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Abstract

Purpose:

It was known as optimal aesthetics for zirconia materials, however, they
are brittle and concerns remain regarding the mechanical properties to
withstand forces in the oral cavity. Therefore, the purpose of this study
was to compare the fracture strength and failure mode of titanium alloy
and zirconia abutments under oblique compressive forces with different
relatively implant-abutment levels.

Materials and Methods:

Eighteen implants were divided into two parts: part 1 (simulating bone
loss of 3.0 mm) and part 2 (simulating bone loss of 1.5 mm). Part 1 and 2
were divided into two subgroups of six implants and three implants each
(1 with titanium alloy abutments, 2 with zirconia abutments). Before and
after testing, each implant-abutment assembly was observed with
scanning electron microscope (SEM) (JEOL, JSM 5400, Japan). The
maximum deformation force and fracture force of each sample was
determined in a universal testing machine (AG-IC, Shimadzu, Japan).
The data were analyzed with the nonparametric test (Mann-Whitney).
Results:

The mean maximum deformation force and fracture force obtained for the
part 1 were: subgroup 1 (simulating of bone loss 3.0 mm, titanium alloy
abutments) = 548.7 N, 734.5 N (mean); subgroup 2 (simulating of bone
loss 3.0 mm, zirconia abutments) = 550.7 N, 908.5 N (mean); part 2,
subgroup 1 (simulating of bone loss 1.5 mm, titanium alloy abutments) =
1114.2 N, 1292.1 N (mean); subgroup 2 (simulating of bone loss 1.5 mm,
zirconia abutments) = 998.3 N, 1220.7 N (mean). For maximum

deformation force in part 2, there was significant difference between



subgroup 1 vs. 2, but no significant difference between subgroup 1 vs. 2
in part 1. Fracture forces were no different between subgroup 1 vs. 2 in
part 1 and part 2.

Conclusion:

Based on the experimental results, the more marginal bone support was
lost, the less maximum deformation force and fracture force were
obtained, but all tested implant-abutment assemblies could withstand
physiological occlusal forces applied in the anterior region. For
simulating of peri-implant bone loss of 1.5 mm, materials of abutments

would affect the performance of maximum deformation force.

Keywords: dental implant, titanium alloy abutment, zirconia abutment,

fracture force, failure mode
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800y

Ty

GO

500

aControl
(. 5mm
®].0mm

400

STRENGTH (N)

300/

200

100y

Abutment Screw Assembly

[

B 1.16 Adatiaetal[15]2 7% %% > ML iZR &7 > B B 5

N

o R L RIS AR BiE S LR e n] g Ap e R &R

\\::

FOH B < KPS 2 G B E 4k (p>0.05) -

Sailer et al % % —'%,z (2009)[16]+- o3 it 484 S¥frA 1 RET
TR E S N EE AP RRETH Y > KB AR LT SRR ERE
25N e B MBS 2 5% (internal connection)fr e i (two-piece)

BEFRESIFELAR FFELSEY 23T BRIRA T

11



Bl 1.17 Saileretal [16]2. # i+ EF %A B a s L 15~ & -
bis+ 3 » B 1Y RNA30AE C2RERE | L%4 P

MEREEHOFAFE 1A% w2 S FS%ES 3 5 REMH

1-22 1 hé i 4 Rl

Butz et al & & # (2005)[17]:£ #~ ZiReal(external of Ti), CerAdapt
(Alumina), GingiHue (Ti)= f& 4 & # wUR & % (#% < 5°C 7] 55°C) R
B 130 LA (B LEETFEA 0 R )20 F B
FEXE £ 7 (B 1.18) > 5 #qpfk F v p Tk B 2 LT
o W - wF iv4mt SR BLA - ZiReal 4 B A mAp gt L&

%\E'ﬁ'\ /,QF'{’\Z&:)T%Q it E‘ij: § TL‘%’%)“; '\5.(! I/(I\:»Lf.b ’JI’ 7 ‘g\z /r}%m"‘ I]}l—g



Load application

B 1.18 Butzetal[l7]/Fm 3 2. %8 » 264 49 T2 AT 3 28 > %
AAREIAORT P BAEAE A 50 B &0 A LA A BOS A,

