[ UCI ]1804: 24011- 200000234552

Finite element analysis of cylinder wide type implant placed
into the regenerated bone with type [V bone quality
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ABSTRACT

Finite element analysis of cylinder wide type implant placed
into the regenerated bone with type IV bone qualityz

Cho Young-Su, D.D.S.
Advisor: Prof. Kim Byung-Ock, D.D.S. Ph.D
Department of Dentistry

Graduate School of Chosun University

The purpose of this study was to investigate the distribution and
concentration of stresses at the regenerated bone - implant interface
using three-dimensional finite element stress analysis method.

The 5.0 X 10-mm cylinder type implant (3i, USA) was used for this
study and was assumed to be 100% osseointegrated, placed in
mandibular 1st molar area and restored with a cast gold crown.
Using ANSYS software revision 6.0, a program was written to
generate a model simulating a cylindrical block section of the
mandible 20 mn in height and 10 mm in diameter. The present study
used a fine grid model incorporating elements between 184,309 and
222,567 and nodal points between 35,067 and 42,777. This study
was simulated loads of 200N at the central fossa (A), at the outside
point of the central fossa with resin filling into screw hole (B), and
at the buccal cusp (C), in a vertical and 30" lateral loading,

respectively. The results were as follows:

1. Stress concentrations at the regenerated bone-implant interface

were greater under a 30-degree lateral loading than under an equal

_iV_



vertical loading.

2. In case the regenerated bone was surrounded by bone quality type I
and II, stresses were increased from loading point A toward C
under vertical loading. And stresses according to the depth of
regenerated bone were evenly distributed along the implant at
loading point A, and concentrated on the crestal bone area at
loading point B and C under vertical loading. However, in case the
regenerated bone was surrounded by bone quality type III, stresses
were increased from loading point A toward C wunder vertical
loading. And stresses according to the depth of regenerated bone
were evenly distributed along the implant axis at loading point A,

B and C under vertical loading.

3. In case the regenerated bone was surrounded by bone quality type I
and II, stresses were decreased from loading point A toward C
under lateral loading. Stresses according to the depth of
regenerated bone were concentrated on the crestal and implant
apex area at loading point A, concentrated on the crestal bone
area at loading point B, and evenly distributed along the implant
axis at loading point C under lateral loading. However, in case
the regenerated bone was surrounded by bone quality type III,
stresses were decreased from loading point A toward C under
lateral loading. And stresses according to the depth of regenerated
bone were evenly distributed along the implant axis at loading

point A, B and C under lateral loading.

In summary, these data indicate that the distribution and



concentration of stress at the regenerated bone - cylindrical type
implant fixture interface could be influenced by both the natural bone
quality surrounding the regenerated bone and the loading point

applied on the prosthesis.

_Vi_



|
W
2]

—_

9

To

=
=

214719l

2+ A

3|

Itk et ol

a3

o] ==
=

A = oF 3

WolA AA

3
p ol

PO}

of o

A 3} A

=
-

Wy

H

o
H

Hlo

B

BN

o
Mo

—

T
A<

15'19'29'30)5\—7HQ01 %1%__%15«7], Eq_ ﬂu]zﬂo]tq 7]

[}

2]

o

)

W
M

ol

Ho

o
T
<

(!
H

<]

Branemark Y4ZHEE IV

o 23)

Berman+<

o|
B%

—
o

!

o
o
el

Fa A

35} A

o
=

=
—

zdd we mAALL o

1
L

Mish?”

of

100% 4]

=59l o

ol

=
G

I A 30%744 AT web el

9]

97k UArg el )



B

o

£}
M

A8

JArg el

8,9,11,13)
;L

E

e

o
H

2}

3L O
=T

e

k)
£
H
T

olo

Y]

(S
T

olo

)

N
H

— . 25)
HEH, Lavernia 572

el

o
o
H
>
Hlo

—

N

1,
BR

—_
o

e

il

'y

B
o

™

B
.

il

=y

iy
i)

N
o]
H
T

ol

B

0

o)

O

o

|

"

il
0
"

w

a9,

W 2o SAe weh 21 gl vz

g, o] d7ddAes ¢

ki3

gt B

&+
)

oY
(S

of
0

S
=

o
2R

—_
o
T

—

<

H

B

9

ol

R

0

1o

=

o
0y
Wy

2}
i

Aol

Edacin=

oz

o=



A AN LA

me] Osseotite (37,

o,
e
oy
rr
=
oftt
g
i
fru
)
%
i)
Uk
K
(o,
off
oflt
ke
i
(aS
m
° K

© SHRE e EM5 fstd AA 5 m, 2ol 1
USA) 9 FARRE AZHE B S Ak,
dEdES Zo 2y 3x39 CAD Z2a#We Iron CAD  Ver 6.0,
(IronCAD LLC, USA)E ol &3dtd RAGsAT. R dEHES FHoR
5 10 mn, 28 AA Aol 20 me stetE FHE, a8l AT A1 +A
et fFAFSHA Al e, dEHES =, A, A 183 gold screwd
6

AFAQ FAE Fig. 1914 6744 AA =] 3Tt (Fig 1 -

Fig. 1 The two dimensional section Fig.2 The three dimensional
of the full body geometry of full body
* native bone



Fig. 3 The three dimensional geometry

Fig. 4 The three dimensional geometry
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Table 1. Material property

