CHEHX| 2 A 5H5| X :Vol. 45, No. 4, 2007

A} SHEE ol X ol
R TR L R

.M B

& FA < gape] dukAQl A=
2 7153 AnE HEAAFE Aol
AFA|olZ AEFHE FEIIA vl
ud A3g d& § o AgE 2] ZA
A 9R|9] fRet XA & dojof stug FEI A
Y7 AAEES & 4 glon X9 M=
HEAHA] Zat), ofeg FAE Al &A
A<t #ze] 758 8S Aste] dEH
271 Bo] AleHa g

A Fxe} 3lxte] A ZHE AFEE >
o me 134 2 JHEA BEE0] BF JHEsH
AZHE 28 A& e nAY BHEL 1965
Branemarkel 28] ALo 2 Aled ol B2
713te] QAE e} AFEE AE Bl &
£33 /o) dFH T Ut

S JENEE o] &g 7P HAHEL 1980
ol 3pet Pri\"‘*‘ Az3he dHoR AfERa”
ol AT B FoX ShAld] Hldte] x|
Sl sEet "’%“Q-J AR Yol P Az
I AZFEo| FTHER LM nA BAE v

m\m

Py =

1-—\_1_.

JE 3

DA 45

o rf 0% 2

¢}

AL o] YZWUES AYslo Hlwd AR Ho|w
A= 9o tigt sxle] 2RI} B NG
Zo X2 3 EAAN e} o HL AFA

444

2= - 20/Y
sfe} o Y @yolut
sk 4 aﬁane—xlzl 2Ago| 438

b, 973t "E*ﬂlﬁiﬁrﬂ oour

0

o] 0}—} A=A JJVH«]X]J Z]E"ﬂ—?—a 2%
¢ F83% AATIL BT Naert 59& ’3]'
AZRE A elA dojuts Y o

£

P

=0
T

N

ar
=2
l

i mlo 11&!
oy j—‘

{oﬁ
A2

e ol

N e R N

£ g

r°\'_|>‘[rn
ﬁgﬁr\u ro,
Juf_u,_mﬂ_\'i:m

—

SARTE o elNe] BREA s A%
wr} Bl DA FEee] YEAES] 4
stk skx)ut o]H 3 QQ1ES 1 o]—\:']ﬂl—
Az 47} ol AE WA G 7

7_(1
2o ol e ShEe AR B3
ol &3} ‘23%_3 ’ﬂa‘?——} T Tl
gt FF L osin ]
Qapele) 2z wYse
Slom® ofel @ AstAel FHe 3
o Wshe Lor & ok ol 4
Alelel oleAQ) dolurh 44 Gl e ©
Aohe Ago) et A% nABe W

/%loﬂz‘ﬂ-ﬁ _ﬂaq —r?ﬂ— J,].yelo _u;_é;@ 89l

2
A YSHE M52 A9 de dv

ok= o]

$7} ek ol @ 2%
RE Fojg FapEtt ?ﬂb
w312 Hap) e 7=, Av], 715 e
gL exle] YA AoV dirrte: *ﬂ"“‘ﬂ



Ay A7z A TE B3 BEHA
Asdte] AAE|ook & Aot}
F2AREAWLE 19761 Weinstein 5170] X2
Aol A AZHE X|F o)A HEE AL og =2
9ol g8 Bt Bol AME-ate
gom w83 A Lo] FhsHHAT o= A=
AL st & F fie
7 AgAoge gHEA Hrid

welo) 2

[

A4H Ao
PN

(N
-

b
o

e
2y

iy
o B

w19 rlo

‘O_l
= 5

e e
fo—
(2]
4
o, N |

iy
ol
I

B
B
o%
jelss

Aol $2o] RSt BE FHS A FHRAY
o MR st Aol

4719 3349 FeasE 2 (Ansys Ver 9.0,
Swanson analysis system, Houston, PA, U.S.A)
o]l AHgH T 7t YL I E, 49 YBRE
2AA, AR v 9F FUFRER FA
Rt

03E TAE AR, AxF, 45 25
1.5mmz Agsigon FHHAA vletEkE o
9] X2 Z9| Z3} EolE Table 13 Bkt

2) YEUES} v} 27

AZHEE A% 4mm, Z°] 12mm(FF2E ¥
AE 10mm)Y LEF AENES F& 3EAS A
A AYo], Al 24T Ho] A7 2704 A1
= 1mm, ol 3mmS! vl TRER 7 JEWHES
AAAsATt Al 2473 F4o A 4EA
EEQ°(R¥ 1),15° (28 2),30° (28 3),45°
(23 4)2 AN A% AZANES F4

oA H3zH JZAE FARA ] A (A-P
Spread)$t 9402 A% W Zo|(CL)9] &
& 20mm= LA 8 tHFig. 1-3, Table II).

st 3 JEW JATFzES] 2dFE 9
A Ansysoll Al A Zske Sl A 842 SOL-
ID 455 AMgsla sle FF=E Eo)7] Al

Q

ol |

=0
Aehes AR RS 4459t

saazude A s Al TEol

A. Widths of alveolar bone
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B. Heights of mandible

C. Bar and Implants

Fig. 1. Structures and dimensions of 3-dimensional finite

element model.
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Fig. 2. Schematic representation of A-P
spread and cantilever length.