(Technovit 4000) ¢ 4 % &% — 4% 5 o

500+

400 T
= 300 o
B i 281
o — L
[0) 253
S 200
S
&
% 1001

0 T -

ZiReal CerAdapt GingiHue

B 1.19 Butzetal[17]z # % % % > ZiReal(external of Ti) £ =& ¢ i~
#c i 281 £ 4z - CerAdapt(Alumina) £ 5 # ¢ = #k 5 253 £ # > GingiHue

Ti)£ 5#& ¢ =85 305 £ 4 o
F

13



% 1.2 Butzetal[17]= § % > # fi i= £ T ZiReal(external of Ti) £ / #
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Chewing
simulation Static loading
Abutment  Abutment
Survival Failure Deflection* screw fracture

Group (n) (#1) (1) fracture (n) (1)
A 16 0 10 2 4
B 15 1 0 0 16
C 16 0 16 0 0

*Crown abutment deflection of 4 mm without fracture as a result
of permanent abutment screw bending.
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% 13 Attetal (2006)[18]2 F 4
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Fractured component(s) Group Ti Group Al Group Zr
Crown 0 0 0
Abutment 0 14 5
Screw 14 1 &
Crown and abutment 0 1 5
Crown and screw 2 0 0
Implant neck distortion 0 0 0

Attetal & & iﬂ” (2006)[19]4& & =

BT - AR R B o Wt

§ i 406 F 7 (coping) 5 § i 47 9 F (coping) » FSLETH 4 i

15

S# F_ 1454 2 4 5§ L 4mt S # F 4225 24 -

S B A43.6 2 4 o o7 i 3B M A S ARG AR 9



2000
|

SR
T
!
——
8-
3"
s
2g
w — P
(=]
g - :
]
g : —
%  —— Il
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S Ti Al Zr

B 1.22 Attetal(2006)[19]2 9 %% % » FFLsTA 4 2 '@ 4%

1 S ) A - A
X p# RN

2
|

l_
b

pE Xt AR oW o

% 14 Attetal(2006)[19]2 % 2 it % > 454 S#in § 8740 > § (1484

s T AETA S D F gt sd G 6L o

Fractured componenlti(s) Ti Al Ir
Crown 13 0 0
Abutment 0 7 6
Screw 0 1] 1]
Crown and abutment 0 9 10
Crown and screw 2 0 0
Implant neck distortion 1 1] 1]

Gehrke et al ¥ & - (2006)[20]#-7 £ = 5 424 5% 1 30 & & &
WM 500 FEMEF IS Muhi i ANBEFE TR B Y
24 B4 67224 > 4 268.8 2 H(F T E B S ¥4 4 B 11 40%)#
B34 7T o B 5811023 kT WA 0 B S A5 F § ST U4

24032 2HFHEIFE R EH S Benb60%) w4 T o Al F=

BT w4 e

16



lombing dovis————————— Y, ‘

S T R

30 & &

# 1.5 Gehrkeetal[20]F= 7 ¢ #1823 & &% -

Cercon abutment Removal torque (Ncm)
Statistical Maximum Fracture Before After
Specimen mean (N) force (N) cycle (n) cyclic loading cyclic loading
672"

1 40% 268.8 811,930 23 21
2 40% 268.8 811,023 20 18
3 40% 268.8 905,645 21 20
4 40% 268.8 5,000,000 20 19
b 60% 403.2 10,000 21 19
B 60% 403.2 10,000 20 20
7 60% 403.2 10,000 20 20

"Static loading.

N

Truninger TC etal % & 5 (2011)[21]s# 3 4554 = § 48 4 o &

fe? et 1R/ o d 3 E S S AR T ek » FFETH e
WRAR TP skt SR RO R FEHREBER - X R ER

g5 47 4 48 (bending moments) > 4% X 5 ¥ % 47 4 & (bending

moments) i3t iE P A5 s F L LK o FRER S A et a

EH/A cRREIF RT3 PR Shnd BLR A

i

r
e

F VL SHAop &S 2 N en A 1 R % 47 4 25(bending moments)

17



gL s foebd s S N and 1 fEAE o % R ¥ 1SO-Norm 14801 15
BAp F[32] > & * A e @A 14 fEMB N 3 B R R R

