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Table 1. Results of fatigue lives for implant systems with different exposure level (cycles)

2mm exposure groups 4mm exposure groups

No.
EP2 1P2 ET2 112 EP4 1P4 ET4 IT4
1 36,069 11,059 63,875 22,095 85,307 66,002 9,978 8,546
2 47,493 17,790 59,210 20,279 33,663 39,486 51,937 6,986
3 34,144 13,875 79,802 8,778 134,541 36,964 7,895 7,093
4 55,317 12,334 83,917 12,207 104,178 43,419 42,141 6,066
5 32,702 13,037 101,567 15,625 216,379 43,058 57,286 4,508
6 47,259 13,184 83,879 13,643 82,583 54,997 8,489 3814
7 38,385 15,589 76,015 13,717 172,321 38,790 44,484 4,389
8 72,007 10,981 65,701 25,133 53,036 46,187 38.078 4212
Mean 45,423 13,606 76,746 16,435 110,251 46,113 32,536 5,702
SD* 13,300 2,295 13,750 5,540 61,260 9,800 20,525 1,721
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% SD: standard deviation
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Fig. 1. Histogram showing mean fatigue life of
implant systems with different exposure
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Table TI. Descriptive statistics of fatigue lives of four kinds of implant systems

Test 95% significance level for mean
Group Mean SD Minimum  Maximum
Number low limit heigh limit
EP2 8 45423 13300 34304 56542 32702 72007
IP2 8 13606 2295 11687 15525 10981 17790
ET2 8 76746 13750 65251 88241 59210 101567
IT2 8 16435 5540 11803 21066 8778 25133
EP4 8 110251 61260 59036 161466 33663 216379
IP4 8 46113 9800 37919 54306 36964 66002
ET4 8 32536 20525 15377 49695 7895 57286
IT4 8 5702 1721 4263 7141 3814 8546
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crack start surface

crack propagation direction

final fixture surface

" -
e e . Ll

KIST WD20 .6mm 20 .0kV x4 .0k

(c1) fixture final fracture area (low mag. x 500) (c2) fixture final fracture area (high mag. x 4000)

Fig. 2. SEM fractographs of abutment in the EP4 implant system with 4mm exposure height.
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crack start surface

crack propagation direction

final crack surface

(bl) fixture crack propagation area (low mag.x 500) (b2) fixture crack propagation area (high mag. x 4000)

WD35 .5mm 20 .0kV X500

(cl) fixture final fracture area (low mag. x 500) (c2) fixture final fracture area (high mag. x 4000)

Fig. 3. SEM fractographs of abutment in the EP2 implant system with 2mm exposure height.
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(al) abutment screw crack propagation area
(low mag. x 500)

KIST WD37.1mm 20.0k¥ =500

(bl) abutment screw final fracture area
(low mag. x 500)

(b2) abutment screw final fracture area
(high mag. x 4000)

Fig. 4. SEM fractographs of abutment screw in the EP2 implant system with 2m exposure height.
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crack start surface

crack propagation direction

final fixture surface

KIST WD30 .0mm 20.0kV x4 ok

(cl) fixture final fracture area (low mag. x 500) (c2) fixture final fracture area (high mag. x 4000)

Fig. 5. SEM fractographs of abutment in the IT4 implant system with 4m exposure height.
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(al) abutment screw crack propagation area
(low mag. x 500)

KIST WD30 .5mm 20 .0kV %10k

(bl) abutment screw final fracture area

(low mag. x 500)

(b2) abutment screw final fracture area
(high mag. x 4000)

Fig. 6. SEM fractographs of abutment screw in the [T4 implant system with 4m exposure height.
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crack start surface

crack propagation direction

final crack surface

100um

WD21.1lmm 20 .0kV x500

(cl) abutment final fracture area (low mag. x 500)

(c2) abutment final fracture area (high mag. x 4000)

Fig. 7. SEM fractographs of abutment in the IT2 implant system with 2m exposure height.
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(al) abutment screw crack propagation area
(low mag. x 500)

WD32 4mm 20. OkV x500

KIST WD32 .4dmm 20 .0kvV x10k

(a2) abutment screw crack propagation area
(Iugh mag X 10000)

(bl) abutment screw final fracture area
(low mag. x 500)

Fig. 8. SEM fractographs of abutment screw in the

2 A} A F JAF 2] von Mises 55
A2 i von Mises &% E Tt =7 YEML
o} 3, JEHE 1% A9 FHO RFE
DAL 2m =& A7 FHNAE 254 A
S F359 A Ak 2HA SHAA H
g S&o] Fgsgoer, 1HAS 4m =& A
7 Aqre A A5 F5o 1A v
=4 ]’\1 o go] #&asict
IHAE 2m =F A7 GEA A A
9] A von Mises 2382 Z7|= 956MPa, &=
9] von Mises 238 9] =7 & 1,656MPa, LA A =
4m =F A7 e A 1A A5 A von

>~
=
lo
)
E o
X

134

(b2) abutment screw final fracture area area
(high mag. x 4000)

IT2 implant system with 2mn exposure height.
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Fig. 9. Cross-sectional views showing von
Mises stress distribution in four implant
systems exposure of 2mm model.

(a) 2mm (b) 4mm

Fig. 10. Variations of stress level with exposure
height in a externally connected
parallel type implant system.

