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Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.

Figure 9.

a8 x|

Two placements of fixture top relative to crest level of residual ridge **** 5
Geometry of CAD model of home «+++r++esrerrrrsenseummmiemnriii 5
Mesh models of fixture and abutment and screw and bone*=***=2xx--" 6
Direction and magnitude of oblique loading «=r=rrererrrererere: 7
von Mises stress distribution in the fixtures of all models *==x*xvveee- 10
von Mises stress distribution in the abutments of all models ==+**"** 11
von Mises stress distribution in the screws of all models ==+ ==xxveeeee 12
von Mises stress distribution in the bones of all modelg =srsererrreee- 13

Figure 11. Line graph of sums of maximum von Mises stresses of all

components depending on connection length and placement of fixture
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2 ATelA 7 BREE AMSE JEFEE US d4F UEZTE (S—clean,
Dentis, Deagu, korea)°|t}. ZAA+= At A4 4.8mm, & Zo] 13mm ©°|H
Aol mAluARdel AAIEC oy, SEAbel Qlolx 1 oEo] g
TEEA @97 wite] AFEdeA = wAUAL 5 AFSA sk
TAA el 1.5mm 9 Zolg 11 £ RoA HoluE z2t= nHA-AgF
AAF-] A5 Aol k. o] BteE AdiFE AFY AR aFel o]oA=
F7v 715 dd e 3]dWAFZF (hexagonal index)”7F 3L, A5t Aol UALR
g3 ATt Al AR AR dEsE Qs 1A
oF-= diFFor RUy Hoda, mFA Ul uARd 99t AuF YAkl
Te wheba mEly 59l

T &7t 71 @ue AN ATEe HolE Imm, 2mm, 3mm = 3,
AZHE v g A9 A2 AAH dol7t 2.6mm, 3.5mm, 4.5mm = 27 3},
Zkzke] AlAHR AololA 1A el A7 249 s AY =4 2mm Eel
2, F 6719 Rds AAsAH(Table 1, Fig 1).

=9 AAAQ] g stetEs AAslal, 7hR 8.8mm, A®E 16mm, 9]

LT
>
o
2
rlo
i
X

26mm = AT 9 Zmm & XEZo] EERSl AR Flor, Uies BT
A== A sttt (Fig 2).
Table 1. Classification of Models
Connection length

2.5mm 3.5mm 4.5mm
Placement of fixture top
Level flush with ridge’s crest No. 1 No. 2 No. 3.
Level at 2mm above to ridge’s crest No. 4 No. 5 No. 6




(a) Model No. 1 Model No. 2 Model No. 3

(b) Model No. 4 Model No. 5 Model No. 6

Fig 1. Two placements of fixture top relative to crest level of residual ridge. (a)
Placement of fixture top is flush with crest level of residual ridge and Model No.
1 has 1mm of hexagonal index, No. 2 has 2mm of hexagonal index, No. 3 has
3mm of hexagonal index. (b) Placement of fixture top is at 2mm above to crest
level of residual ridge and Model No. 4 has 1mm of hexagonal index, No. 5 has

2mm of hexagonal index, No. 6 has 3mm of hexagonal index.

Fig 2. Geometry of bone CAD model



2. f#es 2do A U HA

Ay pyge xgga NX 6.0 2% CAD EdES wWE31(Fig 2), Hyermesh

10.0(Altair Co., USA) & o] &3ate] dAe 4 FFarmS A2s3ivt

AHEE F AR 54544 U olH, 7] A A7) 0.3mm oli, & HH
120923 7folth(Fig 3). Chu & UEHE FHALTNoA ALgH= AR
A717F 0.5mm olatz  FHAW Aol & glo] FHSE AFS HAvx
sk

Ak e AR T2 awel ABAQUS 6.10(HKS, Inc., France) & ©] 4§34
AEE = A8 M &8 3 oA 57F 58 (von Mises stress)s 7o % 7ZF

Ad oA &Y 232 = =
HER 7] feiA S Aol scale ME Ao WEE F= &Y
S 2 (stress control plot) &2 e O], 7Fd o S8 A = HMowg

g ke e yaow wASe] ehirh.

Fig 3. Mesh models of fixture and abutment and screw and bone

ATelA 288 dt5 170N 9 30 & ABAretksoelslor, a5l #8% A3
YEHE FHAM 2mm 95, A FHelH, AEFVES VTR U5 WIS
Fote= opglth(Fig 4). o122 o773 7A7F 34 20 o Aol oo ofF



AAL =3 ® et Al 2 diTAe S8% A sks wkol oF 170N A%
SAHa P, o)de YBHE FIH22ATENM HEH 3ol 35N oA

178N Axgdd AL #Fzsget?® g8y, JdZFES] yzstA A3 st 1SO
s

2
BAxACEZE gAY & Abole] &bHe ZfAte] dofwithar HERe,
QA T2 ABQUS 9] “bonded” Zo 2 Attt 1ela, 17gAs}
A= Abe], AhFEel WA Abo], uRAbel TA] Abe]e] AHFH AW wpEE
A=t Hgstgon . wAAFE 1=04 = ¥
“sliding” 7o 2 AAslgc}.