#E i 4 o BRI R A 0 p B B TRACEC B 50°C % 120

73>

Fyakde o o 49 2 4 167 AR ia 120 § = e BRI F - e

712 A A o T kS Ko T 55474 ae(bending moments) 4541

\rn

(gt pdfep et 1 EM)gH B wu(oF LG
#)o A EN o F gt SR R BA SN I ER g Y- 5
FEL R IR RSN PA I A - BN F L L SE

PEE SN T PR R - M HTRHES (2 LT) 0 T
Flnlds § gL od R R (B 1.25) dr Al (g SR frp R L

Ve 1 e ) e A 1 el G 1% ) (plastic deformation) - & 5 #

L (R 126) %= B oBl(- EN - F b4 SR ot s
A TR L 2 IRIRETA A4 18R A % (shoulder) t =
d %’;—Fl&l& TA b3 9 B ‘fg_q_;‘,\"‘ gt o L (B 1.25) - H s &L L ¥ T

Bt 4 14648 % (shoulder)t = ¢7% RS 27 £4-SP 29 % «RS &

=

FR2AA KT HAF - BLe(- BN F v £L SR Aop

T

BEEINA T {E4) A F 4 A A 1 %8 A % (shoulder)™ = (B]

127) 5w e > SP (A #38 - F 48R Sdfrp R &3 hA 1 g
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1) 3374 1 fERE 2 ¥ |4 %2 (plastic deformation) » Bl (s £ 5 &

}a;}é’—_‘v‘hmzna w4r SP & o

Bl 1.24 Truninger TCetal[21]:r§ %% > d 2/ L k= f£4le > T &
(B o frpdeg 2 iend 1 fM) > - o BLa(- 2o F 0
ELodfopRES NP 14EM) - v RSE(A B F v &

pI
"Xr

'f F\*Q-é-ﬁ \m&.l’]fa'ﬁé‘!) 97.:_\3.51’8.3.9_(— Tii“:iﬂ‘ﬁ%i
. L';Ev'fr'f’};}'%-@‘% b ﬁv&lfﬁfg_)’ % v & > SP ‘E.(ﬁ E N g 4

‘&:‘Ev’fr’p\ i%.g = ;\] A l’]‘f‘t'ﬁﬁ) .
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# 1.6 Truninger TC etal(5) =g &% % % -

Groups Bending moments (N cm)

Mean (SD) 959% Cl Min; median; max
T 714.1 (184.9)¢ 596.5;831.6 473.7; 678.1; 1031.4
BL 331.7 (57.8)*8 294.9;368.5 267.0; 307.8; 472.9
RS 4297 (62.8)° 389.7;469.6 269.8; 438.6; 498.9
B 285.8 (64.4)" 244.8;326.7 160.9; 304.6; 361.2
SP 379.9 (59.1)~8 342.3:417.5 221.7; 388.5; 452.6

Superscript alphabets indicate significance groups.

T, control-group, CARES titanium abutments on Bonelevel implants (Straumann); BL, ETKON zirconia abutments on
Bonelevel RC implants (Straumann); RS, Procera zirconia abutments on Replace Select RP implants (Nobel Biocare);
B, Procera zirconia abutments on Branemark MK Il RP implants (Nobel Biocare); SP, CARES zirconia abutments on
Standard Plus RN implants (Straumann); Cl, confidence interval; min, minimum; max, maximum.

# 1.7 Truninger TC et al[21] # % ip|:& 15 %74 B3¢ o

Groups Location of Number of Number of Type of Plastic Plastic Mobility
(n=12) abutment fractured fractured abutment deformation deformation of
fracture in  abutments abutments fracture of implants  as reason abutment
relation above below above (n) for failure
to implant  implant implant implant (n)
shoulder shoulder  shoulder shoulder
(above/ (n) (n) (complete/
below) crack)
T - 0 0 - 12 12 No
BL Below 0 12 - 0 0 No
RS Above 9 0 7 complete
2 cracks 12 3 Yes
B Above 12 0 12 complete 0 0 Yes
SP Above 9 0 9 complete 3 3 Yes

T, control-group, CARES titanium abutments on Bonelevel implants (Straumann); BL, ETKON zirconia abutments on
Bonelevel RC implants (Straumann); RS, Procera zirconia abutments on Replace Select RP implants (Nobel Biocare);
B, Procera zirconia abutments on Branemark MK Il RP implants (Nobel Biocare); SP, CARES zirconia abutments on
Standard Plus RN implants (Straumann).

