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Table 1. Implant systems used in this study

Taper of abutment-fixture
Model Implant system .
connection
DAS  JOY 0° (3-step)
(DAS tech, Gwangju, Korea)
AST  Osseospeed TX 11°
(Astra tech, MoIndal, Sweden)
FRI Ankylos C/X 574
(Friadent, Mannheim, Germany)
SST Standard Implant 8
(Straumann, Waldenburg, Switzerland)
SBL  Bone Level Implant 13°

(Straumann, Waldenburg, Switzerland)

120

Dental Association)] 7] 5= 33 =02 A2 F2 T

&3t o ARAF IOmm o}Tx]E 5mm 18] 1 Zo] 5
mme] A7) 2 AZFElgon = $aesind Bo E
4 Eel 9o e B AddAE dETE
HYe Eel $YRILE BIFIA e
dele] o= g E WS v Ee] 249 23S 2e Zifl
=78 aieh & *‘6‘4 = el 3 d e R 2 Fig 29}

AA 2= AU} AZHE AR o B3k g5 o] 715
A o] TestE el A A Ak e
573 0] Y 8fth= 74 A (Homogeneity),
3o 2 Fdsithe 51 (sotropy), 720] W oL 1 ¢
© 288 ol vlelsty W9 Freot aAgle AT e
(Linear elasticity) 7 &= 2=tk 71g sttt

A3 e dd = Hely A9 At 8 A,
ADA 3% 58 a9 AFEAE dvE 9 9d a2 745
Aom fetelsiM S ket Lo 7|AA B4
Young's modulus (E)£} Poisson s ratio (V)&= A 8tE-2] A7 = 21
oto] 2-8-5}3] tH(Table 2). Fig 29}7“’1 AAE Rl g =
ol mpet el g T Qe 447 9 AR I H
memmmﬂigﬂﬁﬂﬁﬂ-QKJﬂﬂ%7HHUmm§
A8

s}

ofN ofN z% oo
o glo 2

DAS AST FRI SST SBL

Fig. 1. Abutment and fixture modeling. DSA: JOY (DAS tech, Gwangju, Korea),
AST: Osseospeed TX (Astra tech, MoIndal, Sweden), FRI: Ankylos C/X
(Friadent, Mannheim, Germany), SST: Standard Implant (Straumann, Waldenburg,
Switzerland), SBL: Bone Level Implant (Straumann, Waldenburg, Switzerland).
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Table 2. Material properties used in this study

T Property
aterials Young's modulus (MPa) Possion s ratio (v)
Cortical bone 13,000 0.30
Cancellous bone Type 1 (9,500), Type 3 (1,600) 0.30
Titanium (Implant) 115,000 035
Gold crown (Type 3) 66,600 0.33
Gold screw 98,000 0.45
3

Point Load 1.5 ‘ | 210

Fig. 2. Finite element model of whole body.
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Fig. 3. Loading conditions. A: Loading A condition, B: Loading B condition,
C: Loading C condition, D: Loading D condition.

Zat
1. %2 et S0l ot5 F0{ Al2] S2E4(Table 3,
Fig. 4)
27 WA F4]1 5of 200N2] 452 8F5=0] 7}l 2] & Loading

A2l 27304 A|thFol) 7}alA & 57182 DASel A 714
57l UEbgt o] ASTS) SBLAA ©zb T 371 ek % 2t
g 7ke] Aol AR A WskTh. A & At v]
o 14- V6% = 22 22| 7}e1 . 2.7 DASe A 71 e &
2J0] 7}%] 12 AST, SBL, ST FRI 2.2 2 St Efste. 571e
W e] 79 A e) s} 19 A LFo A DASTE 74 Al U
Euba TE 1§ gbe] 2 Aol YEhIR| ghgkon AF
ol o 2 ¥ ao] Yep.

Lowing A=) 211 04 7l 528 17 efo] 40
sfe] AgHwo] opd Al B4 Hlo] 1 FHNT 1 A sl
AR A A o2 W urawq A A o] A5 AST,
FRI, SST, SBLS] - g Ale] 4, 2 2|t 5ofe] Aol

S0l R T Fd= Kl W DASe] -5 AZ - 1A o]

2. Al w

ki o Ale| 22
24 (Tabl

ol 1.5 mm 2/EHo 5t &
e 4, Fig. b)

2 1A A 1.5 mm 9] S of] 200 N2] 424 5}5-0]
713l A = Loading Be] 2710l A At =0 7|8 A] = 57
o] DASY| A 7} GHAl e o the- 0 2 AST, SST, SBL,
FRI®] <=0 = g o] 7kl Flh. 8- ¢] 27| = Loading A 22717}
Hlwste] Yo 2] U] ZFo e Bl ebAY et o =4 U
Ep WHA DASOl| A = 9F1E o] 2A4A] vERstTh 3 Al ol 7Fi A

