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2 mm FA 9 NUYFE AT E sHEZ
9] 7§ Model 12 Type 1(Young’s modulus : E
9,500 MPa), Model 2= Type 3(Young’s modulus : E
1,600 W2 =2dlg 3l (Fig. 1, 2).
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Fig. 1. Model 1(Left) and Model 2(Right).
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Fig. 2. The bucco-lingual section of the full
body (unit : mm).
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Table 1. Material properties used in this study
Property
Materials
Young's Modulus (MPa) Possion’s ratio( 1)
Cortical bone 13,000 0.30
Type 1(9,500),
Cancellous bone Type 3(1,600) 0.30
Titanium(Implant) 115,000 0.35
Composite resin 9,700 0.35
Gold crown(Type 3) 66,600 0.33
Gold screw 98,000 0.45
3. 24X . ANA
FRLATNE FYsted 2o AR E 1. AASA0) OFF B0A X222 & SEHRE
4291 B A14>(Young’s modulus : E)9} ¥ 9}4
o] H](Poisson’s ratio : V)= AEE9] 24707 A HFA o 200 N9 2 8t50] 7182 of
2 z3ste] Table 1 o] UERQITh XL Fo M2 Von-Mises Stresse Al 1073 9
X Model 19} - Z14 15~16 F-9]o A )
4. SN ££9.09 Mk)o] YERH 21, Model 29| 4 ¢% 3
24 15~16 FolA (1690 WS ek
B =R A3 33 fOe4ARAs TR ok Al 20 73] A Model 19] 3¢ #1d 1
2 0 2= 3G Author (PlassoTech, USA)E o] &3} 5~16 F9JolA HUZG.76 WS VEFG O,
31 57148 (Von-Mises stress) £ B9l&= & Model 29] 74 A 15~16 F-9l A Hthat
SOAT tE/b} Al 2 g7x ¥4 LT A (1641 W) S EHATHTable 2~3).
YoE oZdA 16 SHald] ZHadn. AN HFede A 17 A

Buccal

Lingual

Fig. 4. Measurement points of principal stress

Model 18] 3% Z1d AE9 oA ¢S] o
ue, 3 1~2, 16~1 2] X Hoshsol
A5 9tk Model 298] - Model 17} o]

2 AR A ghEo] ?4_01‘4% Fay 15~
16 -2 A H o] TAAHA A 2t 74
,] AL Model 1904 = F03 ARYoA] =
dojun, 53 Fni 16~1 FHdA H
Zo] WA E T} Model 22] 7 S0 = Model 1
99 go] Fmy AN Fo] Aol
, 58 Z3A 15~16 FHAA HgEo
A = 1 tH(Table 4~5).



Table 2. Von-Mises Stress(Mn) of the cortical bone on the Modsl 1

Load Ist Molar 2nd Molar
Position  Min. Point Max. Point Mini. Point Max Point
1 5.78 13 9.09 15~16 2.13 6~7 5.76 15~16
2 3.83 10~11 20.39 5~6 1.76 9~10 12.08 4~5
3 4.95 10, 15~16 24.46 4~6 2.12 9~10, 16~1 15.27 4~5
4 8.89 9~10, 16~1 38.94 4~6 2.29 16~1 25.90 4~5
5 9.40 9~10, 16~1 40.80 5~6 2.34 9~10, 16~1 26.88 4~5
Table 3. Von-Mises Stress(Ms) of the cortical bone on the Model 2
Load Ist Molar 2nd Molar
Position  Minj Point Max Max, Mini. Point Max. Point
1 9.85 8~9 16.90 15~16 9.93 8§~9 16.41 15~16
2 3.13 13 30.77 5~6 3.12 13 30.75 4~5
3 4.84 10~11, 14~15 36.64 5~6 5.00 10~11, 14~15 35.93 5
4 8.77 10 53.00 5~6 9.09 10 52.82 5
5 9.17 10 55.60 5~6 9.63 10 54.68 5
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itk A 200 7A el A% Model Lol 4 2
13 59104 Heielgol, #27 5~6 LS04

