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1. M2 S g

JEZ 2ol 4,5, 6, 7, 13 mo] °ofx RES AFE F, JELES] T,
A, AHs 2yste] ol Adael F 139 2dES A &Skt Table

AdQEE Astrarle] 4.5x11 mmeF 3.5%X8 mm(A| & xZ0o])e 0OsseoSpeed™

LA Ao 6><2.5  mm, 4x2.5 m(AEXFEo])Y Direct

Abutment ™ (Astra Tech AB, Molndal, Sweden), BiconAF®] 6X5.7 mm(A]ExZo])
Bicon YZHE 1AA ] 6xX5 mm(XEX%°]) non-shouldered abutment(Bicon

Dental Implants, Boston, MA, USA)E A}-83}91t}(Table 1).

Table 1. Materials.

Implant system Number of Residual
Group . fixture bone
Fixture Abutment Manufacturer installed depth(mm)
1 OsseoSpeed™  Direct Abutment™ AgStlilgligz}ll 9 13
4.5X11 mm 6><2.5 mm ’ ’
Sweden
9 OsseoSpeed™  Direct Abutment™ AgSt&glgng 3 15 6 7
3.5X8 mm 4X2.5 mm ’ ’ T
Sweden
™ . m  Astra Tech
3 OSSS'eSOiDSeem?n Dlrez;g?‘;tﬁ“t AB, Molndal, 3 4,5,6,7
Sweden
Bicon Dental
4 Bicon Implant Non-shouldered Implants, 9 A5 6 7
6X5.7 mm abutment 6>X5 mm Boston, MA, T
USA




A#REe it A7]1E 7z et 75 AL, 204319 Ao S (Nissin
Dental Products INC, Kyoto, Japan) ©]-&3}e] A 2}3}dc).

2dgo]= CAD 213 (Pro E 2.0, Parametric Technology Corp. Needham,
Mass. USA)¥ micro CT(Skyscan 1076, Skyscan, Kontich, Belgium)& AF&38}t}.
Rae Agobsg Adstal A4 9 A=(crestal cortical bone) ¥}
ot A ¥ A (sinus floor cortical bone)?] F7%= 0.5 mm, o] 15 mm,

TUAEFAELE 30 mm, FAZFALS 10 m=E AHAAIGT. AF= ZHolE

1.

10 mm

_ L
T )
0.5 mm

Trabecular 4,5,6, 7,13 mm
bone 30 mm

15 mm J/
T Buccal

Buccal 0.5 mm

. - k1.
Sinus 1.0 mm

Cortical bone

4 mm 5 mm

Fig. 1. Dimension of maxilla model. a) Mesial view, b) occlusal view,
¢) models of posterior maxilla according to their residual bone depth.

Mesial

9

13 mm 6 mm 7 mm
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AdEZHE uAZA A= A2 F micro CTEHE °

Moluel  Awim  ASW  £AE olgse] A

AT stk (Fig. 2).

4.5x11 mm OsseoSpeed™ implant  3.5x8 mm OsseoSpeed™ implant  6x5.7 mm Bicon implant

Fig. 2. Implant modeling.



4789 RAL A zZHES T} A8 2952 3709 OsseoSpeed™ 3.5X8 mm

Group 3 Group 4

Fig. 3. Arrangement of implants and crown(occlusal view).



Group 3 Group 4

Fig. 4. Oblique and mesial view of each group.

I (bicortical anchorage)S A]33st HdoAr Apotzur el FPAHLS
nEehA US4 FHES AR 7 wde] JEAEs) 9 2B
HEUA L Table 20 EAIEHSTH
Table 2. Contact area between implant and residual bone(mm?2).

Group Group 1 Group 2, 3 Group 4

Residual bone

13 4 5 6 7 4 5 6 7

depth(mm)

Contact area(mm?) 341 173 221 255 296 222 272 325 362

Feas BN 98 B4 7 mdle] ahgi 283,073 ~ 421,8217) 0|t}



7t AR EA(SAATYoung' s modulus)@t Z & B](Poisson’ s
ratio)x= o8 TS Fasia, AxIZ:Y A4S 439 A =S

719,

Table 3.

Mechanical properties of materials.

Young's modulus(Gpa)

Poisson'’s ratio

Cortical bone? 30 13.7 0.3
Trabecular bone3! 32
(low density) 0.69 0.3
Titanium?3 2%(fixture and abutment)
Pure titanium(grade 4)(Astra) 103 0.35
Ti-6Al-4V(Bicon) 113 0.35
100 0.35

Type 3 gold?®

=]

g

o wsheh 2 £A4 AW As R 7

7}

3l Z}

§< sfsivk. A,

KN
=

Az 7NAA EAe] & Az el = ddstths @A (homogenecity),

A, AMEY EAo] 3wEor HF Fditt= T (isotropy), AA,
TZo WMol W= ALy 3o vld st Ad A (linear elasticity),
vy, AETHE A%} A Z= Akold dg =/KF(100%
osseointegration)< 7FA 3} ).

