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Influence of Thread Forms and Misfit on Dental Implant:
A Finite Element Analysis

Student : Shih-Chun Tseng Advisor : Dr. Ray-Quen Hsu

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

The purpose of this study was to'investigate the stress and the stain distribution around
implants and alveolar bones and to determine the.best thread form and misfit of implants and
alveolar bones which promote osseointergration.

An axial symmetric finite element models-were adopted for simulate four implant threads,
the thread forms of ISO thread, whitworth thread,” square thread, and buttress thread. Three
misfits between implants and alveolar bones were considered. The conditions of implant with
no misfit in alveolar bones, implant with misfit in alveolar bones, and implant with perfect
osseointergration in alveolar bones. Each implants was applied with a pressure of 20 MPa in
vertical direction. The static friction coefficient between implant and alveolar bones was
selected 0.3. Experiments with dental stone as the alveolar bone and Ti implant were carried
out to verify the finite element analysis results.

Base on the simulate results, square thread has maximum stress and the highest disuse
window and higher pathologic overload zone. Buttress thread has maximum stress areas and
the highest pathologic overload zone. There is no discernible difference between ISO thread
and whitworth thread. But whitworth thread has lowest maximum stress and highest mild
overload zone at the condition of implant with misfit in alveolar bones.

It is found that ISO thread and whitworth thread are better in terms of promoting
osseointergration. The best condition for osteointergration is whitworth thread implant with

misfit in alveolar bones.
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21 MEERATR F 2 4R
Material Young's modulus E (MPa) Poisson's ratio v
Cortical bone 14000 0.35
Cancellous bone 1400 0.35
Titanium 110000 0.3
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ISO Thread

no misfit misfit perfect osseointergration
Max. Principal Stress (MPa) 27.97880 17.87820 19.65190
Min. Principal Stress (MPa) -17.82890 -17.94550 -16.93190
>3 MPa Element Volume (mm”) 20.00520 19.95680 30.72290

Whitworth Thread

no. misfit misfit perfect osseointergration
Max. Principal Stress (MPa) 23.50330 12.77220 24.56530
Min. Principal Stress (MPa) -17.91520 -13.60810 -19.50460
>3 MPa Element Volume (mm") 20.62330 19.01480 30.58520

Square Thread

no. misfit misfit perfect osseointergration
Max. Principal Stress (MPa) 64.67960 66.38350 40.30030
Min. Principal Stress (MPa) -22.29940 -23.15510 -21.28750
=3 MPa Element Volume (mm3) 23.73220 24.24690 30.66850

Buttress Thread

no misfit misfit perfect osseointergration
Max. Principal Stress (MPa) 16.15840 17.40740 19.71730
Min. Principal Stress (MPa) -18.81090 -19.86770 -18.33750
=3 MPa Element Volume (mm3) 30.26690 30.46140 39.95460
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ISO Thread Percentage of
Total Element Volume = 128.373 mm’ Total Element Volume (%)
no misfit 15.58370
misfit 15.54590
perfect osseointergration 23.93250
Whitworth Thread Percentage of
Total Element Volume = 127.998 mm’ Total Element Volume (%)
no misfit 16.11220
misfit 14.85550
perfect osseointergration 23.89510
Square Thread Percentage of
Total Element Volume = 129.524 mm’ Total Element Volume (%)
no misfit 18.32260
misfit 18.72000
perfect osseointergration 23.67790

Buttress Thread
Total Element Volume = 121.153 mm®

Percentage of
Total Element Volume (%)

no misfit 24.98240
misfit 25.14290
perfect osseointergration 32.97860
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ISO Thread
no misfit misfit perfect osseointergration
Disuse Window (mm”) 14.38 14.27 18.30
Mild Overload Zone (mm”) 438 5.07 0.93
Pathologic Overload Zone (mm®) 0.26 0.09 0.00
Max. Principal Strain (pg) 18516.30 17463.10 4010.19
Whitworth Thread
no misfit misfit perfect osseointergration
Disuse Window (mm”) 14.29 14.83 19.26
Mild Overload Zone (mm?) 3.38 7.75 0.62
Pathologic Overload Zone (mm3) 0.22 0.13 0.00
Max. Principal Strain (pg) 14857.40 14677.00 4469.54

