o X FefE HEsmd,

nermarkel| &aj A
frate] Jidol Ba
oA AR oA e} st

VEs ;O-/H 01

Z7|GANM E 2

=

12 m
[

¢
—_—

et

o

oflt
iu)
ot
o 2
o

Ry
oL

e 2 oo > oo

+
fo
| glN
2
1

=

Mo

2 |o
T,
e,
N
;2

rir

ﬂg b

ox O v B dd wE 2

. X oo 2

oo

o F
o
il
oo
AN

)

[«

i}

=

_\1

N

_,d
m“'
m{u
0%
il

717 3R 715 E F
+ | Slelde 74 Tl AN S FHHok
3k v go] el el wgHel thete] 2 lel
831 S Al ol B o}
o Y= dAH k
£ 39 4 AgE o

[ o]—7é/\%_.,]_ 1?7]7},4 7=

o] 77 011/\1

Ol

2o Aol 58
3 E—ﬁ“E«J 94, v
2o) 7ARA

ru\m ok
no M off m -ﬁ °l°

¢W
Rt
2

1)
=

|m
fr

Mo
k1
i) Q.
ol

ol op

Q|

n-\o

ol

2

|d

b

b

rin

0

ofy
P
Hy =y
)
oh)
o

=
it
£
3

o g 4o M

o

A olo JE

R

o B
rir

o r

s
joh
S
o

o i

o

im
>
N

it
)
N
X o
o 2
3
£

N

i
3
>

o o
n‘.\o{v
S
5
rir

N
i
=
im
o
o

_‘d
uld
o
i)
Ju}

s}

CHEHX| B & 5H5| K| :Vol. 40, No. 1, 2002

Jejsta ool Y B wAl

s

HE Aol Mg o] Bl oef
= 28 AAIAk gt F4o] A
Branemark”= E’Q%E] 2R F
o

7

= 4 mlm
iﬁ
i
{s]
E
(e]

o,
it g
, L

L

o}a—aa WS ol %

+b°

0
-
o
o
1o
gd

!

° _Ilh‘. 1o
ol
El
R
VR E
itlo
e
)
>
)
4

o o

g

e
i

10 e
R ﬁ %0
7oz r]r

£

2&

E

O

o

o o

®
P
]
K3
i
dromg 8

: W rjo 2
dromN 4y Mo et KU

o
L o,
to XL
o 4 = |
o
Y
=)
fr
ob
T
B

ofk
PN
)
1o

oo
e
o
it}
e
o
El
%
g I8 pot
_IE N o 2

>
)
[ o
s
fo
Y
A
N
o ki do

=)
ofo
st
Sl
tlo
s
=
ol
8
o
. 1R
S
L,
i
o

Lot o Mz 2 10 op oo £ B ot Moz &
juhdl
i)}
=
.%

flo

o

x| 7} AR o] ALt A 2|0t W] upR7}
o] 9tk i T3t wliLel| o)A

ZEgo] oA AY st AzbEA 7L HaEtE
& Q7] wFel = H g2 ARg A¥H 5 &
A2 ol gl Aol et X3 dEAE
BAA o) 7kx ﬁi—‘;—% E%oH Holo} apA| 9t

24
ne
2
T
rir
i
o

of B QEBE 2 ?—*éa 9 qEaE £4
Azel Aol BYHE SYRAo] Bl
ARG FxEd WS U BAsE 3
s oz sEYd Aoy, BEYA 2
2y, 2olel T BAY, B SR, B
SEjey, fEad BAW S0 Ut §98%
pAMe B8 T2EE Beld 4ao] 441 o



A7 #e 8AR vpo] A AR, 84
S, 78T E9g Ad 2 s adE 7B
NS 9 zrado g AFed qHstd AN
FoEM Ztado g AR HYE MNEdtn
olAE AHAA AAY EAE Fotste WHoR
e PN e g B4 349 Bnd
3t TRE HAYshe S8 S B e Aol v$-
F&3HA 22o|mf AWEAQl o) A g ¥
o} E4o] shgslithe Aol Ut