AAlxAcw ddue deobs M5 wdS FHIla(Fig. 5), dke
A& AL 2diTA Ao FAlekel 187 N4, % 374 N w@Ee”



FAZe 30 o A Fol HPFo sstedn . E

1

187 N

187 N 187 N

Mesial Distal Buccal lingual

AAAAAAAA 7 A A

€—— Constraint

Buccal View Mesial View

Fig. 5. Boundary condition and loading condition.

SHRAS Q] f3orEA = owol ABAQUS(HKS, Pawtucket, RI,

USA)E o] &3y, B4 Ay} A 5719 (maximum von Mises stress),

M
ofy

A F&H(maximum principal stress), H2A F2(minimum principal

stress)& AFESle] ZF Tl A9 SEHEAE

)
olo
1
Lo,
o
oSt
o
I
=
ol

8
)
I
=
(il

el R g Jods vre] S9-S5 dEet. JdEs AxaAde AxA

53 ASeld ded AV SEHE AEssiv(Fig. 6). A=A
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Sinus floor cortical bone
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Distal
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Fig. 6. Division of alveolar bone model.
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oA A B4 olslel mAA Tl QAN IASHE
239 9%, dgeYel pAW 2z F WIS vusdn. 4F

i)
}_]
o)
5
4
o

ol Al-<2 (Compressive ultimate stress)S 170 MPa, % <A<

ultimate stress) 100 MPaZ 4439t} Fig. 7 oA dA<

)
o
B
i)
e

22 #22 qA8GT

Filtering elements
over ultimate stress : >

Cortical bone of group 1 model Filtered elements around fixture

Fig. 7. Filtering elements of which compressive or tensile stresses are
over ultimate stress. Compressive ultimate stress of cortical bone=170 MPa,
tensile ultimate stress of cortical bone=100 MPa.
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Table 4. Stresses on group 1 model(MPa).

Group 1 (13 mm)

Distal

Mesial

220.7
159.5

205.5

Buccal

Maximum

153

Lingual
Buccal

von Mises stress

Maximum

Crestal

198.2
-312.9

1904

-293.8

Lingual
Buccal

principal stress

Minimum

cortical bone

Lingual

principal stress

Maximum

8.9

Trabecular bone

von Mises stress

AAGA F21lA

S7hgYe

18~21) ol A

9~14,

Fig.
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Btk FEF 2ol 4, 5 mm M= A2 vEEo F50l TheiA=

Table 5. Stresses on group 2 models(MPa).

Group 2
Depth 4 mm 5 mm 6 mm 7 mm
Mesial  Middle  Distal  Mesial Middle Distal  Mesial Middle Distal  Mesial Middle Distal
Maximum Buccal 256 2233 2612 2391 212 2405 2052 1873 1889 198 1687 184

von Mises stress  Lingual 1989 1941 1998 1819 167.8 195 13838 1297 1539 1631 1559 1783

Crestal Maximum Buccal - - - - - - = = - R R B
cortical bone principal stress  Lingual 2448 267.2 2508 2375 218 2702 1988 1752 2109 2161 2109 2349

Minimum Buccal -3625  -2834  -3544 3278 -3077  -3498  -2703 <246 <2391 2587 -2249  -2497
principal stress  Lingual - - - - - - - - - - - -
Maximum Buccal 1732 169.8 1821 1301 1202 1239 1253 1194 848 1204 1108 1127
von Mises stress  Lingual 1231 104.1 1226 71 66.3 674 624 65.1 654 817 809 835

Sinus floor Maximum Buccal 2143 1999 2293 987 841 936 1475 1404 9L5 - - -

cortical bone principal stress  Lingual - = = - - - = = = 913 835 83
Minimum Buccal -1806  -1728 -152  -1086  -1043 -100 - - - -1285 1254 -1215
principal stress  Lingual - - - - - - -74.1 -81 -78.2

Trabecular bone Maxdmum 105 99 117 87

von Mises stress

dESEE 2,9 gAY FF AFHNT, JFTHL FAHS 2AHA Y
Ao Z3tA AEFHAH(Fig. 22~25). AetExa mAFZFdAE xxA

