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Fig. 1. Schematic diagram illustrating the indentat-
ion measurements.
a=half diagonal of the indentation, c=crack size



Vicker's Hardness(H)$} fracture toughness(Kic)
© T3 22 34 o4 AHEslith

H=0.464xP/a*

Kic=0.016(E/H)"2x P/c¥*

P: applied load (N)

E: the elastic modulus(GPa)

a: half diagonal of the indentation (um)

¢' a half of crack size(um)

Aol 2 ES SPSSEZE YL o] & ZHzte]
B ETUAE FoaL 95% oM d98
AHE4 (One-way analysis of Variance)% ©]-&3}]
SAAE stden 7+ w3t f9A HAHE Hal
Sheffe test2 At AZ3 T},

@ FAAYY 24

B4t ik FAAGANS dolry) Q) TR
o 449 0.5% &4 (Ultradent Porcelain Etch,
Ultradent Products, Inc., USA )ol 183t 2% %
7ol 32 B Aojuln 253 AFH3AH.
T3 gk thgh A S Golry] e
el el (Z71E8, pH 2.58)F ol
&3t dH &7l BrM5n wld mAlE FACh
??]—

79 7] s2¢ Bol Aoliz 283 A

2. Pressing accuracy &8

@ Al1HA 2

AR A2 A8l AARke] g2 (Rewax Renf-
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7Y g Al ARG F 10 Alo)A] YL
G425 o] gt AzAlY AAYE v, A8
T BRATAE A9} e I E o] &3l Az
Ate] A Al w}e} pressingdtA ). pressing & & &
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Al WHE3lo] 33} pressingS A3 dte] A1 H S 9418}
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Pressing accuracy+ pressing 37| A €2
o] 4ol th3} pressing & =4 Ax}pe] 42¢] Wi
2 st

Pressing accuracy(%) = (pressing A ZAz}9] 4=/
pressing ¥ AA+9] ) X 100

27 P S SPSS TR ol R 7zt #
T Y REUAE ok 05% $EM U9 2
#4 (one-way ANOVA)E 3 FAXE 31
Zy wzbe] 913 82 9130 Sheffe test2 AHE 7
< At
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947
A=K

Kore ol

2HH e =423 12 pressingd oA
5.11(GPa) 2 71 =A vephgto 23} pressingdt
oA 4.89(GPa), 32 pressing 3 oA 4.86
(GPa) €22 YelsitH(Table [).

1A} pressing A1 2, 33} pressing Al A}o} o)l 4
BATH o2 Fold afe]E B oH (p(0.05) 23}
pressing A2} 32} pressing Al Ao A& EA)
A o4& HolA] &3htHp)0.05).

@ #9204

z+ 79 337N F& 73 A7} 13 pressing T
A 1.58(MPam"?) 2.8 7} =4 Jehin 23}
pressing oA 1.51(MPam"?), 33} pressing 3+
oA 1.39(MPam")&A 2 Jebgteh(Table 1). 14
pressing® ol Bl& 23} pressing ¥-& #-2} & 2}o]
£ Holx] &% o 1} (p)0.05), 37 pressingdt w2 1
2}, 23} pressing & BFo) 2@ xo] & Holn 7}
7 GA Ve TH(p<0.05).

@ 22 A g

B4 & I E] 443 13 pressingdt
oA 4.94(GPa) 2 718 A VbR 23} press-
ingolA] 4.83(GPa), 32 pressinglA 4.81(GPa)
TOo 2 VEsith A Eg el A= 13 press-



Table 1. Mean of surface hardness (GPa) Table I . Mean of fracture toughness  (MPam"?)
Group Mean S.D. N Sig. Group Mean S.D. N Sig.
1st pressing 5.11 0.02 15 a 1st pressing 1.58 0.11 21 a
2nd pressing  4.89 0.03 15 b 2nd pressing  1.51 0.13 21 a
3rd pressing  4.86 0.02 15 b 3rd pressing . 1.39 0.12 21 b

*Group having the same letter are not significant-
ly different(P0.05)

