Original Arficle

HEEIE 117379 2E&=olM &2 MEI/XI
Higtoll [[IE 2t AEEEIMO FEHEZ
=0t 3XHH QT AEE 2471

2 AN e dZSHE AA| 3-unit 1F4 BHEANA AZTHES] 9} X ¥slo] 2 (A S7} AZFHE
Aol &8 BIE A fe AR Ho s RFstuAl S 32 YFRES F4lA ARG Yt
AP 2d¥ FAAAAN AFA YFFES FZHO2 1.5mm offset Al7]2 YA AEFE= H502
1.5mm offset A]7] =& 2 o]o} WM& offset A7 B 18] 2709 AZHEE o] &elo] h |2 & mdlz}
A 92 94 Ay BdS TEY, wEEE ARATA o 155N 2HE-e 7, A2u] A ol 7 200N A8
A%, A1ATFA e 155N, AL 2072 o= 2H2F 206N Ao 838 A9 ] 2tz = nFo 4=
WeFo 2 300 A E S AEAIAS Wl Xof FA e AT S 44 wol s FIFei S o] &35t
o 7 JZHE BN S8 EXE BHG o] 22 A A7E vgo R 747te] $E & v wslt]
2 22 A9E A%t o’ dtFo] AgstHEE o B 7Y YZTHEE o] &3] A s FEE0] 27
UZHE AA o 22 SHo] B om, 37 73] 4] Aol 2719 YSHER AT SR A] §
EEo] {23t 475 Y a, SHY FA8Me0] ol A5AA) skl Wle BF2Z offset 3 Ao 713
22 435 Jepldg
FRO: AEdY, AEAE, 224, 8 (FLI=SSSUSIK 2010:26(3):221~239)

N E 200 243 250 g 270 9 B
Szte] g2 e Vo) tigk melst D ettt

A AEHES] F9 HxEE= GAE X ole A gho] FoAL oY HAPEY
de-E galstr] Ak Aol At 4 |zt ¢ Aol e HnHAE*” wgHd g F
A FReh g B2 X o) gate] X5 dFH o] AEHA g2 AZHES] o Y3t
o7 AbgEolA b a2y 2o A FE S F3 9a? oy BE5 AFI} YA Aol
T Esta AZSHE HEE] AV 434 UEhxo] AgelA] g2 stexdd o3 =
o2 7l s Y] YA AALGTH o E£do] wysly| & A} 0 gl sl B

DAKAE ZR01S

C=CHSt ) XIICHSE 2E 1Al SHYE MON| MEs o 7-1 H=0HSi XIuttHst &t CHSBI=.
M3t 82-41-550-1974. E-mail: cho8511@hanmail.net

QANELSLL: 20104 48 119, 22X 20104 88 202, XEI: 20104 98l 252

FUI=SEUSAl 26 33, 2010 221



287 JEFVES B 2o QY] w2
NFR ABAYD 1A HPe 39 JERE
o AW Y BUE A% S FaF 82

AEHE A 24 HEEL olge =4
9 HEAQ ARIEA QA Ay B
HAES A8 & Fytol gle 497 &4
t}2 Becker$} Kaiser'’= QJZSE wjd £4),
AR AR FEetA] e =4 59 ol
2 Q3] EviulsiA Addy BEES AHEE
THbel gtz Eastz glot

Park 57& A2ATFA ol 155N9] 7ZA}let5o]
AS wFol 7l wof Ao 206N2]
AAbetEel B wTol sheld A9 2744
shs 2710l gidl S & o, dSHET} 370
BAFEY ZeliAl e mEE e

29 4 9w Eudth Kivane 9 Haldun®=
AZHE uygAe Ao 245 w3 EHE
= g o, F7t A5 FalA
U 24 g e 22 2719
H4& 44 2oe 3719 o

olgste Ao &Y HE= =<

N
il
g
& %O
(o]

