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Effect of Different Designs on Stress Distribution
of Dental Implants using Finite Element Method
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Since dental implants were introduced for rehabilitation of the completely
edentulous patients in the late 1960s, an awareness and subsequent demand for this

form of therapy has increased.

The use of implants have revolutionized dental treatment modalities and provided

excellent long-term results.

Titantum and titanium-alloys have become the preferred materials for dental
implants owing to their good biocompatibility, excellent corrosion resistance and

suitable mechanical properties.
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[0  The success or failure of an implant is determined by the manner that the stresses

at the bone-implant interface transfer to the surrounding bones.

[0 In evaluation of the long-term success of a dental implant, the reliability and the

stability of the implant-abutment and implant bone interface plays a great role.

[0 A stress shielding or concentration can be easily induced on the interface and

results in a potential risk to the long-term stability of the implant.




Osseointegration(osseocoaptation and osseocoalescens)
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[0 Thread shape is an important objective in biomechanical optimization of dental

implants.

[0  Threads are used to maximize initial contact, improve initial stability, enlarge

implant surface area, and favor dissipation of interfacial stress.

[0 It is necessary to evaluate the thread design of dental implant to enhance further

clinical success.
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Introduction

[0 Thread pitch

Parallel distance between one thread and adjacent one

If the forces is high , the thread pitch must be smaller

Increased number of thread ,increased functional contact surface
Increased number of thread ,decreased stress loading to bone

Increased number of thread ,increased primary stability
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[0 In this work effect of different designs on stress distribution of dental implants

using finite element method were evaluated.

[0  The finite element method (FEM) is a numerical technique for finding

approximate solutions of partial differential equations (PDE) as well as integral

equations.
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Methods and Materials

Material Properties

Boundary Conditions
Loadimm

All materials are considered as isotrO®# linear elastic and homogeneous.

10-node Quadratic Tetrahedral Elements




Results

Stress Distribution in 3i (Certain Internal Connection) Implant

Axial mesiodistal combined

S, Mises S, Mises 5, Mises

(Avg 75%) (Avg 75%) (Avg 75%)
+6 002e+02 +1 166e+02 +6.249e+02
+2,000e+01 +2.000e+01 +2.000e+01
+1,842¢+01 +1.835e+01 +1.842e+01
+1.685e+01 +1 669e+01 +1.683e+01
+1.527¢+01 +1 504e+01 +1 525e+01
+1.369e+01 +1 339e+01 +1 367e+01
+1.212e+01 +1 173e+01 +1,209e+01
+1.054e+01 +1,008e+01 +1.050e+01
+8 964¢+00 +8.427e+00 +8 922¢+00
+7 387e+00 +6 774e+00 +7.340e+00
+5.810e+00 +5,121e+00 +5757e+00
+4.234e+00 +3.467e+00 +4.175e+00
+2 657e+00 +1.814e+00 +2.592e+00
+1.080e+00 +1.607¢-01 +1 010e+00




S. Mises
{Avg 75%)
+5.619e+00
Ll 43 000e+00
+2.760+00
+2 519¢+00
+2 2736+00
+2 0386+00
+1.798e+00
+1'5576+00
+1 317e+00
1 076e+00
1 13 3606-01
+5.956¢6-01
+3.552¢-01
+1.147¢-01

S, Mises
(Avg 75%)
+5.681e+00
+3.000e+00
+2.752e+00
+2.503e+00
+2.255¢+00
+2.006e+00
+1.758e+00
+1.509e+00
+1.261e+00
- +1.012e+00
= +7.640e-01
— +5.155e-01
+2.671e-01
+1.864e-02

Mesio-distal

Stress Distribution at Bone-Implant Interface

S, Mises

(Awg 75%)
+1.002e+01
+3.000e+00
+2.756e+00
+2 512e+00
+2,269e+00
+2.025¢+00
+1 781e+00
+1.537e+00
+1.293e+00
+1.049e+00
+3.056e-01
+5 618e-01
+3 1380e-01
+7.418e-02

