIbHBIE 3yOHBIE NTepeMelleHns, MeHee 1 MM B
nepenHe3aHeM HalpaBlICHUU JUIS BEpXHUX IMEeHTpaibHbIX pe3lioB (Ul) M BEepXHHUX MEPBBIX
moJisipoB (U6). Bee manmeHTsl KOHTPOJIBHOM TPYIIBI UMENH naTosioruto npukyca | wim Il knacca
Ha craguu TO. Kpurtepum wuckimtoueHus: B 00enx rpymnmnax ObLIM: pecTaBpallid LEHTPaJbHBIX
PE3IOB WIH TEPBBIX MOJIIPOB B JI0O00W TEpHOJl HAOIIOACHUS, 3yOOUYeNIOCTHRIE nedopMainm,
OpTOTHATHYECKas OTlepanys B aHaMHe3e 1 Bo3pacT MeHee 18 net Ha craguu TO.

OCHOBBIBasICh Ha KPUTEPHSIX BKIFOYCHUS/UCKITIOUEHU 19 manueHToB (CpeqHuii BO3pacT B
TO = 24.9 net; 4 myxunH U 15 XKeHIMH) IS TPYNITBI AUCTamU3anuu ¥ 19 nanueHToB (cpeaHuii
Bo3pact B TO = 25.4 net; 8 Mmy»xunH 1 11 )KeHIIMH) 111 KOHTPOJIBHOM TPYIIIBI OBUTHA BKIFOUYCHBI B
uccienosanue (Tab. 1). B wacti pereHINH, HEChEMHBIC JIMHIBAJIbHBIC PETCHHEPHI OT KJIbIKA JI0
KJIbIKa ObLIM 3apMKCHpOBaHBI y BcexX nanueHToB B mepuoi T1. Bee manueHTsl ncnonb3oBaiu
ChEMHBIE PETEHIIMOHHBIE INITACTUHKU Ha HOYb.

HN3mepenust

DuKCHPOBATUCH U3MEHEHUS B TOJI0KeHUU W HakioHe U6 u Ul u ckeneTHbIe mapaMeTpsl
TenepeHTreHorpammsl (Puc. 2).
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Pucynok 2. Jluneitasie (A) u yrnossie (B) n3Mepenus TenepeHTreHOTpaMMBl.



KpoiioBuanas BeptukanbHas tmiockocth (PTV) wucmonb3oBajgack Kak OPUEHTHD JUIS
rOPHM30HTAIBHBIX JTHHEHHBIX H3MepeHHil mepeMelnenuii 3y6os.2’ PTV, u3BecTHas Kak CTa0HIbHAS
pedepeHTHas MIOCKOCTh B CATUTTaILHOM HAMPABIEHHH,? MOCTPOEHA ¢ HOMOIIBIO COEIMHEHUS
Sella ethmoidale (sBisieTcss TOYKOW mepeceueHHs MEPEIHEr0 OCHOBAHUS 4epena M OOJBLIOTO
KpbLJla KIIMHOBUIHOM KOCTH C HM)KHEH TOUKOM KPBUTOBHIHO-BEPXHEUECIIOCTHOM 111eT1 Ha OOKOBO
TenepentreHorpamme.>’ PedepeHTHON TIOCKOCTBIO I BEPTHUKAIBHBIX JIMHEHHBIX H3MEpEHHl
IBIDKEHUST 3y00B Obuta HEOHas 1uiockocTh (PP), koTOpas cBsi3pIBaeT MEpeAHIO U 3aHIOI0
HOCOBYIO OCThb. Me3uanbHO-meunblii Oyrop U6 m pexymuit kpaii Ul ucmonb3oBanuch Kak
OpUEHTHpHI Ha 3y0ax, M NepneHauKkyaspbsl oT HUX Kk PTV u PP wusmepsuuce Ha mpenmer
TOPU30HTAIIBHBIX WJIM BEPTUKAIbHBIX W3MEHEHUI, COOTBETCTBEHHO. B ciydasx aBoWHOTO
KOHTYpa JUIsl '3MEPEHUH HCII0JIb30BAJIaCh CEPEAMHA MEXIY IBYMsI OTMETKaMHU.

Jnst m3mMepeHust HakiloHa JiuHHas ock UG ompenensiyiach Kak JIMHUS, MTPOXOASIIAs Yepes
LEHTPAJIBbHYIO TOUKY U (ypKaluto, a JyinHHas ock Ul - kak TuHUS yepes pexXyuuil Kpail 1 KOpeHb
3yba. Haksion onpenensiicst Kak JopcokaynanbHbiil yron mexay tuauei Sella (S) — Nasion (N) u
COOTBETCTBEHHBIMHU JJIMHHBIMH OCSIMHU.

Takxke W3MEpSITUCh NPyTrHe TOKaszareiaw TelepeHTreHorpammbl, Takue kak SNA, SNB,
ANB, cooTtHomienue 3aauei u nepeareit Beicot juna (PFH/AFH), yros HakioHa OKKIFO3UOHHON
wiockoctu (SN-OP), yron HakinoHa HkHeuemocTHOH mtockoctd (SN-MP), carurranbHas 1mesb
(oBepkeT), M BEPTHKAIBHOE PE3II0BOE MEPEKPHITHE (OBEpOAKT).

Tabauna 1. CpaBHeHUE Bo3pacTa 10 JICUYCHHS, CPOKa JICUCHUSI, CPOKA HAOTIOACHUS MEXKTY
TPYNION UCTATU3alKUU U KOHTPOJIbHOM rpynmnon™

Hucramuzanus (n=19) | Koutposs (n=19) 3naueHue p
Bo3spact no neuenus |24.9 5.0 254 +49 793
(r)
[Tponomxurenprocts | 30.6 £ 12.2 16.2+ 3.0 .010*
nedyenus (TO-T1, mec)
[IpopomxkutenpHOCcTh | 36.9 + 23.3 474+ 11.1 .099
perennuu (T1-T2,
MecC)

*CpenHue 3HaueHUs * cTaHIapTHOE OTKIOHeHHe. [IpoBeneHbl He3aBUCUMBIE t-TeCThI I
cpaBHeHus nByX rpymi. TO — nepen nedenuem; T1 — nocne nedenus; T2 — peTeHIus.
*p <.05

CraTucruyeckuii aHaIm3

MuHUManbHOE KOJIMYECTBO TALMEHTOB, HEOOXOAMMBIX JUISl MCCICAOBAHMS, PACCUUTAIIH,
ucnonb3ys G*Power 3 (Disseldorf, Germany) ¢ muanmanbHbIM ypoBHeM 3Haunmoct p < 0.05 u
JIOBEPUTEIbHBIM HMHTepBajoM 95%, OCHOBBIBasCh Ha cTaThe, KOTOpas coolmana o 2 MM
ME3HabHOTO JBMKEHHUs Mocie aucTanusanuy ammaparom Pendulum.® Anamus nokasan, urto 6
CyOBEKTOB Ha I'pyIy JOCTaTOYHO /s 0OHapykeHus 2 MM nepemMerienus U6.

