LHTSIX| 2005,31:248-254

TAE Dol AR S FHO| LIAL

O - =

Abstract (J. Kor. Oral Maxillofac. Surg. 2005;31:248-254)

FINITE ELEMENT ANALYSIS OF WIDE DIAMETER SCREW IMPLANT
PLACED INTO REGENERATED BONE

Su-Gwan Kim**, Jae-Duk Kim**, Chong-Kwan Kim***¢ Byung-Ock Kim**#
Dept. of Oral & Maxillofacial Surgery*, Dept. of Periodontology™**,
College of Dentistry, Chosun University, Oral Biology Research Institute®,
Dept. of Periodontology, College of Dentistry, Yonsei University*** Research Institute for Periodontal Regeneration®

The purpose of this study was to investigate the distribution of stress within the regenerated bone surrounding the implant using three dimensional

finite element stress analysis method.

Using ANSY S software revision 6.0 (IronCAD LLC, USA), a program was written to generate amodel simulating a cylindrical block section of the
mandible 20 mm in height and 10 mm in diameter. The 5.0 x 11.5-mm screw implant (3i, USA) was used for this study, and was assumed to be 100%
osseointegrated. And it was restored with gold crown with resin filling at the central fossa area. The implant was surrounded by the regenerated type
IV bone, with 4 mm in width and 7 mm apical to the platform of implant in length. And the regenerated bone was surrounded by type I, type |1, and
type 111 bone, respectively. The present study used a fine grid model incorporating elements between 250,820 and 352,494 and nodal points between
47,978 and 67,471. A load of 200N was applied at the 3 points on occlusal surfaces of the restoration, the central fossa, outside point of the central fos-
sawith resin filling into screw hole, and the functional cusp, at a0 degree angle to the vertical axis of the implant, respectively.

Theresults were as follows:

1. The stress distribution in the regenerated bone-implant interface was highly dependent on both the density of the native bone surrounding the

regenerated bone and the |oading point.

2. A load of 200N at the bucca cusp produced 5-fold increase in the stress concentration at the neck of the implant and apex of regenerated bone
irrespective of surrounding bone density compared to aload of 200N at the central fossa.
3. It was found that stress was more homogeneously distributed along the side of implant when the implant was surrounded by both regenerated

bone and native type 11 bone.

In summary, these dataindicate that concentration of stress on the implant - regenerated bone interface depends on both the native bone quality sur-
rounding the regenerated bone adjacent to implant and the load direction applied on the prosthesis.
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Fig. 1. Two dimensional section of full body
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Fig. 2. Three dimensional geometry of full body
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Fig. 3. Three dimensional geometry of first molar
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Fig. 4. Three dimensional geometry of resin
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Fig. 7. Junction between the regenerated bone (red
color) adjacent to screw type implant and the
native bone (light sky blue color).

Table 1. Numbers of node and element

TS S0l MBS H2 FFS LA YBEE (2t REesp 24

Fig. 8. Three dimensional finite element model.

Table 2. Material Properties

Bedow MB node dement Materids Y oung'sModulus* Poisson'sRaio
0Omm 50,552 264,186 Type 1 bone (Oek Treg) 12560 03
1mm 48453 251,688 Type 2 bone (Neadle-lesf Tree) 12,400 03
2mm 47978 250,820 Type 3 bone (BasaWood) 3170 03
3mm 67471 352494 Type4 bone (Styrofoam) 2550 03
4mm 60,691 320,670 TisAlaV (Implant) 115,000 035
5mm 59,996 316,102 Gold crown 96,600 0.35
6mm 52,639 274,312 CompositeResin 9,700 035
7mm 52,745 276470 Abutment Screw 115,000 035
MB : margind bone *: Unit: MPa

Fig. 9. Loading condition. Axial force applied each
loading point A, B, C. A: Central fossa, B; Outside
point of the cental fossa with resin filling into screw
hole, C; Buccal cusp.
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Table 3. Maximum value of the Von-Mises stress according to loading points and both regenerated bone and surround-

ing bone quality under the vertical load (Unit: MPa)

Regenerated type Surrounding bone quaity
IV bone Type! bone Typell bone Typelll bone
A B € B © A B ©

1mmbeow MB 5357 11.776 26.875 5313 11.666 26,619 2737 5486 12202
2mmbdow MB 3707 6.919 13935 3683 6.866 13.806 2829 5298 11759
3mmbdow MB 255 5704 12937 2533 565 12.805 2836 5507 12157
4mmbdow MB 2.749 5.387 12.088 2722 5331 12.09% 2824 5779 12.751
5mmbdowv MB 2161 4663 11.106 2148 4667 11109 281 53% 11537
6 mmbdow MB 2614 4912 11663 259 4916 11.665 2.808 5415 11947
7mmbdow MB 297 4.806 11.346 294 4.809 11.348 2971 5304 11.649

MB: margind bone, A: a the centrd fossa, B: @ the outside point of the central fossawith resinfilling into screw hole, C: & the buccal cusp.
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