EERER

Al B3 ©F. Model 2901 A]
o

= g

13 391004 el ol, 2% 4~5 elolA

Zrg-gt wf XU Z9| Von-Mises Stresst= A 10]+
2] ol 4] Model 1¢] A$- 304 5~6 2904 3
o 2£(20.39 WPa)-S VERN ™, Model 29] A $-=
3% 5~6 FoA FHIZH30.77 Mo EAY 3}
Ak Al 2t FA oAl Model 19 7% A
4~5 Eoox Hthgh(12.08 WS VERAH,
Model 298] A% Z3A 4~5 B9ox Azt
(30.75 Wy E ERYTH(Table 2~3).
HAgFgEe AS XIS A 1HFAY
Model 1] 214 12~14 EYol|A HuiQl
o), A 5~6 FH oM HogSo] LA}
A} Model 204 & Zn A 13 F-9follA Hi<d
o], A 4~5 oA Ao HAYst

Ho kS0l LAY 3 TH(Table 4~5).

3. X 2 mm B 212 2901 5 20l
Rz & g2z

A#FAANA 2 mm FF WA FHsF] F
43w X2 o] Von-Mises Stress= A 113
oA} Model 18] A-¢ 1A 4~6 Tl A o)
Zk(24.46 Wpyo] LRI, Model 28] ¢ FaH
5~6 F9oA Hulgk36.64 W)E YERALE A
20 A oA Model 12] % F1d 4~5 39
AA H k(1527 W)E HEFH 2™, Model 29
73 2 5 B9l A High(35.93 M) e



Table 4. Principal Stress(Mk) of the cortical bone on the Model 1

Load 1st Molar 2nd Molar
position  Tengile Max Compression Tensile Max Compression Max
1 all points 1~2,16~1 all points 16~1
2 95~16 12~14 1~95,16~1 9.5~15.5 13 1~9.5,155~1 5~6
3 9.5~16.5 12~14 1~95,165~1 95~16.5 13 1~95,165~1 5~6
4 9~1 12~14 1~9 8~16.5 13 1~8,165~1 5~6
5 9~1 12~14 1~9 9.5~16.5 13 1~9.5,165~1 5~6

Table 5. Principal Stress(M) of the cortical bone on the Mode 2

Load Ist Molar 2nd Molar
position Tensile Max Compression Max Tensile Max Compression Max
1 all point 15~16 all point 15~16

2 11.5~14.5 13
3 11.5~14.5 13
4 95~165 13
5 95~16.5 13

1~11.5,145~1 4~5
1~11.5,14.5~1 5~6
1~95,165~1 4~5
1~95,165~1 4~35

11.5~14.5 13 1~115,145~1 4~5

105~155 13 1~105,155~1 5~6
9.5~16.5 13 1~95,165~1 5
9.5~16.5 13 1~95,165~1 5~6

Y THTable 2~3).

AP ZoA HAFEH L A IHFA A
Model 19] 2§ Zm3 12~14 -9l ol
o], F31H 5~6 FHol A HuUlZo] S}
SATh Model 29141 &= #3413 F9jollA Hgd
o], A 5~6 FHolA A o] LAyt
At A 207219 2% Model 194 = F33
13 F-9JellA il o], Fn3 5~6 FH oA
HuigrEol TAIATE Model 29 7 $-oll =
Model 13} 22 2-9lofl A 2 o1&} Hof o2
o] A5 THTable 4~5).

4. X2 8 mm 8iF S12) 90 B1E SO
RB & 821 21

A#FA A 3 mm PS8l FoJo 423}
Zo] 7lalld wf XY &l A9 Von-Mises StressE

A 1 TR ol A Model 19] 7% #nH 4~6 £
Aol A H o 34(38.94 W)= UERY T, Model 2¢]
3% Fn 5~6 F-9lo HFH53.00 W)S
Rt Al 2d] X ol Al Model 18] 4-9- 3
A 4~5 29o)A HHgh25.90 S JERRH,
Model 29] 79 14 5 390 A 2 v 7h(52.82
WPa)E FEb T} (Table 2~3)