% A4 A 29 oW ofm WEoRE Wl MAA LS T

2
ol
St
=
(&l
!
&
o
o

30°

170l\\

Fig 4. Direction and magnitude of oblique loading

4. T3 A9 A 2 49 A

Freaside] Alge A% 74 Asvine] @474 (Young's  modulus) 9F

fl

T 9449 ¥ % (Poisson’s ratio) o1 TSN Fxato] 488t (Table 2).

Z2 AAFoRZE= o]HA (anisotropy) 0] A RE, EElo] whdlel S8 £XF4

tlo

Axe faA, =2 iy S =94 o] o WddAE dd T2 A



o

UetdE WA Gsotropy) )l Ro® Zhsgivh. ek B Aol f1A e
Aol AdAES 7M7) 7 AN (homogeneity) & 7FE38tal, FolA= 9)g

2719 WE Jert nlgels dAARE 3 JZSTE ARES 7HEsH
JEHE uAAE 48 &5 Eolelg grade IV & A5z AFgd o=
3

31, A9 YalE glolels € F (extra low interstitial; ELD) & A&
=

YEAGE IAAG AdF Lela bt Aol AEWel fE fHesdNe
3]

1o
ity
2
)
r)v
ogh
o
o
ko

2 (nonlinear finite element method) S A &35ty A3S

Table 2. Mechanical properties of materials

Material Poisson’s ration Young’s Modulus (GPa)
Cortical bone 0.3 14.0
Cancellous bone 0.3 1.5

Titanium grade IV (fixture) 0.37 114.0
Titanium ELI alloy (abutment, screw) 0.34 113.8




A7 A

I

AZHE 1AA FTAHAAM 2mm "o A jF A H9o] 170N, 30 £
AASts S 7S W sy Ay, nAGA, AdSs, AF gl JEEE

Fo FollA YEhE 57128 (von Mises stress) A7) @ B E Q&)

Wb e JEWE 9 FAA ded A 89 ge 5959
$¥9 279 RES 33 o] A% ElrhFig 5 - 8).

AZA Y YA

BE AgeA stsol Agd v n A A Tl S¥o] AT Jow
Uebsth(Fig 5). AAF dolrt dojds= dtFo] A" v Al e
A $8 #(maximum von Mises stress)©] o5t}

A Aol F9 =R o7l 2 AS, AAF ZHol’F 2.5mm, 3.5mm,
4.5mm = ZojxwA 1A Hdf &% #2 220Mpa, 216Mpa, 198Mpa =
sopglon o= Hu ¥ #tol 10% #A¥ Zolth. ®bdE, 1A o] F9
=4 ®Bth 2mm el fAskE A5 AAF Aol 2.5mm, 3.5mm, 4.5mm =
AoizaA Ao &3 e 270Mpa, 230Mpa, 200Mpa 2 Stobxlow, o] FHu)
¥ gho] 26% i Aol

R
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+13ETe+ 02
+1.E12a4 02
+1EEFa+D
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+1.162=402
+3.9722+ D1
+E12124 01
+E.ET1a 401
450272+ 01
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+1. 7242401
+7.4112-01

Model No.

5 Mizmex

[Bvg: T5%)
+2.707=+02
+2.000=+02
+1.E1Z=+D2
+1.67D=+D02
+1.505=+D2
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+E.454=+D1
+E.EDS=+D01
+5.155=+D01
+1.506=+D01
+1.ESE=+D1
+2.06E=+D00

iii!

Model No. 4

5 Mim=x 5, Mizmax

[Hvg: 758 [feq: F5%)
+2.1EE=+D2
+1.9E7=+ 02 Tl.a8retls
+1.522=+D02 TEEIrDe
+1.B657e+D02 +1.bxl=t
114372402 +1.432=402
+1.1272+D2 +1.727=4+02
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+1.1732 401 +1.17E=+D1
+1.710=+D1 +1.727= 401
+&.127e -1 +7.711=-D1

Model No. 2 Model No. 3

5, Mizex 5 Mz=x

[&wg: TE) [fvg: To5%]
+2.1E4a 402 +2.0F1l=+D2
+2.000=+D2 +1.300=+D02
+1.E15e+D2 +1.72Ga+02
+1.67De+02 +1.557a402
+1.50d=+D02 +1.JEE=+D02
+1.11%=+D2 +1.215=+D02
+1.17d=+4+D2 +1.0d1=+D02
Syt i
+E. FEE=+D1 3100%etld
+E.11da+01 T ETretDL
+1.4B22401 :
e +1.B6]a+D01
+1.7E%e+00 +1.4%d=+00