% (shoulder) + = ehie &) »



B 1.26 Truninger TC et al[21]e#= 7 > &S (s fpdllecnfE 7 o o

B 1.27 Truninger TC etal[21]:7#2 5 > ¥ % s BL lecnff 7 6 o

B 1.28 Truninger TC et al[21]s%= 5 » 5% s RS e & o
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Canullo L etal (2007) [23]3*f 25 =yp & v p ez 5 P24 o %
fro F A 1M TEERA0 B e e 14 L B yell =9 1
Lo # b2 k304 - F AL SHfroF B I ENY G
P S ETAL g PR sk o Zembic Aet al (2009) [24] 8 % T&
P EAEF AR R L2042 F V24 Shdost SR 3E
SR W R BT RO A BfRA L AR LN IR
Brpwat Ry o3t RBP4 3 TR

Tk W REIR 2 o

1-24 A 1 e EF L RRFL é}l%z{ FE ™ 18 = eniE
&
Berglundh et al (2002) [25]3& 41 * 1 e d84e » 5 & e H % FlF /-
£ A3 E 25 o A% F3% & & (overdentures)F 4.8 F A~ B E

;¢ 2 v & (fixed complete dentures) 3 3.8 F 4+t > v BB 3 H 2N A

\

#% & # (fixed partial dentures):21.0 F 4 - {- 5 %7 /52 1~ (single-tooth)
1.3 F 4 +* o Goodacre et al (2003) [26]~ %%@é@féﬁ% I EAD
R~ Seh% - 2 R4 T304 09 2 (#7704 7] 1.6 =
m)> oz e & ETEEA 01 2R (FFHO0 D 02 2m)-

Roos-Jansaker et al (2006) [28]4% ! Branemark % 1tz %8+ » 9 7| 14

23



£ 5 204% 04 1 EE R BF O AT EM TR AT
31l =wm > mprt»t 1 & %P3 12% - Solweig Sundén Pikner et al
(2009) [29]4% ! Branemark + 1 {2 #8485 » 1% — & > § 2.3% e 48 %

Bl TR wEn3amom2f89&RF 7.0%-

AN

2 ﬁiﬁ TEA LM X i E s BF il A
Albrektsson % 4 (1986) [30]# % — & % B Ji4 g & |20 15
N 2 {8k E T 0.2 2@ o ¥ ¢k Duyck fr Naert(1998)[31]3 o %
- #TEERA 09116 2k > 2 BF EF A SHEF 43001 5]

0.2 2@ o 215 Wennstrom 4= Palmer(1999)[32] A #& 41 A 1 fe 48 4e » 5

ER o FRADRE 2 0BT ARG A o

1-3 7§ 4851 B

d 1 %E‘Eﬁﬁ “gv?—»}g iﬁﬁ"%’j\’ ﬂﬁ”ﬁ F%ﬁfk‘fi ;ﬁr’;}b}%ﬂk ’

RE 14} élgk’f%'f«“" R E LA RIEY D5 R CAP R



FERT AT S F AR P 7 Rl o R

AR AR R AR R R SR (a8

[
prs
T
B

ZF ML SR FAHEHE RS B EEIMM 15 mm ¥ FFF
% ) H 2558 & (deformation force) 22 & + 3 F# %74 58 & (maximal
fracture force)z_ = # - & ¥ 14 T + & jicdi (scanning electron microscope,
SEM)EL%Z » 474 S A 1B 4o B0 L SH e
£ 2 ¥ *7 & (cross-section) 3] fi (& = &) > ;‘gu TR A L

SRR R EEEEY S UL SERE R BN TR )

Bo K R ETRE T F iSRG BERAEE 7L SR

Iy

R M S IR ) L RV T
AR EEEE AL SRR FET A R R B LR A AR

FeE o RSB 4 AR o
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2-1 By HH
2-1.1 A 154
A D RELAHRE ASTM ¥ u ap £ e 4 1 (3
21) RS & § %% Branemark ¢t~ & 9% (B 21-2.2)p 74
AZ AR HEWEELZ4lm > £ 133 2m ;2 A3 B 5 0.7 2
oo B e 28 om0 d AT WL T IFEH I BT R L
Bl TRy R EMEHEEIoeE T AT EHT LG B