Bce wu3MepeHuss NpoBOIWINCH OJHMM SK3aMeHATopoM. J[Isi KOHTpOJIs HaAEKHOCTH
M3MEpEHHUs IOBTOPSUIUCH MECAI] CITYCTsl Y BOCBbMH CyOBEKTOB Ha I'PYIIY, YTO IMOKA3al10 BBICOKYIO
HaJI&KHOCTH (BEJIMYMHA BHYTPUKIIACCOBOTO K03 durrenTa koppessiuuu 0.947-0.991).

[Tocne monTBep kKICHUST HOPMAIBHOTO paclpeleieHuss TaHHBIX TectoM Shapiro-Wilk
NPOBEJICH HE3aBUCUMBIi t-TecT, ucronb3ys mporpaMmMmHoe odecniedenne SPSS, Bepcust 23.0 (IBM
Corp, Armonk, NY, USA). 3uauenue p menbiie 0.05 cuntanioch cTaTHCTUYECKH 3HAUUMBIM.



PE3YJIbTATHBI

Pesynpratel npeacrasiensl B Tabmunax 1 — 4. Cpenssist mpoJOHKUTENBHOCTD JICUCHHS
cocraBmia 30.6 mecsne (crannaptaoe otkioHenue [SD] = 12.2) s rpynnsl TucTaliu3aniy |
16.2 mecsimia (SD = 3.0) /U1t KOHTPOJILHOM TPYIIIIBL; CPETHSISI IIPOIODKUTEIBHOCT PETCHIIUH ObLiTa
36.9 mecsaueB (SD = 23.3) mis rpynmnsl guctamusamuu u 47.4 mecsua (SD = 11.1) s
KOHTpOJIbHOH rpymisl (Tao. 1).

[lepen neyeHreM HEKOTOPBIE U3MEPEHHUS TIOKA3aJIM 3HAYUMYIO PA3HHUILY MEXIY TPYIIIaMU
(Tab. 2). Mexay rpymmnoi IMCTaaIu3alii ¥ KOHTPOJIbHOM, HapuMep, ObLJIO pa3inyKe B BETUYHHE
yriia SNB (p <.001) u ANB (p < .01). PFH/AFH u SN-MP Tarke pa3imyainch 3HAYUTEIHHO
mexay rpynmnamu (p < .01), mokasbeiBasi 00Jice TOPU30HTAIBHBIA THUI B KOHTPOJILHOM TPYIIIE 10
CpaBHEHHIO C HEHTPAJIILHBIM TUIIOM B Tpymie auctanuiauuu. Aarysmsiaus U6 n nakmuHanus Ul
HE CHJIBHO OTJIMYAIHCh Mex 1ty rpymmamu (p > 0.05).

Ta6auna 2. CpaBHEHHE CKEIIETHBIX U 3yOHBIX N3MEPEHUH 10 JICUCHUST MEXKIY TPYIIIOH
JTUCTAM3AIUA U KOHTPOJIBHOU Tpymnmnoit.?

Hucrammzamums (n=19) | Kortpons (N=19) 3HayeHue p
CarutraiabpHble TapaMeTpsl
SNA (°) 80.564.6(72.4,884) |82.1624(76.1,84.6) |0.196
SNB (°) 75.163.6(69.0,80.7) |79.763.6(74.4,81.8) |.000***
ANB (°) 5362.3(3.1,9.0) 2.462.7(-3.0,5.5) .001**
Overjet, Mmm 49622(1.8,9.9 3.9620(1.0,5.3) 175
Overbite, mm 2.261.8(-0.4,6.8) 24616 (-2.0,5.3) .760
BeprukanbHble napamMeTpsl
PFH/AFH (°) 62.866.5(54.1,74.6) |68.165.1(58.7,78.6) |.008**
SN-OP (°) 20.764.8(13.0,29.0) |18.765.3(12.2,27.7) |.238
SN-MP (°) 39.167.9(23.2,50.3) |31.566.4(19.8,43.9) |.003**
3yOHbBIE TapaMeTpHI
Ul to SN (°) 105.2 6 5.0 (97.8, 106.56 8.7 (91.1, .552
113.8) 118.6)
U6 to SN (°) 60.367.2(50.2,69.8) |62.767.6(51.7,74.1) |.338

*CpenHue 3HaYCHUS * CTaHJAPTHOE OTKIOHEHHE (MUHUMYM, MAaKCHMYM )

[IpoBeneHbl He3aBUCHUMBIE t-TeCTBI ISl cpaBHEHUs IBYX rpymnn. AFH — nepeaHsist BeicoTa
auna; ANB, Touka A - nasion- touka B; MP — mnockocts HuxkHel yemroctu; PFH — 3aqass
BoeIcoTa Jinia; SN, mrockocts Sella-nasion; SNB, sella-nasion- Touka B; Ul — rieHTpanbHbIit

BepxHHii pesel; U6 — nepBrlii Mossip. Overjet - caruttanbHas menb. Overbite - BepTUKanbHOE
NEPEKPBITHE PE3LIOB.
*p<.01;**p<.001

Bo Bpems neuenns (Ta6. 3; Puc. 3) B rpynmne qucranu3anuu koponka U6 mepemectunach
muctanbHo Ha 4.2 MM (p < .001) 6e3 kakoro-amuO0 3aMETHOTO BEPTHKAIBHOTO JIBHIKCHUS HIIH
Haksona (p > 0.05). Kak pe3ynbrar MEXaHUKHM JHCTATU3AIMU [0 CPABHEHHIO C KOHTPOJILHON
rpynmoii koponka Ul mepemectuiach 3HauMMO B 33JHeM HampasieHnd Ha 3.4 MM (p < .01) 6e3
SIBHOTO JIBWDKEHMSI B BEPTHUKAIBHOM HaIlpaBlieHHMH. TeM He MeHee ObUT 3HAUUTENbHbIA HEOHBIHM



HakioH (p < .05), KOTOPBIH BBI3BAJ JOCTOBEPHOE COKpAIIICHUE caruTTaabHOM mienu Ha 2.0 MM (p
< .01). HekoTtopasi cTaTUCTHYECKH He3Hauumas MHTpY3ust koporok U6 (p > 0.05) u skcrpy3us
koporok U1 (p > 0.05) B rpymme qucranu3anuy Mo CPaBHEHUIO ¢ KOHTPOJIBHOM I'PYIIION, TEM HE
MEHEE 3HAYMMO YBEJIIMYMIIN YIoJl HAaKJIOHA OKKITIO3MOHHOM miockocTH, Ha 3.3° (p < .01).

