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Abstract (J. Kor. Oral Maxillofac. Surg. 2004;30:331-338)

FINITE ELEMENT ANALYSIS OF CYLINDER TYPE IMPLANT PLACED INTO
REGENERATED BONE WITH TYPE IV BONE QUALITY

Byung-Ock Kim*, Kug-Sun Hong*, Su-Gwan Kim**
Dept. of Periodontics*, Dept. of Oral & Maxillofacial Surgery**,
College of Dentistry, Oral Biology Research Institute, Chosun University™* **

Stress transfer to the surrounding tissues is one of the factors involved in the design of dental implants. Unfortunately, insufficient

data are available for stress transfer within the regenerated bone surrounding dental implants.

The purpose of this study was to investigate the concentration of stresses within the regenerated bone surrounding the implant using

three-dimensional finite element stress analysis method. Stress magnitude and contours within the regenerated bone were calculated.

The 3.75x10-mn implant (3i, USA) was used for this study and was assumed to be 100% osseointegrated, and was placed in

mandibular bone 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 mm in height and 10 mm in diameter. The present study used a fine grid
model incorporating elements between 165,148 and 253,604 and nodal points between 31,616 and 48,877. 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. In case the regenerated bone (bone quality type IV) was surrounded by bone quality type | and Il, stresses were increased from
loading point A to C in vertical loading. And stresses according to the depth of regenerated bone were distributed along the
implant evenly in loading point A, concentrated on the top of the cylindrical collar loading point B and C in vertical loading. And,
In case the regenerated bone (bone quality type IV) was surrounded by bone quality type Ill, stresses were increase from loading
point A to C in vertical loading. And stresses according to the depth of regenerated bone were distributed along the implant evenly
in loading point A, B and C in vertical loading.

2. In case the regenerated bone (bone quality type 1V) was surrounded by bone quality type | and Il, stresses were decreased from
loading point A to C in lateral loading. Stresses according to the depth of regenerated bone were concentrated on the top of the
cylindrical collar in loading point A and B, distributed along the implant evenly in loading point C in lateral loading. And, In case
the regenerated bone (bone quality type V) was surrounded by bone quality type Ill, stresses were decreased from loading point
A to C in lateral loading. And stresses according to the depth of regenerated bone were distributed along the implant evenly in
loading point A, B and C in lateral loading.

In summary, these data indicate that both bone quality surrounding the regenerated bone adjacent to implant fixture and load direc-

tion applied on the prosthesis could influence concentration of stress within the regenerated bone surrounding the cylindrical type
implant fixture.
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229 3%

VEAE 9 FE FYYFOE YSAES) H4T pltform
F9 4m7hd), T2l T JEVE A5 e} 2UEOE JE
E9 202 Wel Lm A0 TmAA NEe 242 A48
ne. 2o 71713, 13, 199 24 5

DHEes g g4

Iron Cadoll A =423 3D GeometryE ANSYS Program Ver7.0
(Ansys, Inc, USA) 2 o5 o] A28 A sksith A7 F4A] 7}
zho] Rdof thsle] 2 4 (element)o} 24 (node)e] 471 2A W
oA oAl ste] AHAE 2A 33tk T3t 732 2 (element)
= 8d -9 4AH7H¥ 2 4 (tetra heron element)E AH£-3}S3th
(Table 1) (Fig. 7).
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o] #dstrte 47 (homogenecity), 2| 5.9 542 3o =
s dsttte 54 (isotropy), 7329 WE ol W g = 449 ¢
o %

[e)
Tolle Fasite A3 &4 (linear elastici-
%



Fig. 1. The two dimensional section of the full body

Fig. 3. The three dimensional geometry first molar

g SB= WYE Sl MEis HEY gEEse

0

Fig. 2. The three dimensional geometry of full body

Fig.4. The three dimensional geometry of of resin

Fig.5. The dimension of implant screw

Fig.6. The dimension of gold screw
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o] B4 ¢l €A A4 (Young s modulus: E)9F E 9}49] H]
(Poisson'’ s ratio: v)= A 8te] AR S F 8k o] &g, &
A2 U A Ao wE 4] /R 5, =4 DI

= ST AlE, 24 D2 A, 24 D32 Ui ke

123, 24 Dée AERE EE PR GUA PAES
S AR 7Hgste 1A FE 2 PR, A7 B4 2
TS AFE st SHEZE Htsksin (Table 2)

Jst=xA
o] AFdAN = A T4 9Jr]
gkl = Wt 47E
A= As v6t7] fsto @
ol s Fat= }%3:7&
1;3374 Coll 200N<] 4= 0]'-6“4‘
&3t== skt (Fig. 8).