Combined




Results

Stress Distribution in 31 (Tapered Certain Internal Connection) Implant

Axial Mesio-distal Combined

S, Mises S, Mises S, Mises
(Avg 75%) (Avg 75%) (Avg T%)
+6,145e+02 +1.229e+02 +6.035e+02
+2.000e+01 +2.000e+01 +2 000e+01
+1,845e+01 +1,835e+01 +1.843e+01
+1 689e+01 +1.66%2+01 +1.686e+01
+1.534e+01 +1.504e+01 +1.529e+01
+1,379¢+01 +1.33%e+01 +1,372e+01
+1.224e+01 +1.173e+01 +1.215e+01
+1,068e+01 +1,008s+01 +1,058e+01
=+ +9 130e+00 +8.428e+00 i~ +9.008e+00
= +7.577e+00 +6 T75e+00 —+ +7438e+00
+— +6.024e+00 +5.121e+00 = +5 868e+00
+4.471e+00 +3.468e+00 - +4.298e+00
+2.918e+00 +1.815e+00 +2.728e+00
+1.366e+00 +1 618e-01 +1.157e+00




Results

S, Mises

(Avg 75%)
+5.384e+00
Ll 43 000e+00
+2.759e+00
+2.518e+00
+2.277e+00
+2.036e+00
+1 795e+00
+1.554e+00
+1.312e+00
+1.071e+00
+8.303e-01
+5.892e-01
+3.48le-01
+1.071e-01

3, Mises

(&vg 75%)
+5,649e+00
+3.000e+00
+2751e+00
+2.502e+00
+2.253e+00
+2.005e+00
+1 756e+00
+1.507e+00
+1.258e+00
+1.009e+00
+7.603e-01
+5.114e-01
+2 625e-01
+1.367e-02

Mesio-distal

Stress Distribution at Bone-Implant Interface

S, Mises

(Avg 75%)
+9,891e+00
+3.000e+00
+2.757e+00
+2.513e+00
+2.270e+00
+2.027e+00
+1.783e+00
+1.540e+00
+1.296e+00
+1.053e+00
+8.097e-01
+5.663e-01
+3.230e-01
+7.960e-02

Combined




Results

S5, Mises

(&Avg T5%)
+6.743e+02
+2.000e+01
+1.844e+01
+1.689¢+01
+1.533e+01
+1.377e+01
+1.222e+01
+1.066e+01
+9.103¢+00
+7.546e+00
+5.990e+00
+4.433e+00
+2.876e+00
+1.320e+00

Stress Distribution inITI Implant

Mesio-distal

B, Mises

(Avg 75%)

+1 393e+02
+2 000e+01
+1 835e+01
+1 671e+01
+1 506e+01
+1 342e+01
+1 177e+01
+1 012e+D1
+8 479e+00
+6 833e+00
+5 187e+00
+3 541e+00
+1 895e+00
+2 490e-01

Combined

S, Mises

(Avg T5%)
+6.852e+02
+2.000e+01
+1.840e+01
+1.680e+01
+1.520=+01
+1.360e+01
+1.200e+01
+1.040e+01
+8.300e+00
+7.200e+00
+5.600e+00
+4.000e+00
+2.400e+00
+8.002e-01




Results

Stress Distribution at Bone-Implant Interface

Mesio-distal Combined

S, Mises S, Mises S, Mises

(Avg 75%) (Avg 75%) (Avg: 75%)
+4.364e+00 +6.897e+00 +1.125e+01
+3.000e+00 +3.000e+00 +3.000e+00
+2.769+00 +2.7526+00 +2 769e+00
+2.539¢+00 +2 504e+00 +2.5396+00
+2.308e+00 +2 255e+00 +2.308e+00
+2.078e+00 +2.007e+00 +2.0786+00
+1.347e+00 +1.759e+00 +1.847e+00
+1.617e+00 +1.511e+00 +1'6166+00
+1.386e+00 +1 262¢+00 +1.386e+00
+1.155¢+00 +1.014e+00 +1 155+00
+3.24%6-01 +7.660e-01 +9.247e-01
+6.942¢-01 +5.178e-01 +6.941e-01
+4.6376-01 +2.695¢-01 +4.635e-01
+2.331e-01 +2.130e-02 +2.329-01