1 a2 o2
e st
(WCANDA)
fm 2
[rt
£

g
o
.,
e
rlo
olo

222

i o
X
Ly
=2 1 o
i} o
32

m

M oY rfe o 2 Jf

N
o
B
-
0
9,
o
e
i
N
~
=4
[0
R0
N
B
[9%)
N
Lo
il
b

Aol 92 ol g3 9
FARY B AN BE
E{i o) =]

e

a7 2mmz S Bed Fez 2l o

¥R Ao e omy R =i

=
es!
ga

—_
&

o

JZSHEE 27 41mm, Zo] 10mme W3
AZE YAlEd JZHEQ SSTIEF  (Osstem
Implant co. Seoul Korea)®] 117 2|1 SSIIR1810E
AFE3I AL, At S (abutment) = &2 = EFY Q]
$S5485 A £ o] &51%1 HFig. 1-be).

w8 A7le &7A Y Af, 29N FAEE
80mm, P4 Z72 100m= 3130w, ti3] <]
e 249 4L 105mm, FH AL

(a) Bone (b) Fixture (c) Abutment (d) Crown
Fig. 1. 3D models used for this study.
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Fig. 2. Schematic representation of models
used for this study.

Table 1. Experimental design used for this study

B A20°2 [.5mm offset A7), #2432}
A2 29 A YR+ SO 2 1.5mm offset

AlA 3-nit 1A HEELS, BY 4= 2709 ¢
ZHE} U 71FEAE 7HA = 3-unit ZHA

BABE, 2d 5t )Y QEAES 24 A
G2 A E Sunit 4% RAEE, v 62

Sal

b

vhel QEBESG 94 ALANE A
Bamit 297 ARSI Bl 3
o
AN

2. =ote4 YOl )|

B oA Aeg E_% 42 3D CADS!
SolidWorks (SolidWorks SA)E o] &3t B
g5 Sk o714 JEHE E@Z]L =7 &
A8 F2E Aoz 7Hgasith

32 A 34 ol &= COSMOSWorks (SolidWorks
Inc., USA)E ©| &3} 11, 738 4aE 414 104
H(node) 22} &2]= Q4 (Tetrahedral quadratic
solid element)Z AT LA 24
A71d] weh Hoj-gHo A7)7F 2 e
o2 94 Arld e FEds adste 7
84 A7 ImmE kgt S0 A3E Ao
2 d3He gdEn 172?%4]4 AR 5
2 AT AR A fE UAbE S
0.1~0.3mm2] v§- FU3 2AE o] &3t h o}
2| Table TT& & A7-olA &3 6744 9

model number of implant configuration(prosthesis type)
1 3 splinted along a straight line
2 3 splinted buccal offset implant placement
3 3 splinted lingual offset implant placement
4 2 bilateral end implant placement
5 2 mesial cantilever splinted
6 2 distal cantilever splinted
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Table I. Nodes and elements of each model 249 AH 5 JeERR) 1, Fg 38 ¥ A7)
used in this study A AeE g3tes 2dS ggow Jehd A
o
model nodes element I
1 783,360 571,998 3 BI= U HHEA
2 778,475 568,229
3 780,340 569,710 2 AFA st Aole] PS5 uFo] A5
M=o ° AN =L T3
Aok 18Ae S wgE 0 w7
’ 200337 2120l aa] Aofel FAshell +7) al5E 71} A2
6 586,452 427,292 112 3} th.(Fig. 4.)(Table M)

@) ®) © ) )

(a) complete model, (b) bone model, (c) implant system and adjacent bone model, (d) fixture model, (¢) abutment model
Fig. 3. Finite element models used for this study.