Taoauna 3. CpaBHEHHE CKENIETHBIX U 3yOHBIX U3MeHeHuid Bo Bpems euenus (T1-T0) mexmy
IpyNIoN JUCTAIU3aluU U KOHTPOJBHOM rpynmnon®

Nucranmuzanus (n=19) | Koutposs (N=19) 3Ha4yeHue p

HCpCMGHICHI/IG MOJIAPOB U BEPTUKAJIbHBIC CKCJICTHLIC U3MCHCHUSA

U6 Cr Hor

U6 Cr Ver

U6 ock

PFH/AFH (°)

SN-OP (°)

SN-MP (°)

HepeMemeHI/Ie PE3UOB U TOPU30OHTAJIBHBIC CKCJICTHBIC H3MCHCHU A

U6 Cr Hor

U6 Cr Ver

U1 to SN (°)

Overjet, Mmm

Overbite, mm

SNA (°)

SNB (°)

ANB (°)

*CpenHue 3HaUeHUS * CTaHIapPTHOE OTKIOHEHHE (MUHUMYM, MaKCUMYyM)
[IpoBeneHbl He3aBUCUMBIE t-TECTHI 17151 CPAaBHEHUS ABYX TPYIII.

AFH — nepennss Boicota quia; ANB, Touka A - nasion- touka B; Cr, koponka; Hor,
ropusoHTaNbHOE paccTtosinue; MP — mockocTs HibkHel yentoctu; OP, OKKIIF03nOHHAS
mrockocth PFH — 3amuss seicota muna; SN, miockocts sella-nasion; SNB, sella-nasion- Touxka
B; Ul — nenrpanbHblii BepxHuit pesew; U6 — nepsbiif Mosisip; VEr, BepTUKaIbHOE PacCTOSTHHE.
Overjet - caruttanbHas mienb. Overbite - BepTUKaTbHOE TIEPEKPHITHE PE3IIOB.

*p<.01;**p<.001



Pucynok 3. Cxematnyeckuii puCyHOK U3MEHEHHH B TPYIINE AUCTANIN3ANNH (CIieBa) U
KOHTpPOJIbHOM TpyIe (crpasa) BO BpeMsl U nociie auctanu3anuu. [IpeppiBucTas, HempepbIBHAS U
MYHKTHPHAS JTMHUH 0003HAYAIOT NEPUOIBI 10, Cpasy MOcCiIe, U MPUMEPHO depe3 3-4 rofa nocie
JIEYEHMsI, COOTBETCTBEHHO.

Bo Bpems pereniu (Ta0. 4) He ObUIO BBISBICHO 3HAYUMON PA3HUIBI MEXKIY IBYMS TPYIIIaMH
OTHOCHTEIIFHO TOPH30HTAIBHBIX 3YOHBIX WJIM CKEJIETHBIX IapaMeTpoB. BepTukaibHbIE
M3MEHEHHsI HaOJIoNaINCh TOJNBKO B OTHomeHMH UG W CKeNeTHBIX HapaMeTpoB: B TPYIIIE
JMCTAIA3AIINH TT0 CPAaBHEHUIO ¢ KOHTPOJIbHOU UG 3HAYUTETBHO SKCTPY3UPOBAJICS, B TO BPEMSI KaK
B KOHTpoJbHOU Tpymme mokasatenu PFH/AFH (p < .05) u SN-MP (p < .05) usMeHHIHCH B
CTOPOHY 00Jiee TOPU30HTATIBHOIO TUIIA JINLIEBOTO CKEJIeTa.

OBCYXJIEHHUE

B BeIOOpKe n3 38 manueHTOB JaHHOE WCCIEOBAaHWE OOHAPYKHIIO CTaOMIBHOCTD
IMCTANN3AMN TyTeM TEePEMEIICHUsT BCEro BEPXHEro 3YOHOTO psga IO CpPaBHEHHIO C
KOHTPOJILHOH TPYIIION B TEUYEHHUH PETCHIMOHHOTO mepuoga B 42 mecsama (SD = 19): (1)
JMCTAJIA3AIIMS BCETO BEPXHETO 3yOHOTO psijia MPHUBEJa K JUCTATBHOMY IIEPEMEIICHUIO U UHTPY3UU
MEPBBIX BEPXHUX MOJISPOB (0€3 HAKIOHA), PETPAKIIMK ¥ HEOHOMY HAKJIOHY BEpHUX pe3loB (0e3
3HAYUTEIbHBIX BEPTUKAIBHBIX JBM)KCHUI) U YCHJICHHIO HAKIIOHA OKKIFO3UOHHOW TUIOCKOCTH; U
(2) otmeuancs 3HAUYNTEbHBINA PEIMIUB JOCTUTHYTOW HHTPY3UU BEPXHHUX MEPBBIX MOJISIPOB. XOTS
B KOHTPOJBHOH TpyIie HaOMoganach pOTalys HUKHEW YENIOCTH MPOTHUB YACOBOHM CTPEIKH
(yBenmuuenne PFH/AFH u ymenbmienne SN-MP) 1o cpaBHEHHIO C TPYIIION JUCTAIM3AlMNA B
perenimonHoM nepuose, 3HaueHus 1.0% PFH/AFH u 0.9° SN-MP B cpeaHeM MOKHO CUHMTATh
KJIMHHYECKH He3HAYMMBIMH.