ARl PRI ERBT RS E -

o
2.8 —

/{..\ |

( A O

A 0 [ \

O\,g, > - 4.10 2002 |‘ , N NN
?é < <
e F S 4
S 1S _ 0.05 >
< ‘ @ b3
Zt— - b 0.70 HEZBHAE G
——t—= [P %}2
S N Sy |8 \ )
=17 BT +%“A 2
o A 3
=S 1] ]
S j
o= )] '
gy =} s

AL

B 21 A1iEdc 4@ Ee: oo
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Bl 22 *~F st 2 A 144 -

221 S EBPHLT A ASTM 200 A TH T ¥ 4 5gc g it

AL R R A AIEL L SR -

Table I. Selected Mechanical Requirements Properties of Titanium Bar for Implant*

ASTM Grade
Property I 1 2 3 4 5
Yield Strength (MPa) 170 275 380 483 795
Ultimate Tensile Strength (MPa) 240 345 450 550 860
Elongation (%) 24 20 18 15 10
Elastic Modulus (GPa) 103-107 103-107 103-107 | 103-107 114-120

*Adapted from ASTM F67 (Grade 1 to 4) and F136 (Grade 5).

2-1.2 & 5%
A FH L S%  ASTM %7 b & 4o § i 45(F 2.3 -
24~25) 0 3R FIHET P FA1 A A D o AT TR Y bz

F L4248 d H.C. Starck o & #7r4t & < yttria-stabilized tetragonal

27



zirconia > # 4 F 5 FF &% 2. & 44 (pre-sintered zirconia) (] 2.6 ~ 2.7) >
FRhalzEleFaeaa, 1830 FR2F A 543 99.0%
- § V4 (Zr0y) ~ 515 %F 42 (Y,05)Fr 0.25 % F i 45 (ALOs)( 3
22)c e 2t d b R enF 4F(0.25%) B et i § i 4ol B4
o e T o

@2.60 4.02

5.20
o=

0.80

0.20
©,

¢ 3N / -
g 7 I R | N
A 0
8
o Z
§ @2.05 D 4.20
&
5 @2.50 ®
D5
HE®E A-A
+0.03
2.590+0.0

HEE B-B
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W25 AEp iRz § gt id .

B 2.6 A&y 9rie * enip i 2 & 4 (pre-sintered zirconia) > B 5 o

H.C. Starck 2> @ # & o
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F—2um ——

R27 #F7=§F &l akpmkes B4 HC Starck 2 7 3%

222 AEToFREESESEIAERT A 0 4 d HC,

5

Starck 2> # #% & o

Chemical Characteristics

ZrO, [ HfO, / Y504 > 99.0 wit%
Y203 515 + 0.2 wi%
HfO, < 5 wit%
Al,O, 0.25 + 0.10 wit%
Fe,0, < 0.1 wi%
Na,O < 0.04 wit%

%23 AFEFoF gL SR EESOFEBEE S 4 d HC,

Physical Properties (after final sintering)

Density > 6.05 g/em?
Flexural strength 1.200+ 200 MPa
Weibull modulus > 8

Young’s modulus 210 GPa
Thermal expansion 11 10° 1/K
Open porosity none

30



2-1.3 £ 5% 485

RGO A SRS R ASTM ¥ 7 sk g & 0 ¢ 4o

2829 d 3xFEFa T p A1 A A D o

0e’L

AN
RN

+0.05
| ?1.95 0 (W)

©1.40 -8‘05 @
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22 P g R
2-2.1 F 3 inAefmit
2-21.1 F5%- ~HmyEF ¥4 30mm

B 5 — Az 4c R 2.10 o

Ti Fixture (*12)
I
ZrO, abutment(*6)

Ti alloy abutment(*6)
I

Oblique compression force to fracture (force
displacement curve)

SEM & X ray
(Ti alloy abutment , ZrO,
abutment )
(Ti alloy abutment *6, ZrO, abutment *6)
SEM & X ray

(1) failure modes

(2) I-A interface

B 210 § &% - AR o
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2-212 %= ~ e EF F o4 15mm