89




27 EHMEE ]l mARE AF R RSO EMAL B L RS (R EESNR)

Square Thread
no misfit misfit perfect osseointergration
Disuse Window (mm”) 16.61 16.64 17.05
Mild Overload Zone (mm”) 4.23 4.97 0.30
Pathologic Overload Zone (mm®) 0.37 0.55 0.00
Max. Principal Strain (pg) 11571.80 12005.50 4983.12
Buttress Thread
no misfit misfit perfect osseointergration
Disuse Window (mm”) 17.31 17.31 24.44
Mild Overload Zone (mm?) 4.65 6.01 0.47
Pathologic Overload Zone (mm®) 0.85 0.59 0.00
Max. Principal Strain (pe) 10845.60 16624.30 3777.89
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ISO Thread with no misfit
Total Element Volume = 217.8443 mm°

Percentage of
Total Element Volume (%)

Disuse Window 6.6024

Mild Overload Zone 2.0121
Pathologic Overload Zone 0.1206

ISO Thread with misfit Percentage of
Total Element Volume = 217.2846 mm’ Total Element Volume (%)

Disuse Window 6.5658

Mild Overload Zone 2.3319
Pathologic Overload Zone 0.0423

ISO Thread with perfect osseointergration
Total Element Volume = 217.8443 mm’

Percentage of
Total Element Volume (%)

Disuse Window 8.4205
Mild Overload Zone 0.4268
Pathologic Overload Zone 0.0000
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Whitworth Thread with no misfit
Total Element Volume = 231.1559 mm’

Percentage of
Total Element Volume (%)

Disuse Window 6.1816
Mild Overload Zone 1.4615
Pathologic Overload Zone 0.0966

Whitworth Thread with misfit
Total Element Volume = 227.0468 mm>

Percentage of
Total Element Volume (%)

Disuse Window 6.5317
Mild Overload Zone 3.4135
Pathologic Overload-Zone 0.0573

Whitworth Thread with perfect osseointergration
Total Element Volume = 231.1559 mm’

Percentage of
Total Element Volume (%)

Disuse Window 8.3302
Mild Overload Zone 0.2684
Pathologic Overload Zone 0.0000

92




2~ YRl mEREF AT FRFOEE

=h

’.
L

Square Thread with no misfit
Total Element Volume = 222.334 mm°

Percentage of
Total Element Volume (%)

Disuse Window 7.4703
Mild Overload Zone 1.9031
Pathologic Overload Zone 0.1675

Square Thread with misfit
Total Element Volume = 218.719 mm’

Percentage of
Total Element Volume (%)

Disuse Window 7.6086
Mild Overload Zone 2.2725
Pathologic Overload Zone 0.2507

Square Thread with perfect osséointergration
Total Element Volume = 222.334 mm’

Percentage of
Total Element Volume (%)

Disuse Window 7.6699
Mild Overload Zone 0.1352
Pathologic Overload Zone 0.0000
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Buttress Thread with no misfit
Total Element Volume = 270.6385 mm°

Percentage of
Total Element Volume (%)

Disuse Window 6.3942
Mild Overload Zone 1.7175
Pathologic Overload Zone 0.3130

Buttress Thread with misfit
Total Element Volume = 269.0854 mm’

Percentage of
Total Element Volume (%)

Disuse Window 6.4343
Mild Overload Zone 2.2330
Pathologic Overload Zone 0.2195

Buttress Thread with perfect osseointergration
Total Element Volume = 270.6385 mm’

Percentage of
Total Element Volume (%)

Disuse Window 9.0323
Mild Overload Zone 0.1748
Pathologic Overload Zone 0.0000
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