JIBe rpyIibl B3POCIIBIX MAMEHTOB 3HAYMTEILHO OTIIMYAIHCH M0 CpoKy jedenus (p < .05).
DTO JOTMYHO, TaK KakK AMCTAIM3alUsl TpeOyeT OOJIbIIeH OPTOJAOHTHYECKOW KOPPEKIMH W
BPEMCHHU, YeM JICUCHHE KOHTPOJBHON TIpYIIbI C MEHBIIMMH OObEMaMH IEpEeMEIICHUI.
KacaTtenbHO MpOIOIDKUTENBHOCTH PETCHIIMY, TPyIa TUCTAIH3AlMd UMela B CpeaHeM 3 roja
PETEHIIUH, YTO CXOXE C JAHHBIMH HEIABHO OMYOJIMKOBAHHBIX MCCIEJOBAaHUN MO pPETEHLUH,
MHOI/Ia Ja’ke Y PacTyIIUX nanuenToB. >34 KoHTponbHas rpymnma ¢ HeGoJIbIIME HepeMeIeHUIMH
3y0OB UMela HEMHOTO OOJIBLIN epHO1 PEeTEHINH, OKOJIO 4 JIeT.
3HaunTeNbHAS Pa3HUIIA ObliIa 3aMeYeHa MKy IPYIION AUCTATU3AUY U KOHTPOJIBHOM Ipynnon
B (aze TO B Benmnunnax yriaoB SNB u ANB, Taxxke kak B BepTukaibHbIX 3HaueHusix PFH/AFH u
SN-MP. Beipaxennsiii |l k1ace, orpaskennsiit B yrinax SNB u ANB B rpynne nucranuzanuu 1o
cpaBHEHMIO ¢ | KjaccoM B KOHTPOJIBHOM TIpyIiie 4eTKO 0003HadaeT HEeOOXOAMMOCTH JEUCHHS
JMCTaTM3aluei Ha BEpXHEW YemocTH Ui Koppekimu naronoruu || kmacca. 3nayenus PFH/AFH
u SN-MP oOHapyKuBalOT HEHTpaNbHBIM THUIl JIMI[Aa B TPYyINIE AUCTATU3ALMH, a NAlUEHTH B
KOHTPOJIHOH TPYIIE MOKa3bIBalOT 00JIee TOPU30HTAIBHBIHN THII.



Taoauna 4. CpaBHeHUE CKEIETHBIX U 3yOHBIX M3MeHeHHH Bo Bpems pereHimn (T2-T1) mexay
IPYNION JUCTAIU3aLUN U KOHTPOJIBHOM Irpynmnon®

Hucramuzanus (n=19) | Kourposs (n=19) 3Ha4yeHue p

I[BI/DKGHI/IC MOJIAPOB U BEPTHUKAJIBHBIC CKCIICTHBIC N3MCHCHUA

U6 Cr Hor

U6 Cr Ver

U6 ock

PFH/AFH (°)

SN-OP (°)

SN-MP (°)

HBI/I)KGHI/IG PE3UTOB U TOPHU3OHTAJIBHBIC CKCJICTHBIC H3MCHCHUA

U6 Cr Hor

U6 Cr Ver

U1 to SN (°)

Overjet, Mmm

Overbite, mm

SNA (°)

SNB (°)

ANB (°)

*CpenHue 3HaYCHUS * CTaHJAPTHOE OTKIOHEHHE (MUHUMYM, MaKCHMYM )
[IpoBeneHbl He3aBUCUMBIE t-TECTHI 17151 CPAaBHEHUS ABYX TPYIII.

AFH — nepennss Boicota quia; ANB, Touka A - nasion- touka B; Cr, koponka; Hor,
ropu3oHTaNbHOE paccTtosinue; MP — mockocTs HibkHel yentoctu; OP, oKKkiIt03noHHAS
mockocTh PFH — 3anusas Beicora muna; SN, miockocts Sella-nasion; SNB, sella-nasion- Touxa
B; Ul — nenrtpanbHblii BepxHuit pesert; U6 — nepsblif Mosisip; VEr, BepTHKaIbHOE pacCTOSTHHE.
Overjet - caruttanbHas menb. Overbite - BepTUKaTIbHOE TIEPEKPHITHE PE3IOB.

*p<.01;**p<.001

H3MeHeHus mociie Je4eHus B 00eux Tpyimnax yKas3bIBalOT Ha HC6OJ'IBI_HI/IC, HO 3HAaYHUMBIC
pa3iiniuAa B CKCIICTHBIX BECPTUKAIBHBIX U3MCHCHUAX, YTO, C OJHOH CTOPOHBI, MOKHO CIIMCATh HaA
«HOpMaJ'ILHHﬁ nponecc CO3p€BaHI/I$I»35 COOTBCTCTBYIOLICTO THIIA PpOCTa, C I[pyl"Oﬁ CTOPOHBI, OTHU



u3menenust (1% cpenneit pasuuisl B PFH/AFH u 0.9° pasuunsr B8 SN-MP) Obutn crmuiikom
HEOOJIBIIMMH U MOTYT OBITh IIPU3HAHBI KIIMHUYCCKA HE3HAYUMBIMH.

B rpymme aucranuzaiuu ObLI0O OTMEYCHO 3HAYUTEIBHOE AMCTAILHOE JBMIKEHUE KOPOHOK
U6. OHO JOCTIKHMO C MCIONb30BaHHEM pa3HbIX anmapatoB®® n mexannk.>? ucrammarmus
3y0OB TOJIBKO 3a CUET IBMIKCHUS KOPOHOK, MJIH JAUCTAJIbHBIM HAKIOH OMUCHIBACTCS KaK TiIaBHAs
npuunHa  permmBoB.’*®  Pasnuumble MEXaHMKM C  HMCMONB30BAHMEM CKEJNETHOH OMOPHI
TIOKa3bIBAIOT YMEHBIIEHNE JMCTAIBHOTO HAKIOHA BO BPeMs JWCTanM3amuu-"'’ u naxe mOJHBIH
KOHTPOJb Haj aBwkeHneM KopHeil.>®* JlamHble Takke MOKa3amum KOPIYCHOE JHCTANBHOE
newkenue U6, naxe ¢ HakmoHoM Me3uanbHo Ha 0.6° (SD = 2.6°) B rpymie aucraiu3anui. DT
nu3MeHeHus B HakioHe U6 ObLIM 3HAYMMBIMU 10 CPABHEHUIO ¢ KOHTPOJILHOM TPYIIION; 3TOT THII
nepeMeIeHus: MPUBOAUT K cTabmibHocTH UG B carnTTajbHOM HAIPaBICHUHA B TCUCHHE BCETO
PETEHIHOHHOTO MTEPHO/IA.

