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Table 1. Mechanical properties (bone and implant materials)

Material Youn(gGl\léI:)d ulus Poigson ratio Strength (MPa) s’iizs;kzl\}/,[ilig
Titanium 102.2 0.35 - -
. 72-76 (tensile)
Cortical bone 13.7 0.3 140-170 (compressive) 60
Cancellous bone 1.37 0.3 22-28 (tensile) -
Gold (type IV) 95 0.3 -
£ A Aot} 2, 3PAlE Fh-3to] T Z13Elo] S8 dig Zo] Aguh-gol ulg FFH 35S
AAE AR E 22 10%9 50%, HE AW AalMe 29 H5H, viEd 540 8L &
A= 50%< 100%9] =f2e] xgd FdAE Ao A Lok & AojAT o) THAR] &4
BARGH 740]“] AANN = BZdEH AHE AR o thet AEA SHo| AV Evbseta, B
A BF 100%9] Sfrzo] Lot Ffo|rt. 5 A EAA Helee of4 E8d BuHA] ¢4 gl
A HHE AN SHAYY] dFgor F/HA of AARME FEAAE E718HA 7P AE AL
© B/MFe] t& Ao} 1 EAo] HE £ &8 o gloks @A7E vk webs g 5
o) 58, 9)AE EA49 50%°] 234 H&= A+E AN AT e FELS S, AFaEd
EAgE Aot} E] ATk A3 JdSHE F Aoz 7Hgsta ik, ol g deste] Axrt 0
A AR BN XN 2EH AR F 2 WETt WAL e F9 AW diSd] oM o3 Are
Adoz fA7| % gt & F o iy eabe) mRAe Gl AA = &
AxA e Ae4e 2 3FERES AT 32 A7A7 T St} Lavemia 592 2 w24
n2 A Akl 23 2dgolA Alelstitt 2 7}78 ol s SEEEEA Aol HTE 3o
=& FAM 2-30%U e fo1A AEE £3s) o= B vk 43, Borchers 572 T2 S
3 enz Fed, vdFA] 4SRRIt Vet A SEEEI}F dEHez £
Bz i dAdoR PEL Qe viet & Rieger®9] Z#tet fAREE Bk v it ofo] &
gF F2A] 58] 38 £t ohF BEAle A$e) AN E 2B S THEEALCR Pgsien
T BoleAl the B/ASUE Ade 2L & Table [ A& $1ellM e 2/UAZRHE AWol|A]
Aoz Qs ujEd, oL M Aeg Ho AN e 5AlS] B4R E Jepdgle)
o A AE, SETAgE Pgete] 4 58
3 dze dA 9717 Aot Ud& F U 3. 3ExH Y A=A
Nicolella $'9€ H#2AE# 9 (norminal strain)©)
0.15%3 = #H&ste 224 WellXke 1 vAT= 2349 A8 Xt 2AE AR 38
(micro-structure) ol A= 3%014e) 2EH Qo] 9 olllZ A7) YA daH ez 7t
A F &S YR Fo vjFdE BHe= AEWE ALEHo 2x= 359 75 vl2A <
g ENE FRH o= EJ_‘ETP%E} ol BARH Z3tojol g}, T A ZRES] Ao = UEH
vllsly] Yot 1 B9 2z M e7tEEE) < Z5E o0& AAstFe] AR JENE MLy
B4R AleEE #A IS 283y &) T, Y 2§ Aol AEE Ay B4 T S
wge Ogarad o vFd B4E waktll Aol FURAES AR SR 2ede
S8o] I AYE P Aol visl o A Zog 7pge 4 k. aEy 27 o) ¢ A g
228 ¢ J3S Btk 29 T4 Ev MFAo] Zte A4713 (bridge) REEY ZASdle 24 dZd
T 9] mA FGelA A= g Zetsied EV} $dshe ke arie ged F9shEd A
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Table I1. Mechanical properties of the bone/implant interface tissues as a function of the ossecintegration

stage
stage Interface of cortical bone Interface of cancellous bone
Modulus(GPa) Poisson ratio Modulus(GPa) Poisson ratio
stage | 0.137 0.3 0.137 03 -
stage 11 1.37 0.3 0.685 0.3
stage III 6.85 0.3 1.37 0.3
stage IV 13.7 0.3 1.37 0.3
stage V 13.7 0.3 6.85 0.3
50N
/ Interface of
) // cortical bone
E‘ ;} 2.8mm ‘""“% Control point
Insertion e
height . L i #—— Cortical bone
an Pitch: 1.2mm Symmetric
10mm - E axis: x=0 - Gancellous hone
: { Interface of
; i cancelious hone
M]q—- Screw height: 0.3mm
Boundary conditions:
3.5mm Ux=Uy=0 {at x=0)
Uy=0 (at x>0)

