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AT 54 A AH Alzgda Foluyo] AAHAAY A3 ZAEE Hrlet=d 3

E AFo A AlgE o7 AF =T A 2~E]lL [PS Empress2 with IPS Eris, IPS e.max Press with IPS e.max Ceram
2} IPS e.max ZirCAD with IPS e.max Ceram®]t}. A Z2AFe] A AJel] whe} Fo](N=36, N=12/system, 2 73: 10mm, F7:
3mm)E AR 253 AH S AlYSth §E8] AE el s 2" BEEE o] &35to] o] A 1]
Yo@AZA: 3mm, F7: 2mm)E 9% & LA &4 F, 239 AH & Aldgsta ofadd gzl v &35t
Atk AZE AAL 37T THRFON 15:Y AT A 71(Z020, Zwick, Germany) 2 Al H ] HeA 3
AEE 2439 1, skl Zoj-uyo] AW 7he e A JFIAI RS AlE S AX|A7] 1, S o] dojd o)
7HA] 1.00mm/min®] crosshead speed 2 35S 716ttt 249 24 9] HAAGE L =MPatSD)el gt SA
A F98E AF37] A 4 BAAEAS Adstd o, AFEA% 2 Tukey testE ©] 83+ thp=0.05). 3+ 3
AR AAE FAPR AW (ISM-6360,JEOL, Japan) & & 3H8 o4& #astgith. o8 -2 o] WA e &3
4 34, Hldo] WdAe &¥A4 3, £3F T 52 A4 SR BRI

Fojet vlyo] Ao e FdHTA g7 =(MPatSD)= IPS-e.max Press7} 32.85+6.75 MPa, IPS Empress 27}
29.30+6.51 MPa, IPS e.max ZirCAD7} 28.10+4.28 MPa= WElSTH EA14 B4 A 7 A 28 7oA f29] 3 2}
o7} Sl Th(P>0.05). oA g A|~El A= 2] shd e #AF R Zokrh IPS Empress 29 IPS e.max Pressol Al
= 7o) 9} By o] oA 9 A shAo] #EE Q] on, IPS emax ZirCAD A & &3+ wbd 1 vy o] oA
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ceramics®| Aol | FARgE Aol wEH
7 &9k Ao e HlY o] 9] Zek(chipping or
delamination)©] 2} &}l 17", o] Bilayered all
ceramicsol| Al | oFgh F-EQl Fol-H]yo] AW
o 5 5 i o S R ot = B A 5 =
g Aboushelib 5°°& Fol-H|Yo] Al A7
b e AF Fold mAldde] B AY
HjYoj o] gefo] AT o3It

55 =Ade A Fol-Hyo] AHel At
A AFE o|AFE Bol o] Foix . 5
ARE AR EAf oA Fol-H| Y o] Ae] A
o ek A= mHg AEfolth

B dTe A2 ArEE AR 5ol AHEH
1 90+ IPS Empress 2 system, IPS e.max Press
system&} IPS e.max ZirCAD system 5 Al &
bilayered all ceramics2] .of-H]Lo] AW 2] ﬁ"{r
AT o FdE dolEa, olE Hlw

017 T2

= d7dAE

0T

=}
=

IPS Empress 2 system, IPS

emax Press system, 12|32l IPS e.max ZirCAD

system A F7F2] A5
o Foj-HYo] AlAE

2. o2 2

1) 3] Al Azt

IPS Empress 29} IPS e.max Press®] 7% <
RS e T A AR A A Ujrﬂ' HE,
g, d7ststel A7 10mm, o] 3mm =7]9]

TAH Al =E"E o] &3t
A 25+ tH(Table 1).

Hil-> >

o] AJHE A ZPé}?it}(Table I, Fig. 1). IPS
emax ZirCADS] $-E A 23U}l &5 low

=
B8 speed diamond discS ©]-&-3Fe] A3t & A3}
Table 1. All-ceramic systems used in this study
Ceramic system Composition Manufacturer
Core . L . .
Lithium disilicate Ivoclar, Schaan, Liechtenstein
(IPS Empress 2)
IPS Empress 2
Veneer . . .
. Fluorapatite Ivoclar, Schaan, Liechtenstein
(IPS Eris)
Core . L . .
Lithium disilicate Ivoclar, Schaan, Liechtenstein
(IPS e.max Press)
IPS e.max Press
Veneer . . .
Nano-fluorapatite Ivoclar, Schaan, Liechtenstein
(IPS e.max Ceram)
Core . .- . . . . .
. Yttrium stabilized zirconium oxide |Ivoclar, Schaan, Liechtenstein
(IPS e.max ZirCAD)
IPS e.max ZirCAD
Veneer ) . .
Nano-fluorapatite Ivoclar, Schaan, Liechtenstein
(IPS e.max Ceram)
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IPS Empress 29} IPS e.max Press®| 74-%- H|Y
oAE FAs7] A FZo] AAS 50me| glass
bead(Shofu Co, Japan)Z ME=EEtAH 3+ T A
A 3la Azt th IPS emax ZirCAD®| 7% =
ojof IPS e.max ZirLinerE T LA =X le] &
et 2 ol AlH, Axs3T

Stainless steel mold®l] 7|2] A|2tE FAE 1A
A7 F ZF A=A A 3 8kE vy o] =AE
brush on technique &2 0] ol FAg & &
Astel 47 3mm, Eo] 2mme] Fo]-H]Y o] A
s A thFig. 24, 2B, 20). A2t ¢
Fo = Qg vy o] AAe RGeS H4s)
sl71998) 28]o AA 7 Al xEle] 24 AAE
of wet HY ol E 473 3F%i th(Table IM).

