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UAE Z]lEe] AEHor R wel o= Bl hololE AREShs
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Aof o] FF A& A5, Fx ol #2d 2fol7} o™ (p = .037) Ty olX=
ot 2ol s s = QI (p = .289) Sheet 2 F729 9ol Fx oAs
frolst apolg g = glleH (p = .135) Ty oAM= Fost Aolg AT
QAT (p = .048) vFA 9o F power ridge ¢ &892 A$, Fx oAe F9nsk
Aol & gl = Ao U (p = .220) Ty A= #Fovd 2pol& &l = AU

A+ Fobk Aol FHR 9 AF XA o]F Ado|A X]o}7} lingualversion ¥ A

aette A

F¥3%F3 power ridge & &3t A A3 M/F ration 7} A&
MagicFoil & &8sl #lo] 71 aadolgl= A& & 4 AT

of A& HIFOoR Aot THEA Y vE WFoR Ao} olF RS T
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Be 43S ANT Dot 9% Ao Btk Ao B4 wEY J8r)v)a
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A T2, 3D ERE, A#E CAD/CAM AXEdels #83 Fyuid
F2 2 Tdsta Jvk(Gawali et al., 2024; Spagnuolo & Sorrentino, 2020; Zhang et
al., 2025). HAHE 7|=g &&3to] &9 FHuAAE AdS s A ZAd
Les T AR ARE A5 gAeA ArAd e Ads Avete FELA
A BE Wes AHHeR FgHL gled I gt ES kel 9l

F Aot} (Baxmann et al., 2022; Best et al., 2017; Kau et al., 2023; Tamer et al.,

FHuy AAE Fsto] dete Aot olms EAs HdAE FHAA
A 7Y Aot A&HAQ wAgHe b lojop vt ey FH Y A9
2Rl sheet &= AEA Egfadgow whEolx wyE gloloo] vl @Al v
e 9 FEayd Ao dwrdel #F ZE IRl dFY dd A9
syt A BAEE diol EAskH olz ld wmAFAze] 2@ 7]7ko]
AgA Hv FgHud FAE FEF AR dF5E Wolxle A
B3 (Keller et al., 2020; Liu & Cha, 2024).

ole] w} Fuy FXo AT AZFEE Fol7] Yl A&HHA wgHES
7 = EE A3 ARIAC] theFst AAlel A sheet o EE]H 5A/F| o} olFH
AL/ F7H¢A 1 power ridge ¢ &8 thst A7} 2dsiA AAlskal itk WA
sheet 9 84 545 Asletr] 98] PETG, TPU 59 vt dAsE A3t
Rom, Sheet o Fx& T tFFxE thFgleta Stk (Ercoli et al, 2014;
Golkhani et al., 2022; Jia et al., 2022; Park et al., 2023). T3t 2 -3 w7 o]



A8 JIRFES A% 5 UEF 74 WA Aok o] 5F AP Aok FA o] F
By % FS nestel B AT APHR Yor], ofF iy Aokl

-

adAow wAHRS 78] 98 FHwd FA o] Attachment 9 B F7
2ol power ridge $F 2> @AY A& Ao tiF A= sl X E L

At} (Dai et al., 2019; Karras et al., 2021).

2 AT HAL FYPunyd FAAE AR At FAXY HS XA oF
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Ao} o5 AL 2 AAE FRAYL. WA Aok ol¥F 02 mm £ Ao

FPny AA 2 X el HFgsiA dAE ol Xof ol 0.4 mm &
Fgwgd A5 271%E Auty oz HgHo)xl ol (Table 1)

Aoz olF Y AotE st AXE 9% HsiM wEE kR
Ty A7 W] FAE7] wite] FHnA X 7F Xotel] sbetE wAHS

Table 1. Classification of tooth displacement plan used for experiment

Tooth displacement plan (mm) Code
0.2 02
0.4 04

2.1.2. Sheet 8] =&

2 oATgAE RYny X Aunzd 93 F§ )0 AFA F
23He SAskn P A Aot o5 AW B sheet O FFRE FL
ARz AHAOY sheet o FHE AARY Tx wel TRAAT. AAns

