COriginal Arficle

3XHH QTIQ ABo| o|Tt EEIE XXl 3=
XA JIE olXlol EXgI=Jt o|&XE 20
OIXI= 4% 24

B QTN E fRardA WS Aedle] QBVE A 3B 144 717 Q)A6] £HAQ RAG] 24
g 3 AR AEUE ARF $3 el MR e Pl el 2ARATE 382G 13N, dEAE/L
2 By 74Y A4 By e 3agon A7 38 144 hpelAe) AR A e st A2 279

2 27| (18.0mm) 23

Al
A
sttt 38 18 7R e
stie 2 0.1mm A W)

2 < 7t 4

ZE AU F 7o) AZL = 6UAR BAEY D 2 wAE R sl s}
# o

Columbus, OH, USA)S AM&-3+5ith.

E PCEo= ZA¥ DEFORM™ 3D Z=Z 13 (ver 6.1, SFIC,

32 294 7hgelAsh QEURE Aole] $2E von-Mises 28, Ao §5
22, 9% A% WA $22 BT d=18.0mmel BN E hEel Ao} A F3ke] AAe] o] FoiA
A e W, d-178mm ¢ R E JEHOE Ade] sbednt A ol¥E Wy R B ol

o
g3t 2 o] Fofl BAYHAET, 17.8mm o] A5 A s Fole JETFE F9 AT 73}

[
H
Sz Aol A <3<l 55MPa@,000pedt e A7HETE =2
0.lmm 2719 +34 FAF-E A2 B ERt ofel g5 Folk F Wz w2 §85 HYANZ

=20 78 24 oA, £ FAY, dSTHVEAA 1Y/ HAE (FLI=SEUEA 2012:28(2):147~161)

N,

£59% 57 552 27 5 ¢

EUE Y F Af /el ARF AL 4F

YEGE A5} FAE QB FEU QBES o AV BERES Inlen 244 bR 3
E fas 2o A BYL PR ANL @ Dolu B840, ARG ZZEAD, A5 7]
A2 5L WY MR AW Pol w2 1 3 PaE A= 83 Sol A0z 9

DAKAE =S
Z=200et) XIOSMESR SES A 2NN S+ &80+ 2176, 700-7056, CHSIGI=.
Fax: +82-53-427-0778, E-mail: khjo@knu.ac.kr

N8~ 20124 042 208, A 20124 062 232, 20X 20124 062 269

TUoI=SSUSAl 28H 25, 2012 147



g,
W to N,

0,
)
ut
o,

[e]

0,
o,
oX
ox
>,
B
r O
i)

ul

_O‘L
2 R &
o ofN
lo fo um
= oz
e >
=
o'
o =
lﬁﬁ
0%
L i o0
1T ox
OLAENH
tlo Mo 4 o
o

2,
off

i

it o 2
_OL

o p ki M g
>~

29l gz HFEo] gt
st Bkt Az e Aotk 9k &t
5 71580 RAEY JEZHES

oy z¢ K g
o
o —(1)11 o

2
o
fri
= i
=2
=
e
i,
2,
olo
I
o
i)
o
>,
N

Horr A R

A
o B2 sl of £Ad e olsE =0
71 S8l 9 A2 et ndd 2714
g W, 203 gEo] dETEY Alo|2
U @AM AR B Ze YAt 5o 9
ZTE OAQ ead SUEY IdE A, 2
4 5o F 247 ZRAT 1 o5 &Y
ol MAl= Gl A A= gt A
Z Chun'¥e JELE A A& A 7L 29
o2 QA 2z e 88 FES HolA
T HHekE 4o F ee Bl sksith

= IetE dodle 8% Al 3 syt
YETGES} HAF to] FAF EAorh. BA
=2 QEHEA 75 A= Aol M o)
A Zlo|n) " HAZIZTE A Fe A2
kel Bl ggko] §lo] Az ojop A Al E 8
& AA $EE WEA AT HAE A
Hgel A" etz dYg g A 24T
el glvh. A& gakel o3k 2 go] 9o
= AAAE AWFR sk e i 2
TAE sl Aelth A2 100-200um i ¢ 9]
AT AU S 8l8aH, Hole EM2E 59
o] el FAF e wE JFE AT
F5E ARZE 7] w2eltt v JEHEE

