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Three-dimensional modeling of modified Le Fort I osteotomy of the maxilla and
finite element analysis of postoperative occlusion

LIU Chuqing', LI Yang’, BI Shaoyang’, LIN Yangyang
(1. Stomatology College, Dalian Medical University, Dalian 116044 ,China;2. Department of Oral and Maxillofacial Surgery, Dalian Stomatological Hos-

pital of Dalian Medical University, Dalian 116021, China;3. Department of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin

300354, China; 4. Department of Orthognathic Surgery, Tianjin Stomatological Hospital , Tianjin 300041, China)

Abstract Objective To establish a smooth three-dimensional (3D) geometric model of the maxilla based on CT data using four dif-
ferent software packages,to mimic the modified Le Fort I osteotomy and its fixation scheme,and to perform a finite element analysis of
the postoperative occlusion. Methods CT data were preliminarily processed using Mimics software to produce an STL 3D model. The
model was then imported into Inspire Studio software to create a smoothed PolyNURBS geometric model. SpaceClaim software was used
to model the surgical osteotomy and fixation schemes. Finally, ANSYS Workbench was used to conduct a 3D finite element analysis simu-
lating the patient’s occlusion after surgery. Results The simulation results showed that the connection relationship of the finite element
model was accurately established under the molar occlusion condition. Under a total occlusal force of 6 N, the maximum equivalent stress
of the titanium plate was 73 MPa. Conclusion The maxillary modeling and analysis method used in this study can produce a smooth
geometric model suitable for finite element simulation. The results of this study can provide reference for various fixation schemes in
orthognathic surgery.

Keywords maxilla modeling; finite element analysis; modified Le Fort I osteotomy; stress distribution
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Fig.1 Three-dimensional CT image processed by Mimics
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A, before reconstruction; B, after reconstruction.
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Fig.2 Geometric model of a central incisor before and after
PolyNURBS reconstruction
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A, frontal view; B, lateral view.
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Fig.3 Frontal and lateral views of reconstructed complete skull
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Fig.4 Three-dimensional model simulating the cutting and fixa-
tion of a modified Le Fort | osteotomy

134 )% JHANSYS Workbench {4 £ 47 = 4 47 R
T : 3 FHANSYS Workbenchk 4 % #5B J5 f9¢
G R BT 25 E A3 A 4 R A R
FEA U AR RG4S O I B M A
19 600, JAFA L R0.3 5 2R Fla B SR 1 730,90
FA LG H0.3 3 K6 A BRI 2110 000, JAFA LU
0.36% ,

PRI b, T B DR T R W B LAl A
LR R A 4, OGE 1 BRET R A% 3 ) R %
FERTA BB SRR ET AR A BT 5 BRMR AH 7 b 1
Z RARKR N E AR A5 EaE AR
(] [ AR 5 B A 0 0 200 o o A I TR SR AT 3 422 S ik
AN R, A HEERET 5 8% 19 7 20, Pinball region
A A i X3 12 mm o BT BR AR RER T2 Ji5 4
AYHT I ER S5 642, {8 FH Sizing iy 2 A AL BB Rk ST 1Y
<9 N W G % VT2 5 11 R

TERE T | S id B [ SE Ao AR IR B e &L TE
FEORPAMEE DI RE R 20058 — B A #5 0 fin3 N4& ]
T 18 A 1 (FE1S), Rk b Al 07 ) R AE R4 7

2 #R

2.1 IBAERSEZ R NRIIE

SRARIT P AL FS 2 IR 0k 3 G &
(F6) BT AYE B LB IS AL 32 32 T ke e
Ji€ke , RAS 3 A 1450, A 54 i VBRET -5 A e
AEO T 2l AR 07 AR A A fih, 6 RS R



U XVEERSSE. REUE R Le Fort T U AR ZHERBIRA S B A FRIT/HT - 49 -

Static structural analysis
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Fig.5 Bite force application methods
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Fig.6 Displacement contour after 6 N of bite force applied
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Fig.7 Stress contour of titanium plate and titanium nail after 6 N of bite force applied
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