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Finite element analysis on implant with internal connection
type in the type IV regenerated hone
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ABSTRACT

Finite element analysis on implant with internal connection

type in the type IV regenerated bone

Lee Jong-woo, D.D.S. M.S.D.
Advisor: Prof. Kim Byung-ock, D.D.S. M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The purpose of this study was to investigate the distribution of stress on the
implant with internal connection type placed in the regenerated IV bone using three
dimensional finite element stress analysis. Using EMRC NISA DISPLAY Ver. 12
program (IronCAD LLC, USA), a program was written to generate a model
simulating a cylindrical block section of the mandible 20 mm in height and 10 mm in
diameter.

The 41 X 11.5-mm screw implant system with 8° morse taper, internal connection,
and double tapered body (OSSTEM SS I, Busan, KOREA/ was modeled for this
study, and was assumed to be 100% osseointegrated. The implant with external
connection type (OSSTEM US III, Busan, KOREA) placed in native bone was used as
a control group. 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 3.0 mm in width and 7 mm in length from the platform edge of implant. And
the regenerated bone was surrounded by type I, type III of native bone,
respectively. The present study used a fine grid model incorporating elements of
278,336 and nodal points of 53,942.

A load of 200N was applied at the 2 points on occlusal surfaces of the

restoration, the central fossa (A point), and the functional cusp (B point), at a

,iV,



parallel direction to the vertical axis of the implant, respectively.
The stress values were calculated in implant and type IV regenerated bone
interface, and 3-mm away point from implant fixture for implant with internal

connection type. The results were as follows:

1. Stress on the implant with internal connection type/native bone interface was
lower compared to that with external connection type/native bone interface
irrespective of bone quality surrounding implant and loading points on implant
prosthesis.

2. When the implant fixture was surrounded by native bone and loading was
applied on central fossa, stress on implant/bone interface for the implant with
internal connection type was lower compared to that with external connection
type/native bone interface and distributed along the implant axis evenly.

3. When the implant fixture was surrounded by native bone and the load was
applied on functional cusp, stress on implant/bone interface was concentrated
with coronal part of implant, irrespective of connection system of implant.

4. Stress on implant/regenerated bone interface for the implant with internal
connection type was distributed along the implant axis evenly, when the load
was applied on the central fossa.

5. Stress on implant/regenerated bone interface for the implant with internal
connection type was concentrated with coronal part of implant when the load

was applied on the functional cusp.

In summary, these data indicated that clinicians should select implant fixture
according to the bone quality deliberately as stress distribution on implant with
internal connection type is different from that on implant with external connection

type.
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Fig. 1. Three dimensional Fig. 2. Three dimensional
geometry of full body. geometry of crown.



Fig. 3. 3.0 mm in width and 7 mm

in depth of regenerated
bone (red color) and its
adjacent native bone(x*)
for implant with external
connection.

Fig.

Three
element model of loading

dimensional finite
condition A and B. A;
Central fossa, B; Functional
cusp.

Fig. 4.

3.0 mm in width and 7 mm

in depth of regenerated
bone (red color) and its
adjacent native bone(*)

for implant with internal
connection.



AdZHES Zo RS 329U computer aided design (CAD) T =32l EMRC

NISA DISPLAY Ver.12 Program (Ansys. Inc., USA)S o] &3l A& gE=d, 84E

27833671 el AHE 53942712 FPon, dZHES} T 100% ¢TE Aow
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Table 1. Material Properties

Materials Young's Modulus (MPa) Possion’s Ratio (v)
Type 1 bone (Oak Tree) 12,560 0.3
Type 2 bone (Needle-leaf Tree) 12,400 0.3
Type 3 bone (Balsa Wood) 3,170 0.3
Type 4 bone (Styrofoam) 2,550 0.3
TisAlsV (Implant) 115,000 0.35
Gold crown 96,600 0.35
Composite resin 9,700 0.35
Abutment screw 115,000 0.35
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Table 2. Stress distribution on implant-bone interface surrounded by N-I and -III
bone for both external and internal connection type of implant at the loading point

A (Unit: MPa)

bone quality N-T bone N-III bone
connection type

regenerated bone (depth) External Internal External Internal
1-mm below MBC 7.611 1.54366 3.447 1.06127
2-mn below MBC 4.74 1.911 3.13 1.12245
3-mn below MBC 7.575 1.92188 3.054 1.33423
4-mn below MBC 3.902 1.89359 3.073 1.40269
5-mn below MBC 4.498 1.8901 3.037 1.44558
6-mn below MBC 3.923 1.71048 3.037 1.507
7-mn below MBC 3.211 1.56605 2.993 1.46678

N: native bone. MBC: marginal bone crest.

Table 3. Stress distribution on implant-bone interface surrounded by N-I and -III
bone for both external and internal connection type of implant at the loading point B

(Unit: MPa)

bone quality N-I bone N-III bone
connection type
regenerated bone (depth) External Internal External Internal
1-mm below MBC 46.677 8.0816 14.463 5.24216
2-mm below MBC 28.246 8.06362 7.739 5.24597
3-mm below MBC 38.391 6.48643 9.012 4.59045
4-mn below MBC 14.623 4.84472 5116 3.87599
5-mm below MBC 10.855 3.76862 3.84 3.35651
6-mmbelow MBC 3.069 2.99422 3.84 2.79878
7-mm below MBC 6.733 2.93502 3.932 2.31665

N:native bone. MBC: marginal bone crest.



Table 4. Stress distribution on both implant-bone interface and 3-mm away point
from implant fixture for the internal connection type of implant at the loading point

A (Unit: MPa)

bone quality R-IV+ N1, RIV+ NI, RIV: NI, R-IV+ N-IIL
regenerated bone (0-mm) (0-mm) (3-mm away) (3-mm away)

(depth)
1-m  below MBC 095673 1.0507 0.61386 061945
2-m below MBC 1.26358 1.28274 049916 0573
3-m below MBC 1.35446 1.36462 055191 065149
4-mn below MBC 1.39167 141163 059182 0.72072
5-mn below MBC 1.39332 1.46761 0.61499 0.77547
6-mn below MBC 1.24408 141436 0.64904 0.80821
7-m below MBC 156231 11564 119788 141018

* The implant with internal connection type was surrounded by both regenerated bone and

native bone. R: regenerated bone, N: native bone. MBC: marginal bone crest.

Table 5. Stress distribution on implant-bone interface and 3-mm away point
surrounded by both regenerated bone and native bone for the internal connection

type of implant at the loading point B (Unit: MPa)

bone quality R-IV+ NI, R-IV + NI RIV + N-I,  R-IV + N-II,
regenerated bone (0-mm) (0-mm) (3-mm away) (3-mm away)

(depth)
1-mn below MBC 5.15606 49258 1.76912 1.74948
2-m  below MBC 558519 5.04526 247622 2.34379
3-m below MBC 483115 446644 250333 245102
4-m below MBC 383329 379364 220723 234154
5-m below MBC 294205 326977 17963 21169
6-m  below MBC 205032 268213 134616 1.8697
7-m below MBC 346403 22621 208387 1.92405

* The implant with internal connection type was surrounded by both regenerated bone and

native bone. R: regenerated bone. N: native bone. MBC: marginal bone crest.
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