B B = i ARAeE] 2.11 o

Ti alloy abutment(*3) ZrO, abutment(*3)

Oblique compression force

SEM & Photo

B 211 F % = inde o
2-2.2 #BE%ER
4B PRIk A £ ¥ SO 14801 2 2L 2 (B 2.12) > A7 7 £ % 4B
213> 130 R A& w 4 BEFRA PR M T A LE30 2
(- ) AR R KRBT KRG LR TR R T g
S PR A E RS 15 S (F ko) TR e ¥ S by
HIERVERT > RA-F%REP L SHEL T EMURFER

e 8 (35 2 *E)éé:?ﬁ(?} 2.18) -
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A
leading davice L

connacting part

dental implant
bedy

B 212 A7 &gy 1SO14801 Rk ¥ B -

.me
" E 4

,iéﬁﬁi%
XEH
AT AR

B1213 ~F s 7 AR

ARG 2 HRLRIEEE 5 £ AG-IC (AG-IC, Shimadzu, Japan)
(B 2.14) - £ * 5000 =+ #g i f j= =~ (load cell) » cross-head =7 *% i& &

$F 0L gk 0 K AE 1 mm/min e 2 =45 £ 4] (displacement control)
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Low-A1EMeE 30 &2 £ compressive loading & 3 %74 (B
2.15) » &4k 4 & -4 Py (force-displacement data) » i #-f 4 Bcdy
I Excel #r#g ¥ &7 4 £-1=4 & s (force-displacement curve)sg # » I
a4 E-i=# 4 s (force-displacement curve)i$ ot yield point (£ 5 # -4
IR A A R AFA W A KK ek~ 4§ i) fracture
point (£ S #-A 1 e f e EE A m Ara KX ko~ 4 £ 8ciE) o 3w 4
Flte RARAT S ah e » B30 X T {ERBR S BEF 4F B > RFVSBAT o
AT AR EAEFTEL S22 FEERE LR EEFEL L&
2B & R Rk 7 445 aafit checker(®] 2.16 ~ 2.17) wip| & > Bl

FIRE] - ROHBFENF HRAT

B 2.14 4R 4 FpE s kst () AR, ()4 dlaag -
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puoER nos 7
A T
1]

Bl 2.16 P|:E % & B o fit checker o
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B 2.18 11424 423 4 5 35N cm

2-23 & F BEFB R X L 47

AR RHFL SR A e X P4 FRARF KRS 0 BT
AN 24l > FIptEr 3 3 Ve Ema (D)7 £ % * X
kit 7 (M 2.19) 0 ()1 RN 7 5 BACJEOL, JSM 5400, Japan)

SRR 220) 5 " AFEFR R T EARBREET §F L1
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Wi ek B (3 R AR B £ 51 (R EL Sd-4a
FER N IR ET R F RS 0 TN R A SR A 1 R e 1
o (F] 2.20) 0 & GABARGLD b G £ (] 2.22) o B s 1
PR aEAR R T SRR At BBREHGT S o VAR
BN e n UFR T ERERL S HE A 1 e 0

TR G RAEI NG o 2 F V8 0 LERM TR

— B & Aot R R AT T BB T B A R (] 2.23)0

Fracture

Bl 220 #pps R+ BACE - (=) 7 B AR, (=) 4 Frkindl

W
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;Eﬁ-

B 221 (=) # ERlEis 2 5
kiR

Bl 2.22 Isomet Mg *» B MM e 2R FRp 2 B0 2 Ao T & L3R
SRy A LHERE D31 Y Y F A A1 fER o
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o

2-3 3t

Ay TR EF RS A 300 B2 LD BERAZ PR
AL LS a2~ fkh o R A S 4 S E 2 iy 0 A
FiF Rtz Lo # o a # f At 2 2 Mann - Whitney 4 47 0

% P<0.05F &35 R & o
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¥ F B%
3-1R%&—- HE30 2B F 7 ink
311+ BHRRBIHES

VA EET o D F PR CE s E S cd AR
(maximum deformation force) 4 %] #_550.7 + 56.0 N (L35 E+{L % 1)
{r 5487 £233 N> & iz Ay F L L B (P=09254) = § -4
F o oE I ET A B S 9085 + 1734 N m4k s &4 2% 5 7345 +
2387 N> & 4 i3 szt § 1 angd £ (P=0.1130) - # £-i=4d &