74 At o7 wol] AME-Hal QlE PETG ¢ TPU 2 FE&ow duizow
TPU 7} PETG °l wls| &4o] =2 Ao=m wudu v v Fxo met
93T FTOoE FEEth B AFelA A HF sheet 9 AYE AAE



T2 23s st il B slel FEaAl RAAOR ARHE AFo
A

WA 7§27 dite] FHPuy FX7F Xofel 7behs w4
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Aol o8 FdEFE e & vk o]#§ sheet

Table 2. Classification of sheet used for experiment

| 0.2 Alstaldth. (Table 2)

ARz AotE o|FAJNE B TPwY FA wyn Al o9

22 sheet 7} 7132

F5+E sheet AF o

Name Material Type Code Manufacturer
. _ Scheu—Dental,
CA Foil Hard PETG b CF
Iserlohn, Germany
_ Scheu—Dental,
CA Pro+ PETG, TPU o= CPp
Iserlohn, Germany
. . N OSSTEM,
MagicFoil TPU o= MF
Seoul, Korea
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Fig 1. Power ridge applied image. (a) Cervical third of the labial surface of

the #11; (b) Incisal edge region of the lingual surface of the #11

Table 3. Classification of power ridge applied for experiment

Power ridge Code
Without -
With +




2.1.4. APF 1%3}

2 Aol A= Sheet o] F7 / Ao} ol FF AE / Power ridge & &8 AFE

Zteto] AT 5SS sk (Table 4)

Table 4. Classification of experiment group

Sheet & &/  X|o} o] A¥ (mm) Power ridge Code Group

CA Foll 0.2 - CAO02— Group 1
0.4 - CAO04-— Group 2

0.2 + CAO02+ Group 3

0.4 + CAO4+ Group 4

CA Pro+ 0.2 - CP0O2- Group 5
0.4 - CP04 - Group 6

0.2 + CPO2+ Group 7

0.4 + CP0O4+ Group 8

MagicFoil 0.2 - MFO2- Group 9
0.4 - MFO04 - Group 10

0.2 + MFO2+ Group 11

0.4 + MFO04+ Group 12
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Table 5. Definition of force/torque direction in the measurement system of

the maxillary right incisor

Component + -
Fx Labial Lingual
Fy Mesial Distal
Fz Extrusion Intrusion
Tx Mesial Crown Torque Distal Crown Torque
Ty Labial Crown Torque Lingual Crown Torque
Tz Mesial Rotation Distal Rotation

Fig 3. Definition of force/torque direction in the measurement system of the

maxillary right incisor
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3. 54 A
Aol Fudy &AL Aotell 7hski= Force 9F Torque & 743171
g FuE AAsielor FEuy FAE Gk 7] dFd sk WEE
sklslz] 98l 0/1/2/3/5/7 DAkl 48 AAISHSIT
=4 AR AFe AHEE T4 BEE Aot ols % A& power ridge &
W stel EHsilon ZF Ao Algs 10 M2 AFsGich ARE A5
TRy AAE S Al AR F, 15 = wol HAseE BEE e
Z1ZeRq o F Aol WAstE T 93k eaE AlAGY] fdl Hzx
5 % w2 A9 H, ywA 10 = 5 S4E #}Y HH4S g
7y Aol Alge 10 /1 Adste] S48kl
Tk S AFS ALE 73 Betele 4 AlRE 54 Al Z&RE A
2oy A3 Initial AHY &8 2o ARste] mAstm AlA AdAAS
BEApstel TRy AR A wWYHs AS BEARERIT rpA e R 54
HAeA AP 2x8 Fx Wste] o3 JFES Adar] s APA G
AL L5 256 C, FEE 50 %= FA AT
2.4. A4 Wy
B oATeA AldE APgATREY] BEe SARS A9 2E FJHE BElor
Had AR 285t Tod SAwY Ay 54 dAs SA%E A
A4S Fd AAAFR2) G #e =FSAT o] ol 1 o kS dHolHTt
AN A g ¥t #F FAEHNES grlsty oS Thsd Ao Aol
IR s =
ANOVA #4& Fato] 7t 25 3t $A14 JaaAE &lssl