AL EeA HUFEEHE A 107 A
Model 19] 7% #2173 12~14 F24olA ol
o] Yehin Fuy 5~6 £9dM HgE
o] WA Act Model 2] A4 FnH 13 39
AA Hoieldel Ve, 2 4~5 F-$j
A HUEe] EAEHJTE A 207X oA
Model 19| 7% Z13 13 F9jl4 Hrhd o]
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FHoQl o] VepH, F3y 5 oA et



Zo| UEPth(Table 4~5). o] HEEE FHAE Bdo] we} 456 % ~
759 % 2 vheFsiAl vebdg?,
5. X2 3.6 mm &= gl 2200 015 S0IA FERAEE o] &3 ATy FAHL 2
A2 & 83 2L AZSTE Alolo] 100% Z58 o] © Ao 2 714
st EMEthes A3 JEHE HH L 2 H
@A A 35 mm FS HlF 9o £ A m EAHA 3 9]
3h5o] 7hall Au X2 &<] Von-Mises Stress+= A| AAZ JEHE BEES A7t /g Fd

12| Al Model 19] 4% Fnd 5~6 ¢ =
ofl Al 2]t £:(40.80 WP E ERH ™, Model 28] 74 Zae o ZAd pxd oEaAT

S a7 5~6 F-ANA A gk55.60 WP)E o 13491 o] A3t 2312 o= " 3§
et Al 2t FX) ol A Model 19] 2% #23 % o] Agdhe A% AdIFo 3] MFHE
4~5 Hoo)A Hu|gh26.88 WE HERIH, oz AxEY F5E & & 4 Aok
Model 29| 7% #3745 F-9lol|A 2o gk(54.68 B AN dSFES nHAE AR EE
W) S HERACh(Table 2~3). Az2F W7y AHEE g2 39S o A
T SHE Al 1, 20 PR A X BFA ] F
V. &% 2 1ot 3150l 2430 w9 FFo 2 355
SAZPEA ZAesla S o EAEE $YL 3
A3 JEUEY dFe TH JELE 2F %9 Fgdast Fe-9xd wet U ¢
A ko] ¥ AR ASHE F9)9 14T W ¢ 2¥F g ATh F Model
T4 BEd oz, A7 FHE BES) 1,2 2% 29E 2 sAZdAM o) Von-Mises
71 JEMeE SUEE fXEtsd 2838 A StressZ Hwd A3 RE FZAA fHZ
o A4 39 A9 T A B o ¥l ALZeNM BL 58 TA<] Aot
7 2oty o] T 3L Fo| ol stress9} A HFAFH ol 200 No| A FetE0] 7tel
strain®] #Zol 3] Awjertn AT o A Ao Hg), HO2 15 mm, 2 mmel]
ZTEN BRY 35 Hold AZTHE AA| AR 8ol NfAE A47 EFCE 3 mm,
Z9 47 Ho] dTFE nA A FUSTE AW 3.5 mm o] 42 % 3=s=0] Zesld S wHT}
oA &% Aoldl &S vAE 2iE 359 Adge] TAsE ol FA JeEhd
37, YZTSEY o], WA, v, W 7, Weinberg 5 *V& AAdzE £ mgo] 22
F-UAEDE A 44, FHEY A9 4, o @ 13 9o YA AAFTA S 2 AHH
ZgEedd HAE B4 B4 ¥gdt gl 39 e TrEo ot FAFA F9
UZAE Al HIGRE 33 43 Z uAg &% EAst &Y Ao
oz AAddT X AL AEMAYE A4S} 2] Qo] g X 20| A X 2Zd
o Yoy fResye Vg os Exg go E4bs Z7MZIg D st a8y 9&
T2 285 gheo] ¥ ¥MYE 2Hde BEE FHAHW n|A&Fo] ZalstA] ol
gl o] &5 o, YZAEME B Az Fold FAAFAE 7Y Ry g
g bR e thokdt kgl dETE v o] Balte olzgEo] WE uel BAEy] 2}
A AHE o] A YZSHESG AW Xz FFEon g ¥ ATy
244 Yehdes 9zl dg dFs] 9 AZHE A FHo T HEE o] Fe= Ad
gl o] gxojx . glth. Zo o] AFHY 52 AZ AYstne
I3} JESTE Alololl AmE AWo| EA 3} ol e 8ol A AgA ¥x YAt
oo} sted UYL Edlo] AZVES F ay @B ARN FFHoz ghgol Bl



