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Biomechanical evaluation on prosthetic retention program for
hemi-maxillary defects
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Shanghai Jiaotong University, Shanghai 200030, China; 2. Department of Oral and Maxillofacial Surgery,
Shanghai 9th People’ s Hospital, Shanghai Jiaotong University School of Medicine, Shanghai 200011, China)

Abstract: Objective To make biomechanical evaluation on three prosthesis retention schemes for unilateral maxil-
lary defects-clasp retention, one or two zygomatic implants and zygomatic implant and clasp united retention.
Methods A three-dimensional (3D) finite element model of normal human skull was constructed based on CT
scan data. The maxillary complex stress distributions on three reconstructed models were calculated and analyzed
by 3D finite element method to make comprehensive comparison on stress level of the prosthesis, abutment,
clasp, implants and zygoma. Results For single clasp retention, peak stress of the abutment was 130.7 MPa,
and displacement of the prosthesis was 4.439 mm, while peak stress of the clap was 452.4 MPa, and stress of the
contralateral orbital rim was 23.32 MPa. After one zygoma was implanted, the stress of the clap was reduced to
118.1 MPa, while peak stress of the abutment was 31.12 MPa, and stress of the contralateral orbital rim was only
5.387 MPa. For two zygomatic implant-retention, zygomatic stress was decreased from 66. 11 MPa to 48.12 MPa,
and the maximum stress on the zygomatic implants was reduced from 500.2 MPa to 313.8 MPa. Conclusions For
zygomatic implant and clasp united retention, the maxillofacial skeleton stress distributions were more consistent
with the rules of bite force transduction. The research findings will provide important references for design and opti-
mization of human unilateral maxillary defect reconstruction program.
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Tab.1 Average grayscale values and elastic modulus distributions

of the skull

ik HU E/MPa v

i 1408 11 056. 69 0.30
o 1488 12 271.67 0.30
g 1256 9 438.01 0.30
e 1 468 11 827.81 0.30
B 1324 18 943.66 0.30
B 1424 10 889.26 0.30
iatiites 1284 8 235.44 0.30
[ies 604 1198.71 0.30
g 316 283.46 0.30
Sl 736 1944.13 0.30
L 624 1 296. 56 0.30
F i 7155 26 975. 85 0.30
7 JE o] - 68.9 0.45
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Fig.4 Normal maxillary complex stress and displacement distributions

(c) Displacement distributions
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Fig.3 Normal maxillary constraint conditions and simulated

condition loads
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(a) Von Mises stress distributions, (b) Principle stress distributions,

Tab.2 Normal maxillary complex maximum stress MPa
AL SRR
ANS OR MA GA GM GP ANS OR MA GA GM GP
I 0.5319 2.385 2.293 1.027 4.337 6.059 0.5527 2.2629 2.0348 0.29933 3.8749 6.289 9
H 0.5319 1.930 2.260 0.9974 4.024 6.167 0.5527 1.7726 1.7576 0.35902 4.608 9 6.2211
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Fig.5 Hemi-maxillary defects
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Tab.3 The clasp retention stress
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Fig.6 Clasp schematic diagram
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Fig.7 Clasp for prosthetic retention
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Fig.8 Zygomatic implant and clasp united retention
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Tab.4 Stress distributions for zygomatic implant and clasp united retention MPa
11-z 12-7Z 11-F 12-F T1-1 T14 T1-6 T1-7 g
CZ-1 500.2 — 257.2 — 118.1 31.12 24.68 21.29 12.94 66.11
CZ-2 313.8 271.3 172.4 133.6 27.97 21.73 19.31 12.07 48.12
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Fig.9 Stress distributions for three retention programs
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Fig.10 Stress analysis (a) On the abutment, (b) On the clasp, (¢) On the implants
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