45 AE FAASE FYne e AHsglt
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3.1. Mo} o]FF AF0.2mmolA ZF 259 6F A A W3}t

Aot o] FF A 0.2 mm oA 2 159 LA EH 6 = IAAL W=
3k1st Ay, A 7ke] 329 welt Force 9 Torque & A7|= 0 o F¥Hel=
WEow st Ze FAd = Ao 7 sheet wirhk WAS= Force 9
Torque © =718} #HAsk= FA17F AdolstAl welsttt. (Table 6, 7, 8)

& ATl s Bzt sk A5 AA olF AelMs Fx @3 Ty @3 54
Az gHze) 39 BAS T AYATR?Y )Y s EF% A, Fx oAM=

of

Fo APES e 2L BRSO

11



Table 6. F/T of CA Foil at tooth displacement plan of 0.2

mm for a week

Day 0 1 2 3 5 7
Mean=®SD Mean=*SD Mean=®SD Mean*SD Mean=*SD Mean=*SD
Group 1
Fx (gf) —612.7£10.1 —365.7£8.6 —287.5%7.1 —207.4£9.8 —214.1+6.3 —205.1+5.8
Fy (gf) 96.6+3.1 —57.843.8 29+4.6 —28.9+4.3 16+3.9 13.843.3
Fz (gf) 343.3£18.8 162+10.3 204.1£7.9 108.916.1 130.2+4.4 122.5+£3.7
Tx (gfmm) —1299.2+53.1 —-963.9+32.7 —763.9+21.6 —580.3+35.2 -506.8£17.9 —445.1+£18.2
Ty (gf-mm) 1124.9+67.6 828.3+33.8 457.6+21 497.2+25.3 400.7+20.1 385.2+22.7
Tz (gf-mm) —245.3£50.9 —346.4+17.7 —196.8+£19.8 —95.3£12.2 —-87.2¢11.9 —69.7£9.3
Group 3
Fx (gf) —467.110.6 —257.9%£10.2 -171.7£11.3 —157.9£7.4 -118.1+6.4 —103.7£5.5
Fy (gf) 122.4%£15.3 —20.4%=4.8 63.8£7.1 -0.9x6.4 41.7£6.7 45.6*6
Fz (gf) 43.6+18.8 70.7t16 69+16.3 51.4%11.1 44.6£12.2 26.5£11.3
Tx (gfmm) 1606.9+109.1 1021.8£39.5 —830.7£67.6 —898.1£41 —698.2£47.5 —-626.6£37.2
Ty (gf-mm) 1488.8£92.5 1019.9£88.4 677.8164.2 856.5£58.7 704.1£61.2 672.4£61.6
Tz (gfmm) —1096.1£53.8 —639.7+52.1 —793.8£65 —618.9£29.7 —624.3£43.3 —586.1£46.5

