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Biomechanical study on repair materials of unilateral maxilla defect
based on finite element model

Bl Li-xia'*, SUN Jia-yi’*, WANG Yan-yi', WANG Li-zhen’, FAN Yu-bo’ (1. Department of
Stomatology, General Hospital of PLA, Beijing 100853, China; 2. Department of Stomatology, the Second Artil-
lary General Hospital, Beijing 100088, China; 3. Key Laboratory for Biomechanics and Mechanobiology of Minis-
try of Education, School of Biological Science and Medical Engineering, Beihang University, Beijing 100191,
China)

Abstract: Objective To study the biomechanical effect from different prosthetic materials used on unilateral max-
illary defect repair by three-dimensional finite element (FE) analysis method. Methods The maxillary unilateral
defect model was reconstructed by medical image processing software MIMICS. The prosthesis was generated
by mirroring technology. After processing, the FE unilateral maxillary defect model and healthy maxillary model
were established to simulate stress distributions on the maxilla during occlusion. Results The maximum stress
on maxilla using different repair materials was always found concentrated on the edge of maxilla connected with
zygoma ( the positions attaching zygolabialis and levator anguli oris). The minimum stress of from the maxilla
edge on the repair side was 8.471 MPa by using tricalcium phosphate ( TCP) composite. The maximum stress
from the maxilla edge on the repair side was 17.55 MPa by using hydroxyapatite (HA) material. Conclusions

Different repair materials had no significant effect on natural side of the maxilla after restoration, while a greater
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impact of force status on the repair side was found. The elastic modulus of different repair materials can be used

as a basis for maxilla restoration in clinic.

Key words: Unilateral maxilla; Finite element analysis; Repair material; Elastic modulus; Stress
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Tab.1 Repair material properties

Zp FHERL i/ MPa (L /N
R 13 400 0.30
AT 1 370 0.31
KIKF 20 300 0.30
ANTHF 2 700 0.35
Bio-oss 11 000 0.30

JHER 11 460 0.20

TCP Z& Mk 3 000 0.30

HAIL 10 910 0.33

HA2 16 365 0.33

HA3 21 820 0.33

HA4 27 275 0.33
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Fig.1 Schematic of boundary conditions and loading
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Fig.2 Stress distributions on the maxilla (a) Healthy maxilla, (b) Defect maxilla by Bio-Oss repair material, (c) Defect maxilla by fibula repair

material, (d) Defect maxilla by TCP composite repair material, (e) Defect maxilla by HA1 repair material; (f) Defect maxilla by HA2 repair material,

(g) Defect maxilla by HA3 repair material, ( h) Defect maxilla by HA4 repair material
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Fig.3 Stress vector/tensor on the maxilla (a) Healthy maxilla, (b) Restoration of defect maxilla by Bio-Oss
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