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Fig. 1. Implant Model S(two implants are placed straight & parallel) and Model A(Posterior implant

is placed 20° Angled).
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Fig. 2. C/R ratio of implant model.

Table 1. Material properties in this study

AZANE FH I LAl s3] F&H 74
< 98 £E-2% (von Mises stress)E %—7& 313l
o) FRESEOL 3 S A9 ARAERl S8 &

7)\_0_;;%1 #3 8a B4 AFtelA
I UG S YA
HE freas itﬂ/] el ABAQUS5.8.8
(Hibbitt, Karlssson & Sorensen INC. USA)-& ©
319t} Static d1E FPetHn AFEN LS ¢

o O

Elastic modulus

Poisson’ s ratio

cortical bone 1.37 x 10* 0.30
cancellous bone 1.37 x 10° 0.30
gold 9.10 x 10 0.33
titanium 1.07 x 10° 0.33
resin cement 6.0 x 10° 0.36

Table IT. Number of node and element in model

Model Node Element

Trabecular S 45750 223849
A 45658 222675

Cortical S 20026 85487
A 19417 82007

Implant 3 32227 138695
A 32383 139470

Abutment S 3787 16896
A 3898 17225

Gold Crown S 2275 6787
A 2191 6416

S © two implants are placed straight and parallel

A posterior one of two implants is placed 20° angled.

300N 300N

Fig. 3. Direction and magnitude of load(left: axial force, right: lateral force).



3|4 &4 AIEL Hyper-meshAZE ¢ o] (Altair
Inc., Houston, USA)?} AEE & 4 9l defa W
g%t Sl e A3ES Hyper-Mesh 2 ZE ¢ o]
(Altair Inc., Houston, USA)E o] &-3le] Fx)2) 8}
ack

Lz =
2333} JBAE FRo| e geo] BX
d908z o8 FHo8 ¥Hsg

1-1. 82 27 1
F2 gYo] AR FZF o} UATH Model S,
BT R /A 209 Z7lo) debAl e 5 X

2337} Holx] ggton splintd A$ole F =
d BTl SFHol BA hdle ATS 2 5 9
Atk 53], Model AdlA+ 7120 x| £
S8o| A ApZoZ BAFE AL E 4

AN (Fig. 4, 5).

1-2. 3tz =4 2
stezd 13 R 2 A7 Rl S2lo] JFH

Model S

anem, F2 J3 HFSH AN F =
2NN AR AE & F
S. A 5 X#/A 2 v7t S718}HH
w 3}% o]x& &sttt. splintAlol
2

£ o] AtRog oty Bk adE ﬁsc]:
& EATH Model S, A &5 7 Fe] $o| &

Azoz BaEE S ¥ 4 IHFig. 6, 7)

% 241, 29} nlRAIIA 2 2 AR 2-o] HE
45 X735 $go “‘o] 2y

F 2y R A9/ 29 2ot

of mebdt $8 BE opdo] 2 WS Bolx| ¢

St spllntl‘J BAZ 35 Aol Model S, A 25

Aoz of7Hy 3ol 7

tHFig. 8. 9).

¥, olo

ol &4 An PSS 28she A= 2
ot o] i FR AFRE FHoE I

35274 1,2 3% 92 Model S, A & 59
2|/ 2 ¥ 7} Fo)ebEA 8o 2ol
B3k 2o A/ E 7RE A4S, splintE
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mo 4n

Model A

Fig. 4. Buccal view of stress contour on Model S and A under Load condition 1: non-splinted
and splinted situations(left to right) : C/R ratios are 0.7:1, 1:1 and 1.25:1(top to bottom).
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Fig. 5. Cervical sectional view of stress contour on Model S and A under Load condition 1: non-

splinted and splinted situations{left to right)
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Model S

; C/R ratio 0.7:1, 1:1 and 1.25:1(top to bottom).
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o

Model A

Fig. 6. Buccal view of stress contour on Model S and A under Load condition 2 non-splinted and

splinted situations(left to right)

& 739l splintE aHA 42 259 vim P& o

27 Bt gt %

F

oo

AR o2 oR7ky Z.}is}% BEYE B 5 01914
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& 3k vH(Fig. 10, 11).
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. C/R ratios are 0.7:1, 1:1 and 1.25:1(top to bottom).
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Model A

Fig. 7. Cervical sectional view of stress contour on Model S and A under Load condition 2: non-
; C/R ratio 0.7:1, 1:1 and 1.25:1(top to bottom)

splinted and splinted situations(left to right)

fsiee)

o

Modlel S
Fig. 8. Buccal view of stress contour on Model S and A under Load condition 3: non-splinted and

splinted situations(left to right)

ZraE R om splint Aol oo EXatd
1°1— e—“. Zo] splintAldl& AFAZC R o]

2-2. 315 21 2
stg7d 19 vlg)] 1 glo] Mukd oz AXY. F
24 2% @/ 20)7F FrbesidE s #Hdg &
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Model A

; C/R ratios are 0.7:1, 1:1 and 1.25:1(top to bottom).
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29
N, ot
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At om, Model A7} Soll H)5)
2 22 gke]l Zrk Model A9] 7%+ splint
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#hol 23]8] FrtetitHFig. 13).
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Model S

Model A

Fig. 9. Cervical sectional view of stress contour on Model S and A under Load condition 3: non-
splinted and splinted situations(left to right) : C/R ratio 0.7:1, 1:1 and 1.25:1(top to bottom).

