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Three-dimensional finite element analysis of stress distribution for

different implant thread slope and implant angulation

Young-Hun Seo', DDS, PhD, Hyun-Pil Lim', DDS, PhD, Kwi-Dug Yun', DDS, PhD,
Suk-Ja Yoon?, DDS, PhD, Mong-Sook Vang'*, DDS, MSD, PhD
'Department of Prosthodontics, *Department of Oral and Maxillofacial Radiology, School of Dentistry, Chonnam National University, Gwangju, Korea

Purpose: The purpose of this study was to find an inclination slope of the screw thread that is favorable in distributing the stresses to alveolar bone by using three dimensional
finite element analysis. Materials and methods: Three types modelling changed implant thread with fixed pitch of 0.8 mm is the single thread implant with 3.8° inclination,
double thread implant with 7.7° inclination and the triple thread implant with 11.5” inclination. And three types implant angulation is the 0°, 10° and 15° on alveolar bone. The
9 modelling fabricated for three dimensional finite element analysis that restored prosthesis crown. The crown center applied on 200 N vertical load and 15° tilting load. Results:
1. The more tilting of implant angulation, the more Von-Mises stress and Max principal stress is increasing. 2. Von-Mises stress and Max principal stress is increasing when
applied 15° tilting load than vertical load on the bone. 3. When the number of thread increased, the amount of Von-Mises stress, Max principal stress was reduced since the
generated stress was effectively distributed. 4. Since the maximum principal stress affects on the alveolar bone can influence deeply on the longevity of the implants. When com-
paring the magnitude of the maximum principal stress, the triple thread implant had a least amount of stress. This shows that the triple thread implant gave a best result. Conclusion:
A triple thread implant to increase in the thread slope inclination and number of thread is more effective on the distribution of stress than the single and double thread implants
especially, implant angulation is more tilting than 10° on alveolar bone. Thus, effective combination of thread number and thread slope inclination can help prolonging the longevi-

ty of implant. (J Korean Acad Prosthodont 2013;51:1-10)
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Fig. 1. The model of the implant has the 0.8 mm pitch, 0.38 mm spiral ridge and
50° thread angle of a screw in the finite element model.

Single threaded screw: 3.8°

Double threaded screw: 7.7°

Triple threaded screw: 11.5°

Fig. 2. The diagram of the implant has different thread slope and the pitch in three types that is the single, double, triple threaded screw.
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Fig. 3. A: Design and dimension of restored prosthesis that cervical - occlusal is 8.5 mm and buccolingual is 7.5 mm according to Wheeler's dental anatomy, physiology
and occlusion, B: Schematic drawing of the different implant angulation that is 0°, 10" and 15° in a bone.

Table 1. Material properties

Young's modulus (Gpa) Poisson's ratio Yield strength (Mpa) Tensile strength (Mpa)
Implant and abutment 110 0.35 830 900
Cortical bone 13.7 0.3 30-70 100 - 200
Cancellous bone 1.37 03 30-70 95-196
Gold crown 170 03 370 466

Table 2. Number of elements and nodes in finite element models

Implant Cortical bone Cancellous bone Gold crown Abutment
node  element node  element node  element node  element node element
Single thread 9988  49.102 5931  24.006 25472 138743 511 2.149 0 306 1168
Double thread 8443  40.560 7.800  32.532 29.755 163.701 511 2.149 10° 381 1493
Triple thread 8.647 41498 13.869  62.586 32.168 176.878 511 2.149 15° 345 1341
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Fig. 4. The finite element model with meshing of 200 N vertical load and 15
tilting load applied on the crown center.
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when the implant angulation is 0° .
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Fig. 6. Maximum principal stress in the implant under the 200 N vertical load was
applied when the implant angulation is 15°.

Table 3. Von-Mises stress of the different implant types and implant angulation with 200 N vertical load (MPa)

Implant angulation Type Gold alloy Abutment Fixture Cortical bone Cancellous bone

Single thread 213 395 443 326 19.7

0° Double thread 213 395 46.6 322 19.1

Triple thread 213 395 4.5 29.6 17.5

Single thread 213 394 739 51.8 283

10° Double thread 213 394 754 51.5 28.8

Triple thread 213 394 66.8 50.9 282

Single thread 213 39.6 89.8 65.0 352

15° Double thread 213 39.6 913 65.3 364

Triple thread 213 39.6 80.4 63.1 349

Table 4. Maximum principal stress of the different implant types and implant angulation with 200 N vertical load (MPa)

Implant angulation Type Gold alloy Abutment Fixture Cortical bone Cancellous bone

Single thread 16.9 89 258 13.5 133

0° Double thread 16.9 89 254 12.0 13.9

Triple thread 16.9 89 234 15.9 15.9

Single thread 17.0 83 387 20.6 20.6

10° Double thread 17.0 83 352 20.2 213

Triple thread 17.0 83 23.0 154 154

Single thread 17.0 7.5 45.0 243 243

15° Double thread 17.0 75 417 28.6 25.0

Triple thread 17.0 7.5 27.1 20.8 18.1
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Fig. 7. Maximum principal stress in the implant under the 200 N of 15° tilting load
was applied when the implant angulation is 0° .
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Fig. 8. Maximum principal stress in the implant under the 200 N of 15° tilting load
was applied when the implant angulation is 15°.
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Table 5. Von-Mises stress of the different implant types and implant angulation with 200 N of 15° tilting load (MPa)

Implant angulation Type Gold alloy Abutment Fixture Cortical bone Cancellous bone

Single thread 102 67.1 181 127 72.7

0 Double thread 102 66.3 160 137 71.6

Triple thread 102 64.6 146 129 70.2

Single thread 102 81.5 218 152 843

10° Double thread 102 814 195 165 87.6

Triple thread 102 79.5 175 154 84.8

Single thread 102 82.0 237 164 91.6

15° Double thread 102 81.8 213 179 95.6

Triple thread 102 81.0 189 166 924

Table 6. Maximum principal stress of the different implant types and implant angulation with 200 N of 15° tilting load (MPa)

Implant angulation Type Gold alloy Abutment Fixture Cortical bone Cancellous bone

Single thread 134 423 217 121 56.9

0 Double thread 134 42.0 183 123 53.8

Triple thread 135 427 121 106 54.0

Single thread 17.8 66.7 292 163 70.8

10° Double thread 17.8 70.2 241 177 69.0

Triple thread 179 69.9 163 143 77.6

Single thread 19.9 66.6 331 184 78.0

15° Double thread 19.8 67.2 271 206 70.0

Triple thread 20.0 67.6 186 163 792
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