2 AgdM e AHE A3 JEINEF ©dA
of YEHEZA 714 BHAQ] CeraOne AUFE
ol g3ste] FH3 B AT} w2 ko] A
o] screwd oaRIga 2°v|gke] AAtztg Zbe
locking taper©] 18] ©]F A= Bicon AAFE o] &
gto] FEI 2YPZ o)At e ARFR

FEANEE =4, A3% 282, ceromers 352 ©]
Satgth. H2d YAF ez o] 8H] A
ceromere Al 2HH] I EHZI 024 7]E9] ol
4 7o} By zlol ulaja st A o] o
U wtRer 3 ad s fARI A $40] o
Solsltte Aol Ut dZAES] el g

THH FEEYL JSUE Bl HFd T3}
£ Fad ake AZED old tig 8 A7t
AR o} 7122] Branemark YZAES} screw?} §
T 729 Bicon YEWNEY F2H<] Aold w2
SHETEFE Aolol daixE o d5d nprt
glon 2 ANLE ceromerd SEFolV A
T3 Hlaste] 1 o] RXYFFE vlweke fe
SR g AT ad dFolth &
71E e AEES Rd@d e deslele 74 7
3 aaztel AARHE shte] A%d F£2= 3
7) W Eel L RSl EARFE A ofg g

Table [. Type of models

© 2 gA3F Z% z2l1 Bicon

al
A X thF9} gold cylinder, AIthF+9} 4]
845 Foste] gEFHA e o
A

1.
h L
P} QA HLHA GES St o

AR
HAI%h 4% FEBY AT Bri-

,d
wh o o2 rfe

JAZUE w2 o}
Bicon post AANFE 2dl2 A H 45 42 o]
gelgon, AREAR] FEASE A3 2¢

7, ZAl 9 ceromer® 47} o] &3t}

A} 4147 F90) 42 B F2E AL

Fi9 JENEY AFX w7} 27E 22
F84 Y-S AAS . Branemark system®

(Nobe! Biocare, Gothenberg, Sweden)2] CeraOne
A1t} Bicon system®(Bicon Dental Implants,
Boston, USA)9] Bicon post AthFE Z}z} o] 43}
Fon RE =239 oA e} A5 JSHE
TR e AEAE A2 o) AR ¢
HE 2F 3 wFH FEA R w2} F 6719
< P tH(Table 1). A% E2 59 &
= Wheeler?] A& 3n# dfo] wg x)&3¢
8.5mm A 2 7.5mme &+ Al 1473 P
2 AASET Y EEEE A UFo ZPC(Zinc
phosphate cement) 2 A &30 A|MES] FIt

& 402 A% HA

ofN

3=
=
\=]
=
Bl
[¢]

wy off td wl

Model Fixture Abutment Occlusal material
BR-G Branemark MKII CeraOne Type I gold
BR-P Branemark MKII CeraOne Porcelain
BR-C Branemark MKII CeraOne ceromer
BI-G Bicon Bicon post Type Il gold
BI-P Bicon Bicon post Porcelain
BI-C Bicon Bicon post Ceromer
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1) Branemark model

273 4mm Zo] 11.5mm¢ YA Branemark
MKII ]2 A o] collarze] 1mm <1 CeraOne Ao 5
£ 923 mYoz Ason fies B
A ¢ 5 A me} vis AHe|At] 7
(ADA) A13% ¢85S A& ARE o &F 2d
(Branemark implant with gold occlusion, ©13} BR-
G modelE H7)) TAE B A2 o)L Td
(Branemark implant with porcelain occlusion, ©]
3} BR-P modelZ %71), ceromers X # A F 2 o]
438 d(Branemark implant with ceromer
occlusion, ©|8} BR-C modelZ %7])& YAt}
BR-G B e a3 FEASZ A3 %5
£ gold cylinder 9ol 23 Jel2 A|FH L
BR-P, BR-C Bd9] A% &Al9} ceromers gold
cylinder $ll &-Zev] 3 FFo& 74 72
£ 89 % a9 sk Fe2 At A
tlFoll A gold screw® $1%F access hole gutta per-
cha® A$ich AT gold cylindershe] AEF 1

on) FHF g0l AT AL BBL 23
3o Aran, 2 249 %ol neUES

FoJ3ith(Fig. 1.

