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Establishment of a three-dimensional finite element model of the maxillary central incisor
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Abstract

BACKGROUND: A finite element model is useful in the stress analysis of the maxillary central incisor, providing evidence for

selection of clinical restoration methods.

OBJECTIVE: To establish the three-dimensional finite element model of the maxillary central incisor restored with fiber post-core

crown for the stress analysis.

METHODS: The three-dimensional finite element model of half damaged maxillary central incisor restored with fiber post-core
crown was established by spiral CT, Mimics software and ANSYS software. The von Mises stress and maximal tensile stress were

recorded.

RESULTS AND CONCLUSION: The three-dimensional finite element model of half damaged maxillary central incisor restored
with fiber post-core crown was established to simulate fiber post-core crown restoration. It was similar to the clinical case. The
application of spiral CT, Mimics software and ANSYS software can successfully establish the three-dimensional finite element
model of tooth structure. The model is similar to clinical case, and can develop to other similar models.

Kang CR, Pan X, Li L, Wang YD, Zhang MC. Establishment of a three-dimensional finite element model of the maxillary central
incisor restored with fiber post-core crown.Zhongguo Zuzhi Gongcheng Yanjiu. 2012;16(4): 660-664.

[http://www.crter.cn  http://en.zglckf.com]

mE

BRI PRTTRER SRR LG5 h Y BEAT N ) 20T T RS R TT iR PRI
BA: b AR e B R AU DI B = YA BROTRY D 20 B

FoiE AL BRAE CT $94 . Mimics S AHRT Ansys 8GN TE A5t 1/2 1) L aite b D) 2 SR T 2T b 4 Re el 18 S ) = A FR Do 2

B & Ind, WdskA 230K Von Mises B ) FE KB ) .«

HEREER: BT REHHR 12 10 AU UIE =4 OGS, PRI AR e R, SRR ILERIT . 8 AR
Jig CT+ Mimics #11 Ansys BT REA MR VA R ZUN =47 IR, BEBLIRRSE POl IF R AL A Tt g 1%

DR

KR PYEbEOE; LRl OIF; =4eA T, akd; BR

doi:10.3969/j.issn.1673-8225.2012.04.021

FRRAS, WRE, R, EEM KEE. YRS R LA UIF =4 RO R L[] E 412 TR ST, 2012,

16(4):660-664.

0 3l

[l

HT T (1 77 22 S0 TR A TR ELA N
TR, R A S SCAZAR g 24T A
i B A BROC BB AT A A%
SEIG VLN ) o3 MO EA R, AR TT ik R
AR 5 BN, ST AL AN A
A SR A (KN AN RS 5 [ E
FTREAT SIS, HR AL BEREE . il
AR R A

FEIRIR b, e MR YT AR S 1B 2 1
T AR, T HA A AR
WERNUMIE REZE A O, AT A i {5 2
BARK, AMICEIELH L TIX 2K,
BERIR B KB, TR T Fhds

[http://www.crter.org http://cn.zglckf.com]

TR B8 A5 R 36 4 AL 2R g 49 AT 1R g i AT
WL

N AT BR TCHE AT L2 0 2447, ok
DR NTAT PR CAR T o A ORI R I ECT
Mimics# 4. Ansys# i Eairh U)o — 4k
BRI, R o el 1/ 218 R 2T 4E T
B RGO, BRI A T VR T AT

1 ##FAE*®

Wit: RAMERIER .

BFIE) Rt . 52060 F-2007-02/044E) N F
TTBERER AW ) 2 500 % 5E o

PRl S s IR Rl
Geit”, MRS 2 ANARERAS 3% PR LR HE
RSk ERR O, A TCH] B R B, X

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



L TR . TR IER LT )T = Y HOe R o

@'27:2 wuicrrrong

SR R BNRE, ARIALIT MHEITHUR X
UERIR &

FEMUHFERKRE SKIR

RRA OB LH4EpERMBNE  All Bond-2, Bisco,

REEGH AR IR FH
iR N LA THER
AR HAZRZ A+
Z 2 e CT TEFEVETT 5w

Mimics10.0
FreeForm #1311 R4t

ELFII Materialise 23

% [H Sensable
Technologies 2 ]