AHanmu3upys MepeMelIeHne BEPXHUX PE3I0B B TOPU30HTAILHOM HAIPAaBICHHH, MOYKHO
OTMETHTh 3HAYMUTEIbHOE HEOHOE OTKIOHEHHWE, OCTaBIIeecss CTAaOWIBHBIM B  TEUYCHHE
PETEHIIMOHHOrO MepHoIa U 0ITOMY KIMHIYecku npuemnemoe. Tem He menee Lossdorfer et al. !
MOKa3aJId, YTO POTAIMs OKKIIO3MOHHOM IUIOCKOCTH YETKO 3aBUCUT OT WHKJIMHAIMHK Pe3loB. B
rpyIIe JUCTATU3AINN TaHHOTO UCCIIEI0BaHMsI HE3HAYMMast HHTPY3HUs BepXHUX MOJIsipoB (p >.05)
B KOMOWMHAIIMHM CO 3HAYMTEIILHBIM HEOHBIM HAKIOHOM BepxXHUX pe3ioB (p < .05) mpuBoamia K
YCHUJICHHTO HaKJIOHA OKKITI03HMOHHOH ttockoct (SN-OP, p <.01), kak moka3aHo B HCCIICTIOBAHUIX
panee.!’ 3HaunMble H3MEHEHNUS TOPU30HTAIBHOTO MOJI0KEHHS PE3I0B TOMOTIIH CKOPPEKTHPOBATH
CaruTTAIBHYIO IEJTb B IPYIIIE AUCTATH3AIHH.

[Mocne meyennst UG B cpeHeM SKCTPY3HPOBAJICS HA TY JK€ BEIMUUHY, HA KOTOPYIO OH OBLI
HHTPY3UPOBAH BO BpEMsI JICYSHHUS. ITO YACTUIHO MOKET OOBSICHATHCS BEPTUKATBHBIM PEIHIHBOM
MpeANIeCTBOBABIICH HHTPY3UH. OKKITIO3MOHHBIC W HEOOJIBIINE JIMIEBbIC U3MEHEHUS, KOTOPhIE
MIMEIOT MECTO Y JIFOfieil Ha TPETheM JeCATKE JKU3HM, *2 MOTYT OBITh TaKKe OTBETCTBEHHEI 32 4aCTh
ATUX NEPEMEILICHUH.

3a BeCh MCCIIEAYCSMBbIii IIEPHO/T MOCIIE JICYCHHUS CTAOUIBHOCTh CarUTTAIbHBIX, BEPTUKAIBHBIX
Y aKCHAJIbHBIX TIEPEMEIIICHHI B pe3y/IbTaTe JCUCHHUs ObLTa Oe3yNpeyHOi, KOT/1a B KAYECTBE OMOPHI
IS IACTATM3AIAN UCTIONIb30BATIMCh MUHUBUHTBL. [103TOMY MOYKHO C YBEPEHHOCTBIO 3asBUTh, YTO
B paMKax JaHHOTO MCCIIeI0BaHus, jedenue |l kmacca ¢ mucranu3aiyeil BEpXHUX MOJISIPOB 3a CUET
JIBMDKCHHUSI BCETO BEPXHEr0 3yOHOTO psila Tak )K€ CTaOMJIbHO, KaK U JICYCHHUE ¢ MUHUMAJIbHBIM
ME3UOAUCTATBHBIM MIEpEMEIICHUEM 3y00B.
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Original Article

Long-term stability of miniscrew anchored maxillary molar distalization in

Class Il treatment

Till Edward Bechtold®; Young-Chel Park®; Kyung-Ho Kim®; Heekyu Jung?; Ju-Young Kang?; Yoon

Jeong Choi®

ABSTRACT

Objective: To investigate treatment stability of miniscrew-anchored maxillary distalization in Class
Il malocclusion.

Materials and Methods: This retrospective study included a distalization (n=19) and a control (n=
19) group; a patient group with minor corrections served the control. Lateral cephalograms of 38
adult patients were taken before (T0), immediately after (T1), and 3-4 years after (T2) treatment.
Horizontal and vertical movement and tipping of the maxillary first molars (U6) and central incisors
(U1) were measured along with skeletal craniofacial parameters at three time points to compare the
two groups regarding the achieved treatment effects and their stability.

Results: Total arch distalization therapy led to 4.2 mm of distal movement of U6 without distal
crown tipping (0.6° of axis change) and 3.3° of occlusal plane steepening. Over an average
retention period of 42 months, maxillary total arch distalization provided high stability of treatment
results, showing the same amount of mesial movement (0.7 mm) as the control group.
Conclusions: In Class Il treatment, miniscrew-anchored maxillary total arch distalization can
provide stable distal movement of the maxillary first molars and central incisors. (Angle Orthod.
2020;90:362—-368.)

KEY WORDS: Molar distalization; Class Il malocclusion; Miniscrew anchorage; Total arch

distalization; Stability; Relapse
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INTRODUCTION

The stability of resolutions for dental crowding
depends on the amount of space in the dental arch
and the amount of space available through transverse
and sagittal correction. Distalization can be indicated to
regain space in a dental arch or to gain additional
space when the transverse dimension and incisor
inclination do not allow any further stable increase of
space.'"® Molar distalization is the objective of a sizable
number of appliances relying either on dentoalveolar*?®
or extraoral'/labial"" anchorage. Any dentoalveolar
anchorage inevitably bears a somewhat self-defeating
countermovement of the anchoring segment,” and
devices like a headgear or lip-bumper largely depend
on patient compliance. Hence, all these options put
moderate amounts of distalization as a treatment goal
in jeopardy and make large amounts of distalization
improbable to achieve.

The amount and quality of distalization possible was
enhanced tremendously by introduction of skeletal
anchorage (noncompliance) methods™ to entirely
eliminate unwanted countermovement during distaliza-
tion.”*'®* The introduction of miniscrew implants made
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STABILITY OF TOTAL ARCH DISTALIZATION
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Figure 1. lllustration of intraoral mechanics used for the total arch
distalization group.
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skeletal anchorage more easily accessible for the
orthodontist.’®* Miniscrew implants can be loaded
directly'®' or through scaffolding'®'® and have been
shown to enable distal movement of the molars and
premolars at the same time,**?' causing minimal distal
tipping of the molars®?* which suggests high stability.
However, throughout a lifetime, permanent molars
exhibit mesial migration,® attributed to the anterior
component of force, which is explained to result from
mesial inclination of teeth.?**¢ Although mesial migra-
tion is regarded as a physiologic phenomenon, this
context could mean reduced stability of molar distali-
zation results.

