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Abstract

BACKGROUND: Mandibular reconstruction plate is the most commonly used metals. Titanium plate titanium screw fracture and
loosening leads to surgical failure. Studies show that the causes for titanium plate titanium screw fracture and loosening include
overload, occlusal force, plate length, number of titanium screw, and mechanical injury.

OBJECTIVE: To establish normal mandible and mandibular defect reconstruction plate finite element model, and analyze its
biomechanics.

METHODS: Based on the original CT scan image data of 1 male volunteer with normal occlusion relationship, using
high-performance computer and reverse engineering software Mimics, normal mandible and mandibular reconstruction plate
three-dimensional model and three-dimensional finite element model were established to simulate the vertical and oblique teeth
together state, normal plate reconstruction of the mandible and the mandibular stress distribution.

RESULTS AND CONCLUSION: Three-dimensional finite element model was obtained. The normal mandible comprised of 80 044
nodes and 431 899 modules; mandibular defects (SS type) titanium mandibular reconstruction was composed of 68 400 nodes
and 247 379 units. Under normal mandibular teeth in the combined posterior vertical large area, the von Mises stress was
distributed in the mandibular ramus front 20.15 MPa, mandibular angle and condylar neck 19.45 MPa 15.35 MPa. von Mises stress
of titanium plate mandibular reconstruction model under vertical teeth together was ascending branch of the maximum front 19.34
Mpa, condylar neck 10.21 Mpa, mandibular angle 18.56 Mpa, titanium central 24.58 MPa, screws 18.35 MPa. Simulated oblique
45° teeth together under the maximum von Mises stress distribution, the reconstruction of mandibular titanium condylar neck and
ramus on the right front was 19.34 MPa, right condyle neck 10.21 Mpa, mandibular angle 18.56 MPa, titanium 24.58 MPa titanium
nail 18.35 MPa. Stress of reconstruction of mandibular stress distribution plate is focused on the titanium plate, titanium screw,
which is distributed unevenly compared with the normal stresses, thereby affecting stability of titanium plate reconstruction of
mandibular defects.
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Table 1 Custom properties of 10 kinds of material

Elastic

Assumed Gray area Densigy modulus Poisspn's
material () oy (MPa) ratio
Materia 1 0-401.1 0.491 9 342.33 0.3
Materia2  401.1-802.2 12661 5836.19 0.3
Materia 3 802.2-1003.3 1.799 16 743.44 0.3
Materia4 1003.3-1604.4 2.107 26 914.00 0.3
Materia5 1604.4-2005.5 2.416 40 547.72 0.3
Materia 6 2 005.5-2406.6 2.724 58 140.04 0.3
Materia 7 2 406.6-2 807.7 3.032 80 206.81 0.3

Materia 8 2807.7-3208.8 3.341 3 107 251.02 0.3
Materia9 3 208.8-3609.9 3.649 139 778.86 0.3
Materia 10 3 609.9-4 011 3.958 178 296.53 0.3
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b: MSC.Patran mandible
generated grid

a: Three-dimensional model of
mandible reconstruction

Figure 1 Three-dimensional reconstruction and grid models of
normal mandible reconstruction
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b: Titanium mesh recon-
struction of mandible

a: Mandible titanium mandibular
reconstruction

Figure 2 Three-dimensional reconstruction and grid models of
titanium mesh reconstruction of mandible
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b: Solid model of titanium
mandibular reconstruction

a: Solid model of mandible

Figure 3 Three-dimensional solid model assigned with attrib-
utes
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a: Anterior ramus, mandibular
angle, condylar neck, von Mises
stress significantly

b: Plate stress significantly

Figure 4 von Mises stress distribution under vertical (right)
occlusion
4 FWHAEMKAT von Mises [ )53 i

Figure 5 von Mises stress distribution under vertical occlusion
(Titanium screws show significant von Mises stress)
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Figure 6 Stress distribution of titanium reconstruction plate
under vertical occlusion
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Figure 7 Stress distribution of titanium reconstruction plate
under oblique occlusion
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