Model No. 5 Model No. 6

Fig 5. von Mises stress distribution in the fixtures of all models
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4.5mm = oA HA

stolxl o m
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5 Hizex
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No. 4

Mises stress distribution in the abutments of all models

$HEY
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+2.000=+D2
+1.E1E=+D2
+1.E72=+D2
+1.507=+D2
+1.J41=+D2
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+E E05=+D1
+EB.EB]=+D1
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+1.57%=+D1
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+2.547=+DD

Model No. 5

2 3ol

shol A4 W Akl A vk 4

AGA o]l F9]

4.5mm =

#el 57% Ao Zlolth

243} Fol7t g

I=Ehva
Rl

<
[$

Aoy A YAke]l  HulgH
srolg o ol= Ho $8 ol 37% #AE Zojth vk, nAA ko] F¢
=4 B2t} 2mm Al $IX sk A AAFE dolrF 2.5mm, 3.5mm, 4.5mm =
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5 Mizes

[Areg: TE%)
+2 EER=+4D2
+2.4B67=+02
+2.247=+02
+2.027=+02
+1.ED07=+02
+1.5B7=+02
+1.166=+02
+1.1dE=+02
+5. 260e+ D1
+7.058=+D1
+4.ESB=+D1
+2.654=+D1
+4.516=+00

Model No. 3

[¢}

26Mpa,

oFAlo| 9] 31,

5 Mz=x

[Beg: TE0)
+2.22de+D2
+2.0d1=+D2
+1 BEE= 402
+1.67d=+D2
+1.451=+D2
+1.J0E=+D02
+1.125=+02
+3.417=+D1
+ 7 5EE=+D1
+5 F5l=+D1
+1.521=+D1
+2.0ES=+D1

+2.57F=+00

Model No. 6

o M

Ak 29 S
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5 Mizez 5, Mizex 5. Mizex

[feg: TE%) [dwg: F5%) [fvg: TR
+2.E60B=+D1 +2.100= + D1 +1.6dde+D01
+1.600=+D1 +1.66d=+D1 +1.507=+D01
+1.467=+D01 +1.525=+D1 +1.170=+4D1
+1.17de+01 +1.1672+ 01 +1.277=+D01
+1.200=+D1 +1.24F=+D1 +1'ng,5.=+|:,1
+1.0EF=+D01 +1.11D0=+01 T
+3.118=+D0 +3.71de +00 TR 337.400
+E.DDE=+D0 +E.12%=+ LD 5-55; oD
+E6.671a+00 +E.3471=+ 00 +h0.Bade+
+E.141=+D0 +5.EERa 40 +2.4B4=+D0
+4.00%= + 00 +4.171=+00 = +4.11%=+D0
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Fig 7. von Mises stress distribution in the screws of all models
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Fig 8. von Mises stress distribution in the bones of all models
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Abstract

The non—linear FEM analysis of different connection lengths of

internal connection abutment

Yong—Sang Lee

Department of Prosthetic Dentistry

The Graduate School, Yonser University

(Directed by Professor Dong—Hoo Han, DDS, MSD, ph.D.)

The complications of implants such as screw loosening, deformation or
fracture of fixture and abutment and screw have not been resolved yet. These
problems can be related to connection design where fixture meets abutment and
how occlusal stress is distributed. When occlusal loading is applied to properly
designed fixture —abutment—screw complex, it can be inferred that the maximum
stress can be reduced to the implant and bones. Furthermore, it will help prevent
implant complications if the stress can be distributed efficiently through the
fixture—abutment—screw complex and reduced in each part.

In this study, an internal—conical connection implant which has an hexagonal
anti—rotation index was used for FEM analysis on stress distribution in
accordance with connection length of fixture—abutment. Different connection
lengths of 2.5mm, 3.5mm, and 4.5mm were designed respectively with the top of
the fixture flush with residual ridge crest level, or 2mm above. Therefore, a total

of 6 models were made for the FEM analysis.
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The objective of this study was to assess changes of stress distribution
dependent on different connection lengths and placement of the fixture top

relative to the ridge crest. The results were as follows:

1. In all cases, the maximum von Mises stress was located adjacent to
the top portion of the fixture and ridge crest in the bone.

2. The longer the connection length, the lower the maximum von Mises
stress in the fixture, abutment, screw and bone.

3. The reduction rate of the maximum von Mises stress depending on
increased connection length was greater in the case of the fixture

top at 2mm above the ridge crest versus flush with the ridge crest.

As stated above, it was found that the longer the connection length, the lower
the maximum von Mises stress appears. Furthermore, it will help prevent

mechanical or biological complications of implants.

Key Words: implant, connection length, maximum von Mises stress, stress

distribution, finite element analysis
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