Materials Young’'s Modulus Possion’s Ratio
Type 1 (Oak Tree) 12,560 0.3
Type 2 (Needle-leaf Tree) 12,400 0.3
Type 3 (Balsa Wood) 3,170 0.3
Type 4 (Styroform) 2,550 0.3
TisAl4V (Implant) 115,000 0.35
Crown 96,600 0.35
Composite Resin 9,700 0.35
Abutment Screw 115,000 0.35

HEHE HAZ 7telxl st AR A dsts F9 (A), Ad F
Askel sle ARt 72 A FEAE HZARSA Tl TheiAlE AE I
k7] fste] #HxlEs Hojd nmpz mpg R9o] gugnld sjdsts #9(B), 2

g3 FZmTel Agets $9(C)el 200N FHekEI 200N 307 AAe

Zo] #47 bl A =5 stelvh (Fig. 8).




Fig. 8 Loading condition. a: 3 loading points of loading condition A, B, C: b. Axial
force applied each loading condition A, B, C : ¢. Lateral force applied each
loading condition A, B, C.
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Table 2. Maximum value of the Von-Mises stress according to load points and

surrounding bone quality under the vertical load. (unit: MPa)
one quality Surrounding bone quality
Load type I type II type 1l
point
Measuremen A B C A B C A B C
1 mm below MB 4.24 9.41 21.113 4.205 9.317 20.894 2.892 4.679 10.064

2 mm below MB 4.011 7.958 17.535 3.981 7.877 17.345 2.903 4.735 10.1

3 mm below MB 4141 5.282 11.24 4.109 5.237 11.13 2.755 4.638 9.954

4 mm below MB 3.851 5.05 9.961 3.851 5.05 9.961 2.836 4.667 9.941

5 mm below MB 4.191 5.796 10.895 4.161 5.738 10.776 2.889 4.837 10.302

6 mm below MB 3.216 4.05 9.381 3.2 4.055 9.385 2.935 4.676 9.916

7 mm below MB 4.103 4.629 9.599 4.077 4.597 9.603 2.862 4.729 10.095

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.

2) 30° 35& 7tk Afo € EE (Table 3, Fig. 11~12)
ABE =2 (VF )] 139 AAS= -
AR CHog FTFE P paHden, AAUH F9 ZHold u
RN ATHE FFS ded o,
1

gla CHOME dEHdE HolE

o
ke
il
e
[
lo

= AR M= A x2H 5

st mE $H2 AYOA CHor Foam Y2 AaHdeH, A
5]



k)
i

e
[t
lo
(N
S
i

w2}

fid
K
1
e

b
i
e

pos
o
fru

Table 3. Maximum value of the Von-Mises stress according to load points and

surrounding bone quality under the lateral load. (unit: MPa)
one quality Surrounding bone quality
Load

Oapoint type 1 type II type I
Measuremé A B C A B C A B C
1 mm below MB | 19.138 | 15.019 | 7.253 | 19.008 | 14.886 | 7.209 10.47 8.339 4.689
2 mm below MB | 17.74 | 14.275| 7.359 | 17.557 | 14.131 | 7.294 | 10.505 | 8.381 4.776
3 mm below MB | 16.06 | 13.127 7.36 15.889 | 12.99 7.296 | 10.342 | 8.244 4.556
4 mm below MB | 11.413 | 9.423 6.174 | 11.299 | 9.331 6.132 | 10.511 8.41 4.802
5 mm below MB | 12.575 | 10.721 7.09 12.443 | 10.608 7.02 10.797 | 8.609 4.884
6 mm below MB | 19.112 | 7.956 4,927 | 10.115 7.96 4.889 | 10.526 8.43 4.777
7 mm below MB | 10.045 | 7.929 5.765 | 10.947 | 7.932 5.715 | 10.355 | 8.273 4.883

MB: marginal bone, A:

at the central fossa, B:

at the outside point

central fossa with resin filling into screw hole, C: at the buccal cusp.
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(1) Stress distribution at 1 mm below marginal bone

A B C

N0

| NN

(2) Stress distribution at 4 mm below marginal bone

A B C

| (WNIEINE]

(3) Stress distribution at 7 mm below marginal bone

A B C

Fig. 9. Maximum value of the Von-Mises stress according to load point (A, B, C)
and surrounding bone quality (type |) under the vertical load.
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(1) Stress distribution at 1 mm below marginal bone

A B C

(2) Stress distribution at 4 mm below marginal bone

A B C

(3) Stress distribution at 7 mm below marginal bone

A B C

Fig. 10. Maximum value of the Von-Mises stress according to load point (A, B, C)
and surrounding bone quality (type IlI) under the vertical load.
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(1) Stress distribution at 1 mm below

A B

marginal bone

| LTI

NINNEmNN ¢

(2) Stress distribution at 4 mm below marginal bone

A B

(3) Stress distribution at 7 mm below

A B

marginal bone

00m00e. ¢

Fig. 11. Maximum value of the Von-Mises stress according to load point (A, B, C)
and surrounding bone quality (type 1) under the lateral load.
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(1) Stress distribution at 1 mm below marginal bone

A B C

(2) Stress distribution at 4 mm below marginal bone

A B C

(3) Stress distribution at 7 mm below marginal bone

A B C

ANDEREEN &

Fig. 12. Maximum value of the Von-Mises stress according to load point (A, B, C)
and surrounding bone quality (type Ill) under the lateral load.
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