Fig. 1(a) Solid type ITT implant (dia. 4.1 mm, inser-
tion length 10 mm) and design.

oz BEE 4 glon, Aze QEdEdE 4+
Azololx Zdeol} BAES} §EHE §3
22844 W] Edslojor At ATUAE =
7t 7z 8 a0 ButeslEe AN naBe At 4
AQH B, 2 AUWFEE KA s B okt B4
So] A B Folv) yRol}, ojzo]
2537428 W A% 7 T2 399 452
2 Bojapy] el E B 339 Sekein ol
B4 o]t}

9 dEAE] AR shExe AEo] T
el 9T ATAE e AP R4S
o 2l sFolrz, A F99] Aotste] e

220

Fig. 1(b) Axisymmetric finite element modeling for
the ITT implant subject to the vertical load of 50N.
Non-structural soft tissues are not included in the
model. Control point: Mid of the cortical bone 0.5 mm
from the outer surface of the implant fixture.
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Fig. 2(a) Stress distribution around the ITI implant
placed in the jaw bone of 6.2 mm thick subject to an
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(stage I)

221

af

N,

olo
mo Jm Y
[0 >
FO af
>
1
o ¥
>
ot =+
2 %
A el
U oy
do o
g olo
ity
=2,

B
3
dlo

e

X olN
re

i)

1)

N

=

1 L
I

L
rir

-

o
4y

fiz
o
K oo

© b
o

i
)
o
o,

o

"
>
o ol gy

S
oE _1)-
o

=)
)
N
-
=
O
-
ES

=2
£ N2 M

0 18 1

oo

%

o

£ oo oo

oo 1M

ar H oo =
ol
3|
o
ox,

—

K-y
X

¢
=
e

o
N I
ko
P
l
o
=2
£

I
TS
=

i)
o

=)
&lt
o
e olo

]
(o]
8
8
=}
2
&
u
i3
Dol
fus)
O
Hﬁ
N
e j

7_%”&( tress monitoring point) 2
A 27 B/YZAE A

a2 T—

7] ol 3FAN 54

e
o

=

ruﬁJ
_QLA
N
N
S
Z
o

A& AP E 10%9] &
E 50%9) 243l °‘<>M
on SEBILA

NH

o
Ll
°

o
o
NN
o 2
k
Jo
24_\‘
o
iried
w9
Eni

o mh
BICA T
1o o 2

o,
ofu
lo

olo
18
“
of\
N
st
2
i
AU

ey 3-PRNCFL. STRESS

| vim : -sestizo
| RANGE: 4721615
i

| INRC-NISA/DISPLAY
3 0T /0804 07341120

Fig. 2(b) Magnlﬁcatlon of the cervical area in
Fig. 2(a). Max. compressive stress : 0.75 MPa.



WODELING SYSTER { 10.0.0 7 FRE/FOST WODULE ERP—

VIEW :-3 AS1E+DS
RANGE: 198288.%

ERE)

2E~02
- aE-94
~4E-02
-8g-02
~.1248

EMRC-NISAADISPLAY
DLT/DB/04 0338385
v

ﬂgT; EMRC-N1SADISPLAY
N ‘ T
—x Y A

ROTZ 0} & : I! ROTX

e 8.0

DISFLAY 111 - GEGHETRY WODELING SYSTER ( 10.0.0 ) PRE/POST MORULE

I-PRNCPL. . STRESS

VIEW 1 6457220,

RANGE: 1562885

? :, 3333
[
2
l L. .83

3. =-5000

L,———J, 1151

Fig. 3(a) Stress distribution for the stage II.

Fig. 3(b) Magnification of the cervical area in
Fig. 3(a). Max. compressive stress : 0.65 MPa.
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Fig. 4(a) Stress distribution for the stage III.
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Fig. 5(a) Stress distribution for the stage IV.

222

I-PRMCPL. STRESS

TTSRLAY 11 at\’;i*"-? "ﬁ“?“.'? ,5,'5;}"‘,,‘/”-}-“ ’/i*‘FifEEL’iE‘Z‘i‘_L -
ENNENEN| P
T