12



Table 7. F/T of CA Pro+ at tooth displacement plan of 0.2 mm for a week
Day 0 1 2 3 5 7
Mean=®SD Mean=*SD Mean=®SD Mean*SD Mean=*SD Mean=*SD
Group 5
Fx (gf) —-121.5+11 —87.8+8 -91.8+6.8 —76.6+7.1 —26.3%7.1 —19.6+4.6
Fy (gb 25.1+4.6 —6.6+5.7 —29.1+5.3 —24.2+5 —2.843 8.6+£2.2
Fz (gf) 34.5+£3.1 27.4+£3.8 26.7+£3.2 20£3.8 10+3.3 8.4+£2.1
Tx (gfmm) —276.4£47.6 —282.6+32 —355.5+33.4 —-301.6+£35.4 —102.1+30.1 —-20.2£13.3
Ty (gf-mm) —94.8+23.3 22.9+32.4 91.1+27.1 86.7+£22.7 33.1+£17.8 5.7+13.6
Tz (gf-mm) —78.3+21.3 —76.8+9.7 -119.4+14 -119.3+12.3 —24.6+10.6 15.8+7.8
Group 7
Fx (gf) —129.4+14.3 —90.7+13.1 —92.1+12.5 —64.4+12.6 —26.6+4.5 —12.842.7
Fy (gf) 27.5%£3.3 —25.2£12 -31.5%£12.4 —-21.3£11.6 —7.1£5.9 8.8+£3.1
Fz (gf) 26+5.2 6.7+3.9 12+3.1 10.1+2.4 9.6+£2.8 9.6+£2.3
Tx (gfmm)  —295.8+51.9 —371.5+£93.5 —376.6+99.1 296.8+£105.6 —184.4+72 —81.8+47.3
Ty (gfmm) 41.5+46.3 210.4£97 191+88.6 161.7+84.9 216+£82.9 137.8+£75.9
Tz (gf-mm) —148.3+£39.2 —194.4+£60.7 —154.4+44.2 —125.8452.6 —139+61.8 —-121.1+67.7
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Table 8. F/T of CA Pro+ at tooth displacement plan of 0.2 mm for a week
Day 0 1 2 3 5 7
Mean=®SD Mean=*SD Mean=®SD Mean*SD Mean=*SD Mean=*SD
Group 9
Fx (gf) —348.6+£17.4 —234.4+8.3 —172.7+7.1 —178.849 —137.4+11 —96.1+4.3
Fy (gf) 27.5+2.3 —41.1+8.6 —51+5.6 =57.7£7.7 —19.2+9.5 —7.2+7.1
Fz (gf) 156.6+£15.2 114.9+11.4 76.8+15.2 112.4+£3.5 88.2+12.2 81.7+6.3
Tx (gfmm) —719+£35 —597.6£24.7 —541.8+26.7 —597.7+42.2 —-410.9+31.7 —293.6+32.3
Ty (gf-mm) 815.4+45.9 557+54 408.8+43.6 497.4+24.3 304.1+42.7 227.4+13
Tz (gf-mm) —133.6+20.5 —215.1+30.3 —171.4+20.4 —153.7+16.4 —98.9+18.3 —44.5+13.8
Group 11
Fx (gf) —351.5+14 —202.1+94 —-167.2+13 —-136.4+£10 —99.2+7 —68.3+6.1
Fy (gf) 80.4%£10.2 —15.9£10.3 —27+8.8 —24.1+£5.6 —22.245.4 11.9+4.7
Fz (gf) 162.3£11.7 113.3+7.8 94.6+11.1 81.5+£7.7 73.2+£5.3 71.2+5
Tx (gfmm)  —663.4£71.3 —598.4+52.9 —-531.5+£53.8 —503.5+34.7 —387+41.6 —218.4+35.4
Ty (gfmm) 1079.1+90 785.9+79.2 676.2+84.8 639.8+51 592.7+65.1 433.6+60.8
Tz (gf-mm) —83.9+£27.8 —143.5£21.9 —-151.2+19.9 —143.9£16.8 —-83.3£19.8 —75.6£16.5

14
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Fig 6. Ty at tooth displacement plan of 0.2 mm for a week

Table 9. Retention rate of R? at tooth displacement plan of 0.2 mm for a

week
CA Foll CA Pro+ MagicFoil
Group 1 Group 3 Group 5 Group 7 Group 9 Group 11
Fx 0.93 0.92 0.94 0.97 0.92 0.93
Ty 0.93 0.82 0.79 0.59 0.89 0.90

15



3.2. Ao} ol AF0.4mmeolX &4 159 65 FAA ¥t

2ot o]F AP 0.4 mm oM 7 152 SHLA H 6 F IAA HIE
stelg A, A7kl BFe) wel Force 9 Torque © Z7E 0 o F@shs

Wakow frastes AS FAT 4 dlen 7 sheet with @AY= Force S}
Torque & 3719 ZAast= FA7F AolskAl YeErsth. (Table 10, 11, 12)
ATl s Baat sk A5 AA olF el Fx @3 Ty @3 54
Az g#ze] 39 BAE T AEATR? )Y #hE =ES A Fx olAE
o o