o o o

load pattern 1 load pattern 2 load pattern 3
L] 3
\/' \“,ﬁ" Q\)’,

load pattern 4 load pattern 5 load pattern 6

Fig. 4. Loading patterns of each model.
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Table II. Loading conditions of each model used for this study

load pattern direction of load location of load magnitude of load(N)
1 30° oblique 2" premolar 155
2 30° oblique 2™ molar 206
3 30° oblique 3 posteriors 155, 206, 206
4 vertical 2™ premolar 155
5 vertical 2" molar 206
6 vertical 3 posteriors 155, 206, 206
4. 26X 5. SEHEN

B AFA 73 24 BHS 98 AHeE =
4 F&EAse] B4XQ @ ASE, Young’s
modulus)$} ¢} H](Poisson’s ratio) = A1 &>+
9o A8 E #FHxslo] o] &9 H(Table IV).

aglx Age] B84 54 Az 7AH
Edo] ddsltt= A (homogeneity), A &<
E4o] 3Wgor T Fdide U4
(isotropy), T3¢ WMoY} ¥i9= A&H 3
Ag wlgetn Aze A4 (plasticity) S 123}
2 ethe 278 A ek (linear elasticity)
S 72te Aoz s

B odTdde  fEesdde 9

COSMOSWorks (SolidWorks Inc., USA)°| A}-&%
R A f3 24 A ARE JEEHE

og 7 &8 oAM=

-39 (von-Mises

Stress) < 7| 2 7} 3|4 mc41_4 o By 1

A71E Hlu B4

Table IV. Material properties of each component used in this study.

=1 O]’M

A _m.
ZAT o
7Eo1 67PX]91 73‘%3 24 319
A ukA o o gL BE A

. Young’s modulus Poisson’s yield strength  ultimate strength

component material (GPa) atio (MPa) (MPa)
fixture CP Ti grade4 105 0.34 590 660
abutment CP Ti grade3 104 0.34 450 520
cortical bone - 13.7 0.30 - -
cancellous bone - 1.37 0.30 - -
gold crown gold 100 0.35 - -
FUI=SEUSAl 26 33, 2010 225
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Table V. The summary of the von-Mises stresses of this study (MPa)

a]-EE A
27H-/] AZHE
5 A2 A
o o] 7}
Dlﬂ] 60]]}\1 7},

m&‘i m

o

A & Aok o

wWe 23 JZeES] Hy
of ehygct

5 492 299 )

& A¢ad 4 2y

4% Byl A2hTA

ASHES YT AS

A5 94 AGaw P9

= gelo] ettt (Table V).
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bone implant

model load pattern
oblique vertical oblique vertical
2nd premolar 47.02 25.07 79.51 5352
model 1 2nd molar 61.36 3248 94.81 58.95
3 posteriors 108.42 40.46 154.57 69.47
2nd premolar 41.94 2532 72.77 52.64
model 2 2nd molar 53.17 35.85 94.49 5833
3 posteriors 89.01 61.64 134.34 93.36
2nd premolar 43.01 26.56 73.32 57.06
model 3 2nd molar 55.11 34.77 90.83 68.79
3 posteriors 130.35 68.75 186.63 98.35
2nd premolar 56.71 27.60 106.46 57.22
model 4 2nd molar 72.86 34.95 117.87 65.13
3 posteriors 148.09 57.12 225.12 117.98
2nd premolar 110.59 82.01 197.64 153.94
model 5 2nd molar 71.76 38.06 113.15 67.71
3 posteriors 195.25 107.87 325.59 217.70
2nd premolar 56.56 29.49 106.67 64.15
model 6 2nd molar 154.29 121.03 228.85 197.96
3 posteriors 224.90 153.38 355.08 252.75
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19] 83 TS /2 vwshd 2y 2= oF
14% 2AEY 1, 249 3
24 5= 77%, 29 62 93% A% SEo] =7}
5] A ThFig. 5).