16



Table 6. Stresses on group 3 models(MPa).
Group 3
Depth 4 mm 5 mm 6 mm 7 mm
Mesial  Middle  Distal  Mesial Middle Distal  Mesial Middle Distal  Mesial Middle Distal
Maximum Buccal 2436 901 2273 1863 6155 1723 1875 59.7 1765 190 45 954
von Mises stress  Lingual 1392 2373 1166 849 1634 85.1 999 1451 69.5 915 95.1 583
Crestal Maximum Buccal - - - - - - - - - - - -
cortical bone principal stress  Lingual 165.8 2709 150.1 1043 1974 116.9 1261 1536 824 1059 974 731
Minimum Buccal -3205  -1413 3029  -2221 795 -19%4  -2192 -7729  -1964 -241 -45 -106.3
principal stress  Lingual = = = - - - = = = - - -
Maximum Buccal 1573 56.6 1757 1125 333 922 1253 343 1323 1131 357 1083
von Mises stress  Lingual 76.2 1756 65.2 46.2 9L7 50 46.1 1131 43 49 1227 549
Sinus floor Maximum Buccal 1849 ® 2017 1247 - 1155 1258 o 1386 703 - 66.6
cortical bone principal stress  Lingual = 1737 = - 75.5 - = 68.2 = - 1237 -
Minimum Buccal -1531 = -1794  -1058 - -718 -889 = -87.2 -1126 - -99
principal stress  Lingual -1824 - - -92.6 - = -126 = - -64.1
Trabecular bone MU 103 103 123 96
von Mises stress
= . s (e} [e) =] = =
A3 43+ (Table 7, Fig. 9~14, 26~29)o 4 S7}e8 L =0 HAFHA, A
5 o > = o) H 37 =)
wao A Ad 1749 220.7 MPaktl W@ Hu5rpe#oe] Bxsgrt. 4, 5
- =7 = N3 a7 o [e) =
mE R ForEA AT 24 AT ¥ SHo] YEHAY(Fig
= - = jud (e}
10). ZEE ol 7 mm EPoAe Axqd A4z Hd F7HEHel tE
- = 5 o)L= e}
wanc of7k A uehdeh, A wadd Axy HAze 4F, 993
. P .
Wakol ol A vebsth(Fig. 26~29).
Table 7. Stresses on group 4 models(MPa).
Group 4
Depth 4 mm 5 mm 6 mm 7 mm
Mesial Distal Mesial Distal Mesial Distal Mesial Distal
Maximum Buccal 1318 109.2 1175 99.1 1256 1192 1345 1264
von Mises stress  Lingual 87.6 90.2 84.8 80.3 944 94.8 1003 105.6
Crestal Maximum Buccal - - - - - - - -
cortical bone principal stress Lingual 1042 77.8 984 88.6 1018 96.8 102.2 104.2
Minimum Buccal -158.9 -110.6 -1186 -95.2 -121.6 -114.8 -1326 -126.9
principal stress Lingual - - - - - - - -
Maximum Buccal 2063 211 1417 153.8 104.2 101.8 - -
von Mises stress  Lingual 157.8 1292 1309 1213 68.8 67.7 - -
Sinus floor Maximum Buccal - = - 159.5 1154 1273 - -
cortical bone principal stress Lingual 2332 165.9 190.1 - = o - -
Minimum Buccal -3024 -286 -184.4 -214.2 = = - -
principal stress Lingual - - - - =793 -92.8 - -
Trabecular bone  aXImum 149 149 167 1638

von Mises stress

17



AEAHE 79 FJAzoNA IAEH (ultimate stress)s 27 F

By xz2d g@dZoA ALEETH(Table 8, Fig. 8). #&EF Zlolr}

<

SAge Ar) $4Ue vwd A3 2Y 49 1 wlA vE Agan

7P me AT el A3 2, 3, 4 W3] Aolrh vE FElEAE Fde
o}

Table 8. Total volume of elements over ultimate stress in crestal
cortical bone(mm?® ).

Group 1 2 3 4
Residual bone depth 13mm 4mm Smm  6mm 7mm 4mm S5mm 6mm 7mm  4mm  Smm  6mm  7mm

Volume(mm3) 1294 1.09 0.98 0.74 0.89 0.82 044 04 014 0.027 0018 00078  0.055

1.4

12 A

0.8 -~

06 -

04 -+

Volume(mm? )

0.2 -+

7mm 4mm 5mm 6 mm 7mm

6 mm

4mm 5mm

6 mm 7mm

4mm 5mm

Group 2 Group 3 Group 4

Group 1

Fig. 8. Total volume of elements over ultimate stress in crestal cortical
bone(mm® ).
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300
250
220.7 MPa
200 -
150 ~
100 ~
H mesial
50 A
H middle
0
= distal
B: Buccal
L: Lingual
Fig. 9. Maximum von Mises stress on crestal cortical bone(MPa).
250
220.7 MPa
200
150
100
B mesial
0 H middle
m distal
0
B: Buccal
L: Lingual

Fig. 10. Maximum von Mises stress on sinus floor cortical bone(MPa).
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W mesial
H middle
m distal

B: Buccal
L: Lingual
Fig. 11. Maximum principal stress on crestal cortical bone(MPa).
-400
-350
-300
-250
M mesial
-200 H middle
-150 = distal
-100
50
0
B: Buccal
L: Lingual

Fig. 12. Minimum principal stress on crestal cortical bone(MPa).




250

200

150
H mesial

100
H middle
= di

50 distal
0

B: Buccal
L: Lingual

Group 2 Group 3 Group 4

Fig. 13. Maximum principal stress on sinus floor cortical bone(MPa).

-350 A
-300 A
250
200 "

-150 o mesial
-100 = middle
-50 = distal

0
B: Buccal
L: Lingual
Group 2 Group 3 Group 4

Fig. 14. Minimum principal stress on sinus floor cortical bone(MPa).