121



Hs of2H - 2SY

T3 YR AZY AZAENM AT Yelof mE SHELY FEI24 24

Table 3. Maximum equivalent stress and maximum equivalent strain of various
models in loading A condition

Table 4. Maximum equivalent stress and maximum equivalent strain of various
models in loading B condition

Equivalent stress (MPa) Equivalent elastic strain (mm) Equivalent stress (MPa) Equivalent elastic strain (mm)
= Abutment Fixture Abutment Fixture ifs| Abutment Fixture Abutment Fixture
DAS 192.28 34.13 1.67x10° 0.30x10° DAS 161.54 7145 149 x10° 0.62x10°
AST 208.40 41.12 1.81x10° 0.36x10° AST 189.89 150.86 1.66 x10° 1.31x10°
FRI 20243 51.12 1.76 X 10? 0.44x10° FRI 242.30 142.66 2.19x10° 1.24x10°
SST 206.74 4927 1.80x10° 043 x10° SST 209.37 143.81 1.82x10° 1.25x10°
SBL 208.48 46.25 1.81x10° 0.40x10° SBL 220.08 146.13 1.91x10° 1.27x10°

DAS AST FRI S5T SBL

DAS AST FRI SsT

Fig. 4. The stress contours of models under Loading A condition.
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Fig. 5. The stress contours of models under Loading B condition.
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Table 5. Maximum equivalent stress and maximum equivalent strain of various
models in loading C condition

Table 6. Maximum equivalent stress and maximum equivalent strain of various
models in loading D condition

Equivalent stress (MPa) Equivalent elastic strain (mm) Equivalent stress (MPa) Equivalent elastic strain (mm)
Vil Abutment Fixture Abutment Fixture ifs| Abutment Fixture Abutment Fixture
DAS 166.65 109.90 145x10° 0.96 x10° DAS 148.08 15543 1.29x10° 1.00x10?
AST 344.44 26291 290x10° 229 x10° AST 256.06 218.36 223x10° 1.90x10?
FRI 437.36 248.19 3.80%x10° 2.16 x10° FRI 308.57 184.03 2.68 x10° 1.60x 10°
SST 36745 247.39 3.20x10° 2.15%x10° SST 281.80 228.24 245x10° 1.98x10°
SBL 386.60 254.59 3.36x10° 221x10° SBL 33538 180.35 2.92x10° 1.57x10°

DAS AST FRI SST SBL

DAS AST FRI SST SBL

Fig. 6. The stress contours of models under Loading C condition.
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Fig. 7. The stress contours of models under Loading D condition.
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ORIGINAL ARTICLE

Finite element analysis on the connection types of abutment and fixture

Byeong-Hyeon Jung'’, DDS, MSD, Gyeong-Je Lee*', DDS, MSD, Dong-Wan Kang'*, DDS, MSD, PhD
'Department of Prosthodontics, School of Dentistry, Chosun University, Gwangju, Korea
“Department of Dentistry, Wonju College of Medicine, Yonsei University, Wonju, Korea

Purpose: This study was performed to compare the stress distribution pattern of abutment-fixture connection area using 3-dimensional finite element model analysis when 5
different implant systems which have internal connection. Materials and methods: For the analysis, a finite element model of implant was designed to locate at first molar
area. Stress distribution was observed when vertical load of 200 N was applied at several points on the occlusal surfaces of the implants, including center, points 1.5 mm, 3.0
mm away from center and oblique load of 200 N was applied 30° inclined to the implant axis. The finite element model was analyzed by using of 3G. Author (PlassoTech, Califomia,
USA). Results: The DAS tech implant (internal step with no taper) showed more favorable stress distribution than other internally connected implants. AS compare to the sit-
uations when the loading was applied within the boundary of implants and an oblique loading was applied, it showed higher equivalent stress and equivalent elastic strain when
the loading was applied beyond the boundary of implants. Regardless of loading condition, the abutments showed higher equivalent stress and equivalent elastic strain than the
fixtures. Conclusion: When the occlusal contact is afforded, the distribution of stress varies depending on the design of connection area and the location of loading. More favor-
able stress distribution is expected when the contact load was applied within the diameter of fixtures and the DAS tech implant (internal step with no tapering) has more ben-
efits than the other design of internally connected implants. (/ Korean Acad Prosthodont 2012;50:119-27)
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