Results

S, Mises

(Avg 75%)
+6.152e+02
+2.000e+01
+1.845e+01
+1.68%+01
+1.534e+01
+1.378e+01
+1.223e+01
+1.068e+01
+9.12]e+00
+7 567e+00
+6.013e+00
+4.45%:+00
+2.905e+00
+1.351e+00

Axial

Mesio-distal

S, Mises

(Avg 75%)
+1.244e+02
+2 000e+01
+1.835e+01
+1 670e+01
+1 504e+01
+1.339e+01
+1.174e+01
+1.009e+01
+8.434e+00
+6.781e+00
+5 129¢+00
+3.477e+00
+1.825e+00
+1.722e-01

Stress Distribution in SPI Implant

Combined

S, Mises

{Avg 75%)
+6.206e+02
+2 000e+01
+1.840e+01
+1.681et01
+1.521e+01
+1.362e+01
+1.202e+01
+1.043e+01
+8.832e+00
+7.236e+00
+5.641e+00
+4,045«+00
+2.450e+00
+3.545¢-01
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Stress Distribution at Bone-Implant Interface

Axial Mesio-distal Combined

S, Mises S, Mises S, Mises

(Avg T5%) (Avg: 75%) (Avg 75%)
+6.058e+00 +7.216e+00 +1.260e+01
+3.000e+00 +3.000e+00 +3.000e+00
+2.769e+00 +2.753e+00 +2.767e+00
+2.539e+00 +2 506e+00 +2.533e+00
+2.308e+00 +2.260e+00 +2.300e+00
+2.077e+00 +2.013e+00 +2.066e+00
+1.847e+00 +1.766e+00 +1,833e+00
+1 616e+00 +1.519e+00 +1.599e+00
+1.385e+00 +1.273e+00 +1 366e+00
+1.155e+00 +1.026e+00 +1.132e+00
+9.239e-01 +7.792e-01 +8.990e-01
+6.933e-01 +5,325e-01 +6.655e-01
+4.626e-01 +2.857e-01 +4.321e-01
+2.319e-01 +3.898e-02 +1.986e-01




Results

Stress Distribution in IDCams Implant

Axial Mesio-distal Combined

S, Mises S, Mises S, Mises

(Avg 75%) (Avg 75%) (Avg 75%)
+2 608e+03 +5.052e+02 +2.659¢e+03
+2.000e+01 +2.000e+01 +2.000e+01
+1 837e+01 +1.834e+01 +1.837e+01
+1.674e+01 +1.667e+01 +1.674e+01
+1.511e+01 +1.501e+01 +1.512e+01
+1.348e+01 +1.335e+01 +1.349¢+01
+1 185e+01 +1.168e+01 +1 186e+01
+1 022e+01 +1,002e+01 +1 023e+01
+8.595e+00 +8.357e+00 +8 606e+00
+6.965e+00 +6.694e+00 +6.978e+00
+5 336e+00 +5.031e+00 +5 351e+00
+3 707e+00 +3.367e+00 +3 723e+00
+2.077e+00 +1,704e+00 +2.095e+00
+4 431e-01 +4.098e-02 +4.675e-01




Results

Stress Distribution at Bone-Implant Interface

Mesio-distal Combined

3, Mises S, Mises S, Mises

(Avg T5%) (Avg 75%) (Avg 75%)
+3.94%e+00 +4.116e+00 +7.430e+00
+3.000e+00 +3.000e+00 +3.000e+00
+2.761e+00 +2.7750e+00 +2.761e+00
+2.521e+00 +2.501e+00 +2.521e+00
+2.282e+00 +2.251e+00 +2.282e+00
+2.042e+00 +2.002e+00 +2.043e+00
+1.803e+00 +1.752e+00 +1.303e+00
+1.563e+00 +1 503e+00 +1.564e+00
+1.324e+00 +1.253e+00 +1.325e+00
+1,085e+00 +1.003e+00 +1 085e+00
+8.452e-01 +7.538e-01 +8.461e-01
+6 058e-01 +5.042e-01 +6.067e-01
+3 664e-01 +2.546e-01 +3 674e-01
+1.270e-01 +5.001e-03 +1 281e-01




Results

Stress Distribution in IDCamm Implant

Axial Mesio-distal Combined

) S, Mises

S, Mises S, Mises (Avg 75%)