2
ol d

o (il

r.,>L o
o
rr

1201 += B} 2
ol 1 l°iv‘r Clift &

w12 oo

ofN bl 4 oo
rio
=
%

XM o
o%
oz
o

-

Ol
-
X

£ ol

D ode
(TN

my oY
lo

o,
P
o
e
oX,
o
X
by
9‘_11

ot B 12
P‘L'
oA
+
b
s
02
il
RO

{
-

=}

i oox
o L Jx

Y
[\7 Jl'}l'

=)

E}

=

<

[¢]

o

zo, M

o
o
(it
i
L ot
_QL
rr
pou)
o O

to o o oy
S

&“ﬂﬂwrﬂﬁm‘z‘ld&iﬁrﬁlmﬂwm\ﬂw&
olo
i)
T
=
o
)
>
s

-z
o
o
ol
it
p
o
| _l]I &
2

=17 g

do 0 o2 Lo
2 o
o

o] AFEh stk La1
o WE F7 st g 32}
A AZHE ZAHANMS $
oﬂ et gy = uMVM
Ho] AFdtn s
lr’—%ﬂ He JEUE FAHO
Hleng ulAggo] EAEA &
3o JdZgE AR
w2 s SHEd F4kE
= Aot
2 ApdA Hzal LI Hu
Von-Mises StressE H|w g A3} A 1, 2t %] &
74 slHFe] Y=ot B2 Model 27} Model 1
1

01
s e
T& =
e -

J

Mo 2 bR 23 o o 2 Rogt 2 2o | rlo[or_‘a‘,lo

e oo T 2

jakd
il

:{o
L
(oo 1%

o]o rl o

[e] rjg,
2
ol

o

A
A

2

A=)

o ol
"
. K

i

)

I
> Mo
W b s

o 2

S
S,

Al

H2rh o € $8& wE Ao® Uyt 44
Z Yol UZHEE vl B FHY
Atole 271 1% Wohzt /-3 717J sl 4
g2 XA doh 2 AFoA s Ee] 2xrt

€ A% g AFA A aefstoiof o
et g rhe vk SHEe] B3] HA
wtet 3tFo] steld W e Z v T 4TS
2ol & b ARiTh

Clelland & Steri-oss YZHEZS A}-83 2
A4AQ saernddn yHE, AT 2
Ag torsls) Hold A BE JuE 2l
AN Fe 2EF A =2 straine] YZTE Atk

DT g
pd flo Ny
al
b
i
=2
Rd

ofji

)

v

o

2

HU ofn

3

N

o
°m >

s m

™,

>

o

fy o

mlm o

f

o

A rle

HHA] (transverse isotropy)
7 vjmste) o 25%% =
1th3 gko] 2|24 AYE
-»}14 stress &} strainol] At
};(] UE“ = o]Q_o}o;]

—w st 2711 2 HH
3]

ofl 4
=
Jo ¥
g
12
o ol
S o
I
rlo
mﬁ

lo]&= o 3kg ulx]

f

w

mlo
N

1

E

A&

ot

of| & Agste Aol
2 F ok A¢kEH, st Wikde 73
87 EuU 2] Von-Mises Stressy= FAE UEo]
229k 3 %7}5“4.1_ 0}"3‘:} o] 3 Hof A
Pz Uxt e A HEo| HE D
FTHA o AAA ‘IT-/IOHO]: g Aoz AtgdE
B dFdAE B8 2doA AEES 2 mm

=72, 1A Ze BAASE Rho £ 2 o] et
g 47px)e] W R R wE) Type 17 2 BF
13,000 ¥ o L2 EARAFE Type 12

