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Three-dimensional finite element analysis of clear aligner for retracting maxillary anterior teeth
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Abstract: Objective To investigate the biomechanical characteristics of the clear aligner in retracting the maxillary anterior
teeth through finite element analysis. Methods A healthy young volunteer was enrolled in the study, and his CBCT images of
maxilla and teeth were obtained for constructing a three-dimensional finite element model of maxillary complex and clear
aligner. The teeth displacement trends and periodontal membrane stress distributions in two cases were analyzed. The
orthodontic force-controlled tooth root retraction was used in case 1, while orthodontic force-controlled tooth root retraction
supplemented with miniscrews implant and Power arm with 150 g traction retraction was adopted in case 2. Results In case
1, the displacement differences of the crown root of anterior teeth were 113.3, 92.2, 128.6 um, and the maximum periodontal
membrane equivalent force was 79.6 kPa. In case 2, the displacement differences were 89.3, 74.3, 184.2 um, and the
maximum periodontal membrane equivalent force was 37.5 kPa. Conclusion Clear aligner with miniscrews implant and
Power arm can improve the tendency of tilting movement of maxillary incisors and reduce the risk of root resorption, but the
control of canines is insufficient.

Keywords: maxillary anterior teeth; clear aligner; miniscrews implant; Power arm biomechanics; finite element analysis

TEARA T, T 72 5 1 e ok 18 I i 28 e L, 1803
AR, SO M B AN 5 A A 22 5 D7 VR R HE i
IR IR IR R (OB G f AL

[ Y75 B #712022-02-20

[E€T B LILWARA B2 TAERME L R H (202008030332)

(Ve A 0 S35, B0 55 2, B9 5 10« 11 6 OF I 2%, E-mail:
liuyc930623@163.com

(B 1EE 10 3C, @ F AT B, BF 58 05 [« 0 B IF W 2%, E-mail:
1048744782@qq.com

AR A G 2 A 2 IR B A S R s
T eSS Ja A 3L SR LA R i L 27 200 . B Be
e DA = I T8 BRI 7 3 o G ol 398 158 2 i+t 1)
3 B BRI A 5 AT RUAE— E R b 2R g i
TR RS S RO R BE  (EL DR iR A i = R 8 BRI E il
A DG PR 4 2F 18] B 0 3 RS RE 4 45 I AR JE R, i 2
(1 B (AR gl ] P A RS BT MELLSE B
I R A 52 PR ERAE , BRI R I6 A il LLBUR AL ST 5 Power
arm I (T Al DU P BT F R 8l AT AU
A S PR A T JC B ORI 6 i A AL AT
IF 0 = A BROTREY % L o3 B e PR A [8] 69 4



8

- 1031 -

1T TS B AR W ) s BN, LA s REOE B
R SR E i 7R (<R =

| ARSI

1.1 By =4HRTEE

i HEIE R CT (KaWo /28 A, F8[E ) X 1 45 B {4t
BRI S AT A A2 R BN 0.45 mm, 3R
153 LaE M a5 CT S 513 5K, 8 I 15 0 28
I DICOM # 3 5 A Mimics 17.0 (Materialise
Software 28w, LI, 120 A e my i | b
WA 9 SEARBERY LR AEJ5 DL STL #5202 A Geomagic
Studio 2013 (3D System 2% &, JE[&]) , [Al i 5 JH#T 4
HRHNFETHIE 5] ] MG JEE 0.25 mm A A JE) BB 7Y
s o i Ak 2R £R AF R IGES 4% X (1 1a) o 7
Geomagic Studio 2013 Hff &5 °F 41 ¥4 5 [n] Sh 47 K
0.75 mm(Z% RIEFHG I 250 )5 Bl fi/Ris
5 O el AT R N ) TR IS A5 B AR R BE (Y IR
a5 AR AR J5 R 7RG o i D Ah B A7 4% 4 TGES #%
7. f#i i Solidworks(Dassault 2\ 7, 5 [# ) @37 8 mm
= Power Arm 2 1.5 mmx10 mm MIA (Z% Ormco
TUFPAEL 5T 2 550 5 1 -2 e Bl A7 5, o B A5 g A 7
L SLDPRT #% 2 A7 iff Jf 5 A Anays Workbench 16.0
(Swanson Analysis 22 A, 3¢ H ) , S &4 il TC LS B
iR A FROTEAL (B 1b) o BRSSO STkl 7k
421652 77 1 KU1 385 694 HLITEK
1.2 TRigit+

T — B AR 2 LAY ity Ay e A% i 1 0 e
150 MR 1) AR 0.15 mm J5 B AR I 0.2 mm; T4
P <200 BRUTUSS {1V ~ 2 1 € = i DO 137 BT EA
S22 8], B A T 6 mm AL A MIA , Power arm &
TR A B 1/3 4k, [FIEHRIN 150 g 7K 1) Ji5 ) 42
117 (Bl 1e) .
1.3 MR R R8T

AV AR Al SR I6 A R RS 1
¥ S, R SRR KA P bR AR DG B
FEHAE (R D X L o F e 20, ik
5 R Al A BROT s A R 1 7 R
JEE ) 20 R W] TRl AR A S O R AT 5
Mg A5 SRR L E S Power arm B E R
Bond #% fili 3¢ & , B¥ A #v 5 A h Z [ 1 M Frictional
Fefhoe R R R BN 0.21 BRIE R 28 ANt T fn]
B S L A
1.4 STifEHER

TEHHIR RGP E 2R R G &R X Rl 7K
], A Sk TE 1] 5 Y Bl SR ] S S e ] 5 Z R
AL, )R R IE m . WS AT - O R /0 58

AN,

Maxillary dentition Maxilla Maxillary complex

a: FAF % K _EfE 7E Geomagic 3R {4 AL FEAR Y

D

Clear aligner

"‘mm' [ 7

3 : Miniscrew implant Power arm
Periodontal ligament

b: LS &1 FEST X Power arm = 4 B R TIEAY

Maxillary dentition

Case 1 Gase!2
o: R TR TR A6 B B b PO BT 5F = 4 PR T AR )
E1 S AR

Figure 1 Three—dimensional finite element models
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Figure 2 Displacement trend of dentition
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Figure 3 Displacement trends of the maxillary anterior teeth
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Figure 4 Displacement differences of the crown root of anterior
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teeth in sagittal direction
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Table 2 Displacement of anterior teeth in vertical direction (p.m)
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Table 3 Maximum and minimum Von Mises stress distributions in periodontal membrane of the maxillary anterior teeth (kPa)
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