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2) Biaxial flexure testing

tx3 Feo] FZAFY & FF< Piston on
three- ball test(ASTM Standard F394-78,1991)
£ Aldstact. AlHe FAle vlol 22 9E (Kori
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Fig. 1. Piston on three-ball test(ASTM F394-
78.1991).

Load cylinder®] 85-&-& A E°| 1.58mm= 4 ¢
P91, 10 kN2 load cell2 3& 7l8lgon,
crosshead speed= 0.1mm/min®| A th. A g o
= 25A 87 (Universal testing machine, Instron
6022, UK.)7} o] 859l o, spad oo si53t2
71835t

7158 855k Shetty 5199 T4 93jA =
FAER A

on= -0.2387P(X-Y)/d*

on = Z37}% (flexural strength (MPa))
X=(1+¥)In(B/C)*+ ((1-¥)/2)(B/C)*
Y=(1+»)[1+In(A/C)*) +(1-»)(A/C)*
= A A L4 315 (N)
= support circle®) ¥4 & (mm)
= S 2E WAL AlEd HEshe W wt
-~ A& (mm)
C = 43AHe 3 (mm)
d = AH2 574 (mm)
v= Poisson ratio(0.25) (Anusavice and Hojjatie'”,
1992)

3. Scanning electron microscopy (SEM)

spgo] dojt THY IS S<toE #AG
B FAAAER A (Jeol JSM-840A Jeol Ltd.,
Akishima Tokyo, Japan) 2.2 #&a3ch 2 43
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SAS Institute INC. Cary, NC, U.S.A.)°lA One
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7] $18td Weibull analysisZ A3}, Weibull
modulus® 1, 5%9] #HH&EqA 9 FeFE
(strength level) 2 237 %8 Weibull regression
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T UE ez Be7t 7hedit.

P; =1-exp(-~(6/6.)")

Pr = 953 88 (probability of failure)
0 = FoQ I FEANY =
On= B XA 5 (characteristic strength)

m = Weibull modulus
mzZhA Inln(1-(1-P))E YZEL.& 31 In(ZZ
ATV XFoE 3he J2dZE 189, 1 7€)

A4 m(Weibull modulus) & 4-& 4 it}
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A7t gEe €39 sFHs 7188k, & 7
42 Pigke 73 28, A UE S
2 Table 13 Z$ith 7t #HE FH7}F Sl
whEhA] 2T E 42.78 NolA 413.76 Neg2,
Empress 2 StainingolA1& 65.54 NellA 600.60 N
o2 233 Empress 2 Layeringol A& 190.00 N
oA 1115.00 No.2 HAZ g a5 i
vt 34 858 B, dEFEge 481
A 1.580004 3B E w2 ghs A

239 3 28 /X 2TPEE AN g
2 Tahle I3} 2t} ) 2FM = FHT 98.94 MPad
& Hold WA, Empress 2 Staining 157.32
MPa, Empress 2 Layering® 309.86 MPaZ
Empress 2 7} thzl] Bl#jA] 1.58 A ujF =
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Table [. The fracture load and biaxial flexural strength

. i Mean flexural Standard
Ceramic(thickness) Fracture load(N) strength(MPa) deviation
Vita VMK (0.8) 4278 84.67 5.80
Vita VMK (1.0) 98.26 88.06 5.60
Vita VMK (1.4) 165.20 107.95 17.87
Vita VMK (1.8) 258.26 101.99 25.01
Vita VMK (2.2) 413.76 112.05 22.99
Empress 2 St.(0.8) 65.540 140.72 9.05
Empress 2 St.(1.0) 155.18 164.55 29.81
Empress 2 St.(1.4) 233.46 150.13 23.65
Empress 2 St.(1.8) 434.50 171.18 19.81
Empress 2 St.(2.2) 600.60 160.12 12.79
Empress 2 La.(0.8) 190.00 323.13 17.96
Empress 2 La.(1.0) 283.54 339.16 33.81
Empress 2 La.(1.4) 437.20 298.34 20.67
Empress 2 La.(1.8) 732.00 290.82 20.87
Empress 2 La.(2.2) 1115.00 307.72 31.46
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Table 1. ANOVA(Analysis of Variance) (Alpha=0.05)