23 A AT 52
3400l 5%0] 7}

om vhe g Bgle) 2
az Y2 ao ekt o
0ONe| 30° ANl ES 77 %

::;
m—F{O

Fig. 7. Three-dimensional finite element model

Table 1. Number of node and element Table 2. Material Property (Unit : MPa)
node element Materials Possion’ s Ratio Young' s Modulus
0 mm 31616 165148 Type 1 (Oak Tree) 12,560 0.3
1mm below 43723 224816 Type 2 (Needle-leaf Tree) 12,400 03
2mm below 41810 217808 Type 3 (Balsa Wood) 3,170 03
3mm below 47021 244446 Type 4 (Styroform) 2,550 03
4mm below 46723 243952 TisAlsV (Implant) 115,000 0.35
5mm below 39760 208018 Crown 96,600 0.35
6mm below 48877 253604 Composite Resin 9,700 0.35
7mm below 48088 252102 Abutment Screw 115,000 0.35

A

B C

Fig. 8. Loading condition. a: 3 loading points of loading condition A, B, C: b. Axial force applied each loading condition A, B, C :

c. Lateral force applied each loading condition A, B, C.
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Table 3. Maximum value of the Von-Mises stress according to load points and surrounding bone quality under the

vertical load. (unit: MPa)
Regenerated type Surrounding bone quality
IVbone type I type Il type Il
A B © A B © A B C
1 mm below MB 5.178 13134 31.023 5.141 13.019 30.74 3.352 7.112 15.96
2 mm below MB 539 12.455 28.233 5.346 12.325 27.923 3.632 8.058 18.285
3 mn below MB 5.299 9.282 19.526 5.257 9.188 19.317 3.831 7.695 17.372
4 mm below MB 5.445 8.902 20.177 5.399 8.806 20.188 3913 9434 21.33
5 mm below MB 5.041 7.489 15.293 5.001 7415 15.299 3679 713 16.027
6 mm below MB 5.641 7421 18.017 5.595 7427 18.023 4137 8.323 18.725
7 mm below MB 4.953 7.224 17503 4911 723 17508 4023 8.1 18.172

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.

Table 4. Maximum value of the Von-Mises stress according to load points and surrounding bone quality under the

lateral load. (unit: MPa)
Regenerated type Surrounding bone quality
il type T type Il type I
A B C A B C A B ©
1 mm below MB 30.509 23509 9532 30.237 23.305 9466  16.095 12.661 5.893
2 mm below MB 30.301 24,051 11523 29.975 23.797 11.415 19.48 15.324 6.912
3 mn below MB 22642 18426 10.147 22.396 18229 10049 16721 13.266 6.573
4 mm below MB 19.256 16.078 9.876 19.038 15.899 9.773 18.413 14526 6.937
5 mm below MB 15.936 13578 9.288 15.942 13432 9191 16635 131 6.408
6 mn below MB 17.869 13938 8.937 17.873 13943 8844 18504 14.638 6.986
7 mm below MB 19.589 15.251 8.22 19.593 15.255 8.14 20.047 15.792 7.198

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.

335



[e]

ot

35
xg)

P, g

o

HeEHFE TN BAES BT

1= A4, B3, 18] C

o 3

T

o) Zolol w2 £

]

3L
=2

o, A

Sl

AR (A& FAhAA CH (F79)

LHT*8IX| 2004,30:331-338

I
=
[©)

K

o

iz}

ol 7

TEE AT

YA
=2

al

S
&

baeh A7kl 45

o]

T Ak

5 2o v)2 5 6670 9] e}

ul
ol A 100%<] 5 =& 983%] &S H

g 1802 Eaarel Ao vy

9 kAl thal A

}

ne yrRtaRd A A4E T 4y

=

[¢)

< Buser

Hoh g Al
E

& A

15

T

EREEL

o

7+

L

L

b, 2o} 43480 Q)