9,500 ¥Ps, Type 2= 1,600 M é—H‘ﬂiE} R
Aoz HASE R 3 F53 AEE 100%2
A7 d}e] Von-Mises Stress 2 2 o F-%- E'—:’. & v
%7} 819 th. Clelland 5" 22 2o glo] aH
9 E2AG A% 2 L2 FAE 2

st A F2 BN A HHBT ZA6}
£ ASdE 144 2w AyFsge) &
T 0d AdFo] AXste Aol 2o
7 8 24 Aolo] w} SHELE Y 2
A ot stgon Tada 5% HZe] B4

a3y 2 A7 f3ea 2d AFA F
% Eol 22 100% & 7HA st A &



(

]

o,

-UEHE AWM 9] 100% 2

B
rlo

f=dne %LH U%
HE FHAM AF dojAA] ¥erttn Ha3)
2 Yok FARERIzN oz IgE EElE §F
AZHES 3¢ FAWY MM
Wadamoto 5 V& 371¢] dZ=@EY} T %
AHE 75 m AL 3] Ao ZAFH 2
g FAA JZAE] HA T g ZH
Z ] &0l 80.8%, 68.1%, 68.8%0| 0 Z+zte] vk
o ReoAe] FHE ¥ &S YSAE AYx
o) whet thFattiar stint. 0-300 m zonedl| Al

o JEAE 39 2 ¥4 vlgo] AnEglon
WA vge WA SIe 2 §Eu‘r. o2l
Aol 2 drod 10el
UE—“_O/] 7:1
2 5% seld QBT %94
24807 Sgou BE 4
1% 4 Qe By
ek,

Wy Agele JERE 799 4
gz A28 1 9 &
Agele] ¥ux 24 Tasielo] ¥

g Row /‘Peﬂﬁiﬂr-

N

ol

g
2o e 2 Ao, THA AE, A52
A€ eieke AF7L AAHolol T Aoz At
iR
v.a =
QEBEe] 3GAE AA e A22 1o
92 G @ 2094 3439 34

FAREA sl g2

mAE Aol Bhev ¢

_lSE

1. Model 1, 2 A% X2 ZojA] A Von-Mises
StressE Wl w3t A3} X {SAEY, F=o7
15 mm, 2 mmol| FA3}tF0] 78Rl = 2§t

202 3 mm, 3.5 mm o & 3lFo] L
O]‘)\/\E B} g Eel| HAs= SEo] 3}
Al vrebst

2. AW Z A2l Hdl Von-Mises StressE H] w3+
At A 1, 2 A9 7S Model 27 Model
130 o & 35 e Joz Yyt

B AFE Fotd AEHE A § 55
e n@HEE FoAsHA € i AxSUY &
HAEIE 24 s 35 Fo X
urel gepA v g Aol W3 Wl f#5E9 A
% stg= A8A7e Aol AU $HEE

1. Lekholm, U. Zarb, GA.. Patient selection and
preparation. In Branemark P-I, Zarb GA, Albrektsson
T, editors:Tissue integrated protheses: osseintegration
in clinical denistry, Chicago, Quintessence, 1985.

2. Bidez, MW. Misch, CE.. “Force transfer in implant
dentistry: basic concepts and principles.” J Oral
Implantol. 18:264, 1992.

3. Brunski, JB.. “In vivo bone response to biomechanical
loading at the bone/dental-implant interface.”
Advance Dent Res. 13:99, 1999.

4, Kim, WT., Cha, YD. Oh, SJ et al. : The three
dimensional finite element analysis of stress
according to implant thread design under the axial
load. J Korean Asso Oral Maxillofac Surg 27:111,
2001.

5. S, AAN, B8, 43, dEF, :
YzdE nue 4o13 9 WaFd B2 He

WA SHEM, YFG A EaT A, A
209 23, 83-94. 2004

6. AFA, BAN, B4, 245, 4T, BES:
ZAR JETE 2P LA, faEnd



10.

11.

12.

13.

14.

15.

Geng, JP. Tan, KB. Liu, GR.. Application of finite
element analysis in implant dentisty: a review of the
literature. J Prosthet Dent 85:585-98, 2001.

Clift, SE. Fisher, J. Watson, CJ.. Finite element stress
and strain analysis of the bone surrounding a dental
implant : Effect of variations in bone modulus. Proc
Instn Mech Engrs 206:233-241, 1992.

