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The influence of implant elastic modulus on stress distributions in
implant and peri-implant bone
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Abstract . Objective To investigate the effects of changes in elastic modulus of dental implants on stress distribu-
tions in implants and peri-implant bone by 3D finite element analysis, so as to supply experimental evidence for
new implant system. Methods The model of the mandible with implant bone was constructed based on CT data.
The elastic modulus of implants was set as 110, 90, 70, 55 and 40 GPa, respectively. The model was applied
with static load of 300 N in vertical direction, 100 N in horizontal direction and 130 N in oblique direction, respec-
tively, to stimulate the occlusal state. The stress on different parts of implants with different elastic modulus and
peri-implant bone under 3 kinds of loads was calculated and analyzed. Results As the elastic modulus of im-
plants declined, stress in cortical bone around implants under horizontal and oblique loads decreased, and stres-
ses in the implants showed a decreasing tendency as well. Conclusions The decrease in elastic modulus of im-
plants can benefit the transferring of load from the implants to the surrounding bone, and reduce the risk of long-
term implant failure.
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Tab.1 Material parameters of peri-implant bone and implants
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Tab.2 Von Mises stresses and displacements of peri-implant bone in implants with different modulus under different loads
A P IR ka2 g
E/GPa o/MPa d/mm o/MPa d/mm o/MPa d/mm
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40 133.521  9.375 33.805 29.061 113.603 12.18 33.303 31.137 76.644 5.297 33.866 32.622
55 121.689  12.703 34.671 30.293 99.019 10.978 32.399  31.184  65.331 4.749 34.318 33.504
70 104.450  7.622 27.658  27.658 89.873 9.943 30.283 26.89 58.136 5.039 30.701 28.434
90 94.186 7.015 30.250  30.958  81.900 8.805 30.148 30.695 51.786 5.520 31.301 29.966
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Fig.1 Stress distributions of peri-bone of implants ( with elastic modulus of 110 GPa) under different loads

(a) Under horizontal load, (b) Under vertical load, (¢) Under oblique load
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Tab.3 Von Mises stresses and displacement in the implants with different elastic modulus under different loads

e F A IR A A1) AT
E/GPa o/MPa d/mm o/MPa d/mm o/MPa d/mm

FiM kG R kG R Sk FiEde kG FhRER kG A G
40 97.615 145.239 95.639 135.159 95.639 135.159 6.039  6.649  6.039  6.649  6.996 6.271
55 104.597 145.372  109.194 130.102 109.194 130.102 7.796  8.681  7.796  8.681  8.800 7.571
70 111.164 134.933 119.291 126.816 119.291 126.816 6.277  6.605  6.277  6.605  7.337 7.096
90 120.943 130.890 129.392 123.893 129.392 123.893 6.124  6.995  6.124  6.995  6.797 7.180
110 128.349 128.138 134.706 122.491 134.706 122.491 0.012  0.016  0.012  0.016  7.214 7.142




EREYWHE $£32% H4H 200758 A
334 Journal of Medical Biomechanics, Vol. 32 No.4, Aug. 2017

1601
140f
120
100 o
80r
60r
40
20

o/GPa

40 55 70 90 110
E/MPa
B2 HEEE THEFMESNEATLED
Fig.2 Tendency of Von Mises stress in implants and implant

abutments under different loads
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