)

]

o 2zt A2

A7)
ZSTE Abo] 9] E§ Tl 100% Ath

PIK-J]O

HAT, L,

ajo

Td], A A2l A

RS

A AT A Y

AxE
skl el A

L
.

oA
s

Hel JERED Agaol B
2

&

[e)
T

FAA A A
&
o Al E T 23,

o

o] o}y HHA %

i

59.9%,

45.66%, titanium

54.96%, hydroxyapatite-coated cylinder
=k eR

[¢)

L

L

hydroxyapatite-coat-

L

T

[¢)

R

=3
o

75.9%, 123 titanium implantel] A

titanium screw implantei] A1

cylinder implantol] A

implantey] 4

v} 9lth Z < Wilson

}

°
psd

L

71.35% ATl B

¥ B Gottlander

R

L
T

.
=30
o

A

i

ed implantel] A

Weinlander

(<13
=

L
.

A
L

T 29

olm

so] 2

Bl

ol
olo
=)
Hu

a7

L

e

Aol A

(31}
=i

SRR =,

o
FE o 4o platform F9] 4 mn

o
a1

=

AR #ZAF Y. webA,
1)

Felet Atk

kol A 9] 97}

7
N

b

Ad A7t ds
2 ALE 3

)

=
«

1=

St 6

S
o

44

= A
=

sHRA, (1) WA Z4) TPS

)

A] titanium plasma-sprayed implant (TPS)
1%tk B3

30° skl A 2R o 3lem,

L
T

o 45 o hEur)

oo

. ~—

o

—_

3
Hu

336



Hgeels, ANE 2 3
A2 ARHD 29gA, YEREs 39 £y

A TR S5 A% FAoNl A1 A, A
Astel e A 4TS A BEAE GATSG 55
AL AS T3] Aste] AAS Wol HhE uhg Roe
Felo] ek BY, el 5Tl shgehs CF
S5 200N 30" AT E A2 454
I5tel et 22
V& Z)o] 183} I3
E £92 4% AU O
g 29 Zolo] BE YL #F

% 2 1o O oy o o @

‘h [ l"r
[‘-1]1 _P“l = >‘_|.4

lo o

200N

= oy
ol N}L
::l,

it

iffeS

2

32

uj

e < W1
& — _I
>
X, 1o
Qe
i
oA
ity
Ky -
=
rO
ety
2L oo %
ol
ol

w2

o M o o rir rlo

o\
o

2 ad 3w oox I
L .
1ru
_&
S}i
"
=

o -mj
M
K
ob
4t
o r
°
ol

2 o 2 oo

o rr m H

e x A2
ut
10
fd
o
)
e
e
1o
oX,
X,
2

o HUa
M go
Aoy

ofx M
X
[o 2 32

2

7R
]_o

=

O{NémHO{Nmﬂ_V‘i%EEEQEO{NQOIO
r
dt 1o oy

N
oF 30 2 1 o oox kI

V)
3
O,
o, 10

a
2l ez
%

ofr
Bt

OIO oﬂ,
rg
2
o
rin
i
o
oF
lo
ofo m Mk -z

oo o o
rlo
N
o)
ol
o,

&
& fo fn

b

wt ® o m

o
=
@)
e
ko
—
=2
X
i
/e
re
(i
1o
i)
o

>
ox
w

I‘T[‘

pots

o

fu

rid

Y

A

2

fuf

[
=
oflt
ikl
S
ofh
-L
oF
1o,
W -
i
fu

. T
V)
=
rO
oX,
:‘o
QL

=
rl
olo
A1)
lo
ot
ol

=
é
ol
(@]
?.i
o
H‘U
‘,’L'
-IHU
lo
L

2 o
o ®
olo
)
rlo ©
_0|L
ofN
>

o o
<

[o
=
BN

X
me o= ¢

o oo

o x

ol 32
a4
=

P‘L

O
m
o
>
rir
i
i
i)
{r
i)
©
il
= 1o
= o
ik

Y
)
39

o
QL
ofX
=y
o
2t ool g flo

2
[
—r
z
Ho
To
i
ot
ok
N —D'
o o

2o 2R e gy

\ flo
jorlll
ofX
X
—~~
A

o o

1o

4l o ofN kI r

=2

2 4
o Y,
g H g
o l‘c‘;
Ko iz o
> F‘S_‘E i
i =3
N ofl ™
F2
[e] i_‘\l
i
o O
i
=2
R |
2 Tﬁ
o 19
; ftl
o= &
i T
e o
o
ale)

1. Klokkevold PR, Newman MG : Current Status of Dental Implants: A
Periodontal Perspective. Int J Oral Maxillofac Implants 2000;
15(1):56-65.