Table II. Mean of Surface hardness treated

* Group having the same letter are not significantly
different(p>0.05)

Table [V. Mean of Surface hardness treated

with hydrofluoric acid (GPa) with carbonic acid(Cocacola) (GPa)

" Group * Before After' Difference* N P "Group © - Béfore After * Differéncé N P
1st pressing 511 494 0.17 15 '* Ist pressing  5.11  5.03 0.07 5
2nd pressing  4.89  4.83 0.06 15 N8 2nd pressing 4.89  4.89 0.00 15 NS
3rd pressing 486 481 0.05 15 * 3rd pressing 486  4.81 0.05 15 NS
*  significantly different(P{0.05) * ! significantly different(P{0.05)

NS: not significantly different (P)0.05) NS: not significantly different (P)0.05)

Table V. Mean of pressing accuracy (%) 2. Pressing accuracy

Group Mean S.D. N P
1st pressing  77.22 8.40 13 ab
2nd pressing  85.68 10.81 15 a
3rd pressing  75.05 12.71 12 b

*group having the same letter are not signifi-
cantly different(P)0.05)

ing°llA 5.03(GPa), 27} pressingi 4.89(GPa),
37} pressingel A 4.81(GPa)& 2.2 YelgtHTable
I .

A Al 5] XU =] HelE Hlu BA%
A3} 12}, 33 pressing?t ol e BATH o2 &
o} gk 2ol & B 2 (p(0.05), 22} pressingdt 7+
ME ol g Aol F HolA| ek3kh(p)0.05).

Y, ek A "3 THARe WEE vy
? A3} 13} pressing?dt TAM=EAGH R
+ 2ol & E%‘« o (p<0.05), 22, 33 pressing
g Tl s freld AlolE Holx] ggtti(p)0.05,
Table IV).
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Pressing accuracy< 13} pressing®l 77.22%, 2
2} pressing?| 85.68%, 32 pressing?l 75.05% %
27} pressingl 7V #A YERETHTable V). 13}
pressing AlH T} 24, 37} pressing Al BAO] A=
FAgH R {3t o] & HolA] §skovt(p)
0.05), 2% pressing Al'H3} 32 pressing A]#A}o]
M= BATH ol g Ao)E BYHp(0.05).
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HhE ARl whe} A gyo] tha ZAaE g BYe
U 2zl mAEte AEgo] s Aoz B
1 3. A9 W5 A€ IPS Empress ceram-
ico] mtR =9} iAo #ele] A3 Ay 13
AHEEE AlE 3 28] AL Al 7t vl ek
Aoz} ATk St e A8} Skl w)
gp WRAAA o] A FAkEQl o WFEA Wy o
A Fe71due 7o sl A B
Aot ok ¥ 592 AAHEE IPS Empress
Cosmo ceramic® °©|&H g7 =ol B3 AolA
Mg AHBAISE AAMEAIY FEA =T feldt
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ZAjet ol AX7] A& AEE 7T o
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Al 245 %3 indentation techniquee] 7}3
2 T 0] Wy ok AlHol )
Ao 2 A7 wigo A2z afe] AT E3) 2 s}
o} Indentation techniue A|8 TW o] Az 9}
fracture toughness® %3717 $lal Al&-Eolr
t}. indentation< Vickers diamondE Apg-ste]
152 F<F 1kg == 9.8N 81EE 718l thsoizl
diamond 29 indentations FIAAEZH 7 & &
3 S €

2 A7 A 9HE pressingS AP S o) FH
BE7F 12 pressing® Tl 5.11 GPa, 23
pressing®t ol A 4.89 GPa, 33} pressing@t ol
A 4.86 GPaZ UER gHEsle] A1 882 A8
HOZ frofgt 2ol 8 Holn hhdte AL 2 4
kol HHE ALE-A] Qldel|o] A fol] Fo & 7] ook
g Zog AlsEY, e SN SHAT 13}
pressing@ 7oA 1.58 MN/m*?, 2} pressingdt 7
A 1.51 MN/m*?, 32} pressing®dt oA 1.39
MN/m**2 W53} pressingS 7FaHE 9137914
of ZAadte e B 4 YR en 34 pressingdt &
AX F2gt 2fo] & Hojm A e} 942 &)
FAE 71Edot & Aoz == Gorman 5
o] Aol &€ IPS Empress A2kl el
/4(1.33 Gpa)ell vlal £ AolA 34 13}, 24,
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34} pressing®t IPS Empress 2 A2k o] ot3) 214
o] F A vt AR rbede 24"
358 F oz 2oz