Source DF Mean Square F Pr)F
Vita VMK 4 730.96 2.38 0.0865
Em 2 St. 4 72341 1.73 0.1820
Em 2 La. 4 1893.28 2.85 0.0508
0.8mm 2 77735.89 532.57 0.0001
1.0mm 2 82828.11 120.43 0.0001
1.4mm 2 49992.54 114.88 0.0001
1.8mm 2 45636.85 94.17 0.0001
2.2mm 2 52000.95 92.73 0.0001

DF, Degree of freedom ; Pr, Probability

[ aviavm WEM 2 St. Ofm2la |

e

Failures stress(MPa)

Fig. 3. Comparative value of flexural strength.

AXog fol3 2}o] (p{0.05)7F YEFE R, Empress
2 Layeringo] Empress 2 Staining®]4t Vita VMK
Bo BAH oz Fo3H (p(0.05) 23 2F3U=E
e 22, Empress 2 Staining2 Vita VMKEt}H &
AR o2 fo3tA FAH(p(0.05). 12}, FLI
AgFolMe FAd dee 224Tr) o
Aol & HolA & %th(p)0.05).

ZIREE AL Weibull #4& & 25, 4

AF ol )2 Weibull modulusE 739 th. A3
Table o} 2t} A=A mate o3 2t
Vita VMKE 5.67%£0.4988, Empress 2 Staining
< 7.89+0.2908, Empress 2 Layering= 11.47+
0.2967°ltF. m9 #2 VitaolA Empress 2
Staining, Empress 2 Layering®.2 245 ¢ 7
Atk
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Table 1. Scheffe s 95% Confidence test

Empress2 Empress2

Vita VMK L .

Staining Layering
0.8mm A B C
1.0mm A B C
1.4mm . A B C
1.8mm A B C
2.2mm A B C

=AY 237} P& ok Fdo] Wapdem 2
FEUG. 1A 54 ol 2RE AR o)
Aol dojyirh. F37t 71 A e T2 9%
o] Rt A= St

dZ7Y Vita VMRIME, dAZ F27te
do] dolykm, S z7to] intactd IS EA
t}. 28{v} Empress 2 Staining@ol € 3~6327
o2 FAHAn, Fo] 7FEAA ¥ FRAME
o] Hck, 2L A Azzo s A

A, FAZ FAHRA i A °l Z7Vel %
t}. Empress 2 Layeringwoll & dlF8 A z7zte
2 o}, oA (crack line)o] BA ¥, ¥&
ux] oke R RN s E 5 itk



Table V. Results of the Weibull regression analysis

Material N m value 3D 00.01(MPa)  ¢0.05(MPa) R?

Vita VMK 25 5.67 0.4988 47.16 62.87 0.8078
Empress 2 Staining 25 7.89 0.2908 93.21 114.60 0.9347
Empress 2 Layering 25 11.46 0.2967 217.80 251.06 0.9320

m value = Weibull modulus: ¢0.01 = stress levels at 1% probability of failure: ¢0.05 = stress levels at
5% probability of failure; R? = regression coefficient
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Fig. 5. Appearance of fractured specimens.
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technique AH&-atH, A & THAAA X FEE
o] 7FedE AR,

