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[Abstract] Objective To analyze the initial displacement of the upper central incisor and stress distribution of
periodontal ligament under different torque values of upper incisors under the action of a four-curved auxiliary arch to
provide a reliable basis for the safety of clinical application of four-curved auxiliary arches. Methods A three-dimen-
sional finite element model for torque control of upper anterior teeth with a homemade quadrilateral auxiliary arch was
established. Four different states were analyzed: molar ligation without extraction space (group A), microimplant ligation
without extraction space (group B), molar recovery with extraction space closure (group C) (the adductive traction force
was set at 115 g) and microimplant recovery with extraction space closure (group D) (the adductive traction force was set

at 115 g). When four types of torque (0.5 N, 1.0 N, 1.5 N, and 2.0 N) were applied. The initial displacement of upper
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central incisors and the stress distribution of periodontal ligament in 16 groups (A1-A4, B1-B4, C1-C4, D1-D4) were ob-
served. Results Under different conditions, as the strength of the four-curve auxiliary arch increases, the maxillary an-
terior teeth has crown labial inclination and a root lingual inclination. The displacement of the incisor tip increases with
the increase in the loading force of the torque auxiliary arch, and the displacement of the incisor root apex increases as
the force increases. The difference in incisor-apex displacement distance in A1-A4, B1-B4, C1-C4, D2 and D4 groups
increased as the torque force increases, while the difference between the D3 group and D1 and D2 groups decreased
slightly. The stress of the cervical periodontal ligament of the upper central incisor did not exceed the stress of the peri-
odontal ligament in the following groups: A1, A2, B1, B2, B3, C1, C2, DI, and D2. The stress of the lip side of the up-
per central incisor did exceed the stress of the periodontal ligament in the following groups: A3, A4, B4, C3, C4, D3,
and D4. In other words, when using the four-curved auxiliary arch as an implant anchorage, the force applied in the ab-
sence of extraction space should not exceed 1.5 N, and the force applied in the adduction of extraction space should not
exceed 1.0 N. When using the nonimplant anchorage, the force applied in the absence of extraction space and the ad-
duction of extraction space should not exceed 1.0 N. In addition, the range of force should not exceed the maximum
stress of the periodontal ligament in the cervical region such that the effective and safe torque movement can be
achieved. Under other stress conditions, the stress of the labial and cervical periodontal ligament of the upper central in-
cisor exceeded the stress value (2.6 X 10°° MPa). The stress value of periodontal ligament was 2.6 X 10> MPa in all
groups. Conclusion A four-curved auxiliary arch has a significant effect on the upper anterior teeth, and the use of mi-

croimplants can better control root movement such that the crown of upper central incisors cannot be excessively lip in-

clined.

[Key words] Four-curved auxiliary bow; Anterior teeth; Torque force; Three-dimensional finite element; Peri-

odontium;  Malocclusion; Implant anchorage;  Stress analysis
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Figure 1  Three-dimensional finite element model of maxillary four-curved auxiliary arch loaded to the labial

appliance

1.4 BEA 505 M EE

FCAE R MBT JE A , 5 2226 #6119 0.483 mm
X 0.635 mm (0.019 F~f x 0.025 %1 ) REEH 22 5 )Y
i 4 5 2R BC—H B 42 0.457 mm (0.018 F21 ) , K
29 12 em MR 22256 5 ORI AR AR 2 s WK
8 mm ) Ormco Vector TAS 504 , T F A A T I
R XU 2 — P oF 5 58 i O () S0, BB oF
FEUE TR S mm , AR 40 TG 4K A 8] B RAT B 24 () Bt 9
ARAS (TSR [RIBR A 1Ly [ e S5 4L, To IR 51
F1 5 A T BR AL Ry s g5 L, Az 51 47 115 )
SL A AR 16 A (R 1) .