21




Iv. E 9

ol A w5

4

)I\l,

ol

=
=)

2 CAE(Computer—aided engineering)

o))
Gl

M

—

Tor
o)

Do
]|

il

—

e CECRE R

AR AAAF(Gn vivo

ki3

A7E ob ek

-
R

gl

g =

=
=

oAk A

Agjo] WA o]},

<l

9%

7]E 9]

7}

ol 4 A "M = (strain energy

[E]

TRIE Je

A

Blich

sk,

] 3

=
=

A A2

Aol o]

A2 S

density) <}

A (isotropy), &4 (homogenicity),

elasticity) &

2 (linear

[S]

A

3
pud

(bonding) &  7FA gk} Y0

1

24

osseointegration) ¥}

iy

=y
s H

& 31 (inhomogeneous)

MAA= AAEASY. CTARE

!

b AN ge] wE e

=
T

¢}
-

Aol

1ok % 1 O'Mahony 5&

S

A &EsH7] =

&

¢}

22



1

0]
p 8

1

T

A

isotropy) 3
pzs
strength

HZ(contact) 2. &

Abole wt

interfacial

AL,
A vehE R ofe]

5]

PR EEelM By %

PN
T
9]

&

159 (transverse
O

VS
S|

o

gepd

of el o}

mdo
A
s
goh. I WAl &

o]
A7)

4

Z
(bonding) 2. =

W+ 919, A

pas
4%

[e)

AEZE7E o)A

T

o
Kl

A%
7 918

S1HA (isotropy)
[e)

o=

%

i
oy

O

& (strain) o

S}

Wolffe] H=3, =

1
R

=

3

&

5 A

A

re

=Wt
~25,000

=
T

&} (pathologic

S

=}

7ol w

=

~3000 npstrain,

We) 7

biek2

o

AA

L

(acute disuse atrophy window), %l-5-(adapted
-

1000~1500 upstrain,

=

=

=

==

5134
1< (mild overload window),

71 AA =

94

[<]

arL
=
[e)

i

7}

L=

o

A

A&
&2 50~100 uystrain,

}ol, Jianying

[S]

Frost®] ‘Mechanostat theory' 7} 94T Frost® #1349
[e)

overload window)9] 4%H7]

window),

kil
9]

il

ofp

0

O

23



o
A

ofp

0

\_wmo
_—

s

4874

51_

Sk

Aol A=

8

wd A A, AL

st

S

EEEE

)

Lol A

i
=0
B
vzel
N
X

Bl

ar
=

I} Zarb9]

7t} Lekhom

[e:
A

5

A g

|

A

—_—
o

o ool %

]

E

ar
=

[S]

P o, 7159 473

°©

2d AzS a1y

i

!

;OE
23]

ofp

bk ey, A el

[<]

0.5 mm=

=

A&

=y
-

o

0
o

w

o}
HH

p—

file)
wAO

of

0

T

fite)
o
e

3

!
1%0

o] 4 mm E @A

3

Z]1
5T

-
ES

2, 37°9

] &)
=

e

o
>_|

.

At

[e]
T

2175}

%S Tepperd

Apol7b HERA]

2]

e

ol

A

B
il

KR

24



Sl

°©

A}

o

i

A7 A 7}s}

= E?_]E]-'W

T oo o o = -
o wm o L I NG T OH W T %
T oo wm o o X oo 1 % w R >~
2o L S W T &l o
pnoX o5 R - I A
= o 2 3 £ mm ¥ 7T P W 2}
A o=y T e = o oL
,..&H Z.L T . ‘Mﬂ — m ZT HL
ol = S TR o
- I B TN - o © o WL
o —_ oo 0
g = o o oz 2 WX I -
P % G _ < o ° H
R F i %0 5 N K B
iS < D . ~H ) iz
® o L W I iy oF W
Lw o4 B oH o op MO woom oo
R Sy 0 L N @ X
T N oM W ow o g oMoz @
¥ T b oo 7 = 4 @ M
R Mooz M P B M
Mo = R M TS
3 X = ” ahl ~ do N mpo M ay
S X X R - e N —_— ~
B S % 4 ® T T
o IS N~ Moom ) o 2 N0
= A - > = & T 0 = @ W o} W
i X — B Hi | o K Bo . 3 wwm %.._ ~o|z °
ol . ~ ol r ny ~ & N ©
Bt R EE g ek "
< s & X o P TR KR AR 5 g
M = o T F o= 4+ FT
8 BT T T
S mo< Mmool Ao ©
K2 ory W o = - DS ~
X G+ X woo° HoooN T a
T T U _Ne = = . MM I
B W oon o H o oF 5 X o S
S SIS v 7 W= Fw
i o oFT w D W W oy o8 om
e B i 2R E Rl e o 2 4 i
—_ iy ! o \<I_| _IT — K
PR PR MW o X L o =
0 ol - I -l o R T S N Y
-~ r o . T
<+ oF 3 eyl NG 5 oF 1%0

25



—
o

1

oy
__AE

3

rvzel

e

[S]

“

& vhapael

q =
HE

AR

ki3

) =
=T

5487

oA

=l

AR

Far Uth(Fig. 15).

