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Abstract

BACKGROUND: One of the advantages of clear aligner treatment is molar distalization. However, tooth tilting movement and loss of anterior anchorage may
occur during treatment. There are few studies on whether these problems can be improved by selecting clear aligners with different thicknesses and edges to
improve the clinical treatment effect.

OBIJECTIVE: To analyze the control ability of clear aligners with different thickness and edges on the central incisor, lateral incisor, and second molar when
pushing the maxillary second molar distally by three-dimensional finite element analysis.

METHODS: Three-dimensional finite element analysis models of bilateral maxillary second molar distalization with clear aligner, maxillary dentition, periodontal
ligament, and alveolar bone with different thicknesses and margins were established by Mimics, Geomagic Wrap, 3-matic and SolidWorks software,
respectively. There were 16 combinations of four thicknesses (0.4, 0.5, 0.625, and 0.75 mm) and four margins (scallop, straight, straight extension 2 mm and
straight extension 4 mm). The data were imported into Ansys Workbench software for design and solution. The mean value, peak value and distribution of the
periodontal ligament equivalent stress of the second molar, the equivalent stress and the maximum initial displacement of the second molar, and the control
ability of each appliance on the second molar, central incisor, and lateral incisor were analyzed.

RESULTS AND CONCLUSION: (1) The mean equivalent stress of periodontal ligament of the second molar, the equivalent stress of the second molar and the
maximum initial displacement of the second molar increased with the extension of the appliance edge and the increase of the thickness of the appliance

in the 16 groups of models. (2) When the thickness of appliances was the same, the maximum equivalent stress of the second molar in the linear appliance
group was the highest, and the maximum equivalent stress of the second molar in the linear extended appliance group was greater than that in the scallop
appliance group. When the edge of the appliance was the same, the periodontal ligament equivalent stress peak of the second molar increased with the
increase of the thickness of the appliance. The equivalent stress distribution in the periodontal ligament of the second molar in the linear extendable appliance
group was more uniform than that in the scallop appliance group and the linear appliance group. (3) When the thickness of the appliance was the same, the
scallop-shaped appliance had the worst control on the second molar. When the edge of the appliance was the same, with the increase of the thickness of the
appliance, the control of the second molar by the linear extender appliance was gradually stronger than that by the linear appliance. The control of the central
incisor was stronger and more stable with the linear extended 2 mm appliance, while the control of the lateral incisor was stronger and more stable with the
linear appliance. (4) The results showed that when using clear aligners to push molars distally, extending the edge of the appliance could improve the control of
the molars and reduce the tilting movement of the teeth. The design of a straight extension margin of 2 mm for the central incisor and a straight edge for the
lateral incisor can enhance the control of the anchorage incisor and reduce the labial inclination of the anterior teeth.

Key words: clear aligner; clear aligner treatment; molar distalization; film thickness; edge design; cutting line design; margin extended; three-dimensional finite
element analysis; engineered dental material
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Figure 1 | Maxillary dentition (left) and maxillary bone (right) extracted
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Table 2 | Material properties of clear aligner - maxillary dentition -
periodontal ligament - alveolar bone three-dimensional finite element model

Ak PSR (MPa) AL
Fik 19 600.00 0.30
VR i:¢ 13 700.00 0.30
i 0.68 0.45
TACAE TR o 528.00 0.36

X5 A% K EAIUE IR F T RN BOE Y 2 mm, OF
AT FE R BT R0 &% (RS BT KN E N 1 mm, - 2
PR R A B TE KN BEE N 0.2 mm, WL 7. A5 AR R

BT 3.
U U

BIVE: A Jyse BORUAS R 7 i) L8R B D9 sE BRI &I 2 (0 2F LB € oA
S8R RT3 B F Vs D Dy e B RS R B B DUR SRR &% E D9 SE RN
BRI EARTA S FOVEIMR R B EAE K 2 mm FriGd: G
NFERRIARE 53 R AT K 4 mm G 25

7 | BIRTTRERI 5 P4

Figure 7 | Finite element model meshes

=3 | ARTBERRADSHRERATH
Table 3 | Total number of nodes versus total number of elements in the
finite element models

B 5 SN DR PR STi
Al 2069819 1142 645
A2 2071668 1143791
A3 2079 347 1147839
A4 2088291 1152290
Bl 2064 965 1140258
B2 2071787 1144180
B3 2082126 1149680
B4 2091450 1154337
C1 2066 175 1141232
Cc2 2071050 1143972
c3 2082648 1150212
C4 2091534 1154933
D1 2065 822 1141384
D2 2071088 1144 547
D3 2085728 1152630
D4 2092 261 1155960