2. Becker W, Becker BE, Polizzi G. et al : Autogenous bone grafting of
bone defects adjacent to implants placed into immediate extraction
sockets in patients: A prospective study. Int J Oral Maxillofax
Implants 1994;9:389-396.

3. Reynolds MA, Bowers GM : Fate of Demineralized Freeze-Dried
Bone Allografts in Human intrabony Defects. J Periodontol 1996;
67:150-157.

4. Valentini P, Abensur D, Densari D et al : Histological evaluation of
Bio-Oss® in a 2-stage sinus floor elevation and implantation proce-
dure. A human case report. Clin Oral Impl Res 1998;9:59-64.

5. Valentini P, Abensur D : Maxillary Sinus Floor Elevation for Implant
Placement With Demineralized Freeze-Dried Bone and Bovine Bone
(Bio-Oss): A clinical study of 20 Patients. Int J Periodontics
Restorative Dent 1997;17:233-241.

6. Simion M, Baldoni M, Rossi P et al : A Comparative Study of the
Effectiveness of a e-PTFE Membranes With and Without Early

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

WEe BH= MY IU MEE AEY JEES FeesH T

Exposure During the Healing Period. Int J Periodontics Restorative
Dent 1994;14:167-180.

Simion M, Trisi P, Piattelli A : GBR With an e-PTFE Membrane
Associated With DFDBA: Histologic and Histochemical Analysis in a
Human Implant Retrieved After 4 Years of Loading. Int ]
Periodontics Restorative Dent 1996;16:339-347.

Mish CM : Comparison of intraoral donor sites for onlay grafting pri-
or to implant placement. Int J ORa | Maxillofac Implants
1997;12:767-776.

Proussaefs P, Lozada J, Kleinman A et al : The Use of Titanium-
Mesh in Conjunction with Autogenous Bone Graft and Inorganic
Bovine Bone Mineral (Bio-Oss) for Localized Alveolar Ridge
Augmentation: A Human Study. Int J Periodontics Restorative Dent
2003;23:185-195.

Jaffin RA, Berman CL : The excessive loss of Branemark fixtures in
type IV bone: a 5-year analysis. J Periodontol 1991;62: 2-4.

Beck GH : Restoration of an Edentulous Maxilla Using Implants
Designed for Specific Bone Densities: A Case Study. Compendium
(Special) 1998;19(3):37-40.

Misch CE : CONTEMPORARY IMPLANT DENTISTRY. 2nd ed.
Mosby. 1999. pp14 St Louis, London, Philadelphia, Sydney, Toronto.
Davarpanah M, Martinez H, Tecucianu JF, Hage G et al : Modified
osteotome technique. Int J Periodontics Restorative Dent 2001;
21:599-607.

Aghaloo TL, Moy PK, Freymiller EG : Investigation of platelet-rich
plasma in rabbit cranial defects: A pilot study. J Oral Maxillofac Surg
2002;60:1176-1781.

Kawase T, Okuda K, Wolff LF, Yoshie H : Platelet-Rich Plasma-
Derived Fibrin Clot Formation Stimulates Collagen Synthesis in
Periodontal Ligament and Osteablastic Cells In Vitro. J Periodontol
2003;74:858-864.

Ao, 354, A4, 243, 144 A2 JEIE A2
o, Mg L}EHE-&A}. 2000. pp. 339~353, 381~396.

NE Az 2AE o) 2y dxete) o et M do] B
o e S Er A I:H k%] 3} 1§18} 3] 2] 1984;3:25-36.

, QAME, B, A, Breks, bhE
|ZE A e e S0 37
7hokobd o) 71813 %] 2001;27(2):111-117.