-
T

3L, 7 mm ERLE ARo] oA

Sinus floor
cortical bone

Sinus floor cortical bone engagement of implant.
a) group 2(6 mm) model, b) group 2(7 mm) model.

Fig. 15.

N
o

L
s

, 7 mm EdoA

L
T

e o] A

)

ZdE A9+ fIAANE Eckert

A
N

il

e

%
™

—

<

26



Qt}h>? Sutpideler &

)

5

19

A
a

Fof

=
=

“AHOffset)

=
=

Aol A At

Fax

o}

—
o

!

il

il

7
Njo

el

el

o]

A= RS

FIRE R

SFal

al

el

N

o)
o
N

jariy
o

M

i
il

—_—

X
o
——
o

ol

=7 0]

R
R

A el A

Apol 7k gloelet

A2 el

el
00

HT=7F stokd whdo

g EAawA

=
_Z__l

18~21)9l1 A4 ¢]

N

w

@ﬁ

]

H

0

Ar

27



2~
T

p=n
=

Feel o

°©

bt A

°©

7}

=

o] 5 mm RHNE Bt} FHH s S
[

d(Fig. 22~25), ©°]

-

Aol WAE Aele Ael7t

AN

—~
o

A=

A &
=

A2 (Fig. 15. b)
=

CCER

sl

4o += 6X5.7 mm Bicon ¢

<3
=

]
=
E

AT 9o] Lhabatol

!

)

T
O

el
T

olo
Hlo

N

oy
i
&

o))

Ul
<H

2R 22~28%4 %

17

ot
<

]

o]
N

N

o
Hi
N

—_—

X

3tH 4, 5 mm

S

N
Hlo

d
-
_gmu

A £7

e o] A

R

-

eI, 7 mm o Bl A

Al

-
T

o A

HlE 6 mm

1
N

o]= 4, 5 mm Edol|A

of tha Fhsg

=
=

B

X

o

Jol
ol

I Ein) 7 A

=4

ZHE F99

2o] 7}

olo

B

Aoz AuAHFig. 16).
28

ki3

F7b

G

]

(e}
= <o

]

Pz
L

7))



, |
o
S i
J —_ Uﬁ fite)
w W dM © o T oo o
i oo g E O B
S M o T 5 T ® (o
0 _ < - —_
T ﬂwonoﬁewm@_ =
S ~o [ ] J) o - o T o
= = ~ Nluﬂ ‘.OI B 0%0 =
g ¥z X B9 KoM o5 ok 2 o
; o 8 i - X g <
37 o N N BTN © o >
9 . oo T pL Pa 2 » o o
g3 S g os. ® Fox o = T "
<+ 8 o R = . =y or = S o= i
a E © = = Y oF M o M 7] —_ £3
= = B = = o x o g Ty SR
5 r- 1 K B 2] %) of o =J
g2 e woon o | e R 2 & o \
88 g o CC et P8 B )
v i3 C% My AR - . F oW %
S IE < 5 s o P S E R oG C @ -
m o — N N MU 0 ‘u' OL o ﬁO Lt ;.0.._
g 2 X ) oy (N "y = ° o5 No
8 3 SO ) 1) ol " o 2 ot &N
3 ) S RoT oW Mook g 2
5 0 -om = ol T 4 (e
- 5 ] B- ~ -
= o = o0 0 _z__l T o g rL =t
g = - W F w E = oy B
5 @ o & 0 ﬂyﬂ_ o) & o oW ﬂ_OI
&0 N = ! ) £} © o a S J fi o
LA % ol E * g 7
£ 6 5w v Tz 9 TR R "o oR
s _ & 2 s 1 | s N
g3 X ) 2 = - oo = -
E £ ~ R g = wm =5 ~ A ﬂ & m,w %
- X = T o e m
o i 3 wifmw_@wo_ono S
&5 ° < m S oW C N ow 9 T ox = e
S = . "o = | v o M ) o) o = o
M & = X 13 o Wy ~ ~ Mﬁ X0
H A ﬂooﬁaqwgﬁﬂiy@w%
— o r s T TR = B 0 I~
R o LI ©oow v i GG o
28 2 A - T T N O ® ®
g <t = CSA A
oo u.m s T — Br X _Z,.# =3
S B oo R’ ® %o o A
m M S 1 ﬁo )AO \_Nﬂ
- T i ox
SRR
©

29



)

o
M

™

<

H50]l

1

0]
yal

b1 9l

o

loll 7HA A&

A3E

SEERE

el

b e,

S

Q2

)
=

e Q)

S

7HAd

o
o
a

i

0
B
oF

30



V.4 E

AFs mdS Yrkxl ZdE=F zZlol(4, 5, 6, 7 mmol wt AT o] ¢}
37 F70¢ OsseoSpeed™ 4.5x11 mm UZHEZS 13 mm Zol9 <ok