(force-displacement curve)4- ] 3.1 ~ 3.2 #177

3 31%F DR 3.0mm B RO A RT o Ak E £/ F b L

- A IR PR RS F -

Ti alloy abutment ZrO, abutment
Number Yield point Max fracture Yield point Max fracture

1 537.0 553.4 527.0 958.0

2 589.0 1122.2 561.0 989.0

3 562.0 941.9 573.0 805.0

4 546.0 627.7 487.0 794.0

5 530.0 579.4 511.0 714.0

6 528.0 582.3 645.0 1190.9
Mean 548.7 734.5 550.7 908.5
SD 23.3 238.7 56.0 173.4
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Ti abutment-Ti fixture @ 3 mm marginal bone loss

1200
1000
—Ti#1
= 800 —Ti#2
by I Ti#3
S 600 == Ti#a
" 400 —Ti#5
—Ti#6
200
0
0.00 0.50 1.00 1.50 2.00 250 3.00
Displacement (mm)
Bl131 F%- - Hm3.0mm¥F FinL 5T »4c 8 &4 S dh-Hac A
1 e f8ch? £ -4 & s (force-displacement curve)
Zro2 abutment-Ti fixture @ 3 mm marginal bone loss
. — Zro2 #1
= — Zro2 #2
Y Zro2 #3
< I Zro2 #4
- / — ZrO2 #5
&\‘ — ZrO2 #6
-
D 1 1 1 1 1

0.00 0.50 1.00 1.50 2.00 250  3.00
Displacement (mm)

-

B13.2 F5%- © HF3.0mm ¥ Find FimT™ - F L&

5

L5 -

Gr A 1 e tland £ -4 & s (force-displacement curve)
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3-12 B2 X b pipl %

HALPIR S 4 L £ 4 S8 -4 1M e R o X R e
B33 R 3457 o458 &2 S A 1 EME S WAEH A1 fE
LB L LR AR L AR V-t B LR UAR R X -5 N
FHAET S35 A AL oI X KPS T DA 1R IR
BT SRR AL SR S endo B s R A 1 R D - dRiR] 87
Bt R Fl- 2o AF R Sk VRS ER AR 0 X2 302

Ao B R4 AN A L jE e T kR

N
<k
>3
&
v,

A - g

B33 4& & od- A1 fEHMEFHFRBEIFYRY -
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3.06
mm

36 -3 &L od- A 1 EFHPRFLaES Xk o

3-1.3 § 3 MM 5 B fpLin]

0t EELRfe X B & £ DR & AT T BRI

P A 5 & 53 k= F X3 A2 %37 (bending) 2 E_% 7
(deformation) (Bl 3.7) o & ® 1 #Fp ;" T + B ics B e d U & ¢

(B 3.8 - 3.9) » FRA 4T fdg WAL R e s ST 755584 § 4P 3T - B

»

C - T B

Er
=
W
el
>
H
=
|
%
M
pid
A
Ehe
-
T
Er

EAR A IR A e foil 5 2% 4 (B 3.10) dRds kTR

N

2R 31L)-m o F PR oH-A T EMERY e R

A5 (F1302)0 fgh s 2 Sd-ac A T HEREY 4 RS B o
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Tension (T)

Compressio
n side (C)

BI37 it st sd-AafMetfos Fitgl td- A1 e
EERLRIRS > MR P TR B o B4 R(C: compression)fr sk

4 ip|(T: tension) -

188pm BBBBAOA

)
w
o
pik

S b AL SR A BRI R MR RS

FSRTT T AEFR (5 Bk &) B4 p)(C: compression)
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5E 4 (T tension) ~ Ye %75 e o

W39 = F g4 oot 1 fidlle B HARIE R MR R
P {7 < B R o & 4 17](C: compression) ~ 5 4 {(T:

tension) ~ Y %74 Ao o

(b)

B 3.10 HLiplidm » L S & X 1w IR 4 o 87T T HIRERF

Br)bc s A4 Sd (D)2 F M4 S 0 (C)Ak A L HERY -
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(b)

