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Three-dimensional finite element analysis of dental implants with
different bone defects

YONG Ling', HUANG Shi-lu', LIU Hong', MU Yan-dong® (1. School of Stomatology Sichuan Medical
University, Luzhou 646000, Sichuan, China; 2. Department of Prosthodontics, Sichuan Academy of Medical
Sciences & Sichuan Provincial People’ s Hospital, Chengdu 610072, China)

Abstract: Objective To analyze the effect of different types of bone defect on stress distributions of implant-bone
interface and bone-Bio-oss interface under dynamic loads by finite element method. Methods The finite element
models for four types of bone defects (fenestrated bone defect, dehiscent bone defect, circular bone defect, ver-
tical bone defect) with the first molars loss were established, then the models with grafting bone and implants cor-
responding to each model were established. The vertical load of 200 N and oblique load of 100 N were added re-
spectively to simulate the dynamic chewing process of 5 stages in a masticatory cycle, and the maximum Von Mi-
ses stresses at the implant-bone interface and bone-Bio-oss interface were analyzed. Results In a masticatory
cycle, from stage 2 to stage 4, the stresses on implant-bone interface increased by 81. 6%, 90.7%, 182%,
106% , respectively, while the stresses on Bio-oss bone and natural bone interface increased by 26% , 13%, 6%,
56% , respectively. Conclusions The sequence of bone graft stability for the models with four types of bone de-
fects is. circular bone defect > dehiscent bone defect > fenestrated bone defect > vertical bone defects. In clin-
ic, doctors should screen the high-risk patients according to the sites of the bone grafts, and choose the more rel-
evant methods for fixing the bone grafts so as to improve the stability of bone grafting. The axial loading will be
more beneficial to the stress distributions on the interface, and the oblique loading should be decreased or avoi-
ded in clinical design for the superstructure of implant denture.
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Fig.1 Four kinds of bone defect models with dental implants and

Bio-oss (a) Bone defect models with Implant and Bio-oss,

(b) Model 1 with dental implants and Bio-oss, (c¢) Model 2 with
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Tab.1 Mechanical parameters of materials in the models!!

FR FAPERE B/ GPa HEE /N
it 13.70 0.30
FABTE 1.37 0.30
FUNERAN 110.00 0.35

e 110. 00 0.35

Bio-oss i 11.00 0.30

1.3 EpsG

R R AR - BT R 100% 5 3% 4 Fhft ik 5
LR T L KRS Bio-oss JRREH45 & FLET 1Y
Hy ] 2, TEAF X 50
1.4 HERHREMH

SRR TR 00 TR 240 7« T AU 94 i [
AR SRIF B AN N T 2 A TR, 3 1
ANBHASSNENT N S BB, 360,875 51

85 LY BE: A R L Ah, BT AR RS 2
b R UG o



EREMAE $£31%5 $2H 201654 A
150 Journal of Medical Biomechanics, Vol. 31 No.2, Apr. 2016

552 BB S b, TAEMIE 25 A 4 R,
T N T 5

55 3 BB« 2 Aar ARk ) N, 5 R AR A A
30°,

55 4 BB ZhAnr ARk B, 5 AR A A
30°,
555 BB I B, T RIS S 6 A
EYEESZ AL 7

LA A SCIRERE ) R I PR S B , 15 T 1 3%
faf k7 200 N, il 2 far &y 100 N(WLFR 2) o FE—AMIH
W SR AT, 5 2.3 4 B B sk AR T i £y m) an &l 2
FR

x2 HEAHAERERNEE. 7@ E

Tab.2 Force, direction and time of dynamic loads in a masticatory

cycle
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Fig.2 Loading direction at stage 2, 3, 4
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Fig.3 Stress distributions at implant-bone interface of the models
with 4 different kinds of bone defects in a masticatory cycle
(a) Model 1, (b) Model 2, (¢) Model 3, (d) Model 4
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