Class Il malocclusion combined with a lack of
adequate space in the maxillary dental arch can be
solved using miniscrew-anchored maxillary molar
distalization.?”*® In this study, the hypothesis was that
maxillary molar distalization, specifically total arch
distalization, can achieve stable treatment results
compared with minimally treated subjects in terms of
anterior and posterior dental changes.

MATERIALS AND METHODS

This study was performed after approval of the
institutional review board of Yonsei University Dental
Hospital (IRB No. 2-2016-0017), which waived the
requirement for written informed consent because of
the retrospective nature of this study.

Subjects

This retrospective, cross-sectional cohort study was
conducted on consecutive patients who had visited the
Department of Orthodontics at Yonsei University
Dental Hospital from January 2015 to February 2019
for retention follow-up. Subjects were selected who
had lateral cephalograms before (TO), immediately
after (T1), and at least 2 years after (T2) treatment.
Subjects were included who had Class Il malocclusion
at TO and whose amount of distalization of U6 was over
2 mm.
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The experimental group had undergone maxillary
total arch distalization using elastomeric chains be-
tween long crimpable hooks mesial to the maxillary
canines and interradicular miniscrews positioned be-
tween the maxillary second premolar and first molar
(UB) on each side (Figure 1, distalization group).
Before and after distalization, the amount of distal
alveolar bone was confirmed on a panoramic radio-
graph and lateral cephalogram. In cases of a large
amount of total arch distalization, repositioning of the
interradicular miniscrews was necessary toward the
end of treatment since miniscrew tips were angled
apically and the sagittal span of interradicular bone
exceeded the space measured at the mid-root level.

The control group had minor tooth movement, less
than 1 mm anteroposterior movement of the maxillary
central incisor (U1) and U6 during treatment. All control
group patients had Class | or Class Il malocclusion at
TO. Exclusion criteria for both groups were: restorative
treatment of U1 or U6 at any time during the
observation period, dentofacial deformity, history of
orthognathic surgery, and age <18 years at TO.

Based on the inclusion/exclusion criteria, 19 sub-
jects (mean age at TO, =24.9 years; 4 men and 15
women) for the distalization group and 19 subjects
(mean age at TO, =25.4 y; 8 men and 11 women) for
the control group were included (Table 1). Regarding
retention, fixed lingual retainers from canine to canine
were bonded in all subjects at T1. All patients wore
removable circumferential retainers at night.

Measurements

Changes in position and axis of U6 and U1 and
skeletal cephalometric parameters were measured
(Figure 2). The pterygoid vertical (PTV) plane was
used as a reference plane for horizontal linear
measurements of tooth movement.?” PTV, which is
known to be a stable reference plane in the sagittal
direction,? is constructed by connecting Sella ethmoi-
dale, which is an intersection point of the anterior
cranial base and the greater wing of the sphenoid
bone, and the inferior point of the pterygomaxillary
fissure on lateral cephalograms.® The reference plane
for vertical linear measurements of tooth movement
was palatal plane (PP), which connects the anterior
and posterior nasal spine. The mesiobuccal cusp for
U6 and incisal edge for U1 were used as landmarks,
and their perpendicular distances to PTV and PP were
measured for horizontal and vertical changes, respec-
tively. In cases of double contours, the middle between
the two landmarks was used for measurement.

To measure changes in axis, the long axis of U6 was
defined as a line through the centroid point and
furcation point and the long axis of U1 as a line
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Table 1. Comparison of Pretreatment Age, Treatment Duration,
and Duration of Retention Between Distalization and Control Groups?

Distalization Control
(n=19) (n=19) P Value
Age at TO (y) 249 + 5.0 254 + 49 .793
Duration of treatment 30.6 = 12.2 16.2 = 3.0 .010*
(TO-T1, mo)
Duration of retention 36.9 + 23.3 474 + 111 .099
(T1-T2, mo)

2 Data are present mean * standard deviation. Independent t-
tests were performed to compare two groups. TO indicates before
treatment; T1, after treatment; T2, retention.

* P < .05.

through the incisal edge and root apex. The dorsocau-
dal angle between the Sella (S) — Nasion (N) line and
the respective long axis was measured as the angle of
the long axis. Other cephalometric values such as
SNA, SNB, ANB, posterior/anterior facial height ratio
(PFH/AFH), occlusal plane angle (SN-OP), mandibular
plane angle (SN-MP), overjet, and overbite were also
measured.

Statistical Analysis

The minimum number of subjects was calculated
using G*Power 3 (Dusseldorf, Germany) with a
significance level of P < .05 and a power of 95%
based on an article that reported 2.0 mm of mesial
movement after distalization by the Pendulum appli-
ance.®" Power analysis confirmed that 6 subjects per
group were sufficient to detect a 2-mm difference of U6
movement after distalization.

Figure 2. Cephalometric (A) linear and (B) angular measurements.
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One examiner performed all measurements. To test
intraexaminer reliability, the measurements were re-
peated after a 1-month interval for eight subjects per
group, which showed high reliability (range of the
intraclass correlation coefficient, 0.947-0.991).

After confirmation of normal distribution of the data
by Shapiro-Wilk test, an independent ftest was
conducted using SPSS software, version 23.0 (IBM
Corp, Armonk, NY, USA). A P value less than .05 was
considered statistically significant.

RESULTS

Results are shown in Tables 1 through 4. Mean
treatment duration was 30.6 months (standard devia-
tion [SD] = 12.2) for the distalization group and 16.2
months (SD = 3.0) for the control group; mean duration
of retention was 36.9 months (SD = 23.3) for the
distalization group and 47.4 months (SD = 11.1) for the
control group (Table 1).

Before treatment, some measurements showed
significant differences between the groups (Table 2).
Between the distalization and control group, for
example, there was a significant difference in SNB
angle (P < .001) and ANB angle (P < .01). PFH/AFH
and SN-MP angle differed significantly between the
distalization and control groups (P < .01), showing a
more horizontal facial type in the control group
compared with a neutral facial type in the distalization
group. U6 angulation and U1 inclination did not differ
significantly between the groups (P > .05).