I
UL

fo

Y E[oh HT

2 L
¥e

2

(¢

2,

st

S

o

L)
o
=
—o
o ML
vl
o (d

oo
&’1-'

o
=
fr
2
>
o =

I

=
P‘L
32

Sekine 57 £2 %7} 17-6

0T
E
o

FN o
]
rlo
N

=
o,
o
rd
oY Y, r
_0‘_1
inj
=
H
T
i
rlo
4L

w24
WA Aol pP 1
=

HiF

ikl
oY
o
¥ & o R 1Ir ;

b1
-
R =

b4
o >§ o lo g &
S i
olo

Ho
)
o
Tl
o
N
e I 1o
o
tlo

N
-
2

ig il
do
2
L
i

__)&l
i)
e
o,
o
o Mk
)
-z N
m o,
B
S~

ro
:<|>L_'4
[
i
o
o

o e ¢

=)
=

(6]
u
oo
e i olo
ﬁni )
1o
o
i
m@ ki
= o
m tS
1T s
e
1
P,
o
I
=2

o,
<
o,

i oF,
oft
O
Moo
rO
o
> 2
N Lo
rx,

N,
)
o

38
Eiv

2h} A WE S ole o]z ol o] AH o

TE A He AR BEAES AFste A

grom ¥ 9% e RAYZ 10

A 288 A3 HA = oHE Aol

v JETE BEES FAFR
[e)

& 77 7k Al ARl A o] EA
A7t ASTE A F &8 LA

1. Jlot 2

Fig. 1ol B¢l upe} o], ok} 23 #59 #7 9]
Aol 2HE 20e] AZFE #5, #6, #7S Sle
3% 14 7HE YA ARE s A4S A
o r AAasitt iAo AFE JTZFE
= 271 &5 4lE] 2~(Daegu, Korea)A 2] submerged

TUoI=SSSUSAl 28 25, 2012



=1

ojet QERIE KK 32 DHA IKB QXY SRS} OIFB SE0 DIRl= Ust =M

(a) |

(0)

(d)

Fig. 1. Geometry model used in this study. (a) Overview of an implant supported 3 unit fixed
prosthodontics connecting mandibular #5-#7. Both the implant systems are of DIFR4310
fixture and DSSA4525 abutment from Dentis Co. (Daegu, Korea). (b) dimensions from buccal
aspect, (c) dimensions of 3 unit fixed prosthodontics (d= 17.9 +# 0.1), (d) important
dimensions shown at cross section. (unit: mm)
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Fig. 2. Typical Finite element mesh constructed
for the case of d=18.0mm, together
with the axis system used in this study.
(g: initial gap between 3 unit fixed
prosthodontics and abutments, g was
set at 0.6mm as an initial condition,
either for d=17.8mm or 18.0mm)

Table 1. Mechanical properties (bone and implant materials)

Material Young Modulus Poisson cati Strength (MPa) Tensile yield stress
ateria oisson ratio S 2
(GPa) £ (MPa)
Titanium (cp) 105 0.34 660 590
Titanium alloy 113 0.342 860 795
72-76 (tensil
Cortical bone 137 03 (tensile)
140-170 (compressive) 60
Cancellous bone 1.37 0.3 22-28 (tensile) -
Type IV Gold31) 95 0.3 456.9 381.7
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Finite Element Analysis of Bone Stress Caused by Horizontal Misfit
of Implant Supported Three-Unit Fixed Prosthodontics

Seung-Hwan Lee', Kwang-Hun Jo®

'Department of Dentistry Graduate School, Kyungpook National University Daegu, Korea
*Professor, Department of Prosthodontics, College of Dentistry, Kyungpook National University

This study is to assess the effect of horizontal misfit of an implant supported 3-unit fixed prosthodontics on the stress
development at the marginal cortical bone surrounding implant neck. Two finite element models consisting of a three unit
fixed prosthodontics and an implant/bone complex were constructed on a three dimensional basis. The three unit fixed
prosthodontics were designed either shorter (d=17.8mm model) or longer (d=18.0mm model) by 0.1lmm than the span of
two implants placed at the mandibular second premolar and second molar areas 17.9mm apart. Fitting of the fixed
prosthodontics onto the implant abutments was simulated by a total of 6 steps, that is to say, 0.lmm displacement per
each step, using DEFORM 3D (ver 6.1, SFTC, Columbus, OH, USA) program. Stresses in the fixed prosthodontics and
implants were evaluated using von-Mises stress, maximum compressive stress, and radial stress as necessary. The
d=17.8mm model assembled successfully on to the implant abutments while d=18.0mm model did not. Regardless if the
fixed prosthodontics fitted onto the abutments or not, excessively higher stresses developed during the course of assembly
trial and thereafter. On the marginal cortical bone around implants during the assembly, the peak tensile and compressive
stresses were as high as 186.9MPa and 114.1MPa, respectively, even after the final sitting of the fixed prosthodontics (for
d=17.8mm model). For this case, the area of marginal bone subject to compressive stresses above 55MPa, equivalent of
the 4,000u¢, i.e. the reported threshold strain to inhibit physiological remodeling of human cortical bone, extended up to
2mm away from implant during the assembly. Horizontal misfit of 0.lmm can produce excessively high stresses on the
marginal cortical bone not only during the fixed prosthodontics assembly but also thereafter.

Key words: Finite Element Analysis, Horizontal Misfit, Implant Supported Fixed Prosthodontics
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