15 Astel vmstelth Aol @A deld tew ge Aeg

1. 470 2] OsseoSpeed™ 3.5x8 mm YZS=HEES HdEZ 2H3 A 6, 7 mmo
& Zdolo A, F19 OsseoSpeed™ 4.5x11 mm UAZSHEES A gst
BrEt x4 gdzol TheiAl= H F7Feg o] Wkt

2. A41712] OsseoSpeed™ 3.5%X8 mm YZ=HEE 4422 AHs 4% 5, 6, 7
mme & Zolol A, FHY OsseoSpeed™ 4.5x11 mm dZHEEZS A3l
vt Axqd ddzd JteiAs HAd s7ReEol wtar,  AZRe
OsseoSpeed™ 3.5X8 mm YZSHEE HH=Z A3 ALHT $Ho] tai
aiveg

3.57702] Bicon 6xX5.7 mm YZHEE 2 He A, 4, 5 6, 7 mme| IEZ

oo A, F719 OsseoSpeed™ 4.5x11 mm UZBEZS Algs AeHT}

31



Al7H €]

=

]

Os =5
seoS
peed™ 3
HX
8
mm <
]\
ZgleE

Hn

T

o}
<0

Ao R
A

7

el
Hlo

o

~

3.

o
ul

32



1.

2.

3.

4.

5.

7.

8.

53

Morand M, Irinakis T. The challenge of implant therapy in the
posterior maxilla: providing a rationale for the use of short implants.

J Oral Implantol 2007;33(5):257-66.

Jaffin RA, Berman CL. The excessive loss of Branemark fixtures in type

IV bone: a 5-year analysis. J Periodontol 1991 Jan;62(1):2-4.

Lekholm U ZG. Patient selection and preparation. In Branemark P-I,
Zarb GA, Albrektsson T, editors: Tissue integrated prostheses:

osseointegration in clinical dentistry, Chicago, Quintessence. 1985.

Bahat O. Branemark system implants in the posterior maxilla: clinical
study of 660 implants followed for 5 to 12 years. Int J Oral
Maxillofac Implants 2000 Sep-Oct;15(5):646-53.

Ulm C, Kneissel M, Schedle A, Solar P, Matejka M, Schneider B, et al.
Characteristic features of trabecular bone in edentulous maxillae.

Clin Oral Implants Res 1999 Dec;10(6):459-67.

o) 53] 5 7} 8}-3] <] 2007;37(4):691-704.

Boyne PJ, James RA. Grafting of the maxillary sinus floor with

autogenous marrow and bone. J Oral Surg 1980 Aug;38(8):613-6.

Tatum OH, Jr., Lebowitz MS, Tatum CA, Borgner RA. Sinus augmentation.
Rationale, development, long-term results. N V State Dent J 1993
May;59(5):43-8.

33



10.

11.

12.

13.

14.

15.

16.

17.

Tan WC, Lang NP, Zwahlen M, Pjetursson BE. A systematic review of the
success of sinus floor elevation and survival of implants inserted in
combination with sinus floor elevation. Part II: transalveolar

technique. J Clin Periodontol 2008 Sep;35(8 Suppl):241-54.

Del Fabbro M, Testori T, Francetti L, Weinstein R. Systematic review
of survival rates for implants placed in the grafted maxillary sinus.

Int J Periodontics Restorative Dent 2004 Dec;24(6):565-77.

Schwartz—Arad D, Herzberg R, Dolev E. The prevalence of surgical
complications of the sinus graft procedure and their impact on implant

survival. J Periodontol 2004 Apr;75(4):511-6.

Griffin TJ, Cheung WS. The use of short, wide implants in posterior
areas with reduced bone height: a retrospective investigation. .J

Prosthet Dent 2004 Aug;92(2):139-44.

Misch CE. Dental Implant Prosthetics. Mosby. 2005. p323, 540-545.

Herbert T. Shillingburg J, Sumiya Hobo, Lowell D. Whitsett, Richard
Jacobi, Susan E. Brackett. I AHA X¥}E A3, Quontessence.

AlZ ol A Y. 1998. p89, 90.

Tawil G, Aboujaoude N, Younan R. Influence of prosthetic parameters on
the survival and complication rates of short implants. /nt J Oral

Maxillofac Implants 2006 Mar—Apr;21(2):275-82.

Schulte J, Flores AM, Weed M. Crown-to-implant ratios of single tooth

implant-supported restorations. J Prosthet Dent 2007 Jul;98(1):1-5.

Renouard F, Nisand D. Short implants in the severely resorbed maxilla:

a 2-year retrospective clinical study. Clin Implant Dent Kelat Kes

34



18.

19.

2005;7 Suppl 1:5104-10.

Fugazzotto PA, Beagle JR, Ganeles J, Jaffin R, Vlassis J, Kumar A.
Success and failure rates of 9 mm or shorter implants in the
replacement of missing maxillary molars when restored with individual
crowns: preliminary vresults O to 84 months in function. A

retrospective study. J Periodontol 2004 Feb;75(2):327-32.

Ferrigno N, Laureti M, Fanali S. Dental implants placement in
conjunction with osteotome sinus floor elevation: a 12-year life-table
analysis from a prospective study on 588 ITI implants. C/in Oral

Implants Res 2006 Apr;17(2):194-205.