R BRH
Table 1  Model grouping

ARV T3 (N)
05 10 15 20

A TR ] B K I Lk sy =

T AR B 28 WL (CTC R AR 1A ) Al A2 A3 A4
TR A (ML (P AR C4T)  B1 B2 B3 B4
HHCF B S i (TCFPRAR SCHT) Cl €2 3 C4
TR A T (R A SZ490) D1 D2 D3 D4

1.5 #MHEHFEE

TE AN — A A PR TR i i 45 3 4 b R
JE M R AR F S AR 2 AU A RO A B
A9 4 (20.7 x 10° MPa . 0.3) , o #4852 i B
(13.7 x 10’ MPa, 0.35) , ¥ Jii B (13.7 x 10° MPa,
0.3) , 7 J& [ (68.9 MPa. 0.45) , T f# (20.6 x 10°
MPa.0.3) , # 454§ 5 (17.6 x 10 MPa.0.3) , = £
(17.6 X 10'MPa.0.3) , 5|4 (17.6 x 10°MPa ,0.3) ,
TR AE A (10.34 x 10°MPa .0.35) .

A 5T B AL B Ansys workbench 43 #1 K
(G TSR T 2 o - el TN T L N 1 = e
() 3% 22 R H “bonded " 45 & #2 , FLAY B @ 4544 R H
“contact” BEEEIL il O R, RSN 5 22 540 FE
FEAH 5 5 0 A 22 (R AH 4 il A ) BE 4 R B
0.3, K i F “frictionless” JG JBE #88 3% 4% 7 S A 15 2
[¥) A 422 ik

AT SR R IT I AR B AR R R, 4T )
3 A  X il ) Rtk ), 5 Y e T A
AT, B AN R 1E Y Bl SR A, 48 1] AN



A& EAE 2019F3H F$F27% F3H

- 181 -

MIE S Z IR E ), 5 XY Rl O T
fa 1 B NI . ARG RO AR Y Sl
IE A IR 55 ) ) 689 90 46 A2 86 B 28 J&) JBE L 1 3 A
T

2 &% R
2.1 b Fegm s inAs st oL

AHIFSE B BT AR B HR 3 Uk B O (R AR
FAZAAEFEAE . L U S T AR SR A 51 B8 1) 45
RWwon (32, E2), Ul By v {5 7 (6 bifi 75 5%
B m k1 (05N 1.0 N 1.5N . 2.0 N) fit 4 K i
B, A U0 2F (AR P A% {8 Fifi 5 ) f 119 38 KT
Ko Ul 1Y) v - R A B8 Bl B 2 22 1H A1, A2,
A3.A4.B1.B2.B3.B4.C1.C2.C3.C4.D2. D4l %
SRRy AN, AL R 221G K D3 A AR AR 5 D) s
P22 (HH D1 D2 I HE I/

R2 AN RN 3155 Bl
Table 2 Displacement and torque force values loaded in each

group

24037 7% B (mm ) JF JA IR 71 (MPa)

5]
T WA Dl wmORE RUME

Al 2.54%x 10" -3.60x10° 2.18x10™" 047 %107 -0.32% 10>
A2 541x10" -6.79x10° 4.73x10* 0.78x 107 -1.97x 107
A3 7.96x 10" -9.96x10° 6.96x10* 1.10x 107 -4.10x 107
A4 1.01 X107 -1.04x10* 9.01 x10™* 1.50x10* -5.30% 107
B1 544 x10° -322x10° 223x10° 0.09x10° -0.31x107
B2 1.17x10* -594x10° 5.81x10° 0.08x107 —-0.74 x 107
B3 1.65x 10" -9.61x10° 6.86x10”° 0.39x 107 -1.50x 10"
B4 239x10* -1.18x10* 1.20x10™* 0.69x 107 -5.70 x 107
C1 7.68 x10° -5.15x10° 2.52x10° 028 x10° -0.71 x 107
Cc2 398%x 10" -8.38x10° 3.14x10™* 0.68 %107 -1.50% 10
C3  735x10" -1.19x10" 6.16x 10" 1.40x10° —4.00 x 107
C4 1.01x107 -1.57x 10" 8.54x 10" 1.90x10° -7.70 x 10™
D1 273x 10" -1.76 x10™* 9.73x10”° 0.35x 107 -0.97 x 10
D2 641x10" -5.08x10" 1.33x10™* 1.00x 107 -1.60 x 10~
D3 9.65x10" -9.40x10* 249x10° 1.70x 107 -4.80x 10~
D4  127x10° -1.01x10° 2.65x 10" 220x10° -9.70 x 10~