2) Bicon model

A7 4mm ZA°] 11.0mme] YAFE Bicon o4 4ol
A7 4mm E°| 6.5mme AWME {§A% Bicon
post ANFE A4s 22 A&t A3 &
TS A AR 0|83 2d(Bicon implant
with gold occlusion, ©]3} BI-G model2 £7]), &
AE N #AQZE o] 83 2d(Bicon implant with
porcelain occlusion, ©]8} BI-P model® 7)),
ceromerE X #AFZ o] 83 2l (Bicon implant

with ceromer occlusion, ©]3} BI-C model 2 ¥%71)
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BR-P, BR-C

-
1

Mesh

Fig. 1. Cross-sectional view and finitite element mesh of Branemark models

1. occlusal material 2. coping

3. gold cylinder 4. cement

5. gutta percha 6. abutment

7. gold screw 8. fixture

9. cortical bone 10. cancellous bone

55



2 et BI-G BdE AUiF gl 238 38 2. 2otet AH=EA
= R3] X ARE FAsl9 e BI-PY BI“C

22 A H°ﬂ Bt FFOE F% 9 StE2d A 773 oA 2 £ Qe
F72E 4T F =AY ceromerE 29l 37 27 Gibbs', Craig”, Anderson'®”9] A&
e FHE F8E ARG AT wj2A =28t} 256Kefe) FAsEE w@Ue] FA
Atole] AR 15 848 Fdstd gFEe] & 7¥et 492 Load 1(e|3} L12.2 %7]) a2la X &
AdlE & AR ddshd 13 3}%’\101] o BHoz FE 45° 71 g0l WFe s w9
Az EelsA BAB 595719 448 249 ZAAra] 10Kgfe] SHe& 714 298 Load 2(°]
638719 ddoz EEson dAF $o| 4 ot L22 ¥7D)& Attt a5 B A8 (stat-
dEe Aded 32 83l 2He ARsid ic load)ol™ frgka s EAA F2EY o5& WA
(Fig. 2). at7] & nFH o2 e skl 15709 A4

E& A3t rotation® translation©] ¥4 ¥==

3) AA &9 g atAcH(Fig. 1~3).

A5 Imm FA 92 E 282 WS = @)
Zo] X oo} Al1aTA] shE A2 279
< 329 tomograph®] tracings # = 3o
HAH 2 AgPon Az Aot AAle o] &d AARES F10FFIH 47
A Apele] HEFAL AA| o] NA A g9 A5 9t Poissont] = Craig® Farah™®, Ciftei'
Aoz 7Hsidint. o} AgdA o]8d FAE AHE3H oM, Table

3. Mz 24x

82 rUPJ B
o & Ho o2t (H

BN

LD

[erlNe2)

-
[n’w"uuuu 13:2]

|
Tt
|

BR-G BR-P, BR-C Mesh

Fig. 2. Cross-sectional view and finitite element mesh of Bicon models

1. occlusal material 2. coping
3. cement 4. abutment
5. fixture 6. cortical bone

7. cancellous bone
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Fig. 3. Loading condition

Table I . Mechanical property of each material type

. Young s mod-  Poisson s

Material ulus(Kg/mm?) ratio
Titanium 11,220 0.30
Cancellous bone 13.9 0.30
Cortical bone 1,397 0.30
Ag-Pd alloy 9,690 0.33
Porcelain 7,028 0.28
Type I gold 6,732 0.33
Type IV gold 9,996 0.30
ZPC 1,397 0.35
Ceromer(Art glass) 1,020 0.30
Gutta percha 0.0714 0.45

BR-G BR-P

BR-C
Fig. 4. Color code for the materials present
cortical bone : purple cancellous bone : pink
fixture : deep blue abutment : light blue
cement © red Type IV gold : brown
coping : reddish yellow Type I gold : yellow

porcelain or ceromer : green

[ oll EAat
4. oM

Z AREe BARE pre-processing 3 ol A
A2}-g o] g-5te] FT2E) NYBIHTH B A&
3 fehesr TRaMe I-DEAS Master Series
V5.0(SDRC USA)E A}831%12H, linear static

57
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FA| 6H‘lﬂ(Table I, IV F1g 5~16).