During treatment (Table 3; Figure 3), in the distaliza-
tion group compared with the control group, the U6
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Table 2. Comparison of Skeletal and Dental Measurements Before Treatment Between Distalization and Control Groups*
Distalization (n = 19) Control (n = 19) P Value
Sagittal values
SNA (°) 80.5 = 4.6 (72.4, 88.4) 82.1 = 2.4 (76.1, 84.6) .196
SNB (°) 75.1 = 3.6 (69.0, 80.7) 79.7 = 3.6 (74.4, 81.8) .000***
ANB (°) 5.3 £ 2.3 (3.1,9.0) 2.4 + 27 (-38.0,5.5) .001**
Overjet (mm) 49 +22(1.8,9.9) 3.9 £20 (1.0, 5.3) 175
Overbite (mm) 22 +1.8(-04,6.8) 24 +16 (-2.0,5.3) .760
Vertical values
PFH/AFH (%) 62.8 = 6.5 (54.1, 74.6) 68.1 = 5.1 (58.7, 78.6) .008™*
SN-OP (°) 20.7 = 4.8 (13.0, 29.0) 18.7 + 5.3 (12.2, 27.7) .238
SN-MP (°) 39.1 = 7.9 (23.2, 50.3) 31.5 + 6.4 (19.8, 43.9) .003™*
Dental values
U1 to SN () 105.2 = 5.0 (97.8, 113.8) 106.5 = 8.7 (91.1, 118.6) .552
U6 to SN (°) 60.3 = 7.2 (50.2, 69.8) 62.7 = 7.6 (61.7, 74.1) .338

 Data are present mean = standard deviation (minimum, maximum).

Independent t-tests were performed to compare two groups. AFH indicates anterior facial height; ANB, A point-nasion-B point; MP, mandibular
plane; OP, occlusal plane; PFH, posterior facial height; SN, sella-nasion plane; SNA sella-nasion-A point; SNB, sella-nasion-B point; U1, maxillary

central incisor; U6, first molar.
** P < .01; *** P <.001.

crowns moved significantly distally by 4.2 mm (P <
.001) without any significant vertical movement or
tipping (P > .05). As a result of the distalization
mechanics, compared with the control group, the U1
crowns moved significantly in a posterior direction by
3.4 mm (P < .01) without significant movement in a
vertical direction. However, there was significant
palatal tipping (P < .05) which resulted in a significant
decrease of overjet by 2.0 mm (P < .01). The
nonsignificant intrusion of U6 crowns (P > .05) and
extrusion of the U1 crowns (P > .05) in the distalization
group, compared with the control group, steepened the
occlusal plane significantly by 3.3° (P < .01).

During retention (Table 4), there were no significant
differences between the two groups regarding horizon-

tal dental or skeletal parameters. Vertical changes
were observed only in U6 movement and skeletal
parameters: in the distalization group, compared with
the control group, U6 extruded significantly, while in the
control group compared with the distalization group,
PFH/AFH (P < .05) and SN-MP (P < .05) changed to a
more horizontal facial pattern.

DISCUSSION

In a sample of 38 adult patients, the present study
revealed stable anterior and posterior distalization
caused by maxillary total arch distalization compared
with the control group over an average retention period
of 42 months (SD = 19): (1) maxillary total arch

Table 3. Comparison of Skeletal and Dental Changes During Treatment (T1-TO) of Distalization and Control Groups*

Distalization (n = 19) Control (n = 19) P Value
Molar movement and vertical skeletal impact
U6 Cr Hor (mm) 42 +20(-7.2,-2.1) 04 = 0. 5 (-0.3,0.9) .000***
U6 Cr Ver (mm) -0.8 = 2.6 (4.8, 3.4) 04 =11 (-1.1,1.1) .087
U6 axis (°) 0.6 = 3.8 (-4.6,7.7) 0.1 = 3 3(-4.7,5.9) .689
PFH/AFH (%) 0.6 + 2.6 (-3.2, 5.8) -0.1 £ 1.9 (-2.7,4.7) .348
SN-OP (°) 3.3 43 (-5.9, 87) -0.6 + 2.2 (-3.7,2.2) .001**
SN-MP (°) —0.5 + 4.3 (-5.9, 4.8) 0.4 = 1.6 (-2.0, 2.8) 442
Incisor movement and horizontal skeletal impact
U1 Cr Hor (mm) -3.4 = 3.5 (-11.1, 0.5) -0.1 = 1.3 (-2.6, 2.5) .001**
U1 Cr Ver (mm) 0.1 = 1.7 (-6.0, 1.8) -0.1 + 1.4 (-2.1, 2.0) .623
U1 to SN () -3.9 = 51 (-13.3, 1.2) -0.7 = 44 (-5.0,5.4) .045*
Overjet (mm) -2.0 = 2.0(-8.1,0.2) -02 =15 (-2.6,1.7) .003™*
Overbite (mm) -0.2 + 1.4 (2.7, 1.5) -0.1 = 1.2 (2.6, 3.0) .929
SNA (°) —0.6 + 24 (-2.2,2.7) 0.0 = (-1.9,2.1) .338
SNB (°) 0.1 =24 (-15,34) -0.1 £ 1.2 (-2.5, 2.8) 779
ANB (°) -0.6 + 1.2 (-3.2, 0.8) 0.1 = (-1.8,1.8) .056

* Data are present mean * standard deviation (minimum, maximum).

Independent t-tests were performed to compare two groups. AFH indicates anterior facial height; ANB, A point-nasion-B point; Cr, crown; Hor,
horizontal distance; MP, mandibular plane; OP, occlusal plane; PFH, posterior facial height; SN, sella-nasion plane; SNA sella-nasion-A point;
SNB, sella-nasion-B point; U1, maxillary central incisor; U6, first molar; Ver, vertical distance.

* P <.05;* P<.01; "™ P <.001.
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Figure 3. Schematic drawing of the changes in the distalization (left) and control (right) groups during and after distalization. Dotted, solid, and
dashed lines indicate before, immediately after, and approximately 3—4 years after treatment, respectively.

distalization resulted in distal movement and intrusion
of the maxillary first molars (without tipping), retraction
and palatal tipping of the incisors (without significant
vertical movement), and steepening of the occlusal
plane; and (2) there was significant relapse of the
achieved maxillary first molar intrusion. Although
counterclockwise rotation of the mandible (increase
of PFH/AFH and decrease of SN-MP) was found in the
control group, compared with the distalization group
during retention, the average range of 1.0 % PFH/AFH
and 0.9° SN-MP can be considered clinically insignif-
icant.