EOALLA2 A3 A4 LS R JCAR A 1] B S A R FLAE B T 6 56
70.5.1.0.1.5.2.0 N; BI . B2.B3 B4 4145 5k Jo 4 4 18] B S F it
R LIS B R 8 15 0.5.1.0.1.5.2.0 N; C1 . C2 . C3 . C4 4143 51
A R[] B S 2 Il B 7 46 0 0.5.1.0.1.5.2.0 N DI,
D2.D3 . D4 21 5351 9 A5 4R 2 ) B SRl A A% [l SO 5 %5 06 07
05.1.0.15.20N

22 LA RABRE N> HFER
FIr A LB gl o FE N ) B AR e Ul

ZF WA 0 B 2 S B v S T o b e DR 2F 35
BB JE SR M Ao 2 J RS0, 7 2H A1, A2 \B1.B2.B3,
C1.C2.D1.D2, i) 2 Jal B il 2 25040 i 2
JEVBEI J74H - A3 A4 B4 .C3.C4.D3. D4, firfg 5
HARISFR I A M L 2 JA BN 118 2.6 x 107 MPa (3R
2,K13),

3 4t it

A FRIT Bk & B0H 1T 1 W ARHYE ) AT
Ko ZHEA R ITIE —Fh BT FR B AR B 1Y
Y R G, 4 18] B0 T 2R O3l LR 2 A B 2
MY S7 BT, SR A X — A BT TR R A&
I ik T BR 8 R R B A B A BRI R R R
X SEAH N B BT AR AT AR ST, F 20 HE
20 v A BIR I 0 A s Bl T 1T S S U, i
THAE i CT R 1415 A P B 45 Fh -5 5
FAL R AL B AT DL RS Y S B 5 R R A 45 A
AR BEY 2R o PRI DC A B | S S KR A
1, 5 53 2% R A TR 7 BRL 1 S B 1 R, DTS AL 1 5
P AL B A IR A = 4G FRIT /B ik
I AT DL A R, S SRR, T DL g
£ I Y vl X R VIO P S S s o S S AN U
DEafE b EAEY 2w ny AT Xz
— 7 RS E SR BRI i i a e R
R A ) 2 e R T AR A AR A B R RN
], DA K45 3B 43 4R 20 32 J1 AR R Rk, o3
W FE T R R 5 B4R T A gha e, AT
Al Vi A7 TG AT B & A A MR o TR R AR SE L 4

B R R O DR I B T R T 7 A T A
T A0 B, TE 0 %) B A B 2 AE WG T T  E 2
RZ— T F RAF A5 50 AR B S S PR R
FEAERRRRE M A R R . EAMIGR A L,
AR A A AR R AR A AR AR LR BT
I 5 ek Jes T Aol A R 8 R R O T e £ R AR
11107 Ao = L1 S 5 D A NN i i 1 2 R
YA 11 7 W = (o K T 3 sl o R S
B 2 28 0.2 mmoo T A AR B O 5 2°
ANREEE S FRAR A G O &R, AR 2F e 1 ) i
RS 2 B AR K LB R BB e Ok
R, T LL L ET A I 0 AR R AR TR IR
Jrh Lo E

R A 5 AR R O T AR R PR A TR B
RS 1B S  Begg #5445 & [H 4N ART
W5 AR RERHE SR R ok A



- 182 -

Oz &mBAE 2019F3 A $27% F3H

o

a~d: A1 A2 A3 A4 DI A e ~h:B1 B2 B3 . B4 4] LRI # ;i~1:C1.C2.C3.C4 4] LR U1 (i ;m ~p:D1.D2. D3,

D441 L RIS

B2 4FARPIRZS T N4k 4 FhE A (B A 02 R 22 1k

Figure 2 Displacement changes of four types of torque force values loaded under four different states
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Figure 3  Displacement changes of four types of torque force values loaded under four different states
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