BE 2§ 0.80 oldoR HHe] ke My ME AL FAstgon
Ty olME A% 2gelA 070 mlwe]l AAAFT Fso] tha e ¥y

=271
A= RS #QlEd = Ql]lth (Fig 7, 8, Table 13)
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Table 10. F/T of CA Foil at tooth displacement plan of 0.4 mm for a week

Day 0 1 2 3 5 7
Mean=®SD Mean=*SD Mean=®SD Mean*SD Mean=*SD Mean=*SD
Group 2
Fx (gf) —816.7+£24.9 —495.2+17.7 —407.1£13.4 —342.3£15 —338.8+16 —326.6£16.9
Fy (gf) 163.3+5.7 0.9£3.5 95.2+3.7 4743 86.9+5 82.7+3.4
Fz (gf) 349.9+£29.8 203.3£21.9 158.5+16.9 132.4£15.6 123.5+£17.6 112.3£18.9
Tx (gf-mm) 1732.2+87.7 1231.2+65.6 1051.4+72.7 —905.9+47.8 —801.9+£58.5 —731.4£58
Ty (gf-mm) 352.1+110.1 315.1+60.9 —66.3£38.9 70.1+46 —52.7437.4 —77.7£45.7
Tz (gf-mm) —159.2+£71.9 —438.2+30.8 —478.9+£20.8 —364.8+24 —364.7+20.9 —350.1£24.8
Group 4
Fx (gf) —797.2+8.9 —490.2+£9.5 —388.1+£10.7 —350.8+11.3 —-307.2£10.2 —297+9.9
Fy (gf) 152.2+9.8 —20.5+7.6 56.2+8.2 1.5+6.2 37.8+7.1 33.5+7.3
Fz (gf) 266.8+15.9 133.3+15.2 143+10.7 104£8.9 97.2+7.7 91.2+6.7
Tx (gf-mm) 2073.4+£58.6 1132.5£75.6 —1236+44.7 1080.4+43.4 —918.8+46.5 —875.4+£32.9
Ty (gfmm) 1092.8+108.3 828.4+91.6 294.2+76.8 434.9+93.3 261.7+58.5 277.4+67
Tz (gf-mm) —453.6+83.9 —349.3+32.4 —-376.1£27.1 —306.1+30.5 —274.5+£18.4 —269.5+£16.8
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Table 11. F/T of CA Pro+ at tooth displacement plan of 0.4 mm for a week

Day 0 1 2 3 5 7
Mean=®SD Mean=*SD Mean=®SD Mean*SD Mean=*SD Mean=*SD
Group 6
Fx (gf) —364.3£24.8 —251.5+23.3 —198.9£25.5 —178.2+25.6 —128.5£19.9 —122.6£17.7
Fy (gf) 38.1+7.9 —10.5%£7.9 —18+9.8 —8+11.6 0.3+4.6 18.6+£2.9
Fz (gf) 74.3+17.8 70.9+13.5 46.1+7.2 52.1+£10.6 43.1+10.2 49.5+10.4
Tx (gf-mm) —932.9+85.9 —826.5+£90.1 —626.21£85.1 582.4+113.2 —393.1+£78.2 —318%66.7
Ty (gf-mm) 284.3+116.8 —41.5%£56.4 75.2+62.7 —4.5+58.5 13.3+36.5 2.2+32.2
Tz (gf-mm) —358+68.8 —-309+25.3 —224.6+£30.9 —188.7+35.2 —125.6+£28.2 —85.7+£27.9
Group 8
Fx (gf) —435.8+24 —249.9+18.8 —226.9+17.2 —218.6+16 —142.8+16.7 —-114+11.4
Fy (gf) 38.8+12.5 —29.41£9.7 —31.4+£10.9 —50.1+£8.2 —7.3£5.8 15+3.2
Fz (gf) 67.5£7.7 46.9+4.8 41.5+9.1 50.3+4.7 32t6.4 20.5+4.4
Tx (gf-mm) 1060.2+£79.7 —737.1£57.6 —710.1£62.2 —738.4+£52.9 —459.2+80.2 —286+48.5
Ty (gf-mm) 29.4+91 189.1+64.7 179.2+44.1 213.6+45.1 151.9+£51.3 75+37.2
Tz (gf-mm) —445.9+56.7 —343.1+42.2 —311.3£63.5 —324.5+35.1 —218.1£57.2 —135.4+£38.9
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Table 12. F/T of CA Pro+ at tooth displacement plan of 0.4 mm for a week

