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Topology optimization on configuration of titanium reconstruction

plate for bridging mandibular angle defect

TANG Zhi-xiong', Ll Ya-lan', GUO Wei-peng', JIANG Wen-tao', FAN Yu-bo'~’
(1. Laboratory of Biomechanical Engineering, Sichuan University, Chengdu 610065, China; 2. Key Laboratory
for Biomechanics and Mechanobiology of Ministry of Education, School of Biological Science and Medical Engi-

neering, Beihang University, Beijing 100191, China)

Abstract. Objective To provide an optimization method and a basic configuration for the configuration design of
mandibular defect-repair implant. Methods A topology optimization computation based on density method was
adopted to make topology optimization on reconstruction titanium plate for repairing mandibular defect. Results
The effects of volume fraction F and penalization factor p on the optimized configuration were compared and ana-
lyzed, respectively, and the optimum parameters were chosen to be F=0.65 and p=3.5. Using this set of pa-
rameters, optimized computation was performed on the mandibular defect-repair implant, and the three-opening
configuration was proved to be the basic optimization configuration. The result also showed that unilateral molar
clenching had more significant effect on stress distributions in the implant as compared to incisal clenching. Con-
clusions A set of parameters suitable for optimizing configuration of mandibular defect-repair implant, as well as
the basic configuration of optimized titanium plate were obtained, which could provide references for the design of
mandibular defect-repair implant in clinic.

Key words: Mandibular defect; Repair; Titanium plate; Configuration; Topology optimization
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Fig.1 3D finite element model of the mandible and titanium plate (a) Incisal clenching, (b) Left unilateral molar clenching, (c¢) Titanium

plate
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Tab.2 Muscle dimension and direction under the bite of incisal clenching

WA AR LA F/N FE A LA F1/N
W F, F, F. F, F, .
SM 17 17 -0.93 -1.88 3.96 0.93 -1.88 3.96
DM 10 10 -1.16 0.76 1.61 1.16 0.76 1.61
MP 13 13 5.10 -3.91 8.30 -5.10 -3.91 8.30
AT 10 10 -0.19 -0.06 1.25 0.19 -0.06 1.25
MT 5 5 -0.25 0.57 0.96 0.25 0.57 0.96
PT 4 4 -0.16 0.65 0.36 0.16 0.65 0.36
ILP 1 1 29.92 -35.96 -8.26 -29.92 -35.96 -8.26
SLP 1 1 10.92 -9.26 1.06 -10.92 -9.26 1.06
AD 2 2 -2.44 9.40 -2.37 2.44 9.40 -2.37
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Tab.3 Muscle dimension and direction under the bite of left unilateral molar clenching

TR n AT SR J1/N ZE AT LA J1/N

A Hih el F, F, F, F, F, F,

SM 17 17 -1.39 -2.82 5.94 1.67 -3.38 7.13
DM 10 10 -2.67 1.75 3.71 3.21 2.10 4.45
MP 13 13 3.92 -3.01 6.38 -5.49 -4.21 8.93
AT 10 10 -1.37 -0.40 9.05 1.72 -0.51 11.40
MT 5 5 -2.84 6.41 10.72 2.80 6.31 10.56
PT 4 4 -1.53 6.30 3.49 2.32 9.53 5.29
ILP 1 1 27.4 -32.92 -7.57 -12.64 -15.19 -3.49
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Fig.2 Density contour of the titanium plate with p =3.5 and different parameter F values
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Fig.4 Density contour of the titaniuim plate with F =0.65 and different value of parameter p
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