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Influence of the length and location of implants on distal extension

removable partial dentures: finite element analysis

Jin-Hee Kim, Jin-Hyun Cho, Cheong-Hee Lee*

Department of Prosthodontics, School of Dentistry, Kyungpook National University, Daegu, Republic of Korea

Purpose: To evaluate the effects of implant location and length on stress distribution and displacement in osseointegrated-implants
that were associated with mandibular distal extension removable partial dentures (DERPD). Materials and Methods: A sagittally cut
model with the #33, #34 teeth and a removable partial denture of the left mandible was used. Seven models were designed with
NX 9.0. Models A, B, C had implants with lengths of 11 ,6, 4 mm, respectively, under the denture base of the #37 artificial tooth.
Models D, E, F had implants with lengths of 11, 6, 4 mm, respectively, under the denture base of the #36 artificial tooth. Model
G did not have any implants. Axial force (250 N) was loaded on #36 central fossa. The finite element analysis was performed with
MSC Nastran. Von Mises stress maps were plotted to visualize the results. Results: The models of #37 implant placement showed
much lower stress concentration on the surrounding bone of the implant compared with #36. The #36 implant position tended to
reduce displacement more than #37. Conclusion: When an IARPD is designed, the distal positioning of implant placement has more
advantages in the edentulous bone of DERPD on the prognosis of short implants and the stress distribution of edentulous alveolar
bone. Using implants with longer lengths are important for stress distribution. However, Additional studies are necessary of the
effects of length on implant survival. (J Dent Rehabil Appl Sci 2015;31(3):186-94)
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Table 1. Control and experimental models

Model Implant Length (mm)
A 11
6
4
11 1st molar
6
4

control

Implant Position

2nd molar

OmmYow

Table 2. Material properties of components

Young’s Modulus

Material (GPa) Poisson’s Ratio
Titanium 110 0.33
Actylic resin 2.2 0.4
Cobalt Chromium 211 0.3
Dentin 18.6 0.31
Gingiva 0.0196 0.3
Cortical bone 13.7 0.3
Cancellous bone 1.37 0.3
Periodontal ligament 0.0689 0.45
Stainless steel 201 0.3

FATH(Fig. 1)
Z}
1. 88 &4

ZF e 9] von-Mises stress@] #3E & (Fig. 2)Q}F FFal

9] &gk (Table 3)& FoA EAsIct dix=Tel &
4 GOl = SEo] A|tfx]o] iAo E HEEH L F
xotRol= SO § WA Exsht i or
HAEEHA = B3t
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188
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Fig. 1. Reference points for reading the von-Mises stress
and the displacement in 2-dimensional drawing for
finite element analysis. (A) model A, B, C, (B) model D, E,
F, (C) model G.
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Fig. 2. von-Mises stress distribution of each model. (A)
Model A, (B) Model B, (C) Model C, (D) Model D, (E)
Model E, (F) Model F, (G) Model G.
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Table 3. von-Mises stress and X & Y axis displacement of each reference point (RP) in each model (unit; MPa, mm)

P . 2 3 4 5 6 7 8 9 10 11 12 13 14 15
model
A stress 101 0634 63 569 625 1028 104 1149 1015 991 506 24 222
X 0001 0001 0003 0004 0002 00009 -0.001 -0.005 -0.007 -0.007 -0.001  0.0002 -0.002
Y  -0019 0019 0018 -0.017 -0018 -0018 -0.027 -0.023 -0019 -0.012 -0.028 -0.022 -0.009
B stress 982 651 598 568 1135 1584 1039 1135 996 9816 501 349 388
X 0001 0002 0003 0004 0002 0001 -0.001 -0.005 -0.007 -0.007 -0.0005 0001 -0.003
Y 0027 0027 0026 -0025 -0.025 -0025 -0.027 -0023 -0019 -0012 -0.028 -0.024 -0.011
C stress 1577 115 572 519 1492 1877 104 1132 992 979 506 399 454
X 0002 0002 0003 0004 0003 0001 -0.001 -0.005 -0.007 -0.007 -0.0003 0001 -0.003
Y 0031 003 -003 -0028 -0028 -0.028 -0.027 -0023 -0019 -0012 -0028 -0.024 -0.011
D stress 2235 1223 1296 1201 1216 2643 277 526 122 339 079 223 201 205
X 00002 -0.0006 -0.0004 0.0006 00002 -0.0006 0001 -0.002 -0.003 -0.003 0007 0007 -0.002 -0.004
Y 0036 0036 0034 -0034 -0036 -0036 -0012 -0.01  -0.007 -0.003 -0014 -002  -0.004 -0.017
B swess 3586 2331 1219 1233 2332 4184 237 586 094 4290 184 407 253 491
X 00006 -0.001 -0.0009 0.0005 0.0003 -0.0008 00005 -0.004 -0.005 -0.040 001 001  -0.002 -0.005
Y  -0051 -0051 -005 -005 -0.051 -0052 -0.014 -0012 -0.008 -0.004 -0.017 -0.025 -0.004 -0.02
g stress 4332 3196 1139 1184 3261 5084 198 603 096 463 212 485 262 623
X 00007 -0.001 -0.001 00002 00003 -0.001 00002 -0.005 -0.005 -0.004 -0011 001 -0002 -0.005
Y 20057 0057 -0.057 0057 -0058 -0058 -0015 -0.012 -0.009 -0.004 -0.018 -0.026 -0.004 -0.021
G stress 11.64 1297 1175 1538 993 401 3.47
X -0.0003 -0.006 -0.008 -0.007  0.003 0.0007 0.002
% 0028 -0.025 0019 -0011 -0.03 0.012 -0.029
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