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Finite Element Analysis of the Effect of Implant length and Diameter
on Mandibular Dental Implant
RUAN Shijie, LI Changjie, LI Haiyan, CUI Shihai, HE Lijuan
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of Science & Technology, Tianjin 300222, China)

Abstract: Based on living CT scan image, geometric data of the upper and lower jaw and dentition were obtained through
computer image analysis and reverse engineering technology, and then a finite element model was constructed and validated
against available cadaver data. A high bio-fidelity finite element model of the mandible, maxilla and upper and lower denti-
tion was used to analyze the effects of implant length and diameter on dental implant. The results showed that time-history
and the peak of the contact force obtained from the mandible collision simulation closely matched those of cadaveric experi-
ments. Stress distribution, maximum stress of the implant, compact and cancellous bones and maximum relative displace-
ment between the implant and mandible were obtained through dental implant simulations. By comparing data, it can be
concluded that the increase of implant diameter is more conducive to the stability of dental implants than the increase of
implant length.
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Fig.1 Process of constructing the finite element model of
the upper and lower jaw bones and the dentition
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Tab.1 Material mechanical properties of maxillary
mandible, dentition, hammer and denture

ER) HPEA R/ MPa HEL/ 4/ (kg'm™)
F ik 18 600 0.31 1 800
L/NDES 1370 0.30 700
I 13 700 0.30 1740
T 19.6 0.30 600
RN 110 000 0.35 4510
ARSI A 218 000 0.33 8 500
T 82 800 0.35 2480
/Nl 210 000 0.30 7 850
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Fig.2 Loading and boundary conditions of mandibular
collision model
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Fig. 3 Dental implantation model
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Fig.4 Contact force-time curve during mandibular colli-
sion
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Tab.2 Comparison of simulated experiment and -ca-
daveric experiment data

/NVEET 7% Hefih S fE/N D LS YA
RE/mm (RS RS JHARSE S22 /%
300 1937.84 1600 21.12
400 2504.19 2200 13.92
500 2727.65 2650 2.93
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Fig. 5 Energy conservation check of the simulation ex-
periment
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Fig. 6 Von-Mises stress distribution of the mandibular
cortical bone
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Fig. 7 Von-Mises stress distribution of the implant
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Tab.3 Simulation results of implant length variation

Von-Mises i /7 KAf/MPa AR
K /mm ) .

RS MR Rk ARG /mm

9 24.352 5.392 85.356 0.026 73

10 23.006 4.998 82.733 0.026 12

11 21.545 4.673 80.159 0.025 34

12 20.953 4.427 78.916 0.025 10

13 20.312 4.235 77.504 0.025 07

14 19.744 4.118 76.774 0.025 03

15 19.199 4.016 76.093 0.025 02

16 19.057 3.944 75.801 0.024 93
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Tab.4 Simulation results of implant diameter variation
Von-Mises i Jj i K{E/MPa AR

4A
FEmm T WRE R MR R
3.6 22.888 4.279 88.912 0.025 70
3.8 21.167 4.294 79.097 0.024 85
4.0 20.953 4.427 78916 0.025 10
4.2 18.203 4.363 69.770 0.024 83
4.4 16.811 4.963 69.352 0.023 81
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