2 A2 A% BUARY vwE Fo 4 2
A& 2% Ax BabAeA 13, 23, 33}
pressing®t Tl z}ZF 0.17 GPa, 0.06 GPa,
0.05 GPa¥] ztol & Ho|m 7hAadtd m At A2 A
12+8} 32} pressing®t ol A 22+ 0.07 GPa, 0.05
GPa ¥ Zr4x3ted 4k A 2] Al [PS Empress 22| ER
=7 oA age & 4 AU

A TIPS Empress 9 IPS Empress 2 A A8 &
lost wax technique®]-8-3+a 21 2/ e ol A &71ts}
= Wor ABHoR 2 Adse W vl
HA APA o] o ol8g A S fAske A
ol AL 7HeA & Hrlslked o FEelg &
T At} o] 3 IPS Empress 2 Al2H21 9] pressing
accuracy’® %7Fst7] 9138 IPS Empress Al 9]
pressing accuracy©l|] gt H5¥2] A oM ALEH
AlA 9] tAel-E adted IPS Empress 2 Al 48 o)
Al AH&-5 & ring base$} paper ringel] A3 A9
o] 2718 W A A At 4 F FHE A
AHEA] Felel MY o= Qaf FY el 2x] gom
2 F9E 29 2 tgojo} k= o]z Lo
AATE

2 ATl A pressing accuracyE &3 vl wdt Az}
12} pressing®t 7ol A 77.22%9] accuracyE 2o
3L, 27} pressingAl 85.68%, 32 pressing Al
75.05%% 17 pressingell Hl8j tha Atol 7} Yebd
< B F UAMAT BAgH 2 {23 2ole B
oA ol AAHEAl ABAE TS A2
1=

£ A3 7 IPS Empress 2 A2l e] o4 Alg &
FHE =S} 94 28]3 pressing accuracy”t
IPS Empress 29 ZIAHE-2] 7heAd & A AHA Al
Avsta glck, 2y, el A 9] s H ~EH
% ~EgQl, 343 exnisie 2o 3 3
H2 Foh M Al @3S HAE a9
g F7HAEQD Aot Al o] Fojxfof & Heog

X

4% 29 % 9% B4 AL dE asso)
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2 ATe A 24
RFeAz S48 FHES /R e Ao
¥ IPS Empress 2 9] AAH 7H5A4 -2
3o IPS Empress 29 ¥H2 pressingX] £9
o Q1A ] Hste) Aol g M, 1eln
ing accuracyE vl & sl

1%], 23], 33 ¥HE pressingdtd 27 10mm,
A 1.5mme! 4ug o] A HE Alztete] TUAE
9 AP E AR =S 7 (MTX 70, Mat-
suzawa, Japan)2 S@sgon] A BAA G S
UolB 7] A&l 0.5%2] Bitell 187 g8 =
et = AU 2ol At A g T oA B
AATE S8 £ AR 4AF o] &3
SAl 9] YHE pressing?] pressing accuracys- &3 3t
o o3 2L AdE At
1. FRAAEE 1#}, 23}, 3% pressing?t T4 2zt

5.11 GPa, 4.89 GPa, 4.86 GPaZ e} 1219
787X 7HE 33k (p<0.05).

2..1& pressing*1 9] 27 Q1°d-& 1.58 MPam"?, 22}
pressing 3+ 7% 1.51 MPam'?, 32} pressing%t
7ol 1.39 MPam2& Yeh} 33} pressing”d
S oA 7HF @Sk (p(0.05).