G2A JdZHE K3 AHA SHEA, A

u‘r‘—n ]’

"‘2}0]—01/\

T
A
o2 & 01'
i
r—ln irf‘ ol
Eﬁﬂw
:10 :{O

?}2@1 2 1988 5 7- 19
, B3, AW S Fintype JZANE 1 GA 9]
.mrz z;ow}umqsﬂ 2] 2003;29(1):14-25.

HAZ, o4 9 HAE dAd g 3}
AALAE fe8 A A g uHdZTdE

ko
o
o
R
o o9
e

S

N R i
iy
e

o % b )

1o l-ol, 1z
FU\'J
=
I
L

>_4

i
oxl B3 N

o N7
— o

25 Slneo

RN

o = o

(o))

"L

ol <

ko

[

rZ H

ol

olo

)

e

1

=

e

ﬁr]

o

T

1

o8

oty

N

47 160

fo T

—Hofft R oxt &
N
©

2 oQ 3

mztru\-J

ot

toks

19, ok Ho
I N
N
RO N -~
5

m}ﬂ

n.Hn

-3
Sk

rok

o

R

ro,

o

rok

ko

o

e

1

)

o oy

) 5
T

o ofo o,
v 4

c

2o

2
o

e

Pl

E mH
o
D

re
-
N
23
=
o =
El
fu} r&
oty
_]‘2,
i
o
—

S

oY 2N Qo S R R o 10 N ko oY

0.

Ho T
ikl o> oX

g,

of FE of

o

R

X

1z

e

o

e

for

[

oXx
i
o

i)
>
>
ol
ol
b

el

24 54, o & s
ARAE, A%
sjotz 5o
23] 4. o gL 7kokot ] 1998;24(3):263-275.

WAE, FAY AR S AN B BE 29 FEH
W7ge A9 SHREA, oot ol 3ots A 1993;
19(4):499-513.

Abu-Hammad OA, Harrison A, Williams D : The Effect of a
Hydroxyapatite-Reinfored Polyethylene Stress Distributor in a Dental
Implant on Compressive Stress Levels in Surrounding Bone. Int ]
Oral Maxillofac Implants 2000;15:559-564.

Clift SE, Fisher J, Watson CJ : Finite element stress and strain analy-

ol
o3
£
=3

'9!‘

g
095:21(3):346-3
168, o, UE S, o A% |
fHosyd o 44AA ¢

2
ox
r
o 2
to,
&
1o
A, fot
A
X

?
r—{o
ofrt
ok
ool
=2 oft

r
NH =3
1o
U
ﬂ'
o 5 N
‘% rlu

337



LHT*8IX| 2004,30:331-338

31

32.

sis of the bone surrounding a dental implant: effect of variations in
bone modulus. Proc Instn Mech Engrs 1992;206:233-241.

Holmes DC, Grigsby WR, Goel VK. et al : Comparison of Stress
Transmission in the IMZ Implant System With Polyoxymethylene or
Titanium Intramobile Element: A Finite Element Stress Analysis. Int J
Oral Maxillofac Implants 1992;7:450-458.

Gottlander M, Albrektsson T, Carlsson LV : A histomorphometric
study of unthreaded hydroxyapatite-coated and titanium-coated
implants in rabbit bone, Int J Oral Maxillofac Implants 1992;7:485-
490.

33. Weinlander M, Kenney EB, Lekovic V et al : Histomorphometry of

338

bone apposition around three types of endosseous dental implants,
Int J Oral Maxillofac Implants 1992;7:491-596.

34.

35.

36.

37.

Wilson Jr TG, Schenk R, Buser D er al : Implants Placed in
Immediate Extraction Sites: A Report of Histologic and Histometric
Analyses of Human Biopsies. Int J Oral Maxillofac Implants 1998;
13:333-341.

A5, AAY 2l ASAES TR B oy S ¥4,
Ty B8 3 1993;17(1):137-154.

A3 F, ol ANE, AV, ZtE  EWstel mE A2Y dERNEY
o ayd LA, A E37 1996,20(1):87-105.

Buser D, Ingimarsson S, Dula K et al : Long-term Stability of
Osseointegrated Implants in Augmented Bone: A 5-Years
Prospective Study in Partially Edentulous Patients. Int J Periodontics
Restorative Dent 2002;22:108-117.