7v. 38 3k L)
Branemark BdE9| A g8l 2Vl
o AE BR-G(6.0Kg/mm®), BR-P(5.46Kg/
mm?), BR-C(4.99Kg/mm* 2] &=ol9lon 58
Az} oF 0 5Kg/mm’ A £2] Aol & Bk A
o4& BR-C(9.19Kg/mm?), BR-P(7.94Kg/mm?),
BR-G(7.67Kg/mm®) eIl o F8A)5 ule}
o 1. 5Kg/mmy’ B 2| Aol 74A] Bt Screw F-2

Table [l . Maximum von Mises stress on each com-

oM e 0.1Kg/mm* 3 kel 2fol& Bt A Z
A& <F 3.80Kg/mm*e] Z7]1E YERH L FEA 5
o5k apo]7} ALl vpehtA] kot A 2 0.02Kg/mm”
olale] Afo]vh-E HTh

BiconZ¥ S| -+ a3 2 BI-G(3.55Kg/mm?),
BI-P(3.39Kg/mm?), BI-C(3.25Kg/mm®)<] 4‘-"]9&
I FRAE 98 Aol o 0.15Kg/mmA =

- Yebd A diFele BI-C(4.50Kg/mm?), BI-

G(4.47Kg/mm?), BI-P(4.47Kg/mm?)¢] £olQ.2
B, A FE2F9 oM = Branemark RAES] ¢
o] 3@v)e o 70%3 =9 7|9 Jepict. 94
2ollA 9] A $¥A & 3.14Kg/mm’E 25 el
9o BranemarkRd S0 28379k 2 o7}
At

£7 Bicon RdE9] —?7~0ﬂ o3 zjolof] wp %E_:}
< FHHE MM e fAees &

Table IV. Maximum von Mises stress on each com-

ponents (unit: Kg/mm?) ponents (unit: Kg/mm?)
Material Load Model Material Load Model
aenal  girection  BR-G  BR-P BR-C aterial  giection BRG _BRP _ BROC
Occlusal ~ Vertical 6.0 546 499 ‘Occlusal ~ Vertical 355 339 3.25
material ~ Oblique 314  3.09  2.22 " material  Oblique 3.0 25 1.9
Gold Vertical  4.81 5.02 571 7PC Vertical 2.97 2.60 2.08
cylinder Oblique  3.68 3.70 3.75 Oblique  5.98 553 292
Vertical ~ 2.80 2.94 355 Vertical  4.47 447  4.50
2PC Obligue ~ 3.02 3.0  2.99 Abutment e 1.0 110 110
Vertical ~ 7.67 794 919 . Vertical  9.15 9.15  9.15
Abutement o0 125 126 126 Fixture o hme 102 102 102
Serew Vertical  10.1 100 9.85 Cortical ~ Vertical ~ 3.14  3.14  3.14
Oblique 121 121 122 bone Oblique 797 797 798
Fixture Vertical ~ 9.29 9.25 921 Cancellous Vertical  0.708  0.708 0.708
Oblique 1756 175 175 bone Oblique 057 057  0.57
Cortocal ~ Vertical  3.79 380  3.82 T i i
borie Oblique  8.18 8.18 818 BI—G.I B'lcon }mplant W}th Type ]]I' gold occl.uswn
Cancellous  Vertical ~ 0.83 0.83 0.83 BI—P: Bl'COD %mplant W%th Porcelain occlu§1on
bone Oblique  0.657 0.657 0.657 BI-C: Bicon implant with ceromer occlusion

BR-G: Branemark implant with Type I gold occlusion
BR-P: Branemark implant with Porcelain occlusion
BR-C: Branemark implant with ceromer occlusion

58



1,26E+01

5, BOE+0

4, 208401

a.00e+0d

3.50E+00|

2, 10E+0C

0, O0E+0¢

S

Fig. 5. Von-mises stress in BR- Fig. 6. Von-mises stress in BR- Fig. 7. Von-mises stress in BR-