TabIeI DlmenS|ons of 3-dimensional finite element model in mandible

. Area Widths(The upper ¥ - %)(mm)
Anterior teeth 11.0-11.5
Canine 11.0-14.0
The 1st premolar 11.0-11.5
The 2nd molar 13.0-14.0

Table II M’odel setups used in experiment _
Classification  Implant inclinations(°)  A-P Spread*(mm) = CL**(mm)

Model 1 0° 10 10
Model 2 15° 13.1 6.9
Model 3 30° 16 4
Model 4 45° 18.5 1.5

* A-P Spread(mm): Anterior-Posterior Spread ** CL{mm)" Cantilever length

Model 1 (0°) Model 2 (15 °) Model 3 (30°) Model 4 (45°)

Fig. 3. Appearance of the model used in experiment.
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Table II. Modulus of elasticity and Pousson s ratio of materials used to construct 3-D Finite Element l\/lodels

Materials

Modulus of elasticity(MPa)

Po1ssun s ratio

Titanium alloy 110,000 0.35
Cortical bone 15,000 0.30
Cancellous bone 1,500 0.30
Gold alloy 96,600 0.35
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Fig. 4. Structure of 3-dimensional finite element model.
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A. Bilateral vertical loading

B. Unilateral vertical loading

C. Oblique loading

Fig. 5. Directions and magnititudes of occlusal load applied to 3-D FEM models.
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Fig. 6. Comparison of the stress values at the surface layer of the cortical and cancellous bone in bilateral ver-
tical loading.
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Fig. 7. Comparison of the stress values at. the surface layer of the cortical and cancellous bone in unilater-
al vertical loading.
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 Model 1  Model 2 Model 3 Model 4
Fig. 9. Comparison of the stress values at the prosthses in unilateral vertical loading.
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Fig. 10. Comparison of the stress values at the surface layer of the cortical and cancellous bone in unilateral
obligue loading.

449



pae Lrom om -

Model 1 Model 2 Model 3 Model 4

Fig. 11. Comparison of the stress values at the prosthses in unilateral oblique loading.

Table IV. Maximum von Mises stress values in the cortical and cancellous bone in experiment

assificatio 0 Mod b
Bilateral vertical loading 5.12 5.68 5.49 7.89
Unilateral vertical loading 4.82 5.69 5.51 7.89
Unilateral oblique loading 1.67 2.05 2.39 3.36

Table V. Maximum von Mises stress values in the prostheses in experiment

Bilateral vertical loading 67.08 89.58 105.77 155.17
Unilateral vertical loading 67.09 75.08 105.52 155.2
Unilateral oblique loading 11.07 11.42 11.2 17.39
9 180
8 - Bilateral 160 —Bilateral
é 7 vertical é 140 // verti‘::ral
» 6 pd loading 9 120 loading
= = Unialeral =3 4 - Unilateral
g 5 vertical @ 100 nllater:
e . foadng ™ P vertical
% 3 ] -« Unilateral =z 60 p—" -—E;l‘:tn:ral
g i ——— coige E % e
1 20 loading
0 ‘ + : ;
Model 1 Model 2 Model 3 Model 4 h(:odell Model 2 Model 3 Model 4
Fig. 12. Maximum von Mises stress values in the Fig. 13. Maximum von Mises stress values in the
cortical and cancellous bone in experiment. prostheses in experiment.
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ABSTRACT

FINITE ELEMENT ANALYSIS OF THE EFFECT OF CANTILEVER
AND IMPLANT ORIENTATION ON STRESS DISTRIBUTION IN
A MANDIBULAR IMPLANT-SUPPORTED BAR OVERDENTURE

Jun-Soo Park, D.D.S., M.S.D., Sung-Bok Lee, D.M.D., M.S.D., Ph.D.,
Kung-Rock Kwon, D.M.D., M.S.D., Ph.D., Yi-Hyung Woo, D.M.D., M.S.D., Ph.D.

Department of Prosthodontics and Institue of Oral Biology, School of Dentistry,
Kyung-Hee University

Statement of problem: Implant inclination and cantilever loading increse loads dis-
tributed to implants, potentially causing biomechanical complications. Controversy exists
regarding the effect of the intentionally distal-inclined implant for the reduction of the can-
tilever length.

Purpose: This study investigated the stress distribution at the bone/implant interface
and prostheses with 3D finite element stress analysis by using four different cantilever lengths
and implant inclinations in a mandibular implant-supported bar overdenture.

Material and methods: Four 3-D finite element models were created in which 4 implants
were placed in the interforaminal area and had four different cantilver lengths(10, 6.9, 4
and 1.5mm) and distal implant inclinations(0”, 15", 30" and 45 ) respectively. Vertical forces
of 120N and oblique forces of 45N were applied to the molar area. Stress distribution in the
bone around the implant was analysed under different distal implant inclinations.

Results: Analysis of the von Mises stresses for the bone/implant interfaces and prostheses
revealed that the maximum stresses occurred at the most distal bone/implant interface and
the joint of bar and abutment , located on the loaded side and significantiy incresed with
the implant inclinations, especially over 45° .

Conclusion: Within the limitations of this study, it was suggested that too much dis-
tal inclination over 45 degrees can put the implant at risk of overload and within the dimen-
sion of the constant sum of a anterior-posterior spread and cantilever length, a distal implant
inclination compared to cantilever length had the much larger effect on the stress distri-
bution at the bone/implant interface.

Key words : Cantilever, Intentionally inclined implant, Finite element method, Stress distribution
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