F[E ANSYS 4 7]

Dell TAE3%% T5400,
intel xeon 2.33G,
Windows %4t

Ansys9.0 ¥tk
RALTHHAL

Fi%: FIHICT. Mimics#ff. FreeForm
WL3E B R G R Ansys #1141 i 7 4T Y%
T AE A W AR 2 1) b A U)o = YT BR oG
R,

BT R ASEHALTRER: 2 R
TEWE AR EAR D) ARG cmx3 cmx6 cmlf]
AR, RS AR I TE . SR 228
JECTHLFIH, Z%04120 kV, 120 mAs, EE
0.6 mm, #2FH1.0 mm, {2 K45 E0eCTHLIH
FRPAT, AYIZ AR DT G R e a4 . 28
KHIDICOMIE R ZI Bt Hr o R Hh R S\
Mimics# 4648 ibmp#s =X, 28 )5 5 AWindows
R AR, LETBOR8 RS 4T T s Rl A AR T
Ft. BRI SR RSN LS, WKL,

b: Labeled enamel-dental
and crown boundary

a: Image of tooth cross
section

c: Labeled pulp and root boundary

Figure 1 Observation of the boundary of
enamel-dental, pulp and tooth structure
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Figure 2 Solid model of maxillary central incisor
(model 1)
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Figure 3 Solid model of tooth and periodontal
tissue (model 2)
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Figure 4 Grid divided tooth model
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Figure 6 Three-dimensional finite model of 1/2 damaged
maxillary central incisor restored with fiber post
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Table 2 Mechanical parameters of materials

Figure 5 Three-dimensional finite model of maxillary central
incisor
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Table 1  Unit number and node number of the
three-dimensional finite model
Structure Unit number Node number
Enamel 9 629 16 632
Dentin 77 995 103 133
Pulp 6 657 9 153
Periodontal membrane 4077 8 216
Periodontal bone 20 436 23 740
Fiber post 2169 2672
Agent 360 768
Total 118 794 147 661
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Material Elastic modulus  Poisson ratio
Enamel 84.1 0.30
Dentin 18.6 0.31
Periodontal membrane 0.068 9 0.45
Periodontal bone 13.7 0.30
Resin core 8.3 0.28
Gutta-percha 0.000 69 0.45
Resin agent 2.8 0.33
Empress Il all-ceramic crown 96.3 0.25
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Table 3 Mechanical parameters of fiber post

Elastic modulus Poisson ratio Shear modulus

Ex Ey Ez
37 95 95

Vxy  Vxz Vyz
0.2 0.34 0.27

Gxy Gxz Gyz
3.10 3.50 3.10
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a: Side view

b: Lingual view

Figure 7 Simulation stress loading image of maxillary central
incisor
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a: On the surface of dentin, the Von mises stress was 35.2 MPa and
focus on the lip side of root neck

b: On the surface of all-ceramic crown, the Von mises stress was
50.0 MPa and focus on the near edge of loading area and lip side of
crown

P o

d: On the surface of resin
agent, the Von mises stress
was 12.0 MPa and focus on
the middle one third of lip side

c: On the surface of fiber post,
the Von mises stress was
6.5 MPa and focus on the
middle one third of lip side

Figure 8 Von mises stress of dentin, all-ceramic crown, fiber
post and resin agent
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b: On the surface of all-ceramic
crown, the maximum tensile stress
was 36.4 MPa, focusing on the
lingual neck of crown

a: On the surface of dentin, the
maximum tensile stress was

34.0 MPa, focusing on the one
third of lingual side of root neck

c¢: On the surface of fiber post,
the maximum tensile stress was
1.80 MPa, focusing on the end of
fiber post

d: On the surface of resin agent,
the maximum tensile stress was
479 910 Pa, focusing on the end of
resin agent

Figure 9 Maximum tensile stress of dentin, all-ceramic crown,
fiber post and resin agent
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