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$324h 2de CAD systeml2HE 5oz
713t 37 dlolEH & o] &3] A 9o 84E W
EFYct. 283 o] T 99 KA (surface
mesh)E ©] 83l 7} AF d2 AJHA 444 84
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£ AAsE AFA 7R ABAQUS(®H
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(Straumann Institut, Waldenburg, Switzerland)
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ment, W ¥3F¥ A 3i system® (Implant
Innovations, Inc, Palm Beach Gardens, USA)<]
4.0 mmX 10 me] TG 273 A ¢} 5.5 mn TG Post, true
morse taper 7%¢] Bicon system® (Bicon Dental
Implants, Boston, USA)9] 4 mmX 11 mm 278 A<}
Bicon post, 2&8]3 W¥ 2472 Frialit - 2
system® (Friadent, Mannheim, Germany)$] 3.8
mn X 11 mme] 23 A} 2} EstheticBase abutments 2t
7} o] -3l e} (Fig. 1, Table [)

BEFEE JEHE A AHE FAF 2
Fo] 753 ANFE A2 3L Wheeler™d] &%
g Hejo whet atet 247 FHE AP
o E3e 2AAEL 75 m, X B ZolE 8.5 mE
71%0 2 glo] X|#Zo)E 11 mm, 13.5 m7HA| 27|
A& A (Fig. 2) 9] dee e dzd
o] B4% 7193 desAEY. sRE delrt
theFsly] Wiio] 33 HRelA 1A% F=HA
oA EE 7} Rdl] Fe & Mt BEEL
2|4l ZPC (zinc phosphate cement)® 3 &3
R AlHMES FIHE 40 mz A3 FA4E
FeearFe] AT} 84 & Table [ 9 2},

3. 8lEx

7z BdoA £ 71 O 52 dE Fodside
o R Fo A9 B A 244 NS @] F
Ao}l 2815 (vertical force)® 30° AALSE
(oblique force) 2.2 7}gich.(Fig. 3)

AAE 289 fiterdia S 37| ) z+
FAMES BA 5 24dA4(Young s Modulus) <}
944 v] (Poisson s ratio)2 43 sisith 4 B4
E Mg FH®®0E A= I on ol
Table M4 AAI3IITH.

FEeago Mg 5] fEAe Akt st
ol 87HY. & AUFo|Y HqHEL AAZE
ooy} mdlol deslel g FAFH ALtS
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Fig. 1. Fixtures and abutments used in this study.

Table 1. Implant systems used in this study

Implant Fixture Crown
Abut %
system Diamenter(mm)  Length(m)  material B height (mm)
_— . 8.5
titanium Solid(5.5 mm) ‘
ITI 41 10 (grade4) titanium(grade4) 11
13.5
titanium TG post(5.5 mm) 8.5
3i TG 4.0 10 o 11
(gradel) titanium alloy
13.5
o 8.5
2 t :
Bicon 4.0 11 titanium = oS 11
alloy titanium alloy
13.5
titanium EstheticBase 8.5
Frialit-2 3.8 11 titanium (grade2) 11
(grade2) L
screw-titanium alloy 13.5
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Fig. 2. Finite element models. (crown height 8.5 mm, 11 mm, 13.5 mm)

Table II. The number of elements and nodes

Implant Crown height.(mu) Element Node
8.5 117,543 23,309

ITI 11.0 118,684 23,543
13.5 120,028 25,282

8.5 47 287 10,816

TG 11.0 49 546 11,233
13.5 51,225 11,578

8.5 58,543 12,350

Bicon 11.0 61,983 12,940
13.5 62,909 13,071

8.5 85,441 17,484

Frialit-2 11.0 86,833 17,804
13.5 87,640 17,960

244N 244N SAo] o= WFoTY BF F
(isotropy)= 7Hg 8t ar, 729 ¥
48 o vl drt= AP (linear elasticity) &
Rog 7Hgstgich oldf A8d dfFo st
glol Z AoF diss R AU #F
°

e wol 22t kad A 2.

ok

L
=
>
oo
)
ol
o

%

1 PR sicke 24

Fig. 3. Loading conditions.
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A

£ dAqeA] A f3tassMeg Az ks
e 98 7] S8 FolA 828 (von Mises
stress) & B3l dt5c] A2 e 3y Ho 28
(maximum principal stress)s %3] YZHEQ]
A AZE} o] dojuh B E vl
ZW] iaﬂfﬂ "%E*}Eﬂg} Hd-54