G model under load L1

P model under load L1

C model under load L1

Fig. 8. Von-mises stress in BI-G Fig. 9. Von-mises stress in BI-P Fig. 10. Von-mises stress in BI-

model under load L1

A7)7F <% 2u) A=

Branemark RdEo fagdar|e le?:}?i
E4 = BR-CG(3.14Kg/mm?), BR-P(3. 09
Kg/mm?), BR-C(2.22Kg/mm?) —r'O]Qi H

model under load L1

59

C model under load L1

1Kg/mm* F £9] 201 Z Bt A tFo| 4 BR-
P(12.6Kg/mm?), BR-C(12.6Kg/mm?®), BR-
G(12.5Kg/mm?) 402 72| o] Holx| 3k
. ScrewollME BR-C(12.2Kg/m?), BR-
G(12.1Kg/mm*), BR-P(12.1Kg/mm?)&°] ] .2H



Fig. 11. Von-mises stress in Fig. 12. Von-mises stress in Fig. 13. Von-mises stress in

BR-G model under load L2

BR-P model under load L2

BR-C model under load L2

Fig. 14. Von-mises stress in BI- Fig. 15. Von-mises stress in BI- Fig. 16. Von—mises stress in BI-

G model under load L2

HAZNE LF 8.18Kg/mm*S Ve
Bicon24 S| &= w3H-& BI-G(3.0Kg/mm?),
BI-P(2.5Kg/mm?®), BI-C{1.94Kg/mm?)$%| T2&
1.5Kg/mm*3 =9 Aol& el Wom Au]FeA
= FEA R BAGe] 10.5Kg /mm®9] 3+ Vel

P model under load L2

60

C model under load L2

o a¥FHely AulFE= Branemark ZEE9
g 3719 F75% FEe] A7|vhs vt 3
Zo| A& BI-C+ 7.98Kg/mm?, BI-G¢} BI-P=
L97Kg/mm’ZA 0.01Kg/mm?9] z}o]& Holm
o] frAbstsict.

2 oo g

I S B



Table V. Maximum displacement on crown

(unit : gm)

Load direction Model
BR-G BR-P BR-C BI-G BI-P BI-C
Vertical load 30 30 35 23 23 27
Horizontal load 147 147 149 129 129 133
BR-G : Branemark implant with Type Il gold occlusion
BR-P : Branemark implant with porcelain occlusion
BR-C : Branemark implant with ceromer occlusion
BI-G : Bicon implant with Type I gold occlusion
BI-P : Bicon implant with porcelain occlusion
BI-C : Bicon implant with ceromer occlusion
2. e S TRAIAE AVIE SHEA BAAoR 20
7 AT, 2 H PREA Rold SRAAUE &
Hopugae 6157 shiele] AURo Bt B ol fAGS, SR, A GERA £ ¥R
W% (Table V). 4 RoplME ZHA o] &H 1 ot 2
FRasEagel W Bde gEss 4ad
7b, 428 (315 L1) A717} 2 735 AFE Gl AAIRE Sl Al
Zd] He#FL Branemark RdEIME BR- o] A7|A L ANE Fo g s T AT
C(35um), BR-P(30um), BR-G(29.7um) <=0l 7 o] Ao ks Aolth. a¥dH e2Fde
u =

t}. Bicon Bdel|l A= BI-C(27um), BFP(23um), BI-
G(22.8um) oA,

o WA FLE Branemark THEAME BR-
C(149m), BR-P(147um), BR-G(147pm) %013}
t}. Bicon EdellA = BI-C(133um), BFP(129um),
BI-G(129m) <ol ATt

& B2 571 Ak ol el R e

©
1956\ Tuner 5°] 371 T2 F3t
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FE 7lee] 2YE < T
A Y& AFE7E A MRlstel F71 W] e
3] eEHoln HoAQ) FREAY =7t HAn

A glstoe] 98 B ol $451 Ik B

2]