Hopkins®& X|o}e] B2A71A] ¢4& o8] 714
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83 ety o 5 277t 9AHA ¥ o
H EXE o]F3 7] @tk B AlHE
Wi oA S & A Jehde 229 23
' I3 Aoz g 5 eH, 1 79 3y
7} Weibull ©] &0}, o] 0|82 A9 A thgt
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o UE degdEdve vas Wrle g
Weibull A4 (m)e =AY A =8 vepd o 7t
A £3) AHREHE FAoth F m 2 2EEY A
& Fxo} A5z 233 Uehlle H=rt @
. m o] & Aol vlnd Y 23 2
7), X 2 %L 73 QoA e XV}
F3 A=t 373 Eohe Kelth. Cattell 59
AF A Weibull modulusE %33,
Empress?} 6.60, Cerinate”} 10.20, Alpha porce-
lain< 6.93°]91.9™, Zeng 9] ¥l A Piston-
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on-three-ballZ £4% A7 IPS Empress’t 5,
In-Cerame] 10, ProceraZ} 6% B St} Pressable
EAlol thE A7) Empresst 10.2, OPCe
13.8°lgtn Budta gtk 71&9 EAEFAA,
In-Cerame®] ¥]1%3 £ ATE BT glon,
B oM Table NVellA RalF%o] Empress 2
£ layering technique2.2 A 23 Z-¢A 744 &
2 3te oy 3o staining techniquedl BlaiA 218

o]
tede el

Empress 27} 73 F5E Hole o], 239
lithium disilicateE°] A2 3] FE P&
ohg ¥ ool AR FFE 60% oldeR 57t
ANZ7) wWEelt} 23 &gF2ED AZH e A
oA AR Sl s 718 T2 Aol
o] FoA) A 57] W Zolch*® webr Y ¢ ot
A7 =7} Empress®] 24 o] o] €t}

LEF2ee 2Ale, XA AzHE ingot7}
Eol gl Beloln ARAR NN F& HagsE
Z 22 Vita VMK w8} £2 252 HolA
A} o] AL Empress’t Vita VMKETH & 2%
£ HolE Al tigh Ade] "t

EAY e ARY 7tk olfoe FHA ALY
HHEEE A3, B8 ulRe, FERE T 9
3 JFL Her® B A= ol B 2%
o] E3% AT wA zol7t YIEE 7] 9
3 SiC ArtAlE AM8-3ted 800grit7hA Avbar 3,
Empress 2 staining technique®| 7%l 2H¢]
staining® 199 glazings 3to], EA &S A Zsle=
A9 FA BHAE & =5 3T Empress
2 layering technique®] 7-%-olli= wash firing ¥
glazing® 8194}, Layering technique®) 2 $l&=
framework materialdl] ¥}& glazing®] Sl#| o2
2 wash firing® 33 & TFAAT.

EARGBAN AMEEH e FHARANE B 74
243 4%d AR v S A, gy
W A Aol =AY Zmst FstEope . o
2] Empresst staining® glazing 33 & %319
BAAGEE 3k WHA (leucite) ¥ol 7ol &
3 A=E AW AoleEE] Aol 7bEsitt.
Luthy "2 veneering, glazing®] W& heat-
pressed ceramic®] ZFEAtOl & A7 A 159, 175
MPaZ T Wd g 7=e Aeole gty 2x



924, Dong 52 heat pressing®] Z4=% 74
MPadlA] 126 MPaZ 7 7ltta 5o, H%
ZA=E 160~180 MPaz tHE HEZ=AF systeml]
AZ o sltta 3 ol" Ame Fuke gAE
o oA #el7| AUl e HFNAPE] £
TY3HA Eilo] o] FoiA)7] wf Folgta g}, HE3
Markert9} Russel’2 3] § 23729 W3
= Bydtn #EAY ¢ Frie fittn dgln
Russell 5% 19 dTolA ZA9] £HS vlA8t
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£ A= Empress 2 =412 FHA -2 5}
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AT [ Empress 2 staining technique2. 2 A
29 A, AEF IS Empress 2 layering tech-
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A 54 & 750 ARErATt. 42e] AlH of
& 334 FAE Z43 Fol, =A disc AH
biaxial flexure strength A& g FHZTE =
ot e} 22 A9E At
1L AETLF, Izl 7P 2 st5elA ghdde] o

ofin, It [, HxTY o7 HAiE

e et
2. Empress 2 Staining®! [#9] 3872 %+ 0.8mm

oA 65.54 N, 1.0mmolAM 155.2 N, 1. 4mm¢l

A 233.5 N, 1.8mmellA 434.5 N, 2.2mmol| A

600.1 NoJ3ltt.

3. Empress 2 Layering?! I8 347 =& 0.8mm
o4 190.0 N, 1.0mmelA 283.5 N, 1.4mm?
M 4372 N, 1.8mmlA 732.0 N, 2.2mmeiA
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4. T4 AFATNAAN, FA BE SFAEE

