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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 Institutée’,
Dept. of Periodontology, College of Dentistry, Yonsei University™,

Research Institute for Periodontal Regenerat/'on$

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 ANSYS software revision 6.0 (IronCAD LLC, USA), a program was Wwritten
to generate a model simulating a cylindrical block section of the mandible 20 mm in
height and 10 mm in diameter. The 50 X 11.5-mm screw implant (31, 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 I, and type III bone, respectively. The present study
used a fine grid model incorporating elements between 250,820 and 352,494 and nodal
points between 47978 and 67471. A load of 200N was applied at the 3 points on
occlusal surfaces of the restoration, the central fossa, outside point of the central
fossa with resin filling into screw hole, and the functional cusp, at a 0 degree angle
to the vertical axis of the implant, respectively.

The results 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 loading point.

2. A load of 200N at the buccal 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 a load 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 III
bone.

In summary, these data indicate that concentration of stress on the implant -
regenerated bone interface depends on both the native bone quality surrounding the
regenerated bone adjacent to implant and the load direction applied on the

prosthesis.

BN ol o
AN e

i)
£
&l

Byung—-Ock Kim

Dept. of Periodontology, College of Dentistry,

Oral Biology Research Institute, Chosun University
375, Seosuk-dong, Dong-gu, Gwangju, 501-759, Korea
Tel. 82-62-220-3856 Fax. 82-62-224-4664

E-mail: bobkim@chosun.ac.kr

rlo
rob

o] =it

TR AR A A(03-PJ1-PG1-CHO8-0001) .2 AT+HIS



I A&

A A 2 A

€

Jo}7}

R

&l

o ¢

A5

s

%

t}

Hiny

2

%

i
0

T

—

N

=

4)1_.

9t} Jaffin @ Bermam Y3 Bahat

al

M

—

0
o

K-

o)
w
<

)

By

¥, Davarpanah %V

sl

B

"o

g

B

ny

ol
oo
M

o}

o
i

]
o

ol

=

4

7F

T
R

SF A E oA

"—rLlajl gj\q_ 7*10ﬁ).

o] #et 7= 2w r™ Holmeset Loftus

A=

YETE 7}

-
e

X

g

|
=2

KR
S

2}

=

M

Juty
;00

M
Hu

el von Mises stress™

REA
=

Sk

s

it

o

FH | Fanuscu

EEEL N

al

ol 4]

M
W
£)

ofpy
q_mo

7
H
It

M

—

<
il
oy

By
0

B

—_
"o

ﬂ
23]

A
2]

=Ul el

o AR QYA

©

A 4

T
R

olth. whela] o] <ol A

g

A%

s

i R R



I d7A= 2 iy

o] AFNAE ABAEI} A4Y BAE AYH Tl 4P} Yo ALFolt A
2, it AP AATAE Beidel 9t A UEVE RABC 200N F4 3

Yste] A7 5 mn, 2o] 115 me] Osseotite (3i, USA)& A4S JZHE RFES A2
St T

=
i

JJEdE = myge 7 F7¢ dAyd A& 329 computer aided design

239l Iron CAD Ver 6.0 (IronCAD LLC, USA)E o] &3lo] g5ttt
HAA dEHE FAlA 10 my 2E]ar A de] 20 me] slekx FEE AHs)
Row AL ALh7-A Fefet fFAkskA Aztetant JERES =, A#, A3 e

gold screw®] A|%-# ¢l 432+ Fig. 1914 Fig. 674 AA %o ).

75

Fig. 1. Two dimensional section Fig. 2. Three dimensional of full bo

dy geometry of full body



Fig. 3. Three dimensional geometry Fig. 4. Three dimensional geometry of fir

st molar of resin

Fig. 5. Dimension of implant Fig. 6. Dimension of gold screw



Fig. 7. Junction between the regenerated bone Fig. 8. Three dimensional finite
(red color)adjacent to screw type implant and element model.

the native bone (light sky blue color).

Iron CAD9A] 29 &%t 3D Geometry & ANSYS Program Ver 7.0 (Ansys, Inc, USA) &
Whol 2o AxE Aot AA FAAl Z47be] Rde diste] g4k HAHe g
dEEE 24 s, Fess 84 AR a4E A&t (Table 1 and Fig.

8).

Table 1. Numbers of node and element

Below MB node element
0 mm 50,652 264,186
1 mm 48,453 251,688
2 mm 47,978 250,820
3 mm 67,471 352,494
4 mm 60,691 320,670
5 mm 59,996 316,102
6 mm 52,639 274,312
7 mm 52,745 276,470

MB : marginal bone

FHasRAS sty ask Are EAXQ eA A (Young's modulus: E)



% A4, A28 (pe e 94, 433 (pe e 4 45 aela, A48
W AR e AP sl Aae) B

o]
42 A dHste] SHEXEE HIIsH (Table 2).

Table 2. Material Properties

Materials Young’s Modulus " Possion’s Ratio
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
*. Unit : MPa

L

SHEE AW FAskel Awehs B9 Al AR 9rE AEAE Ao 3
St AR 978 A A7 weld mE mg w99 g agde #gee
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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 surrounding bone quality under the vertical load
(Unit: MPa)

Regenerated type Surrounding bone quality
IV bone Type I bone Type II bone Type II bone
A B C A B C A B C

1 mm below MB 5.357 | 11.776 |26.875| 5.313 | 11.666 |26.619| 2.737 | 5.486 | 12.202

2 mm below MB 3.707 | 6.919 |[13.935| 3.683 6.866 (13.806| 2.829 | 5.298 | 11.759

3 mm below MB 2.55 5.704 |12.937| 2.533 5.65 |12.805| 2.836 | 5.507 | 12.157

4 mm below MB 2.749 | 5.387 |12.088| 2.722 5.331 [12.095| 2.824 | 5.779 | 12.751

5 mm below MB 2.161 4.663 |(11.106| 2.148 4.667 |(11.109| 2.81 5.394 | 11.537

6 mm below MB 2.614 | 4.912 |11.663| 2.599 4.916 (11.665| 2.808 | 5.415 | 11.947

7 mm below MB 2.97 4.806 |11.346| 2.954 4.809 (11.348| 2.971 | 5.304 | 11.649

MB: marginal bone. A: at the central fossa. B: at the outside point of the central

fossa with resin filling into screw hole C: at the buccal cusp.
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