A22TA), AP D A2 A 37 2F
o Artetse A& AEEad ddAe
sz 19 AT JF 150% Z71E S

= Bl

T e JEHEY AYE 2d 4,5 6 T
Ae ApaTgA 2 At Fad JERE
S ARY 2l 7 249 A Bl =
g5, ddd Ay B 29 e 2

geo] ey,

2) FAgtgol A4 ) Zol TAYH
Ao} F4l ool 2 3kFo] 28k
74,5, 69 2o TAE 2 e
EE A9 29 1, 2,39 it o] 27)¢]
PESAES 9T =Y 4, 5,69 F7 g uch
46% B = A JERda i, e AZSHE
2 A2 g3 2d o] 7pg 2 3
= 29 139 Hi
S A3 Hwehd 2y 2= <k 219%, B 3L
ok 28%, 29 4% % 20%, 29 5 137%, =9
< 190% 7HEF & o] S = ATh(Fig. 6).
S AR v AT A A5

ox, ol
Ho 1
02 ob He
iH ofN 12

lo

¢
d

of

o

Maximum von-Mises Stress of bones
under oblique load on buccal cusp

" m2nd premolar
= 2nd molar

3 posteriors

von-Mises stress

model 1 model 2 model 3 model 4 model 5 model 6

model

Fig. 5. The von-Mises stresses of bones under
oblique load on buccal cusp of 2nd
premolar, 2nd molar, 3 posteriors.
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B9} npvA 2 2d 27 by g s
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o Hlwshd 2d 2 F 7% AAEHUL, B
38 9k 3%, wd 45 9 35%, 29 55 93% 1z
2 29 62 9F 102% 7M€ 71 =AU
(Fig. 7). B3 A& Ao wk ZALslgo] 283
7A@z 1) Boh AR o vt AAbeE
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7V 2 &g ol A Hdt stexd 394 =
stz 19 AnEg H4 117% S7H &8
< Uehith 7 7l JZSHERF AjE 2 4,
5,6 oAM= ZollAe Ao} vpriA| 2 2l
47} 29 5, 29 6 W} @4 2 &g o] g
et

e

Maximum von-Mises Stress of bones
under vertical load on center

250
@
g 200

150 " ®2nd premolar
100 7 —

0 t—a—— i —— -

= 2nd molar

von-Mises sti

3 posteriors

model 1 model 2 model 3 model 4 model 5 model 6

model

Fig. 6. The von-Mises stresses of bones under
vertical load on center of 2nd premolar,
2nd molar, 3 posteriors.
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Maximum von-Mises Stress of Implant
under oblique load on buccal cusp

350
300 7
250

i add

model 1 model 2 model 3 model4 model 5 model 6

model

= 2nd premolar

™ 2nd molar

von-Mises stress

3 posteriors

Fig. 7. The von-Mises stresses of implant systems
under oblique load on buccal cusp of 2nd
premolar, 2nd molar, 3 posteriors.

4 #4350 448 1 JEIE PR 2
SR

o} A el 2 SFF0] 2Lt 78‘"?‘(:5]‘
o
K

(Fig. 8).

e sz 48t stE2 SoA dukd
o= 18% 7t 2 &0l TAHUT =]
6l E stz 49 AET Hit 4% 7}
g &8s JeEileh

Maximum von-Mises Stress of Implant
under vertical load on center

250 —

200 —  ®2nd premolar
100 - — ™ 2nd molar
50 - 3
0 1 pos teriors

model 1 model 2 model 3 model 4 model 5 model 6

model

von-Mises stress
-
o
<)

Fig. 8. The von-Mises stresses of implant systems
under vertical load on center of 2nd
premolar, 2nd molar, 3 posteriors.
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ol sAsso] 283 BEtexd 97 2l
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32% 2 ol Ueiyith WA =9 S o
o Aurw nd 1S 47%, 29 2% 40%, 29

38 38%, RYl 4% 51%, B 5% 26%, Y 6
48% 7tadn, AZHEA By 1 33%, B
g 2= 28%, 2dl 38 22%, 2d 4= 46%, 29
55 2%, Y 62 40% ATt