(Avg T5%) (Avg T5%) +2.8366+03
+2 T2e+03 +5 333e+02 +2.000e+01
+2 (00e+01 +2 000e+01 +1 833e+01
+1,838e+01 +1.834e+01 +1.675e+01
+1.675e+01 +1.667e+01 +1.513e+01
+1 513e+01 +1.501e+01 +1.351e+01
+1.350e+01 +1.335e+01 +1.188e+01
+1 188e+01 +1.168e+01 +1.026e+01
+1 025e+01 +1.002e+01 +8 639e+00
+8 631e+00 +8 354e+00 +7.016e+00
+7 006e+00 +6.690e+00 +5.393e+00
+5 382e+00 +5.027e+00 +3.770e+00
+3 758e+00 +3.363e+00 +2.147e+00
+2 134e+00 +1.699e+00 +5.236e-01
+5.095e-01 +3.562e-02




Results

Stress Distribution at Bone-Implant Interface

Mesio-distal Combined

3, MlSESO S, Mises S, Mises

(Avg 75%) (Avg T5%) {Avg 75%)
+3.346e+00 +3.599¢+00 +6.266e+00
+3.000e+00 +3.000e+00 +3.000e+00
+2.758e+00 +2.750e+00 +2.758e+00
+2.517e+00 +2.501e+00 +2.517e+00
+2.275e+00 +2.251e+00 +2.275¢+00
+2.033e+00 +2.002e+00 +2.033e+00
+1.791e+00 +1,752e+00 +1.791e+00
+1.550e+00 +1.503e+00 +1 550e+00
+1.308e+00 +1.253e+00 +1,308e+00
+1.066e+00 +1.004e+00 +1 066e+00
+8.245e-01 +7.543e-01 +3.247e-01
+5.827e-01 +5.048e-01 +5.830e-01
+3.410e-01 +32.553e-01 +3.413e-01
+9,92%-02 +5.752e-03 +9 958e-02




Results

Von Mises Stress occurred in Implants (MPa)

Axial Mesio-distal Combined
(114.6 N) (23.4) (116.96_,7_8.4_50) :
| 3{(Ceriain Internal Connection) 1653 | 1.08 | 1237 | 016 | 2235 | 1.01
. 3i (Tapered Certain Internal Connection) ~ 1779 | 1.36 | 1326 | 0.16 | 2755 | LIS
| ITI 16.28 1.32 14.44 0.24 26.86 0.80
SPI 17.50 1.35 13.20 0.17 2542 0.85
- IDCams 2126 | 044 | 2042 | 049 | 3953 | 046
i IDCamm 20.40 0.50 18.34 0.03 36.16 0.52 |




Results

Maximum Von Misses Stress at Bone-Implant Interface (MPa)

Axial Mesio-distal Combined |

| 3i (Certain Internal Connection) 5.62 5.68 10.02

3 (Tapered Certain Internal Connection) 5.38 5.64 9.89

ITI 4.36 6.897 11.25

SPI 6.06 7.26 12.6

= IDCams 3.94 4.11 143
IDCamm 3.34 3.59 6.26 |




Discussion

[0 Mesio-distal loads may affect more adversely rather than axial loads.

[0  Surrounding bone at its interface with IDCam received lower share of stress due to

more dissipation of the stress by the implant.

[0 All types of the investigated implants experience stresses below the tensile yielding

limit of Titanium-alloy equals with 500 MPa.

[0 Surrounding bone also experiences stresses below the tensile yielding limit of

cortical bone equals with 114 MPa.

[0 A more reliable result thoroughly incorporating all aspects of an implant requires a

fatigue-related simulation.




Discussion

[0 With respect to Bone Remodeling based on Frost theory, the mechanical stimulus
received by majority of the osseous regions around the implant should be above the
apposition limit of the bone remodeling, as stated below:

Wt x) > (1+0), apposition
W (t,x) <(1-0), resorption

where bandwidth of the lazy zone in bone remodeling, 6, i1s 0.1, and vy is strain

energy density (SED) calculated by FEM.

[0 Developing a more comprehensive conclusion relies on considering all biological

and mechanical conditions of a natural case.