20.Nedir R, Bischof M, Briaux JM, Beyer S, Szmukler-Moncler S, Bernard JP.

21.

22.

23.

24.

A 7-year life table analysis from a prospective study on ITI implants
with special emphasis on the use of short implants. Results from a

private practice. Cl/in Oral Implants Res 2004 Apr;15(2):150-7.

das Neves FD, Fones D, Bernardes SR, do Prado CJ, Neto AJ. Short
implants——an analysis of longitudinal studies. /Int J Oral Maxillofac

Implants 2006 Jan-Feb;21(1):86-93.

Isidor F. Influence of forces on peri-implant bone. C/in Oral Implants

Res 2006 Oct ;17 Suppl 2:8-18.

Wokf f J: The laws of bone remodeling. Berlin. 1986.
Springer(Translated by P Maquet and R Furlong; originally published in
1892).

Frost HM. Mechanical adaptation: Frost's mechanostat theory. In Martin
RB, Burr DB, editors: Structure, function, and adaptation of compact

bone. 1989.

35



25.

26.

27.

28.

29.

30.

31.

Weinstein AM, Klawitter JJ, Anand SC, Schuessler R. Stress analysis of

porous rooted dental implants. J Dent Res 1976 Sep-Oct;55(5):772-7.

Koca OL, Eskitascioglu G, Usumez A. Three-dimensional finite-element
analysis of functional stresses in different bone locations produced
by implants placed in the maxillary posterior region of the sinus

floor. J Prosthet Dent 2005 Jan;93(1):38-44.

Tepper G, Haas R, Zechner W, Krach W, Watzek G. Three-dimensional
finite element analysis of implant stability in the atrophic posterior
maxilla: a mathematical study of the sinus floor augmentation. C/in

Oral Implants Res 2002 Dec;13(6):657-65.

Sutpideler M, Eckert SE, Zobitz M, An KN. Finite element analysis of
effect of prosthesis height, angle of force application, and implant
offset on supporting bone. /nt J Oral Maxillofac Implants 2004 Nov-
Dec;19(6):819-25.

A", wdE, BEd, ode. FFo AEHE A aHdd mE

Feta A SRl B AT ffexHH F 5% 2006;44(2) 1207~

Baggi L, Cappelloni I, Di Girolamo M, Maceri F, Vairo G. The influence
of implant diameter and length on stress distribution of
osseointegrated implants related to crestal bone geometry: a three-
dimensional finite element analysis. J Prosthet Dent 2008

Dec;100(6):422-31.

Tada S, Stegaroiu R, Kitamura E, Miyakawa O, Kusakari H. Influence of
implant design and bone quality on stress/strain distribution in bone

around implants: a 3-dimensional finite element analysis. /nt J Oral

36



32.

33.

34.

35.

36.

37.

38.

39.

Maxillofac Implants 2003 May-Jun;18(3):357-68.

Sevimay M, Turhan F, Kilicarslan MA, Eskitascioglu G. Three-
dimensional finite element analysis of the effect of different bone
quality on stress distribution in an implant-supported crown. J

Prosthet Dent 2005 Mar;93(3):227-34.

Bakke M, Holm B, Jensen BL, Michler L, Moller E. Unilateral, isometric
bite force in 8-68-year—old women and men related to occlusal factors.

Scand J Dent Res 1990 Apr;98(2):149-58.

37, AZIE, BAR. dSHE-AdFe dAgR wE JIHE

BAHY F3tas SHEXN gt/ H FH55 %] 2005;43(4):544-61.

A, Z3Y, olAlE. UEAANA JdEFUE A|xHle]l A

FerQ A A gferx/ 7 818 <] 2006;44(1):85-102.

BjA  olzello]  FEA  AFYGE-.  ANSYS  Workbench $xHE €387,
AlZLmbS |2~ 2007, p62, 63.

Bozkaya D, Muftu S, Muftu A. Evaluation of load transfer
characteristics of five different implants in compact bone at
different load levels by finite elements analysis. 7he Journal of

prosthetic dentistry 2004;92(6):523-30.

Barbier L, Vander Sloten J, Krzesinski G, Schepers E, Van der Perre G.
Finite element analysis of non-axial versus axial loading of oral
implants in the mandible of the dog. J Oral Rehabrl 1998
Nov;25(11):847-58.

Mellal A, Wiskott HW, Botsis J, Scherrer SS, Belser UC. Stimulating

effect of implant loading on surrounding bone. Comparison of three

37



40.

41.

42.

43.

44.

45.

46.

numerical models and validation by in vivo data. C/in Oral Implants

Res 2004 Apr;15(2):239-48.

Geng JP, Tan KB, Liu GR. Application of finite element analysis in
implant dentistry: a review of the literature. J Prosthet Dent 2001
Jun;85(6):585-98.

DeTolla DH, Andreana S, Patra A, Buhite R, Comella B. Role of the
finite element model in dental implants. J Oral Implantol

2000;26(2) :77-81.