ZAAetsol A&t A5EleExRd DA =
7 JAEHE dY= $89 A& 7 29
Z ¢S V|FoR Wi HEHoR 718% H =
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4 32 70%, 249 45 88%, R4l 5% 79%, =4
6= 89% At FA T (Bt 4)dAM e 3
Ao 108% A% AH, 2d 12 113%, =9
2E 108%, 29 3 115%, 24l 4& 107%, 22
55 88%, 29 62 108% ¥ %= S 7H3lth(Fig. 9).
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At 7A@ wrel A5Eges 30° 4
Aretse] 28 AEteEd 9EG Aof &
A et FABtFol 2
M E HHHoeE o 2
oF 33% 22 3= o] YT MA 9 E
e AmEd v 12 47%, 24 2& 33%, &
d 38 37%, 2d 4E 52%, 29 5 47%, R4
2 2% AP, AZHE s ¥lwshd,
2d 18 38%, 7Yl 2% 38%, 9 32 24%, =
d 45 45%, R4 5€ 40%, 29 62 13% A
g}

AAretgol A8 ArElead 2l =
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Maximum von-Mises Stress of bones and implants
under loading on 2nd premolar only

= bone-oblique

200 B bone-ertical
%(5)8 n ?mp\ant-obli.que
50 = implant-vertical
0 . . . . . .

model 1 model 2 model 3 model 4 model 5 model 6

von-Mises stress

model

Fig. 9. The von-Mises stresses of bones and
implants under loading on 2nd premolar
only.
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Maximum von-Mises Stress of bones and implants
under loading on 2nd molar only

350

300 . ol
250 1 one-oblique

200 1 = bone-vertical
150 = implant-oblique
100 ™ implant-vertical
50

model 1 model 2 model 3 model 4 model 5 model 6
model

von-Mises stress

Fig. 10. The von-Mises stresses of bones and
implants under loading on 2nd molar

only.

Maximum von-Mises Stress of bones and implants
under loadings on 2nd premolar, 1st and 2nd molar

350 T
300
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8 200 = bone-oblique

E 150 = bone-vertical

S 100 T = implant-oblique
50 = implant-vertical

model 1 model 2 model 3 model 4 model 5 model 6
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Fig. 11. The von-Mises stresses of bones and
implants  under loadings on 2nd
premolar, 1st molar and 2nd molar.
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Fig. 12. Distribution of von-Mises stresses of
(a) cortical bone, (b) fixture, (c)
abutment under oblique loading on
buccal cusp.

@ © ®

Fig. 13. Distribution of the first principle stresses
of (d) cortical bone, (e) fixture, (f)
abutment under oblique loading on
buccal cusp.
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@ (b) ©
Fig. 14. Distribution of von-Mises stresses of
(a) cortical bone, (b) fixture, (c)
abutment under vertical loading on
center.

@ @) ®

Fig. 15. Distribution of the first principle stresses
of (d) ocortical bone, (e)fixture, (f)
abutment under vertical loading on
center.

“2S=SE1USAl 26 33, 2010



AS2HE 1IEN BES0IM = AR Hol0] (IS St LEHENMO| SHEEN 25t 3T FoIQLHA 07

FHA 43 FelA oo FdsH 2
R ole FE FA}T R Q1T g

ool $Hol TATE T F U

& ANE el AAS W B dAE ¢ ¥
Fol:, Fig. 17& 523150 Z430 S uj Fo
WA o8 EyES P A B2 Ao

|
53 A5l et

1) A2ATR B2 1T 155N AAbetE(a}

2711

Zo] AglEe £8L Fig 16a% o] s3]
VA A2&TFAR MY ke H(EE
123460 AR&TANE, Y 5t A TP
o] T AZol| A TR on, Fig. 184 = 370
o] AZHEES Ao A 2d 19 3
2 7|Fo R & u, = offset A|71 Zd 20 A
oF 11% Has o] 7P 2kal, S5O offset