Day 0 1 2 3 5 7
Mean=®SD Mean=*SD Mean=®SD Mean*SD Mean=*SD Mean=*SD
Group 10
Fx (gf) —518.4+5.7 —297.6+8 —266.3£6.7 —254.1+12.9 —199+6.7 —169.1+5.8
Fy (gf) 98.3£9.3 —1.946.6 —34.1+4.9 —5.843.4 —14.6+4.6 14.4+3.2
Fz (gf) 201.4+8.1 115.2+16.1 98.4+19 124.8+£12.1 96+9.7 87.9£8.9
Tx (gf-mm) -917+19.3 —597.1+£27.7 —620.4+£37.9 —601.1+37.2 —-511.9+32.4 —374.3£32.3
Ty (gf-mm) 431.9+88.8 191.2+74 286.5+51.8 168.3+54.2 212.9+40.9 100.8+42.4
Tz (gf-mm) —245+72.4 —306+45.7 —251.8+34.6 —267.7+26.8 —187.3£24.2 —155.3£23.6
Group 12
Fx (gf) —550.1+£11.4 —344.9+£8.9 —304.4+9.9 —236.6£8.9 —238.6+7.1 —226.5+6.8
Fy (gf) 72.4+£12.1 15+14 2.9+£13.9 18.6+£9.6 -0.8+12.3 12.91£9.6
Fz (gf) 219.1+12.6 163.1+£6.9 158.3£8.5 125.8+7.5 129£7.2 113.6+£13.1
Tx (gf-mm) 1145.4+£36.6 —802.4£35.1 —775.2+£31.8 —586.6+44.6 —587.1£32.5 —531.2+£32.5
Ty (gf-mm) 946.2+63.8 530.7+42.7 475.5+48.8 340.3+22.7 414.9+25.9 387.8+22.6
Tz (gf-mm) —105.1£12.4 —174.2+14.9 —195.7£17.4 —143.3+19.4 —-104.3£13.4 —108.9£12
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Fig 8. Ty at tooth displacement plan of 0.4 mm for a week

Table 13. Retention rate of R? at tooth displacement plan of 0.4 mm for a

week
CA Foll CA Pro+ MagicFoil
Group 1 Group 3 Group 5 Group 7 Group 9 Group 11
Fx 0.90 0.92 0.97 0.89 0.87 0.91
Ty 0.78 0.88 0.72 0.80 0.63 0.85
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3.3. o} o)% 3 AF 0.2 mm oA &4 2FS M/F ratio ¥H3}

Aot ol s AlE 0.2 mm oA 7 IFelA ST Fx 9 Ty #hs &&319]
SAYA ¥ M/F ratio 9 ®gtE 1% A3, Power ridge & AHE3HA 42
OF2 x7]° S M/F ratio 7} U5 45 H power ridge & A}&3t

T AREe] EEel weEh ke Als 2 4= Q9lTh (Table 14, Fig 9)

Table 14. M/F ratio at tooth displacement plan of 0.2 mm for a week

CA Foll CA Pro+ MagicFoil

Group 1 Group 3 Group 5 Group 7 Group 9 Group 11

0 -1.8 -3.2 0.8 —-0.3 -2.3 —3.1
1 -2.3 —4.0 -0.3 -2.3 —-2.4 -3.9
2 -1.6 -3.9 -1.0 —2.1 —2.4 —4.0
3 —-2.4 —-5.4 -1.1 —2.5 -2.8 —4.7
5 -1.9 -6.0 -1.3 —8.1 —2.2 -6.0
7 -1.9 —6.5 -0.3 —10.8 —2.4 —-6.4
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Fig 9. M/F ratio at tooth displacement plan of 0.2 mm for a week
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3.4. Ro} o5 AF 0.4 mm oA &4 2FS M/F ratio ¥H3}

