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Micro-CT technology combined with reverse-engineering software in establishing a three-dimensional finite

element model of maxillary first premolar

WEI Yi-bo, ZHU Qiang, CAO Zhi-zhong"
Department of Stomatology. Changhai Hospital, Second Military Medical University, Shanghai 200433, China

[Abstract] Objective To explore a simple and effective method for establishing three-dimensional finite element model of the
maxillary first premolar, so as to provide a mathematic model for future biomechanic research. Methods Micro-CT was used to scan the
extracted, intact left maxillary first premolar and the obtained images were transferred for use. The point data of the enamel, dentin,
and pulp were collected by Mimics 10. 0 software and were fed into Imagewarel2. 0 software for treatment with point cloud data and
inverse algorithm of curve. After surface fitting, the tooth solid model was accomplished by Ansys 11. 0 software. Then the enamel,
dentin. and pulp were integrated through Boolean operation using Ansys 11. 0. The solid models of periodontium and alveolar bone were
constructed and the 3D meshes were created separately; and the models were tested with loading. Results A fine three-dimensional
finite element model of the maxillary first premolar, including the pulp. periodontium and alveolar bone was established. After 3D
meshing, the enamel had 26 685 tetrahedral elements, the dentin had 11 082 tetrahedral elements, the pulp had 11 843 tetrahedral
elements, the periodontium had 22 004 tetrahedral elements. and the alveolar bone had 66 767 tetrahedral elements. The model had a
total of 241 381 10-node-tetrahedral elements; it had a high precision and exactly demonstrated the morphology of the tooth and the
curvilinear shape of enamelo-cemental junction. The stress distribution of enamel focused on the middle of occlusal face and enamelo-
cemental junction; the stress distribution of dentin also focused on the enamelo-cemental junction. Conclusion A three-dimensional
finite element model of maxillary first premolar has been established by combining the Micro-CT technology and reverse-engineering
software; the model has satisfactory geometric and mechanical comparability.

[Key words| premolar; micro-computed tomography; reverse engineering; finite element analysis

[Acad J Sec Mil Med Univ,2011,32(7) :745-748]

A MG (finite element method, FEMDJEJ15% W& M2 th A BRAS .50 19 46 & POk AU etk 19 3% 25
TR TAE D SRR S R i IR A IR IR — ST R BT R B T SR A A BRI

[YFEEH] 2011-02-26 [#EZEH] 2011-06-23
[EE@mA] B—M. B+, E-mail: weiyibol982@126. com
* B {F1E# (Corresponding author). Tel: 021-81873830, E-mail: caozhizh@263. net



e 746 -

B OFEEKF¥M 20114E7 AL 328

1 BT, O A OR TR TS A2 ) ) A U A B Tz
FS o X o R 2 856 2 (4 BT 5% B 0 WU I 2 B 2F
W LSRR B AR g s RO . PR A S A
A BR T AL A o S L, AR BFR R AR s
& 4r B R ) Micro-CT ( micro-computed tomo-
graphy) X BAS B R F JEAT F 4, OF 455 33 1) T AR 4K
PRAEESE T B AIUER — TR A RS A = 4 A R JT R Y,
X AR LU T o A5 ARG T RS B AL, A R
712553 Bt LA K i R BIF 90 B4 5 Rt

1 MG E

1.1 #Atfeik s 8 E P IE R ER0Z 0 F s —
HIES S (B 1A JEAS 85 W B AR 19 2, 2otk
FER S B2 A R A AR [ R BEHEZ B, Micro-
CT(Explore Locus , GE healthcare, London, Ontario,
Canada ) , B35 5 2 HL il (XW6600 workstation, PIAF 8
G, & 500 G), DicomWorksl. 3. 5, Mimics10. 0 %X
4 (Materialise, Belgium) , Imageware 12. 03¢ 4 ( EDS,
USA) , Ansysll. 0 #7844 (Ansys, USA),

1.2 Micro-CT 42 4% # 4% 09 K AF R = I B o4 &
#  HILEBELT explore Warmup B A4 #E 4T Micro-CT
AR BRAE TR, 45 [ 2 %) B9 AR 28 T80 TE ik 41 48 3 ) A
AR FIF ORI KAl 5 G A K F-47 5 TFJE explore
Scan Control # 4, & & Al x4 W& H & 80 kVp,
BT 450 p AL HITERE R 200 degrees., B B[]
2 000 ms; A A AR EMRR, ZIEMFE 27 pomi