3. g4xe AFe] EUAEe] WS vn @ 2
3} 12}, 23}, 32} pressingdt Aol A 2t 0.17,
0.06, 0.05GPa ¢ ¥slE Ko, gitA )3t
A% 242 0.07, 0.00, 0.05MPa, o} EHZ =]
ZarE BETh

4. Pressing accuracy= 12+ pressing?l 77.22%, 2
2} pressingAl 85.68%, 34} pressing?l 75.05%
2 Jelgom 22} pressing®! 7 33} pressing
Al Ao M B} =4 YERRTH(p0.05).

B A3 AHo A e} Zo] ¥k 2189 [PS Emp-
ress 29 EHZA xS} gAY, AR A,
pressing accuracys-< 12} AHE-H A|H I} FALSH
el 2 2 [PS Empress 298] §H2 A}g-0] 7153}
2} AHE-E et

rak

Sk

1. Nam SK. The Theory and fact of metal-ce-

602

10.

11.

12.

13.

ramics. Jeeseung, 1997.

Ryu SY, Lim JH, Cho IH. A study on the
color stabilityof porcelain for porcelain
fused to metal crown. J Korean Acad
Prosthodont 2000:37:73-84.

. Kim HS, Ju TS, Oh SC, Dong JK. A

Study on the fracture strength of the
IPS-Empress ceramic crown according to
margin. J Korean Acad Prosthodent
1997:35:296-307.

. Ju TH, Oh SC, Dong JK. A Study on

the fitness of the IPS Empress ceramic
crown according to margin type. J Korean
Acad Prosthodont 1998:36:846-857.

. Southam DE, Jorgensen KD. Faulty porce-

lain jacket crowns. Aust Dent J 1973:
18:152-156.

Southam DE. Jorgensen KD : Faulty
porcelain jacket crowns. Aust Dent J.
1972:17:436-440.

Oh SC, Dong JK. A study on the flexural
strength of heat-pressed ceramics ac-
cording th sprue designs. J Korean Acad
Prosthodont 1997:35:130-140.

Land CH. A new system of restoring bad-
ly decayed teeth by means of an enamelled
metallic coating. Independent Practitioner
1886;7:407.

McLean JW, Hughes H. The reinforcement
of dental porcelain with ceramic oxides. Br
Dent 1984;4:32-46.

Adair PJ, Grossman DG. The castable
ceramic crown. Int J Periodont Rest Dent
1984:4:32-46.

Hobo S, Iwata T. Castable apatite ce-
ramics as a new biocompatible restorative
material. Theoretical considerations.
Quintessence Int 1985:16:135.

Sozio RB, Riley EJ. The shrink—free ceramic
crown. J Porsthet Dent 1983:49:182-7.
Vita Zahnfabrik. Vita Hi-ceram Working
Instructions. Bad Sackingen Germany 1988.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Optec Hsp laboratory technique manual.
Jeneric / Pentro Inc Wallingford CN
January 1988.

Sadoun M. All ceramic bridges with the slip
casting technique. Presented at the 7th in-
ternational symposium on ceramics, Paris,
September, 1988.

Wohlwend A, Scharer P. The Empress
technique @ a new technique for the fab-
rication of full ceramic crowns, inlays,and
veneers. (In-German). Quintessenz
Zahntech 1990;16:966-978.

Dong JK, Luthy H; Wohelwend A, Scharer
P. Heat-Pressed Ceramics : Technology
and strength. Int J Prosthodont 1992:5:9-
16.

Beham G. IPS-Empress ; A new ceramic
technology. Ivoclar-Vivadent Report
1990;6:1.

Holand W, Schweiger M, Frank M,
Rheinberger V. A comparison of the mi-
crostructure and properties of the IPS
Empress 2 and the IPS Empress glass—ce-
ramics. J Biomed Mater Res 2000:53:297-
303.