I. 974

JEZAE 1A% Xhixe] ARl TE o
4 7Hs] ket 2 o as A%
o olo] HE 7t TN WAG 2L ol
o 2ot

%i/}j@ (stress contour plOt)‘é o] ﬁﬁ}‘ﬂ‘?} o 1) A 8kEA
3] v 3 1) @R §E 2) A 47 YEWE BT 3150 7RI F-dA g&
el & 3) A NAY FHE W TEAF THS B3, —g—a% H) S5t T (Table V)
%E}_' ’ 1 ..
Table III. Material properties
. Properties
Material ; ;
avert Young s Modulus(GN/m? Poisson' s ratio
Cortical bone® 13.7 0.3
Trabecular bone™ 1.37 0.3
Titanium?® 97 0.35
Titanium alloy(Ti6AI4V)® 117 0.33
Gold alloy® 99.3 0.35
ZPC¥® 13.7 0.35

Table IV, von Mises stresses and maximum principal stresses on the crowns under vertical loading {(MPa)

Implant Crown vield strength, von Mises stress Maximum principal stress
height (mm) 0.1% offset maximum maximum minimum

8.5 74.1 21.7 -29.5
ITI 11 500 75.1 24.2 ~28.8
13.5 67.4 25.0 -18.5
8.5 80.1 19.6 -30.8
TG 11 500 60.5 15.6 -12.3
13.5 66.9 24.0 -16.8
8.5 79.7 21.3 -19.3
Bicon 11 500 65.0 23.2 -26.1
13.5 36.6 11.5 -10.8
8.5 59.1 21.7 -16.5
Frialit-2 11 500 71.2 29.5 -13.4
13.5 52.6 21.2 -18.9
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Table V. von Mises stresses and maximum principal stresses on the crown under obligue loading (MPa)

Implant Crown Yield strength von Mises stress Maximum principal stress
height (mm) 0.1% offset maximum maximum minimum
8.5 79.0 341 -19.6
ITI 11 500 88.9 70.9 -16.3
13.5 107.0 88.8 -11.0
8.5 78.1 341 -20.1
TG 11 500 89.0 60.3 -10.3
13.5 122.0 95.7 -9.77
8.5 76.7 374 -14.2
Bicon 11 500 84.0 62.7 -23.8
13.5 101.0 75.5 -8.12
8.5 124.0 93.5 -36.0
Frialit-2 11 500 125.0 103.0 -37.9

13.5 146.0 118.0 -40.4

Table VI. von Mises stresses and maximum principal stresses on the abutments under vertical loading (MPa)

1 Crown Yield strength, von Mises stress Maximum principal stress
mplant . - - —
height (mm) 0.2% offset maximum maximum minimum
8.5 61.5 18.9 ~-12.8
ITI 11 483 375 19.5 -13.0
13.5 37.2 21.7 -10.8
8.5 68.5 26.5 -1.95
TG 11 860 22.0 12.2 -0.65
13.5 16.2 11.8 -0.34
85 85.0 51.7 -17.1
Bicon 11 860 84.7 547 -16.1
13.5 82.1 55.3 -16.4
8.5 75.9 22.8 -8.78
Frialit-2 11 275 75.5 19.1 -7.92
13.5 79.2 20.3 -8.32
8.5 41.9 20.2 -7.15
Frialit-2 screw 11 860 39.9 14.3 -6.68
13.5 36.8 134 -6.76
2) BARstEAl 2. Xt (Fig. 12-21)
S8 I 4 FFH JEUE A2d 257 vzst
A 52 399 A5 830 A B39l 92 PESEER
2] (finish line)oll A £& 3% B 1, AUF& ITI AZHEME %E‘Q 3% A
ge dzel wRdoly Be 43S By, B2t 329 ThiE 29N $A dehtn, 3
Frialit-2 X| &5l A 3o & 74%e Bt A Z%E%‘—E— A 1%/\}*& oA F-EAM =A e
# 5ok 3719 W S8 FHE BE W9 6 YBAEANAE RESHE wPVS 4
t}.(Table V) oA A et HAdF-SEE A HE
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e H9dlA &=t Bicon YZHENHE F8 2) ZAAY8IEA

+HE 25 oA e BRgoA Eska, HuF ITI O‘EQE—‘E 3o uFA WY %}Z? 7919t
& nB A e AAFLAA =it Frialit-2 o s RolA Fraddo] 343, HAF3HL 4
ZHEAME nZA%e] AAF AZAM o] = ‘—H-r B9 9} vhs oA if’xl‘ﬂr TG ¢
E3it. Frialit-2 A1dF UYAtlN & 38 73 ZHEE ARF WAt S 2N FES
T AR SEHAA, AUFSES B AR go] E3kn HFgH e At BRA &
Boll A & 38 E3ioh.(Table V) o}. Bicon ¥EHEE 7heoAE EX-AdA 3%

t} Frialit-2 YEREE 13 A 9le] 92 AA He}

Table VIL. von Mises stresses and maximum principal stresses on the abutments under oblique loading (MPa)