ZEo Yt FRe] Hitsted oee] WRiew
E AMd 2HE Zdo] Brtssing, 72t dEAH
Eo] FAAE M AA R YR $EHe &
Agl7) fsled oA fEeiEE Ao
g5t A AH oo x| dee dEA
E wdeo] Ayl Aol wiztelA gk
A A2y 249 Tade] A AFHES] MY
A& dgsA B Foltt. A sEEHL ud
ol ofsta] HAYE HAQ T FAQ AL dFE
WE 2 Ax| 2o AL 83 9T &
Roltt # webA] o]z g UZHE BFf ojAe
WA B o] A9 LU A%
& AdAEojof 3pm® Fok YZNE FREAHEY
ol dZANEL] 4 849 screw B0 =523
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1991l Branemark system®(Nobelpharma
AB, Gothenburg, Sweden)llA & @ x|o} 58
9] CeraOneolete MZ2 Nd2l abutmentE 72
At} o] = abutment screw?] eHA AT Alm A
25t gold screws 32Nemz Zo4 4] 1HALe)
oyt IHYAE TR AvFE 7AF
milling® 7HLAE /o2 N 1A 24287
Boh AU Hato] 7hgslth® CeraOned A|f
7, gold screw, 18] T Ao} SIS A 2Hetr] ¢
$t 7143 74 8.2 (gold cylindert} ceramic cap) & T
5} 3ltt. Shepherd”= Bicon Implant system
*2] screwless implantell thsle] &718k3 T} o] A&
abutment®t implant AlHzre] A3l locking
taperg ©|-&3t oz vAE EEE 38 A
@3 Ao gt SRt dokn Rusdo,
Grippo™ ¢} Chapman®el| 2)3lH Bicon implant%
o] &3t A Fellol A 4d 5 1.253709) Y=
F53 0.05%% el At F¢] post7t «4**54
2 1.7%<] 317014 abutment loosening®] &%
% 2.2%9 complications Rudo =M &
D EWE FAeted vwA 2ol Urtn

St T ¢t Bicon YZHE systemE screw

+ o9 locking taper®el o8] =|tF¢}

Al Atole] A1 & G F20]t}. locking taper

SO AAbzte 2 AuF ZTAEZ JZWE
go] wpdg o g fXHE de Fxolt} ug
1anema1k«] CeraOneA i 9= 72402 @

g Holx o},

E HYE uid FEEHZE o7, =
, =, ceromerso ©]-4-8 ¢
2] o] /H 2 micro hybrid® E@e|z1 2.2 Aty
VLEER TR U7 Wi o8
ceromer(ceramic optimized polymer)s-2
I Yk ceromere Adobda AN @
ERZATE 7 HEAe] nprA| g}
£ /ol Hnke Ade] itk B&Elo v

o FAFE AHgo] Zhesta IR E A
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ABSTRACT

THE STRESS ANALYSIS OF SUPPORTING TISSUE AND
IMPLANT ACCORDING TO CROWN RESTORATIVE
MATERIALS AND TYPE OF IMPLANT

Chang-Hwan Choi, D.D.S., Jong-Suk Oh*, M.D., Ph.D., Mong-Sook Vang, D.D.S., Ph.D.

Department of Prosthodontics, College of Dentistry Chonnam National University
Department of Microbiology, College of Medicine™ Chonnam National University

This study was aimed to analyze the stress distribution of implant and supporting tissue in sin-
gle tooth implant restoration using Branemark system®(Nobel Biocare, Gothenberg, Sweden) and
Bicon system(Bicon Dental Implants, Boston, MA). Two dimensional finite element analysis mod-
el was made at mandibular first premolar area. As a crown materials porcelain, ceromer, ADA
type II gold alloy were used. Tests have been performed at 25Kgf vertical load on central fos~
sa of crown portion and at 10Kgf load with 45" lateral direction on cusp inclination The displacement
and stresses of implant and supporting structures were analyzed to investigate the influence of
the crown material and the type of implant systems by finite element analysis

The results were obtained as follows:

1. The type of crown material influenced the stress distribution of superstructure, but did not influ-
ence that of the supporting alveolar bone.

2. The stress distribution of ceromer and type Il gold alloy and porcelain is similar.

3. Stress under lateral load was about twice higher than that of vertical load in all occlusal restora~
tive materials.

4. In Bicon system, stress concentration is similar in supporting bone area but CerOne system
generated about 1.5times greater stress more in superstructure material.

5. In Branemark models, if severe occlusal overload is loaded in superstructure, gold screw or abut-
ment will be fractured or loosened to buffer the occlusal overload but in Bicon models such buffer-
ing effect is not expected. so in Bicon model, load can be concentrated in alveolar bone area.

Key words : Implant, Stress distribution, Finite element analysis, Superstructure, Supporting alveolar
bone

67