Holand W. Materials science fundamentals
of the IPS Empress 2 glass-ceramic.
Ivoclar Vivadent Report 1998:12:3-10.
Schweiger M. Holand W. Frank M. IPS
Empress 2: A new pressable high-strength
glass—ceramic for esthetic all-ceramic
restorations. Quintessence DentTech
1999;22:143-151.

Severance G. Introducing a lithium disil-
icate glass—ceramic: IPS empress 2.
Signature 1999:4:1-3.

Jochen DG, Caputo AA, Matyas J. Reuse
of silver-palladium ceramic metal. J
Prosthet Dent 1991;6:588-591.
Rasmussen ST, Doukoudakis AA. The
effect of using recast metal on the bond be-
tween porcelain and gold-palladium alloy.

603

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

J Prosthet Dent 1986:55:447-452.
Reisbick MH, Brantley WA. Mechanical
property and microstructural variations for
recast low-gold alloy. Int J Prosthodont
1995:8:346-350.

Henriques GE, Consani S, Rollo JM,
Andrade E, Silva F. Soldering and remelt-
ing influence on fatigue strength of cobalt-
chromium alloy. J Prosthet Dent 1997;

-78:146-152.

Sorensen JA, Cruz M, Mito WT. Research
evaluations of a lithium disilicate restora-
tive system: IPS Empress2. Signature
1999:4:4-10.

Seghi RR. Sorensen JA. Relative flexural
strength of six new ceramic materials,
Int J Prosth 1995;8:239-246.

Green DJ. Microcracking mechanism in
ceramics, In Bradt RC, Evans AG, Lange
FF, and Hasselman DP. Fracture Mechanics
of ceramics. New York '@ plenum press
1983;15:457-478.

Gree DJ, Hannink FHJ, Swain MV.
Transformation toughening of ceramics.
Boca Raton, F.L. : CRC Press, 1989:57-91.
Faber KT. Evans AG. Crack deflection
processes, I Theory. Acta Metall 1983:
31:565-576.

Faber KT, Evans AG. Crack deflection
processes, | Experiment. Acta Metall
1983;31:577-584.

Steinbrech R, Khehans R, Schaarwachter
W. Increase of crack resistance during
slow crack growth in A1203 bend specimens.
J Mater Sci 1983:15:265-269.

Swanson PL, Fairbanks CJ, Lawn BR, Mai
YW, Hockey Bd. Crack-inter-face grain
bridging as afracture resistance mechanism
in ceramics. J Am Ceram Soc 1987;70:279-
284.

Dong JK, Luthy J, Wohlwend A, Scharer
P. Heat-pressed ceramics: Technology



36.

37.

38.

39:

40.

41.

42.

and Strength. Int J Prosthodont 1992:5:9-
16.

Dong JK, Oh SC. A study on the mi-
crostructure of IPS Empress ceramic ac~
cording to the heat treatment and the
sprue type. J Korean Acad of Prosthodont
1998:36:73-86.

Oh SC, Dong JK, Luthy H, Schéarer P.
Strength and microsturcture of IPS Empress
2 glass—ceramic after different treatments.
Int J Prosthodont 2000:13:468-72.
Song BK, Park HB, Oh SC, Jin TH. A
study on the pressing accuracy of the
reused IPS-Empress Ingot. J Korean Acad
Prosthodont 1997:35:357-364.

Jin TH, Park HB. Physical properties of the
reused IPS Empress ceramic. Part 1. Color
stability. J Wonkwang Institute Dent Res
1997:7:133-8.

Jin TH, Kim HJ. Physical properties of the

reused TIPS Empress ceramic. Part IL.

Study on the flexure strength. J Korean-

Acad Prosthodont 1998:36:524-529

Jin TH, Song YK. Physical properties of the
reused IPS Empress ceramic. Part III.
Study on the stain resistance. J Korean
Acad Prosthodont 1999:37:776-780.

Kim 8D, Oh SC. A study on the wear and
microstructure of reused IPS Empress
ceramic. J Wonkwang Institute Dent Res

43.

44.

45.

46.

47.

48.

49.

1998:8:21-36.