WEBFFM: SO TOR B 1 A FCR B
NEELHR, F RIS FRE . RS I 2 6 i E S
SEFEMNRZR, AR 2 Al i B AN B, Pk ST

Chinese Journal of Tissue Engineering Research | Vol 30 | No.2 | January 2026 | 313



@712 PMERLATEAR

www.CITER.com Chinese Journal of Tissue Engineering Research

MREZE

FEMERR TR I 38 < [R) ¥ E O BRIEEAOC &R, PRI R H0CH 0.2,
EHLR, HAEEK 2 mm MIELLEK 4 mm A, Fibg
5B A 38 2 (MW B A B R R, BEE R HCN
0.2,

BENTAARRAR : BT REAL A A MR AR AR, 1% SR
A YIE . D) 2RISR O BEAT A . AR SEH
AR RN BRI ARAR &R, I 8, WE X N EE T,
TMNIE; Y RO Ry ), N IEs Z Fh TR E T,
I HIE.

Bl X EoABE T, S0
1E; Y HCAIE Iy, oy
1E; ZHChIEE T W), RO AIE.
& 8 | LA MALERR
Figure 8 | Right maxillary
coordinate system

REnEer: JCIEME IR SR AL L & — B 2 i
R Ja B F SR BRI, i ARG 25 IR AE WD 40 o B
B e g e Sh U 23 [ P da S N 6] 7 P e SV M EILE W)
INAE_EATORUIN 27— B 5F X
15 ERALKAEA LA T T RSB A
S At oL, 58 B N ) M RTaR e, %41
Hrifias e EAUE BT h s s UIE . YE. 5
T IERIRE ) (R/C B, BIFRBSIE S EE SRR
B, FFREFRRE LR TR ).

2 458 Results
2.1 BLHA R T T RIS RS ) A AR T
ML 16 LR v 5 — B OF 2F JE A5 280N A1 A i B 9 TR
MR AR AR EIR, B B OF R AR RN T A A A
NG PERK TR AR ILGAR RN, 56 B o8 oF Ji js
SN ) B A R LR [ 38 o v K

B AR R F B B O OF R R OB 1V L B 10 B
MR EE AN, BERHIR AR BT T R SRR
MU R, B AE K AU A 2R 4 5 B I O A IS RN
JIVEAE LB DB HRIR 4R 41K, T FLAR AR K 2 mm HriG 2 2N
HLRIEK 4 mm Frig 2824158 B8 5 7 JA B S5 50 Sy W (AR 22
KRR IR B IAGAR R, 55 B8 o oF i RS S5 5k e 4
BB IR 7 5 E 3G I 5 K

B UG AL P B OF O R BRSSO 7 43 A B 1 R
ELAIE KRR A5 2L 0 — B 25 2 A A5 208 g 4y A B s DU

314 | PERERKATERR | 5530% | 5528 | 2026518

Friafsel, BHAMPGRAEATENA ., AR 03 1
ST, S RS S A S5 R Ay K T BRI KA AR IR
FAFEHBI KR, F SR A 5]

2.2 BRI F T F RN N B KI5 A 16 AR
T ep 5 TR OF SRS N 12 BiR . MR A R EE AR E]
o RN SRR IR SO S KT K SRR AL
GO, 55 B OF S5 0S  BlVA e T R TR 3 T 1 K
5B BORAIA AL RS B BE R IR 2SN G MK G K, B
ARG NGk, L 13,

23 B4R E B P F. M FehisslEL
231 SFEEFIEGEIEGNL HrA AR R S 4a i B
FI R/CHEZF R ™, BUFIRE SR 54 dissh R . ik
W I T R P AR S o e RS sk A AR &, Dk LU B M
L AT T 0, VB P AR5 F ek AR A 6 RS B BN
iR AR5 A KR B 4 O R R o AR AR R AR R
Ji DU IR A 5 55 B P 4% il i 2 AR iR S G Rl
B IA 4 RGN, B R KB IR AT 55 B F 4l
BHRT HLRYAA, WE 14,

2.3.2 PYIFFMYIF A EIE L BAEK 2 mm Fria 2
U R R H AR e, ERIEK 4 mm FRiG s )
Mk A FasE, W 15, ERAUHREB0HD) A 4%
HRuE, HLZEK 2 mm FRia sl o) F sk foe, W
& 16.