2ot o]z AlE 0.4 mm oA Z IFelA A Fx 9 Ty @& 83t

© Iaolld 271l EAE M/F

RS
ratio 7} WatA] Fal AFAESt FAHE S &d2 U3 (Table 15, Fig

Table 15. M/F ratio at tooth displacement plan of 0.4 mm for a week

CA Foll CA Pro+ MagicFoil

Group 2 Group 4 Group 6 Group 8 Group 10 Group 12

0 -0.4 —-1.4 0.8 -0.1 -0.8 —-1.7
1 -0.6 -1.7 0.2 —0.8 -0.6 —-1.5
2 0.2 -0.8 -0.4 -0.8 -1.1 -1.6
3 -0.2 —-1.2 0.0 -1.0 -0.7 —-1.4
5 0.2 -0.9 -0.1 -1.1 -1.1 —-1.7
7 0.2 -0.9 0.0 -0.7 -0.6 -1.7
-15
-10
5 —@— Group 2
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E 0 ‘_}: A‘ ',;_#;,yh_ . —— —e ————y —&—Groupé
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Fig 10. M/F ratio at tooth displacement plan of 0.4 mm for a week
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4, a1

TR AA= FAE7IE )b sAUF d=
Aokl 7hsh= Zlo] Tt olF 98] Ao} olF T A, Sheet & FiF, Power
ridge ¢ &-&ol thgt thFst A7 @tsiAl o] Folx 1 glo v (Alam et al., 2023;
Drake et al., 2012) th-29] Aol stAF ] TA I vt FHwY Fx| A%
& 9 AstE %7]9 Force ¢ Torque °of tfst Aol & %2 ]
Zkg717ko] e E A kol FATVIIF Fol WAste FHIAY AA st}
pHEA e A Aol dom (Al-Nadawi et al., 2021; Haouili et al., 2020;
Kravitz et al., 2009) sheet & A|¥H Ao 7 AJ¥3lo] 23+ Stress relaxation ©l)
gzt AFelAes 74 FErE vkdE 3 AR FHw xR FAdel dist
21go] AAEHA gtom AAH HAAelA B A WEet B dig
W7 18 E R &3 A} (Albertini et al., 2022; Cui et al., 2025).

AT e FEnY A ZEUg A FHE AL FHad
FAE AFste] Hof o] AP wE A 2
A= 6 5 FAA H3sE S48
0 o2 FHEdte FAE vedlod A ool Fod AU Fx gkt
Ty #e S4da ¥ AAAFE st 43, CA Foil A= F+
Pro+olA+= 3 .83, MagicFoil elX+ 0.86 &= YERES ™ CA Pro+eofA w2
AQAT7E Ydepd ol & glst A3 Fx #2> ofE sheet tiv] 10% ©]% 2
YEP o™ Ty g2 tE sheet 9 Bit) W&oz wAst= 215 o 4 A ol=
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et al, 2022). ol= E9WuwA FA7t xote] 7}et= Force $F Torque & X%

FoolA Agsty Ade AL e G A8 Aotel wdsHA EFEAITH

3l eo] obd A olgd fFE AdHY] uel] AHdHow WA= Force &

WeFow FAHI Torque = FEuY FA7F Ads AAHEA
=

AFohs Be F8odA Aok A FAE VIEor wAsdN M2 A7
Zr:

Sheet ¢ Foll wheh Fx ghell= F2& o7k fislow (p=.135) Ty #el=
T°r = A = AT (p=.048) old diste] 7|E AN E
SR Ao} o] 5 AF oM Force o= 37 2Fol7k f1o™ Torque o= 938
2ol 7k vkal B arsGith. o]= sheet o AREEE A =94 S IF