Park EE, Oh SC. Biaxial flexure strength
of reused IPS Empress Cosmo ceramic. J
Wonkwang Institute Dent Res 2000:10:83-
90.

Seghi RR, Denry I, Brajevic F. Effects of
ion exchange on hardness and fracture
toughness of dental ceramics. Int J
Prosthodont 1992:5:309-314.

Anstis GR, Chantikul P, Lawn BR,
Marshall DB. A critical evaluation of in-
dentation technigues for measuring frac-
ture toughness: I. Direct crack measure-
ments. J Am Ceram Soc 1981:64:533-538.
Chantikul P, Anstis GR, Lawn BR,
Marshall DB. A critical critical evaluation
of indentation techniques for measuring frac-
ture toughness: II. Strength method. J Am
Ceram Soc 1981:;64:539-543.

Morena R, Lockwood PE Fairhurst CW.
Fracture toughness of commercial dental
porcelain. Dent Mater 1986;2:58-62.
Jones DW, Rizalla AS, King HW, Sutow EJ.
Fracture toughness and dynamic midulus
of titrasilicic-mica glassceramic. J Can
Ceram Soc 1988:57:39-46.

Gorman CM, McDevitt WE, Hill RG.
Comparison of two heat—pressed all-ceramic
dental materials. Dental materials
2000:16:389-395.

Reprint request to:

Tai-Ho Jin, D.D.S., Ph.D.
Department of Prosthodontics, School of Dentistry, Wonkwang University
344-2, Shinyong-Dong, lksan 570-749,Korea
jin@wonkwang.ac.kr

604



ABSTRACT

SURFACE HARDNESS AND PRESSING ACCURACY OF
REUSED IPS EMPRESS 2

Oe-Soo Son, D.D.S., Yu-Lee Kim, D.D.S., Kyung-Ja Lee*, Tai-Ho Jin, D.D.S.

Department of prosthodontics, School of Dentistry and Central Lab.*
Dental Infirmary, Wonkwang University

Statement of problem : IPS Empress2 system was developed and used in prosthodontic treat-
ment , but the cost of ingot is expensive for wide application.

Purpose : This study was to investigate the possibility on recycling of IPS Empress 2
ceramic for wide application of IPS Empress 2 ceramic in prosthodontic treatment.

Material and Method : 1st, 2nd and 3rd pressed disc-shaped(10X1.5mm) IPS Empress 2
specimens were made with IPS Empress ingot(200, Ivoclar, Liechtenstein) and pressing furnace(IPS
Empress EP 500, Ivoclar, Liechtenstein).

Vicker's surface hardness and fracture toughness, acid resistance, and pressing accuracy of IPS
Empress 2 ceramic were measured and analyzed.

Surface hardness was measured by microhardness tester(MTX 70, Matsuzawa, Japan).
before and after surface treatment with 0.5% hydrofluoric acid and carbonic acid(Coca cola) for
evaluation of acid resistance.

Results : The surface hardness of 1st pressed specimen was the higher(5.11 GPa) than those
of 2nd pressed( 4.89 GPa) and 3rd pressed specimen(4.86 GPa). and the fracture toughness of
1st pressed (1.58 MPam"?)and 2nd pressed specimen(1.51 MPam"?) were higher than that of 3rd
pressed specimen(1.39 MPam"?). The changes of surface hardness of 1st, 2nd, and 3rd pressed
specimens after treatment with fluoric acid were 0.17, 0.06, 0.05(GPa) respectively, and
those of 1st, 2nd, and 3rd pressed specimens after treatment with carbonic acid were 0.07, 0.00,
0.05(MPa) respectively. The pressing accuracy of 1st, 2nd and 3rd specimen were 77.22%, 85.681%,
and 75.05%. The pressing accuracy of 2nd pressed specimen was higher than that of the 3rd spec-
imen.

Conclusion : The changes of physical properties according to recycling of IPS Empress 2 from
this study were insignificant. Therefore the possibility of recycling of IPS Empress 2 can be sug-
gested from the results.

Key words : IPS Empress 2, Surface hardness, Pressing accuracy, Recycling
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