Implant Crown Yield strength, von Mises stress Maximum principal stress
height (mm) 0.2% offset  maximum maximum minimum
8.5 153.0 131.0 -51.4
1T1 11 483 221.0 206.0 -70.5
13.5 258.0 251.0 -74 .4
8.5 110.0 64.6 -15.3
TG 11 860 136.0 109.0 -22.6
13.5 171.0 164.0 -32.3
8.5 196.0 134.0 -37.6
Bicon 11 860 292.0 243.0 -49.8
13.5 345.0 303.0 -56.7
8.5 503.0 573.0 -63.0
Frialit-2 11 275 503.0 587.0 -50.8
13.5 590.0 631.0 -58.3
8.5 203.0 213.2 -46.6
Frialit-2 screw 11 860 237.0 249.0 -49.8
135 334.0 359.0 -51.3

Table VIII. von Mises stresses and maximum principal stresses on the fixtures under vertical loading (MPa)

Tmplant Crown Yield strength, von Mises stress Maximum principal stress
height (mm) 0.2% offset maximum maximum minimum

8.5 42.0 19.5 -12.7

ITI 11 483 50.9 21.3 -13.9

13.5 44 .8 19.8 -13.6

8.5 37.8 32.5 -8.87

TG 11 170 36.8 31.9 -8.62

13.5 35.2 25.1 -10.0

8.5 = 260.0 28.5 -16.4

Bicon _ 11 860 266.6 28.9 -15.0

13.5 . 259.0 28.6 -15.2

8.5 51.4 35.2 -23.2

Frialit-2 11 275 50.4 38.5 -18.4
13.5 50.2 38.6 ~-18.8
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Table IX. von Mises stresses and maximum principal stresses on the fixtures under oblique I6ading (MPa)

Tmplant ‘" Crown Yield strength, von Mises stress v ,Maximum principal stress
height (mm) 0.2% offset maximum >~ maximum minimum
.85 202 184.0 -54.7
ITI S 11 483 295 '288.0 -74.4
13.5 353 - 361.0 -91.6
© 85 158 96.8 -115.0
TG 11 170 211 133.0 -153.0
13.5 367 185.0 -194.0
8.5 357 55.6 -12.4
Bicon 11 860 435 90.0 -14.3
13.5 477 137.0 -15.3
8.5 647 295.0 -130.0
Frialit-2 11 275 462 343.0 -126.0
13.5 747 - © 546.0 -135.0

§7} AYY AFAA =340t Frialit-2 A5 WAL
dM e WA ERHeA 3Tt A# o7t F
7tgtel wret Bl st SEE FtE L 59
Frialit-2 A1t 5=2] 3-8 gke] =Skt (Table V)

3. ™A (Fig. 22-29)

1) F23tEA]

ITI YEHNEE WF Z2F 732 799 jH3H
Thbs 29dlA S| Esith TG YSAEE
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o] o= AA R ngA e A AR AL oA
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ABSTRACT

THREE DIMENSIONAL FINITE ELEMENT ANALYSIS OF
INTERNALLY CONNECTED IMPLANT SYSTEMS

Yu-Lee Kim, D.D.S., M.S.D., Ph.D., Hye-Won Cho, D.D.S., M.S.D., Ph.D.,
Jai-Bong Lee, D.D.S., M.S.D., Ph.D."

Department of Prosthodontics, College of Dentistry, Wonkwang University
'Department of Prosthodontics, College of Dentistry, Seoul National University

3

!

Statement of problem: Currently, there are some 20 different geometric variations in
implant/abutment interface available. The geometry is important because it is one of the primary
determinants of joint strength, joint stability, locational and rotational stability.

Purpose: As the effects of the various implant-abutment connections and the prosthesis height
variation on stress distribution are not yet examined, this study is to focus on the different types
of implant-abutment connection and the prosthesis height using three dimensional finite element
analysis.

Material and method: The models were constructed with ITI, 3i TG, Bicon, Frialit-2 fixtures
and solid abutment, TG post, Bicon post, EstheticBase abutment respectively. And the super-
structures were constructed as mandibular second premolar shapes with 8.5 mm, 11 mm, 13.5
mm of crown height. In each model, 244 N of vertical load and 244 N of 30 ° oblique load were
placed on the central pit of an occlusal surface. von Mises stresses were recorded and compared
in the crowns, abutments, fixtures.

Results:

1. Under the oblique loading, von Mises stresses were larger in the crown, abutment, fixture

compared to the vertical loading condition.

2. The stresses were increased proportionally to the crown height under oblique loading but showed

little differences with three different crown heights under vertical loading.

3. In the crown, the highest stress areas were loading points under vertical loading, and the fin-

ish lines under oblique loading.

4. Under the oblique loading, the higher stresses were located in the fixture/abutment inter-

face of the Bicon and Frialit-2 systems compared to the ITI and TG systems.

Conclusions: The stress distribuition patterns of each implant-abutment system had differ-
ence among them and adequate crown height/implant ratio was important to reduce the
stresses around the implants.

Key words : Internal connection, Crown heigtht, Finite Element Analysis, Stress distribution
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