Nomoto S, Matsunaga S, Ide Y, Abe S, Takahashi T, Saito F, et al.
Stress distribution in maxillary alveolar ridge according to finite
element analysis wusing micro-CT. Bull Tokyvo Dent Coll 2006
Nov;47(4):149-56.

Akagawa Y, Sato Y, Teixeira ER, Shindoi N, Wadamoto M. A mimic
osseointegrated implant model for three-dimensional finite element

analysis. J Oral Rehabi! 2003 Jan;30(1):41-5.

Brunski JB, Puleo DA, Nanci A. Biomaterials and biomechanics of oral
and maxillofacial implants: current status and future developments.

Int J Oral Maxillofac Implants 2000 Jan-Feb;15(1):15-46.

Stoppie N, Van Oosterwyck H, Jansen J, Wolke J, Wevers M, Naert I. The
influence of Young's modulus of loaded implants on bone remodeling: An
experimental and numerical study in the goat knee. Journal of

Biomedical Materials Research Part A 2009 Sep;90A(3):792-803.

Frost HM. A 2003 update of bone physiology and Wolff's Law for
clinicians. Angle Orthod 2004 Feb;74(1):3-15.

38



47.

48.

49.

50.

51.

52.

53.

54.

Li J, Li H, Shi L, Fok AS, Ucer C, Devlin H, et al. A mathematical
model for simulating the bone remodeling process under mechanical

stimulus. Dent Mater 2007 Sep;23(9):1073-8.

Lin D, Li Q, Li W, Duckmanton N, Swain M. Mandibular bone remodeling
induced by dental implant. Journal of Biomechanics 2009;doi:

10.1016/j . jbiomech.2009.08.024.

Bahat O. Technique for placement of oxidized titanium implants in
compromised maxillary bone: prospective study of 290 implants in 126
consecutive patients followed for a minimum of 3 years after loading.
The International  journal of oral & maxillofacial implants

2009;24(2) :325-34.

;AN E, FAF, AAYE, #HY, olde. e W =%

&
AZSHES X[, gferx/ 72815 %] 2005;35(4):1073-9.

ol E, dZA, WA, AdEs WIS dSHE AE=HA g
A AT, gigx/T7 83 2006;36(4):891-900.
Eckert SE, Meraw SJ, Cal E, Ow RK. Analysis of incidence and

associated factors with fractured implants: a retrospective study. /n¢

J Oral Maxillofac Implants 2000 Sep-Oct;15(5):662-7.

Akca K, Iplikcioglu H. Finite element stress analysis of the influence
of staggered versus straight placement of dental implants. /nt J Oral

Maxillofac Implants 2001 Sep-Oct;16(5):722-30.

Himmlova L, Dostalova T, Kacovsky A, Konvickova S. Influence of
implant length and diameter on stress distribution: a finite element

analysis. J Prosthet Dent 2004 Jan;91(1):20-5.

39



ABSTRACT

Three dimensional finite element analysis of short implant

placement without bone graft on atrophic posterior maxilla

Sei Joong Kim
Department of Dental Science
Graduate School, Yonsei University

(Directed by Prof. Keun-Woo Lee, D.D.S., Ph.D.)

The purpose of this study was to evaluate alternatives to bone graft in
treating atrophic posterior maxilla with implants, by means of finite element

analysis.

It was assumed that maxillary 1% and 2™ molars were missed and to be
restored with implants and splinted gold crowns. Four groups of thirteen
posterior edentulous maxilla models were fabricated according to various
residual bone depth and treatment plan. Residual bone depth was 13 mm in

group 1 model and 4, 5, 6, 7 mm in group 2, 3, 4 model.

In group 1, it was considered as a control group, two sets of OsseoSpeed™
4.5%11 mm fixture and 6><2.5 mm Direct Abutment™(Astra Tech AB, Molndal,
Sweden) were placed in maxilla model. In group 2 and 3, three sets of
OsseoSpeed™ 3.5xX8 mm fixture and 4X2.5 mm Direct Abutment™ were
installed in maxilla model. On the contrary to the linear arrangement of
implants in group 2 models, fixtures were place in staggered
position(tripodism) in group 3 models. In group 4, two pieces of Bicon 6X
5.7 mm fixture and 65 mm non-shouldered abutment(Bicon Dental Implants,

Boston, MA, USA) were set into each maxilla model. Oblique loading of 187

40



N was applied on each central fossa of 1°' and 2" molar at 30° to the long
axis. Finite element analysis was conducted and following results were

obtained.

Maximum von Mises stresses on crestal cortical bone were lower in
group 2 models with 6, 7 mm residual bone depth than in group 1 model. And
so it was in group 3 models of 5, 6, 7 mm depth and in all the models of

group 4.

By this numerical simulation, it was confirmed that effective stress
distribution could be obtained in maxilla model by increasing the number
or diameter of implant instead of bone grafting. Additionally, it is

essential to verify these results through in vivo study.

Key words: Finite element analysis, Atrophic maxilla, Short implant,

Bone graft.
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