FAHCE fo4 e Aole UERA] it}

(p>0.05).
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Fig. 6. SEM of fracture surface of Vlta VMK spec- Fig. 7 SEM of fracture surface of Vita VMK spec-
imen (x40). imen (x400).

Flg 8. SEM of fracture surface of Vlta VMK spec- Fig. 9. SEM of fracture surface of Empress 2
imen (x1000). Staining specimen (X40).

Fig. 10. SEM of fracture surface of Empress 2 Flg 11 SEM of fracture surface of Empress 2
Staining specimen (x400). Sstaining specimen (X 1000).
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Fig. 12. SEM of fracture surface of Empress 2 Fig. 18 SEM of fracture surface of Empress 2
Layering specimen (x40). Layering specimen (X400).

-
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Fig. 14. SEM of fracture surface of Empress 2 Fig. 15. SEM of fracture surface of Empress 2

Layering specimen (X 1000). Layering specimen (X4000).
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ABSTRACT

INFLUENCE OF THICKNESS OF EMPRESS 2 CERAMIC
ON.-FRACTURE STRENGTH

Jung-Woo Koh, D.D.S., Jae-Ho Yang, D.D.S., M.S.D., Ph.D., Sun-Hyung Lee, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, College of Dentistry, Seoul National University

All-ceramic restorations have had a more limited life expectancy than metal ceramic crowns be-
cause of their lower strength. The relatively lower strength has limited the use of all-ceramic crowns
to the areas where occlusal loads are lower. Therefore many researches have been done to increase
the strength of all-ceramic crowns.

IPS Empress 2 is a new type of lithium disilicate glass—ceramic with enhanced physical char-
acteristics which has been in use clinically since 1998. Previous researches reported that the flex-
ural strength of all-ceramic material was greater than 300 MPa, and all-ceramic crowns can be
used in staining or layering technique.

The objective of this study was to investigate the influence of the thickness of IPS Empress 2
ceramic on fracture strength. Both staining technique and layering technique was investigated.
Vita VMK was used as control. .

For all three groups, five specimens each of 0.8mm, 1.0mm, 1.4mm, 1.8mm, and 2.2mm thick-
ness (a total of 75 specimens) were prepared.

Control group: Vita VMK Porcelain specimens were prepared with dentine ceramic and liquid
glazing was done.

Group | : IPS Empress 2 were prepared with staining technique and stained twice and glazed
once. .

Group I : IPS Empress 2 were prepared with layering technique and glazed after wash firing.

The thickness and diameter of the specimen were measured and controlled after specimen prepa-
ration. Biaxial Flexure Test (ASTM Standard F394-78) was adopted as this test method produces
results least affected by the edge condition of the specimens. Fracture strength was measured with
Instron Universal Testing Machine. Conclusions are as follow :

1. The fracture strength was increase in order of control group, test group I, test group II.

2. Fracture strength of the group I (Empress 2 Staining) was 65.54 N in 0.8mm, 155.2 N in 1.0mm,
233.5 N in 1.4mm, 434.5 N in 1.8mm, and 600.1 N in 2.2mm.

3. Practure strength of the group II (Empress 2 Layering) was 190.0 N in 0.8mm, 283.5 Nin 1.0mm, .
437.2Nin 1.4mm, 732.0 N in 1.8mm, and 1115.0 N in 2.2mm.

4. No statistical difference was found in flexural strengths according to thickness in a specified
group(py0.05). ’

Key Words : Empress 2, Biaxial flexure test, Fracture strength
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