Hrom Fx ghol §23 x}o]7 9l ZS Hooke's law ©o W& A8 Hgdgow

tio

e 4= Q). Hooke's law o wpE2™ o} o]F& AL 0.4 mm ©|stZ2 wj¢
22 WMPFo|n ol RE sheet & Y w4 Tl dgstEz 7 &A 9
A7 M E 29 EE Force & A2 SY38H vebd 4 Sth

Power ridge ¢ && offo] we} Fx gtoll= F3k Apol7F glom (p=.220)
Ty #kell= st zkol7b e RS G F Uk (p=.023) 7]&E AT =d
power ridge 8] #&& Torque & Ast=d & S = F doH ol HE o=
24 o)l5S g & U 33U (Cheng et al., 2022). o]= power ridge 7}
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Aow 2 % 9k Ao} oJEF AF 0.4 mm oML BE 150] 0 o 77hE MF
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2 AT A%E Ba A2 FYnY $A9 0 FE 710 AFA FA
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ABSTRACT

Changes in 6-Axis of Force system of Clear Aligner in the lingual
bodily displacement of Maxillary central incisor

As digital technologies in dentistry continue to advance, clear aligner therapy, which is based
on the use of intraoral scanners, dental CAD/CAM software, and thermoplastic sheets, has become
widely adopted alongside traditional orthodontic treatments involving brackets and wires. The
success of clear aligner therapy largely depends on the continuous application of orthodontic forces
to the teeth throughout the period the aligners are worn. The continuous application of orthodontic
forces is influenced by factors such as the tooth displacement plan, the type of sheet, and the use of
attachment such as power ridges. Therefore, this study investigated the relationship between the
tooth displacement plan and the continuous application of orthodontic forces during lingual bodily
movement of the maxillary central incisor. In addition, the study examined the correlation of this

relationship with the type of sheet and the use of power ridges.

To evaluate changes in orthodontic force(Fx, Ty) over the one-week period during which the
clear aligner is worn, a measurement device simulating the clinical environment was developed,
taking into consideration the long axis of the maxillary central incisor. 6-axis force and torque were
measured on days 0, 1, 2, 3, 5, and 7. During periods when measurements were not conducted, the
experimental groups were stored by mounting them on an initial oral model that simulated the
clinical environment. The experimental groups were categorized into a total of 12 groups based on
combinations of tooth displacement plan, type of sheet, and presence or absence of power ridges.

Measurements were conducted accordingly, and the following results were obtained.

In general, all measured values showed a decreasing trend toward zero over time, and signs of
plastic deformation were observed beginning on day 3. Additionally, in the 0.4 mm planned tooth
movement groups, the M/F ratio of all groups tended to converge toward zero, whereas relatively

higher M/F ratios were observed in the 0.2 mm movement groups. The use of power ridges was also
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found to be effective. Furthermore, analysis of the correlation between each variable and the

orthodontic force(Fx, Ty) led to the following conclusions.

In the case of tooth displacement plan, a statistically significant difference was observed in Fx
(p =.037), whereas no significant difference was found in Ty (p = .0289). In the case of the type of
sheet, no significant difference was observed in Fx (p = .135), while a statistically significant
difference was found in Ty (p = .048). Lastly, for the use of power ridge, no significant difference

was observed in Fx (p = .220), but a significant difference was found in Ty (p =.023).

Based on the importance of controlling Ty rather than horizontal Fx to prevent lingual tipping
during lingual bodily movement of the maxillary central incisors over a one-week period, the
findings of this study indicate that the most effective approach involves establishing a precise tooth
displacement plan of 0.2 mm, utilizing power ridges, and employing CA Foil and MagicFoil sheets

that can generate an appropriate M/F ratio.

Based on the findings of this study, further validation of the contributing factors should be
conducted under different directions of tooth movement in the maxillary central incisor. Moreover,
it is necessary to expand the investigation to include teeth of various shapes. Lastly, to verify the
clinical effectiveness of clear aligners as patient-specific medical devices, additional research on

measurement devices that simulate the intraoral environment is warranted.

Key words: Clear aligner, Orthodontic force, Retention rate, Measurement device, Bodily
movement, Sheet, Tooth displacement plan, Power ridge
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