The two treatment groups of adult patients differed
significantly regarding duration of treatment (P < .05).
Logically, because of the need for greater orthodontic
correction, the total arch distalization group underwent
a longer treatment time than the control group with
minor tooth movements. As for the duration of retention

investigated, the distalization group had an average of
over 3 years of retention, which was similar to findings
of recently published studies on retention, some even
in growing patients.**** The control group with minor
tooth movement had a slightly longer retention period
of nearly 4 years.

Significant differences were noted between the
distalization and control group at TO in SNB and ANB
angles as well as the vertical values PFH/AFH and SN-
MP. The significant Class Il relationship reflected by
the SNB and ANB angle in the distalization group
compared with a Class | relation in the control group,
clearly indicated the treatment need for maxillary
distalization in order to correct the Class Il occlusion.
PFH/AFH and SN-MP values revealed a neutral facial
pattern in the distalization group, while patients in the
control group showed a growth pattern that was
significantly more horizontal. Posttreatment changes

Table 4. Comparison of Skeletal and Dental Changes During Retention (T2-T1) of Distalization and Control Groups*®

Distalization (n = 19) Control (n = 19) P Value
Molar movement and vertical skeletal impact
U6 Cr Hor (mm) 0.7 = 0.6 (0.0, 1.6) 0.7 = 0.4 (0.1, 1.6) .730
U6 Cr Ver (mm) 0.9 + 0.7 (-0.7,1.9) 0.2 = 0.9 (-1.6, 1 .9) .018*
U6 to SN (°) 0.6 = 1.4 (-1.5,4.0) 0.5 +22(-3.2,4.9) .954
PFH/AFH (%) -0.4 = 0.7 (-1.7,1.0) 0.6 =+ 1.5 (-2.7, 3.1) .012*
SN-OP (°) -0.3 = 2.1 (-3.7, 2.8) -0.1 = 2.1 (-5.0, 3.4) 721
SN-MP (°) 0.5+ 0.8 (-1.1,1.2) -0.4 = 1.7 (-3.0, 2.9) .049*
Incisor movement and horizontal skeletal impact
U1 Cr Hor (mm) 0.2 + 0.6 (-0.9, 1.1) 0.3 = 0.5 (-0.5, 1.5) .546
U1 Cr Ver (mm) 0.4 = 1.2 (-2.0,2.2) 0.3 *12(-1.8,2.3) .825
U1 to SN (°) 0.1 £ 1.7 (-4.8,5.7) -0.5 + 3.8 (-5.7, 6.8) 516
Overjet (mm) -0.2 = 0.7 (-1.1, 0.6) 0.1 = 0.8 (1.0, 1.4) .158
Overbite (mm) 0.1 £ 0.6 (-1.0, 1.1) 0.0 = 0.6 (-1.0, 1.6) .585
SNA (°) -0.1 = 0.6 (1.0, 0.9) -0.3 = 1.0 (2.0, 1.5) 476
SNB (°) 0.0 £ 0.8 (-1.1,1.1) -0.0 £ 0.9 (-1.2, 1.5) .821
ANB (°) -0.1 = 0.5 (-1.0, 1.0) -0.2 = 1.3 (2.9, 1.6) .663

2 Data are present mean =+ standard deviation (minimum, maximum). Independent ttests were performed to compare two groups. AFH
indicates anterior facial height; ANB, A point-nasion-B point; Cr, crown; Hor, horizontal distance; MP, mandibular plane; OP, occlusal plane; PFH,
posterior facial height; SN, sella-nasion plane; SNA sella-nasion-A point; SNB, sella-nasion-B point; U1, maxillary central incisor; U6, first molar;

Ver, vertical distance.
* P < .05.
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in both groups indicated minor, yet significant, differ-
ences in skeletal vertical changes which, on the one
hand, could be attributed to “the normal maturational
process”® of the respective growth pattern. On the
other hand, these changes (1% average difference in
PFH/AFH and 0.9° average difference in SN-MP) were
minor enough to be considered clinically irrelevant.

In the distalization group, significant horizontal distal
movement of the U6 crowns was achieved. This was
also shown by others using different appliances®® and
mechanics.’>* Distalizing tooth movement at the
crown level alone includes distal tipping, which has
been described as a major cause of substantial
relapse.®* Various skeletal anchorage mechanics
have been shown to minimize distal tipping through
distalization''” and to even entirely control root
movement.***° The data also showed translational
distal movement of U6, even with mesial tipping of
0.6° (SD = 2.6°) despite distal movement, in the
distalization group. These changes in the U6 axis in
the distalization group were insignificant compared
with the control group; this movement pattern led to
reliable sagittal stability of U6 throughout the posttreat-
ment retention period.

Looking at the amount of palatal movement of the
U1, significant palatal tipping was observed along with
significant crown movement, but this remained stable
during the retention period and therefore remained
clinically acceptable. However, Lossdorfer et al.*
showed that occlusal plane rotation was distinctly
influenced by incisor inclination. In the current study’s
distalization group, the insignificant intrusion of the
maxillary molars (P > .05) in combination with
significant palatal tipping of the maxillary incisors (P
< .05) resulted in an even more significant steepening
of the occlusal plane (SN-OP, P < .01), as has been
shown before.'” The significant alterations of horizontal
incisor positions helped to significantly correct overjet
in the distalization group.

After treatment, the U6 on average extruded an
amount to which it had been intruded during treatment.
This could partially be ascribed to vertical relapse of
the previous intrusion by total arch distalization
mechanics. Occlusal adjustment and minor facial
changes, which have been described to take place in
humans in their third decade of life,** were probably
responsible for part of these measurements as well.

Over the posttreatment time investigated, the stabil-
ity of the sagittal, vertical, and axial treatment results
achieved was impeccable in miniscrew anchored total
arch distalization. Therefore, it can be stated that,
within the scope of this study, in Class Il treatment,
maxillary molar distalization by total arch distalization
resulted in treatment of the anterior and posterior
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dentition, as stable as treatment with minimal mesio-
distal tooth movement.

CONCLUSIONS

- Total arch distalization against miniscrews between

the first molar and second premolar can achieve

translational molar distalization, resulting in minor

steepening of the occlusal plane.

Total arch distalization can achieve stable results

lasting years after retention.

« Long-term skeletal changes may not be expected as
a result of total arch distalization.
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