3 1571 Discussion

X T FEABE A RS F A T 491, K PR Hh s SR T 4R B o i
Bty )5 2ORY TR B MARBRIIET . A 508 i A %5 B A
HUE IR 2R SR ME A 5 | Sl ) 845, oA 3 Bl = R A
AEMR I BTG 2o 3B =K. Jones jig 25, X UL A B B IR
i PP R DR 3 S I R A N R R R
TCAEHE R Fria SR AEHEBS 7 i #% 7 T B BE LS, (ARTE
e A 2 o I i R R B BT B EE S O
M SE YR TT 3R « TCFEAE BRI iR 2R I 2L )1 23R 5 2%,
X H A R A 2 2 52 1) R 3R A T A SR B AN k).
PR, BRI OB AR 51, S e ST AN R R FE S i 4
RTOBUN B B SR R A s I B AR R T R iR 4 - BAF
B = 5 R - SF Rl =4 IR oY, 7E Ansys Workbench
19.0 BAFH AT BT IS

IR H T 0.75 mm . DU D1 4 5RA % 2, 4
Mracie s gk 4, FULESHATHE T @ h s, v bl%
FEFHEJE N 0.5 mm. A %08 B 26 1K B I 6 28 ok B AUl
PR FI D e s, Hriaav B, BEEFRERESE



WREZ PEEfTEAR @2

Chinese Journal of Tissue Engineering Research  www.CITER.com

= 5 UUE EEAR OHAEK 2 mm COEAIEK 4 mm 06 7 B Y EREAR S EAREK 2 mm O EAEK 4 mm

0.05 1

043
0.04 1

0.3 1 —
= 0.034 0.2

0.1 1

0.02 -

SN A (MPa)
|
I
|
|
|
|
ST (MPa)
° &
|
|
I
|
|

0.4mm 0.5mm 0.625 mm 0.75 mm 0.4mm 0.5mm 0.625 mm 0.75 mm

DREE IS RGESITE
B9 | HETITERARE S — BRI T B SN N11E E 10 | FATIEERAIRE b8 — B IT 27 B BRSO S1ig

Figure 9 | Mean equivalent stress of the periodontal ligament of the Figure 10 | Peak equivalent stress in the periodontal Ilgament of the

second molar of clear aligner models of each group second molar of clear aligner models of each group
$ nj e ¥ Lz} i e
bl i in iz i i L jz
0.14362 Max 0.18836 Max
013304 01675
011647 I oases
0.09989 H 0.12577
0083314 L oroun
Al 0.066737 B 1 0.084048
0050161 . 0.063185
0.033585 I 0.042323
0017009 0.02146
0.00043306 Min Q00059747 Min
032456 Max 040909 Max
028857 0.36374
025258 03184
021659 0.27305
0.1806 02277
A'2 014461 B2 0.18236
0.10862 0.13701
0072629 0.091664
0.036639
0.046317
0.00064841 Min 0.00097089 Min
0.28369 Max 0.33575 Max
025226 0.29855
022083 H 0.26135
= 0.1894 . 022415
A3 W 015797 B3 . 0.18695
= 012654 = B 034975
. 0.095108 . 011255
. 0.06368 . 0.075352
003225 0.038152
000082031 Min 0.0009534 Min
0.29958 Max. 0.33602 Max
0.26639 0.29881
023321 . 0.2616
0.20003 0.22439
A4 0.16684 . 018719
013366 B4 0.14998
0.10048 . 011277
0.067294 . 0.075564
0.034111 0.038357
000092753 Min 0.0011493 Min
i

Cl

028432 Max 040203 Max
0.25281 0.35745
022129 031288
0.18978 0.2683
0.15626 H 022373
0.12675 017915
0.095233 0.13457
0.063718 I 0.080008
0.032203 0.045422
000068815 Min 0.00084652 Min
044707 Max 0:50221 Max
039751 gg; :35
034795
02984 033525
o) 024884 D2 027959
019028 022394
014073 0.16828
010017 011263
0.050613 0056971
00013164 Min

00010565 Min e
lax

0.38003 Max ke
032114
0.27551

D3 022988

018425
013862
0.092989
0.047359

00014405 Min 0.0017285 Min

042959 Max
037523 Max i
033368 e
020214 5
02506 028699
C4 0.20906 D4 :»f;iﬁ
016752 19192
0.12508 0.14438
0.084438 0.096849
0.042897 0.049315
00013554 Min 0.0017809 Min

K. &l A-D 20 AREEJEE 0.4, 0.5, 0.625, 0.75 mm KIHFrifas, 1-4 7R TUEHNAHS . HARPHAE . HALK 2 mm FHads. H&L
K amm Fiiads. BHAEKBGNG S BT 8 BRSO 3 o0 A Lo VR BB o 2E . ARG A5,
E 11 | RETEEGEERPE_EFTRRFEAN NS

Figure 11 | Equivalent stress distribution in the periodontal ligament of the second molar of clear aligner models of each group
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