88 min, 94 5% 5 J5 14 BR W 7, 48 H explore Recon-
struction Utilities #f4 . R HIHEA R 75k (Cone Beam)
HEATE A JRAS VI AR A I 400 K, JF 3 Mi-
cro-CT H i 1 L 8K A4F MicroView 2. 0 (GE health-
care, London, Ontario, Canada) X} 55— fij & 7 (1 /ME
AT EE (B 1B, I Z4E KR 5% 46 A Dicom 53K,
I 1 150 kR (B 10) 2 A7 8

1.3 AR Ll Dicom # XA &M CD
£ Hp xw6600 workstation H ] 7, i 15 Dicom
Works 1. 3. 5 {5 9 5 %F HE B2 O % 16 BMP #% 5X
fedk, HWZZEHB S A Mimics V10. 0 FF i, 1L
CGS Hebp 2 CRHIZE AR L [ e R R ARE Ty Z Bl
BWE K& X M, mam b oKF Ly Y Bl AR
Thresholds H 4 %% {8 . (F L4 R G0 A IR LUK 53
S0 Y . 3 A B AN ) AR 2 SR R R L AE
BRI A A B R Y b Ty U 22 1 i B, TR T
T RAR X KLU 4 i 5 340 B a5 B — 28R I 2 (8]
% (B 1D), LA STL 4% 3 % A Imagewarel2. 0 K fF
o MBR —2e T A ) DL S I S w0
BEAN)Z S AT T2 5 P ot R 0L L AR A 4 A
o B 0 i DUDRT 6 2 o B AT HE Y L O B R A
ZIHRARERRZN A S, RIS 2 0K 5
P ARG BT 55 1 BT 2 AT A B A AL R &
AL LIELER (- 1E) , 4 Imageware F 4 HH
IGES #& 2 147 BRI/ B 1 T U3 B 8 SO f

1 Micro-CT A HBHRE R EGLE
Fig 1 Collecting and processing of Micro-CT

A : Maxillary first premolar; B: Reconstruction by Micro-CT; C: Image of Dicom form; D: The data were fed into Imageware 12. 0 software for

treatment with point cloud data; E; Imageware model of inverse algorithm of curve

1.4 Z R FRTUABLA 69 3 5 Fo A7

L. 1 FHRAAZHLEER o050 IR oF
Tl BT L 2 A 5 RN 2T B E AR AL ) IGES 306 5 A Ansys
BAFh R A R Ry A, e
JZ B i I A I TR P R DT T 22 ) Y R
JE it 2, A B 1 ot LR T S R BT L 2 AR o K o
I ) S AR AR

1.4.2 FRAMEZ#4LHBEA  FE Imagewarel?2. 0
BAF PRI LR |, BT OFFSET iy 4 #0BURl 2

AL 1 mm B F AR B Z 5] 10 409 ) 0. 25
mm 75 2 7 Ji B i A7, DL IGES #6520 A An-
sys HEAT IR AR,

1.4.3 FHE=4%hEA HREENTEED
T I 2 Jo] B2 %6 )58 A B 7E Tmageware 344 1, H
OFFSET i 4 ] Sh 47 JE JE A [ AE 46 (5 14 mm., E
£ 17 mm) B iR, DL IGES A& X F A Ansys 3
(TESIS:2 .

1.4.4 BAWHASLE 1 Ansys 11. 0 A h AT



557 3. B 18, 45, Micro-CT RS54 390 1) TR R 37 b A0S — i JES oF 1) = 2k B T A A o 747 -

RGBSR Rl TR A T A S R RS TR G DL U2
IS 1) S PR RS TR A5 L i A S 1 B — I B O 1 S A
BORY, T 5 5 J] RS | R i 0 S R AE R AR Jn L AR A5 56
— B O S AR AR

145 EXMEEYE K& RE M E X4
i ) M B £ PR M R ORL, % M OREIY 2R S R
x®1H,

1.4.6 BAHEX 4 KA Solid92 (10 5 4 VY 1 {4 #
TC) G SRRl BT A TR | 2 SRR A R B AT H
RIS, Ansys11. 0 7] H zh #3 P8 455 51 28 71 7% H
SRR B SR g BT RE A 256 A R T A 5T L B
JE A R e K %A 0. 3 mm; F R N T
KR 0.3 mm, INZHRITHKEH 2.0 mm,

x1 EMBONESH

Tab 1 Mechanical properties of each material

Material mof{}?jg;};}éPa Poisson ratio
Enamelum 72.7 0.33
Dentin 18.6 0.31
Dental pulp 0.002 0.45
Periodontium 0. 05 0. 45
Alveolar bone 8.3 0.35
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Fig 2 Solid model and the 3D meshes

A The solid model; B: 3D meshes of enamel; C: 3D meshes of dentin; D: 3D meshes of pulp; E: 3D meshes of periodontium; F: 3D meshes of alveolar bone
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Fig 3 Cloud picture of stress distribution

of enamel(A) and dentin(B)
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