(a) 2mm
Fig. 11. Variations of stress level with exposed

(b) 4mm

height in a externally connected
tapered type implant system.

s 7HLS

o 9%
& dehi Sle JEde

1) _Q.Eﬂo] 22319 o iy_;g]i]% 4m ==
A7l Ao A E 1A /354 H=o] uAA
whAke] 5HA) SRl H ) o] 28
AHAE 2m =3 A Rl A HSe

von Mises £3 9] F7|&= 669MPa, F=9] Hul

FAT=SEUSIAl 262 25, 2010

867Mpa

Fig. 12. Variations of stress level with exposed
height in a internally connected parallel
type implant system with exposure 2mn.

Fig. 13. Variations of stress level with exposed
height in a internally connected parallel
type implant system with exposure 4mn.
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Table II. Summary of maximum von Mises stress at major locations of four implant systems

Abutment exposure

Fixture stress(Mpa)

Abutment screw stress(Mpa) Abutment stress(Mpa)

Group .
height(mm) lingual buccal lingual buccal lingual buccal
2 956 1656 226 607 - -
EP 4 1403 1900 256 523 - -
2 669 1049 207 355 - -
ET 4 726 1206 204 218 - -
" 2 867 1359 198 655 276 411
4 812 1074 264 1153 162 272
2 430 1033 125 571 196 390
= 4 1224 3402 230 1250 136 286
89 7ol Skt A w& =ol|vt ET) W 92 HF a1 JELEES 44 2m,
7t @5 AT YAk A jA 4*}*01] 2} 4 =F A7 AFE A 1S014801¢ HAIE 7
&ohe 882 ZolA] At yake] A WA o T 30°2 92 FHs AAa e, BA 4
Atz A B E ThgAde] Yol Al drt < B3lo] 95% AlF g v7 S v
Table Me YZSE 48 A=S 2+2 2mn, 4m sttt T3, FARAAEN S o] &ato] Itk
= A7 dEolA dZRE Fof 30" oz WS ZABIAoH, 3 84S o] &3to] 7t
73& 3% 600N 718 725 AZHE| 2838} T 30°2 600N9] 3tzo] dZTHE 7sid uf
£ von Mises 389 37|15 3 Q4 94 AZHE ZHHo] AL E von Mises S8 S &
ALt A7kg g9F Fel gk Folt o} H 31233t
UEHE DA} 24 A1 FHORFE 2
=z 2 7ot m =2% EP2, IP2, ET2, T2 QI ZHE A ~H]
of Hit IR £ =FZFHUAH] 7745423
UZSHEY A3 4 Al JZHE FH I (+13,300)3], 13,606(+2,295)3], 76,746 (+13,750)
o AdgdEE g P oFen,” J= 3], 16,435(+5,540)3] = EP2, ET27<] BT 51
Ed 53 dtzo] 7RIAY o] 53 Zets A o] P2, IT27 H# FHET =/ Yelgton,
ZF5o| 73 EHEE ZgAA HAZ 22 IHAZF 4 m =F¥ 7 Fol= EP4, IP4, ET4,
9 JZFHAES I FEE FIE F A T4 YEHE A 2Hl0] Hit I 2 51 (+3FT
289 B3] olZAE A xH A &Aooz s} Hzpol  ZZF 110.251(+61,260)3], 46,113
A= IR stee F2E & 2H4S IR (+9,800)3], 32,536(+20,525)3], 5,702(+1,721)3] &
Wk ol JEHE hde IA G vlH| EP4, IPAT* ] 2 = o| ET4, IT47 B3t % B
Aoz oA o o 7 et
olo] & dAFoAe 1A FH = &4, SPSS BA T2 o] g3t o] UST
AETUE Jef 9 A2 dEHES F= E 9= FHo Hig vlud 27 nGAE 2
T nA = RS A Y8l 4§ AF m =3 AlA I 2 AF AS dETES] I=2
WY EP) WF 92 FAFap) & F A2 M Fro] AlE £F 95%0A o 22 Al 7HA
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Effect of Implant Types and Bone Resorption on the Fatigue Life

and Fracture Characteristics of Dental Implants

Ho-Yeon Won, D.D.S., M.S.D., Yu-Sung Choi, D.D.S., M.S.D., In-Ho Cho, D.D.S., M.S.D., Ph.D.
Department of Prosthodontics, College of Dentistry, Dankook University

To investigate the effect of implant types and bone resorption on the fracture characteristics.

4 types of Osstem@'lmplant were chosen and classified into external parallel, internal parallel, external taper, internal taper
groups. Finite elements analysis was conducted with ANSYS Multi Physics software. Fatigue fracture test was performed
by connecting the mold to the dynamic load fatigue testing machine with maximum load of 600N and minimum load of
60N. The entire fatigue test was performed with frequency of 14Hz and fractured specimens were observed with Hitachi
S-3000 H scanning electron microscope.

The results were as follows:

1. In the fatigue test of 2 mm exposed implants group, Tapered type and external connected type had higher fatigue life.

2. In the fatigue test of 4 mm exposed implants group, Parallel type and external connected types had higher fatigue life.

3. The fracture patterns of all 4 mm exposed implant system appeared transversely near the dead space of the fixture. With
a exposing level of 2 mm, all internally connected implant systems were fractured transversely at the platform of fixture
facing the abutment. but externally connected ones were fractured at the fillet of abutment body and hexa of fixture
or near the dead space of the fixture.

4. Many fatigue striations were observed near the crack initiation and propagation sites. The cleavage with facet or dimple
fractures appeared at the final fracture sites.

5. Effective stress of buccal site with compressive stress is higher than that of lingual site with tensile stress, and effective
stress acting on the fixture is higher than that of the abutment screw. Also, maximum effective stress acting on the
parallel type fixtures is higher.

It is careful to use the internal type implant system in posterior area.
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