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Finite element analysis of the junction between the
type IV regenerated bone surrounding a dental implant
and its adjacent native bone
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ABSTRACT

Finite element analysis of the junction between the
type IV regenerated bone surrounding a dental implant

and its adjacent native bone

Sohn Kyeong-jun, D.D.S.
Advisor: Prof. Kim Byung-ock, Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Biomechanical influences play an important role in the longevity of bone around
implants. 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.

Using EMRC NISA DISPLAY Ver. 12 program (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 4.1 X 11.5-mm and 5.0 x 11.5-mm
screw implant system (OSSTEM US I, Pusan, KOREA/ was modeledused 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 1.5 mm and 3.0 mm in width and 7 mm apical
to the platform of implant in length. And the regenerated bone was surrounded by
type I, type II, and type III bone, respectively. The present study used a fine grid
model incorporating elements of 336,985 and nodal points of 64,889. A load of 200N

was applied at the 2 points on occlusal surfaces of the restoration, the central

,iV,



fossa (A point), and the functional cusp (B point), at a 90 degree angle to the
vertical axis of the implant, respectively.

The stress values were calculated in junction between the type IV regenerated
bone and its adjacent native bone (1.5 mm and 3.0 mm away from the implant

fixture). The results were as follows:

1. The stress generated from around wide type implant was decreased compared to
that of around standard implant.

2. The stress distribution generated from around wide type implant was similar
to that of around standard implant.

3. When the load was applied at point A and B, high stresses occurred in the
crest and apex of the regenerated bone. But, the stress generated from the
lingual side of implant was concentrated in the crest, middle and apex of the
regenerated bone, exceptionally.

4. Lower stresses occurred in point A than in point B.

5. The stress values of model with 1.5 mm of regenerated bone in width were

similar to that of 3.0.

In summary, these data indicated that the stress generated from around implant
placed into regenerated bone was greater than that around implant placed into
native bone. Therefore, clinician should consider bone quality around the implant

fixture when fabricated the implant prosthesis.



I.A &

i

|

i

—

0114_ 9,1727) &

s
4
8

!

H

Wl 58477 9

F3sldh e, ol

1o}

H

Eﬂ:‘
=

"

N

o
)
T
"

B}l

Ag el AdA = ook

i

il

-
4

i

A

LR

o]

]

XY
Hn

AL
o0

i

21T}, Proussaefs

o)
il

s

0

ﬁO

b

2

pu
R

s a= Fugazzottom

A7

ol A IV

=< 119

il

A

E ngA F9NA ded 5

Aol A A

=5

] 0y

0

4
T
H

nze)

&
K
m.o

N

™

I

Nr

Fof thef H s}

Eo] A7)

&

B

oR

W
et

Gl

el

Mo

nze)

!
=
o
N
I

W)
w
i

el
o
3r

ol
o
Nlo

FHo

nze)

|
ol
B

—

e]

R

o

TR =

hd 7

7} &

b0l

e 1

7S

uEd

W

oo

i
M

H=d9", Holmes9 Loftus™

1 =
5

&

]

=6}
=]

o
°

2] ol

o]
s

|

gy

</

s3ol

=

]

9]

A

I

HE

o]

o]
=i

13)
} o™, Duyck 572

o

o]

e 7t

& A

56)
[¢]

bk 2ea 4

S

al

el

rvze]

X

7
w

!



o vl 7k

Ve WAt

o, A

ol
AR

.
o

i Al =

K

3} 7}

"

o

3 H <

5

A =] u)

bt

o

of =7 veEhdna

=
=

M

B/

o

)

B
i

I

Gl

el
Hu

!

dl, A

Bl

Oox
—_—
o

xr
ild

"
i
4

ol

oF

—_—

Tor

o

fvze]

i
a}

B/

o1}, o] %

Oox
o

=

d

o
;OO

s
OO

A
ild

7hel A =

Fejol ot

2 A A

=

Eo] Aol A <]
" ek o\, ol

W
o]
on

Hi
Hlo
B
i
T

oo

.

—

X
Hu

o
=0

)

ox
=

_—

]
]
w)
W
o]

23} 7
12 A7 E Y. waA, ol

b A A

o

= ooy

o
g

Bl

%

B!

_—

m

oy

il
)
oW
B

o)
=

T

A

48

A7

B
i
T

oo

!

=3} o]

2 A4

aL
=

3

5

v



1)

i

3} 9]

o] A+ triple tapered screw FEHZ FHo] = YAE JdZFHFE (OSSTEM US
2

[

Bl o

I, Pusan, Korea)?] $#HTEZSFS FFoLHHo=z A o= o] 115 m
5

1mES 2dE s,

fd
i
o
>
i
)
|m
il
oy
>
o
fru
ﬂ
il

Z74 10 mm, 2832 ZAA Aol 20 me 3}
Dz Ape ALNTFA Feo FAA AL AT Fig. 1 - 4).

1
VEVE F9 2L (D374 2D (19, 19, MY )| Adz2 2edse] e 2

Hgko R 15 m ¥ 3.0 m, 28 dWoer WS we 7T mtA VE 2=

AE RAow At (Fig. 5, 6)

Fig. 1. Three dimensional geometry of Fig. 2. Three dimensional
full body. geometry of crown.
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Fig. 3. Dimension of implant screw Fig. 4. Dimension of implant screw
(¢ 4.1 mm implant) (¢ 5.1 mm implant)

Fig. 5. 1.5 mn in width and 7 mn in Fig. 6. 3.0 mn in width and 7 mm in

length of regenerated bone length of regenerated bone
(red color) and it adjacent (red color) and its adjacent
native bone(). native bone(x).



Fig. 7. Three dimensional finite element
model of loading condition A and B.
A; Central fossa, B; Buccal cusp.
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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
TisAlLV (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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Fig. 8. Stress value in buccal side of the diameter 4 mm implant under vertical

loading. 8a: 1.5 mm of regenerated bone. 8b: 3.0 mm of regenerated bone. Left: A

point. Right: B point.
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Fig. 9. Stress value in lingual side of the diameter 4 mm implant under vertical

loading. 9a: 1.5 mm of regenerated bone. 9b; 3.0 mm of regenerated bone. Left: A

point. Right: B point.
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Fig. 10. Stress value in buccal side of the diameter 5 mm implant under vertical
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