2 29 3% oF 9% 2 S-S BT 2709

AEHEC dele 82 I Hole 54
I} BV R, AAbetsel ZhelRl AlzaT Al
ok 71 7k H(EE 123462 A2&TA
i, BEl 5 Al TR e dSEE 1% A 9
AdF AdE dAFor, 2d 15 7FoR
e 2 2= oF 8% A/ vEbRa, 2d 3
o

TUoI=SSUSAl 26& 35, 2010

2) A2t 72 @& el 206N°] A ALekE (st

=271 2)

o dele 38L& Fg 16-b9F o] AAlelE
°f Z¥ellAl e A2dlAF-ok 7 Tk H(E
d 12,3452 A2 7R, 29 6 A1
) 2SN TP, 2 19 S5 7]
TOoR @, Bd 204 o 13% Ao} 7
Frdon, =Y 3% 9 10% 4 $8HE Y
3, 29 4% oF 19%, B9 5% 17% S7H8lom,
2 62 F 150% 49 2 8= Hilth
AESHE B S Zo T 3
7R = ZgAbeksol Tk Al Al A
ot 7P Wb E(EE 1,2,34,52 A2
7, 29 6 A TFATF) dETE YA 9
A AAFlM Ty Fow, SHo| A7]=
2d 12 7lFe s P& v 2 2& Aol7t §l
AL, 2l 32 4% AA e, 2d 4=
24%, 28 5% 19% 22l3 2d 6& o 140% =

RS

(a) Load pattern 1 - oblique load on 2nd premolar only

(b) Load pattern 2 - oblique load on 2nd molar only

(c) Load pattern 3 - oblique loads on 2nd premolar, 1st

)

T o

molar and 2nd molar

Fig. 16. Plane view of von-Mises stress of bones
of all models under oblique load.
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(a) Load pattern 1 - vertical load on 2nd premolar

(b) Load pattern 2 - vertical load on 2nd molar

(c) Load pattern 3 - vertical loads on 2nd premolar, 1st

molar and 2nd molar

Fig. 17. Plane view of von-Mises stress of bones
of all models under vertical load.
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Effect of the Number and Location of Implants on the Stress

Distribution in Three-unit Fixed Partial Denture:
A Three-Dimensional Finite Element Analysis

Woo-Hyun Lee, D.D.S., M.S.D, Jong-Hwa Lim, D.D.S., M.S.D., Ph.D.
In-Ho Cho, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, College of Dentistry, Dankook University

Bone loss may occur depending on the loading conditions. careful treatment planning and prosthetic procedures are very
important factors for the proper distribution of stress. Evaluate the stress distributions according to numbers and location
of implants in three-unit fixed partial dentures. A mandible missing the right second premolar, first molar and second molar
was modeled. Using the CT data. we modeled a mandible with a width of 15mm, a height of 20mm and a length of 30mm,
2mm-thickness cortical bone covering cancellous bone mallow. An internal type implant and A solid type abutment was
used. A model with 3 implants placed in a straight line, offset 1.5 mm buccally, offset 1.5 mm lingually and another model
with 3 implants offset in the opposite way were prepared. And models with 2 implants were both end support models,
a mesial cantilever model and a distal cantilever model. Three types of loading was applied; a case where 155 N was
applied solely on the second premolar, a case where 206 N was applied solely on the second molar and a case where
155 N was applied on the first premolar and 206 N was applied on the first and second molar. For all the cases, inclined
loads of 30 degrees were applied on the buccal cusps and vertical loads were applied on the central fossas of the teeth.
Finite element analysis was carried out for each case to find out the stress distribution on bones and implants. This study
has shown that prostheses with more implants caused lower stress on bones and implants, no matter what kind of load
was applied. Furthermore, it was found out that inclined loads applied on implants had worse effects than vertical loads.
Therefore, it is believed that these results should be considered when placing implants in the future.

Key word: Cantilever, Implant, Offset, Stress
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