T

Model S

Model A

Fig. 10. Buccal view of stress contour on Model S and A under Load condition 4: non-splinted
and splinted situations(left to right) : C/R ratios are 0.7:1, 1:1 and 1.25:1(top to bottom).

gou, 5z 2udE Fe g Yepin
Model A7} SHth ARk o2 & g3 Yepion,
F R BT XA/X 207 SR E T2 gk A
o] WglE Ho|x] &3t} Model S, A =F splintA]
of Av} & ¥ oM FrhElgw, 1 &L
Model A%l B ZtHFig. 14).

567

2-4. 315 22 4
AW 8 S o5 21 123 B 24 & 3
& vell, sksEd 13 ¥l A, Model SolA &
1790, Model AdlA &= 208 74R] el & BTt 2|&
JAZH7 F7HEe et de) AE5T) g
HUl 8 39 gto] S71 At splintAlell & )
g %ko] Model 8¢ 0.7:1, 1:1¢] A %2 A9

S5 ZUVle S B9k (Fig. 15).
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Fig. 11.
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Model A

Cervical sectional view of stress contour on Model S and A under Load condition 4: non-

splinted and splinted situations(left to right) : C/R ratio 0.7:1, 1:1 and 1.25:1(top to bottom).

(MPa}
180
160
140
120 ~ 55
100 -S-§
80 - A-NS
60 -o-A-S
40 7 T 2y
20
0
0.7:1 1.0:1 1.25: 1 (C/R ratio}

Fig. 12. Maximum von Mises stress under
Load condition 1 (MPa)

S-NS: Non-splinted and paralleled situa-
tion, S-S: splinted and paralleled situation
A-NS: Non-splinted and angled situation,
A-S: splinted and angled situation.

(MPa)
180 !
160
140
120 <~ 5-NS
100 -3-5
maassssassssamrssssssssssasd sssssosarsmsesoreimral )
80 =t A-NS
0 o-A-S
a0
20
0 TC/R ratio)
07:1 1.0:1 1.256:1

Fig. 14. Maximum von Mises stress under
Load condition 3 (MPa) :

S-NS: Non-splinted and paralleled situa-
tion, S-S: splinted and paralleled situation
A-NS: Non-splinted and angled situation,
A-S: splinted and angled situation.

568

(MPa)
180
160 [—
140 o =
120 ~~S-NS
100 ————————& -a-5-S
D esm————-
80 -t~ A-NS
60 -o-A-S
40
20

0
0.7:1 1.0:1

1.25: 1 (C/R ratio)

Fig. 13. Maximum von Mises stress under
Load condition 2 (MPa) :

S-NS: Non-splinted and paralleled situa-
tion, S-S: splinted and paralleled situatio
A-NS: Non-splinted and angled situation,
A-S: splinted and angled situation.

(MPa)
700
600 =D
500 / —
400 £ / ---5-S
300 T ~~A-NS
200 o-AS
100

0

0.7:1 1.0:1 1.25: 1 (C/R ratic)

Fig. 15. Maximum von Mises stress under
Load condition 4 (MPa) :

S-NS: Non-splinted and paralleled situa-
tion, S-S: splinted and paralleled situation
A-NS: Non-splinted and angled situation,
A-S: splinted and angled situation.
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ABSTRACT

FINITE ELEMENT ANALYSIS ON MAXILLARY MOLAR
IMPLANT UNDER DIFFERENT C/R RATIO

Jin-Ho Kim, D.M.D., Hyung-Seob Kim, D.M.D., M.S.D., Ph.D.,
Dae-Gyun Choi, D.D.S, D.D.Sc, Kung-Rock Kwon, D.M.D., M.S.D., Ph.D.

Department of Prosthodontics, Division of Dentistry, Graduated School, Kyung Hee University

Statement of the problem: In cases of low bone level in maxilla followed by extraction due
to severe periodontitis or enlarged maxillary sinus, crown-root ratio of implant prosthesis will increase.
The prognosis of these cases is not good as expected.

Purpose: The purpose is to compare stress distribution due to crown-root ratio and effect of
splinting between two implants in maxillary molar area under different loads

Material and methods: Using ITI(4.1 X 10 mm) implant, two finite element models were
made(model S: two parallel implants, model A: one of two is 20 degree inclined). Each model was
designed in different crown-root ratio(0.7:1, 1:1, 1.25:1) and set cement type gold crown to make
it splinted or non-splinted clinical situations. After that, 300 N force was loaded to each model
in four ways.(load 1 : middle of occlusal table, load 2 : middle of buccal cusp, load 3 : middle of
lingual cusp, load 4 : horizontal load to middle of buccal cusp), and stress distribution was ana-
lyzed.

Results: On all occasions, stress was concentrated on neck of implant near cortical bone. In
the case of inclined implant, stress was increased compared with parallel implants. Under load
1, 2, 3, stress was not increased even when crown-root ratio increases, but under load 4, when
crown-root ratio increases, stress also increased. And more stress was concentrated under load
1 than load 2, 3. When crown-toot ratio was same, stress under load 1, 2, 3 decreased when splint-
ing, but under load 4, stress did not really decrease.

Conclusion: Under vertical load, stress distribution related to crown-root ratio did not change.
But under horizontal load, stress increased as crown-root ratio increases. Under vertical load, splint-
ing decreased stress but under horizontal load, effect of splinting was decreased as condition of
implant changes for the worse such as increase of crown-root ratio, inclined implant.

Key words : Finite element analysis, Implant, Crown- root ratio, Stress
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