- 1158 -

Acta Universitatis Medicinalis Anhui 2019 Jul; 54(7)

12019 -6 -10 17:49

(CT)
CT Mimics 20. 0. Geomagic studio 2014 Uni-
graphics NX 10.0  Ansys Workbench 18. 2
2 N N N N
(3D FEMs) .
R 783.5
A 1000 - 1492(2019) 07 - 1158 - 04

doi: 10. 19405 /j. enki. issn1000 - 1492.2019. 07. 032

( three-dimensional finite element models 3-D

FEMs)
1
1.1 - -
2019 -02 - 18
( :201402022) ;
( 1 153PKJGG167)
! 450003
2 450052
E-

mail: daniel5363@ 163. com

“http: //kns. enki. net/kems/detail /34. 1065. R. 20190606. 1643. 032. html

4 | ’

i ;

o 64
( computed tomography CT) ( General E-
lectric ) dicom
o Mimics 20. 0 ( Materialise )
CT
stl o

Geomagic studio 2014 ( 3D systems )

stl
o offset
0.2 mm 0.2 mm
- igs o
1.2 . .
Unigraphics NX 10.0 ( Siemens )
eBrace (
) 0. 46

mm x 0. 64 mm( 0. 018 x 0. 025 )

o

0.41 mm x0.56 mm(0.016

x 0. 022 ) 0.41 mm ()
0.56 mm % o
1 mm x1 mm 11 mm., (
Forestadent ) 1.5 mm 0.1 mm
60° 0.5 mm;
6 mm
60°
7 mm,

1.3 . . .

Unigraphics NX 10.0

Parasolid o
Ansys Workbench 18. 2 ( AYSYS )

Parasolid



Acta Universitatis Medicinalis Anhui 2019 Jul; 54(7)

* 1159 -

3D FEMs
3D FEMs

10

2A,

1 mm x1 mm

2

301 465 521 190

~ ~ ~N ~N

S

26 193. 6 140

16 308.2 587

A A | B: '3-:
A
1.4
) ) ) Y (
) 13 700. 00+ 1 370.00-
20 300.00.0.25.10 300.00.20 600.00
0.26.0.30.0.30.0.49.0.35.0.30 °° , _k/
. — — B
1.5 N 2 3-D FEMs
. ; A: 1 ‘B 2
0.2;
2.2
. 1.2 o 1: 1
( )i Y ( 2
)i Z (%\ ) o 8 mm
1.0 N :
2 0.5N .
2.1 (X ) (Y )
3-D FEMs. 1 (Z ) o
N 2.2.1 1

2B,

N N A

49 174. 38 706+

66 975. 107 758 163 015. 13 816. 18 810. 30 603 .

26 360. 23 410+

42 178 53 450, 103 442, 2 214. 11 355. 20 161.



* 1160 -

Acta Unversitatis Medicinalis Anhui

2019 Jul; 54(7)

2.2.2

A Avic 13718

A 1YIG QYG-8mm 37 158
Figure
Type:

3B; :

3C,

13.5 mm-.

11 mm

4B; :

B avic 137158
Figure

igure
Type:Directional Deformation(X Axis)
Unit:mm
BHEUFRR
Time:1

0.047376 Max

0038379

0029383
L 0020386

0011389

00023927

-0.0066039

0015601

-0.024597

-0.033594 Min

0.066828 Max
E 0.053383
0.039939
- 0.026495
0.013051
0.00039339
-0.013838
-0.027282
-0.040726
-0.05417 Min
z
L.

.

0.000
5.000

0.000 10.000 10.000

5.000

20.000 (mm) 20.000 (mm)

15.000 15.000

; Bt

B 1vi6 QvG-smm 3.7 158
Figure

:Directional Deformation(X Axis) Type

irectional Deformation(Y Axis)

Unit:mm
SHLIRR

Time:

0.011464 Max
0.0071702
0.0028762

- -0.0014179
-0.0057119
-0.01006
-0.0143
-0.018594
-0.022888
-0.027182 Min

0.064975 Max
¥ 0.054991
o 0.045007
- 0.035024
0.02504
-0.024879 Min
z
Y
4
!

L.

0.000
5.000

0.000
5.000

10.000 20.000 (mm) 10.000

15.000

20.000 (mm)
15.000

4C0

8.5 mm

8 mm

C AviG 137 158
Figure
Type:Directional Deformation(Z Axis)
Unit:mm
BHEPIER
Time:1
0.016039 Max
0.01233
00086213
00049122
00012032
0.0025058
0062149
0099239
013633
017342 Min

e

0.000 10.000
5.000

20.000 (mm)

15.000

C

15N

L:YJG_QYG-8mm_3-
Figure

Type:Directional Deformation(Z Axis)

Unitmm

BH AR

Time:1
0.010935 Max
0.0080679

' 0.0052006
0.0023332
-0.00053406
-0.0034014
-0.0062687
-0.009136

-0.012003
-0.014871 Min

0.000
5.000

10.000 20.000 (mm)

15.000



Acta Universitatis Medicinalis Anhui 2019 Jul; 54(7) * 1161 -

N 6 ~8
mm ° ’
1 Soh J Chew M T Wong H B. A comparative assessment of the
450 135° perception of Chinese facial profile esthetics J . Am J Orthod
Dentofacial Orthop 2005 127(6) :692 -9.
6 mm
2
J .
1 2016 51(7) :415 -9.
: 3
. J .
, 2 2014 21(1):14 -8.
’ 4
J. 2018
53(7):1129 -34.
5 Hamanaka R Yamaoka S Anh T N et al. Numeric simulation
. model for long-term orthodontic tooth movement with contact
, boundary conditions using the finite element method J . Am J
Orthod Dentofacial Orthop 2017 152(5) : 601 - 12.
! 6
I 2014 30( 11) : 1099 —102.
o 7 JoA MoSS LeeK] etal. Finite-element analysis of the cen—
CcT N ter of resistance of the mandibular dentition J . Korean J Orthod
2017 47(1):21-30.
8 Fayed M M Pazera P Katsaros C. Optimal sites for orthodontic
mini-implant placement assessed by cone beam computed tomo—
° graphy J . Angle Orthod 2010 80(5) :939 -51.
N ~ 9 Baumgaertel S Jones C L. Unal M. Miniscrew biomechanics:

Guidelines for the use of rigid indirect anchorage mechanics J .

Am J Orthod Dentofacial Orthop 2017 152(3):413 -9.

Establishment and validation of lingual appliance three-dimensional

finite element model during retracting mandibular anterior teeth
Yang Jingang' Cai Liuyi’ Zhang Yuelan'
( 'Dept of Orthodontics The First Affiliated Hospital of Zhengzhou University Zhengzhou 450003; > Dept of
Stomatology Henan Provincial Corps Hospital Chinese People’s Armed Police Forces Zhengzhou 450052)

Abstract Multi-slice spiral computed tomography was applied to scan volunteer’s mandible. Mimics 20. 0

Geomagic studio 2014  Unigraphics NX 10. 0 and Ansys Workbench 18. 2 were employed to develop two three-di—
mensional finite element models( 3-D FEMs) with mandible dentition periodontal ligament customized lingual
appliance micro-implants traction hooks et cetera during mandibular anterior teeth retraction. The effectiveness
of the 3-D FEMs was validated by loading working conditions and the validation results were consistent with actual
clinical situation. The 3-D FEMs can be used for the further research of biomechanics for the lingual orthodontics.

Key words lingual orthodontics; three-dimensional finite element; mandibular anterior teeth retraction; biome—

chanics