B 311 B 3.0mm F Find FinT o 458 &4 S-S A 1R
R AR EFT S EEEFR@EE AL S D)Psa IR

§2 o & 4 ](C: compression)fr3& 4 ®](T: tension) °

(b)
B 312 #sE 3.0mm & Fn A R T 0 2 F e SR 1

R Ao 7T F keEFRm@- F it 4L od > (b)¥aca

1248 - C: X B 4 fp](compressive region) » < % # ig|(tensile region) -

d @RS FR FHRATVEM T L L& KR4 § 2

ST ARIT o FI AR oA ALF] 5 1SO 14801 R T A 1 e k8 % )

>‘I S

w

0 2mjkg 5 %4 BEMSHENLE E3 0] A R4 B
T2 AR it R e SRR R R B B

BRET R H L A Tt S8 e AR RS L
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N Bhe G AR (R D) RS 7S

ey
-
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s

BRE G frs & 4 SR - A T EMER L 3 B 1R~

I RER PG

15 2B Wk ima 15 2/)» ¥ i FHp

RIFEWE%R ARARLZ IR RO o 333 Fend Bk o
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- "HBEEIS5 2P F A A
%

3-2.1 4 RIFFR RS %
KEht - F et s 38 H%icd 320 48
BLEAE A TR LIk BT oA RS B

4 (force-displacement curve)4c i 3.13 ~ 3.14 #777 - % 12 "% ik gk(yield

point), & < %4;4 £ (maximum deformation force) 5 5 3 1% » =
B %354 £ (maximum deformation force)(998.3 £ 40.6

N) A sezt 8 F i<3h 45 8 & 4 54 (1114.2 £ 68.2 N) (P = 0.0116) -

SF R Rk s £ 4SS RPN A A B E 122071777 N

fr 1292141248 N> & § il § se3h § b ehd £ (P=04510) - 8228 7 ig

79 & 3eeiplzd > 7 B el o B E A R o 2 5 L 48
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Ti abutment ZrO, abutment
Number Yield point Max fracture Yield point Max fracture
1 1114.1 1150.3 1035.6 1097.3
2 1182.6 1385.5 955.1 1140.3
3 1046.1 1340.5 1004.1 1424.3
Mean 1114.2 1292.1 998.3 1220.7
SD 68.2 124.8 40.6 177.7

Ti abutment-Ti fixture @ 1.5 mm marginal bone loss
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Zr02 abutment-Ti fixture @ 1.5 mm marginal bone loss
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(b)
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4-2 j ¥ RIFEF LRFOL R

B REET REERTRA L B F vk Rl Fla R R
T UL P ETRA L Ak IR AT B WA L RIGE 0 @ A Lars
Steinebrunner et al 3&%—%(2008) [34]4% ! &3k £ &g+ > Branemark 4r
Camlog ¢ L3k 3 L7 wmds fs 35k 2R 16 1wl fu Rl (ST 5 R PIEE,
fracture strength) » = iﬂ” 3 st eng 85 & Frialit-2, Compress,

Replace-Select 4= Screw-Vent & st #s fE iRl 18 £ - X 8 L R%

B RIRAfods B RIFR T RS R ARE RZ AP b i 1A S L REE T
i B i % - €_Boggan F #[33]=0# 1 ¢ F o static failure load ¢
~ % fatigue failure load - F p¥ & # static mechanical test & % » <3 %7
25 R #oit eple w] s B & fatigue mechanical test F » € 3 $RAF kR
AR A

# 4.1 Lars Steinebrunner etal % £ + (2008) [38]# 3 i & v+ i -

Table3. Comparison of the fracture strength of each implant system without prior
dynamic loading (contr) and after dynamic loading (dyn)

Contr Dyn Comparison
contr vs. dyn
for each system

Median fractures strength [in Newton
(N)] and 25th and 75th percentiles
[in brackets]

Replace-Select 1542 [1466:1623] 1439 [1403:1465]

Camlog 1467 [1394:1598] 1482 [1394;1544] NS
Compress 1008 [983;1028] 818 [0;917] *
Frialit-2 887 [798:941] 0 [0;611]

Branemark 782 [771;811] 729 [0;802] NS
Screw-Vent 780 [762;847] 0 [0;526] *

*Statistically significant differences at P < 0.05 (Wilcoxon's rank sum test).
NS, not significant.
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