Gottlander, M. Albrektsson, T. Carlsson, LV.. A
histomorphometric study of unthreaded hydroxya-
patite-coated and titanium-coated implants in rabbit
bone. Int J Oral Maxillofac Implants 7:485, 1992.
Weinlander, M. Kenney, EB. Lekovic, V. et al.
Histomorphometry of bone apposition around three
types of endosscous dental implants, Int J Oral
Maxillofac Implants 7:491, 1992.

Weinberg, L.A.. Force distribution in splinted anterior
teeth. Oral Surg Oral Med Oral Pathol. 10:484-494,
1957.

Weinberg, L.A. Force distribution in splinted posterior
teeth. Oral Surg Oral Med Oral Pathol. 70:1268-
1276, 1957.

Correspondence to: Dr. Sin-Young, Jeung
Department of Prosthodontics. College of Dentistry, Chosun University, 375, Seosuk-dong,
Dong-Gu, Gwangju, 501-825, Korea

Tel: 062-230-7450, Fax: 062-230-7451

QIEE (AN HHSEO] XOI0) [IE XZZ2 &

16.

17.

18.

19.

20.

21.

SEEI

77

Stegaroiu, R. Kusakari, H. Nishiyama, S. Miyakawa,
O.. “Influnence of prosthsis material on stress
distribution in bone and implant: A 3 dimensional
finite element analysis.” Int Oral Maxillofac. Implant.
13:781-790, 1998.

Lai, H, Zhang F. Zhang, B. Yang, C. Xue M.
“Influence of percentage of osseointegration on stress
distribution around dental implant.” Clin J Dent Res.,
1(3): 7-11, 1998.

Clelland, NY. Lee, JK. Bimbenet OC. Gilat AG..
“Use of an axisymmetric finite element method to
compare maxillary bone variable for a loaded
implant.” J Prosthet Dent 2:183-189, 1993.

Tada, S. Stegaroiu, R. Kitamura, E, Miyakawa, O.
Kusakari H.. “Influence of implant design and bone
quality on stress/ strain distribution in bone around
implants: A 3 dimensional finite element analysis.”
Int Oral Maxillofac. Implant. 18:357-368, 2003.
Rho, JY. Ashman, RB. Turner, CH.. Young’s
modulus of trabecular and cortical bone material:
Ultrasonic and micro-tensile measurements. J
Biomech., 26:111-119, 1993,

Wadamoto,M. Akagawa,Y, Sato Y, Kubo, T: The
three-dimensional bone interface of an osseoin-
tegrated implant, 1: a morphomeiric evaluation in
initial healing, J Prosthet Dent., 76:170-175, 1996.

E-mall: pyk@chosun.ac.kr



-ABSTRACT -

The FEM Analysis on the Crestal Cortical Bone around the Implant
according to the Cancellous Bone Density and Loading Positions

Sin-Young Jeung, D.D.S. M.S.D. Ph.D., Chang-Hyun Kim, D.D.S. M.S.D.
Dept of Prosthodontics, College of Dentistry, Chosun University

This study was performed to compare the stress distribution pattern in the crestal cortical bone and cancellous bone using
3-dimensional finite element stress analysis when 2 different Young’s modulus(high modulus, model 1; low modulus, model
2) of cancellous bone was assumed. For the analysis, a finite element model was designed to have two square-threaded
implants fused together and located at first and second molar area. Stress distribution was observed when vertical load of
200N was applied at several points on the occlusal surfaces of the implants, including central fossa, points 1.5mm, 2mm,
3mm and 3.5mm buccally away from central fossa.

The results were as follows;

1. In both model, the maximum Von-Mises stress in the crestal cortical bone was greater when the load was applied at
the central point, points 1.5mm and 2mm buccally away from central fossa than other cases.

2. In the cortical bone around first and second molar, model 2 showed greater Von-Mises stress than model 1.

It is concluded that when the occlusal contact is afforded, the distribution of stress varies depending on the density of
cancellous bone and the location of loading. More favorable stress distribution is expected when the contact load is applied
within the diameter of fixtures.

Key words: maximum Von-Mises stress, cancellous bone density, loading positions