m
[y

Ld . -ta51

4]
i
0

EMRC-HISA/DISPLAY
. | 0c1/07/04 08:44:55
{: by rarxl
bl ot o

el 0 H:‘ i
Fig. 4(b) Magnification of the cervical area in
Fig. 4(a). Max. compressive stress : 1.0 MPa.
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Fig. 5(a). Max. compressive stress : 1.08MPa.
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Fig. 6(a) Stress distribution for the stage V.
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Fig. 6(b) Magnification of the cervical area in
Fig. 6(a). Max. compressive stress : 0.9MPa.
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Wk 75 Bt AE 2717 23 ARG SEREe] WA A F NF el YIS v|XY A
FAE R AL e 5% 8Y FX 54 R A gtFrthe ol o Fasith Amt-
Erlm skt mann®el| WEH 7|7} 2 FEe] ¥ojeH
e gEEke] Held, Uabike] M SoE Aot Erte HetEo] 3548 o 280, vt
54 AYAe JEHES Y2 AL 1 AA2A R A= epipAlolnt, Aato] & A &
= A9y $49E Hlusty] oy JdEHES} FEFE X Fe v DEAN YYo= FF5E 2
zYfgte 288 Exv A= A7 dSHE/ X171 A ¥ ¥ (intermittent deformation) S
& AN S/ 54 93 2FH oz F9H7) A7 EFRAE Axdke g9t ada s
fiolth AENE 3o wet drilling B2l o] g Fig. 2(a)dllAe ¥ X7 3/USHE AA9
FEAdoly 271137 (press fit) AE) 59 270 @ R0l Fio] FAHY oA AN FAEF
2 4 2 A TAA A zfold] uhEa 50N©] 2Heate A AZTHE 79 A A e] &
Taate) £} f&2 AR} 2ol HY F 9o HEXE el oy Fig 2(b)olA Fg. 2(a)2 4
B2 g8 Mo glojA ofE Wl WE AW Fzo SHEEE st Yeitt, o] T
ER2 540 Bdd o ghedslofo} ofn] gl HH Me BEEdA $EYFe] gle AE 328 +
E 9S F U Aotk HF £ do|lmut & Al ole AF ANEEF JSWNE ANy /2
WEAo] Zf3 Ao vX e IS FAlstn & o] sjAE] Hjg] FHAH LR v sFHg
3] P A9 FAThg vlwehchd A HE o] EE AWCR Y dojupy] wjFolt} F o] A
ke Ans 248 ¢ ot ofd SN 7) $9] Z/AZAE A2 938 1 okt I
Z9 A AT A T/ Pre] Ajolg} olq Z AN T2 o] FoAER Y JZTHE A
o2 AHEY EAA0lE Rl wrdskx] £33 Zolo AX ¥iuwA dd3t EEF o|E}. of ©A
e FF iAo g oz Bl o Srat AelolA EA A< Azt o] 28l 4
UEHE stz2 Ao Fhet F2etzo] 714 7b A BAe Feu Sede AY Y
T8t} et A o] X & dis) B HHEo] AR ALk lenz wAd e
& o] F= Ao BT = gl o] A w3 2l gtk
Ed) o3 80| FvtHBR 1 98 Fxrt ¢ 1 SAeA FEaARH Ay ¥ A= 0.75
Aatge] 75l vla) €538 A}, | 59 Bra- MPac|t}h. &g 53] §8 FFo| dojuhe 29
nemark ¥ YEFAE FHE9 & Bslod 7h glo] AAZH O 2 1 MPa ©|3te] SHREE Hol
Syiee] A9 2L A7) A= vlE] ok 20m) D2 3E Rl FEFE dold rheAde A4
A ¢8-S F7Z ¢ doka et vt 3 g Fog Hnh webA] gEo FAUTS uy
A2 1 oA JEHE A P4E A}t st AHE ARl AAY 2L A 9 B
HA5o] AAe wy 23S Bl S0 sty A FEo| FAHYE FF5F T FAEL A ¥
718 AT T Hxe 2719 FiskEe] vHE 2 AR 3% 5 st
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ABSTRACT

FINITE ELEMENT APPROACH TO INVESTIGATE THE INFLUENCE OF THE
DESIGN CONFIGURATION OF THE ITI SOLID IMPLANT ON THE BONE
STRESSES DURING THE OSSEOINTEGRATION PROCESS

Sang-Bum Cha, D.D.S, M.S.D, Kyu-Bok Lee, D.D.S, M.S.D,
Kwang-Hun Jo, D.D.S, M.S.D, Ph.D
Mayjor in Prosthodontics
Department of Dentistry, Kyungpook National University

Statement of problem: Standard type of ITI solid implant model in the 6.2mm thick jaw bone
was axisymmetrically modelled for finite element stress analyses.

Purpose: Primary objective was to investigate the influences of the characteristic design con-
figuration of the I'TI solid implant model on the bone stress with the course of osseointegration
process at the bone/implant interfaces. To simulate the characteristics of the osseointegration process,
five different stages of the bone/implant interface model were implemented. As load conditions,
vertical load of 50N was taken into consideration. Bone at the cervical region of implant was the
areas of concern where the higher level of stress were likely to take place.

Results: The results indicated that rather slightly different stress level could be obtained as
a function of the osseointegration conditions.

Conclusion: Under vertical load, the lower level of stress was observed at the cervical cortical
bone in the initial and final stages of ossecintegration. Relatively higher stress level, however, was
observed during the transitional stages where the osseointegration at the cancellous bone
interface were yet to fully develop.

Key words : ITI solid implant, Osseointegration process, Axisymmetrical model

228