Az Fol-HY o] AlHg ol=dd #zle
= wj &3t aL(Fig. 2D), Eo] ¢=d AF, Al
AL 37C F2FxAA 157L3 Baasitt

Hoj-ujyoizte] AHARA =S Z4517] 9
3 THsAlE 71(Z020, Zwick, Germany)E AH-&-3}
Stk shFol Aoj-njvjo] AWl Hig 7HHA,
a3 AR Fde BEgoR HUHEE A
HATAESH L Ao AES uFYsa,

Table . Press schedule of core specimen

Fig. 1. Core specimen used in this study.

Imm/min®] crosshead speed@ o] Fo]-H]
Holo] Ao JFEHES st HY o7} £
= Al A A steake S &, Al
stzat ANTGHA S o] &35to] MPa= $Hihe
AFAAA =S 31 th(Fig. 3).

4 Shawe] 2

shao] Yolwt 367 A9 HE FIe
74(S30010, Tokyo Kinzoku, Japan)3Foll 4] -
of #FsIATE 7t 27§18 9] Fof-H|Y o] AJH
Adeste], Ax7dA 3] dx=A7 £,
™S gold coatingdte] FAH A& W] 7 (ISM-6360
JEOL, Japan)& ©]|-g3te] spAdwe] mA|tx2E
B3l

oHa e

A

o O £

S

o o
i

=% 2E 7o R ERth

B t/” T H V1 V2
IPS Empress 2 700°C 60C 920°C 15’ 500°C 920°C
IPS e.max Press 700°C 60C 925C 15° 500°C 25T

* B: stand-by temperature, t,”: heating rate, T: firing temperature, H: holding time, V;: vacuum 1, Vy: vacuum 2
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; .. AR §\£ B

Fig. 2. Fabrication of core-veneer specimen.
A. Stainless steel mold and core
speo!men, B.' \/eneerl applied on core with UTM.
specimen using a stainless steel mold,

C. Completed core-veneer specimen,

D. Core-veneer specimen embedded in - 0] EHoA HAA wAdn 234 wdo)
acrylic resin 3y o] WA

Fig. 3. Schematic design for shear bond
strength test of core/veneer specimen

5) BAEA

O H&A 94 (adheswe failure pattern) : o] % 249 7+ A2 AdASd P s gt &

Aol A Yoo & AR sQe AZs}7 %’48]] One-way ANOVA
@ S$HA A (coheswe failure pattern) 2 NPeA AFEAH L Tukey testS ©] -3}
5ol 3o uyo] oA mpdo] WAy gom, NIEEE p=0052 sirt TP
® =44 94 (mixed failure pattern) SPSS WIN 12.0(SPSS Inc., USA)S o] &3}t

Table II. Firing schedule on core-veneer specimen

B t/ T S H V1 V2
IPS Eris . . . . .
403T 60T 800C 6’ 1 450TC 799°C
on IPS Empress 2
IPS e.max Ceram . . . . .
403T 50C 750C 4 1 450C 749C
on IPS e.max Press
IPS e.max Ceram . . . . .
. 403T 50T 800C 4 1 450C 799°C
on IPS emax ZirCAD

* B: stand-by temperature, t,: heating rate, T: firing temperature, S: closing time, H: holding time, Vi: vacuum 1, Va:
vacuum 2
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1. dHEEEE

sojsh wyo] Atole] it AL EE
IPS e.max Press system©| 32.85 MPa, IPS Empress
2 system©] 29.30MPa, IPS e.max ZirCAD system
°] 28.10 MPas YER ATh(Table IV, Fig. 4). 2t
Al '] Afolol A FAHCR frefdt Aol

BFubA] S SETHP>0.05).
2. IHEat

IPS Empress 2 system®} IPS e.max Press system
A= ojek HYo] wellAe] &4 ol
T2 #aAEd o, IPS emax ZirCAD systemol]
e Yol YoMl 34 A3 £99 o
A o] AAEHA BE Azl A HF
3 I FE2 BEHA E9kth(Table V, Fig.
5).

40.00

35.00 [ \

30.00

25.00 | ‘
&
< 20.00
15.00

10.00

IPS Empress 2 IPS e.max Press IPS e.max ZirCAD

Fig. 4. Shear bond strength (MPa) between
core and veneer of the all ceramic
systems.

=l (<!

Oph

IPS Empress 2 system®} IPS e.max Press system
e &% m:old ¢3S FYsa DY
copingS A|Zet & FEEC] HF PE| 9} shade

Table IV. Shear bond strength (MPa) between core and veneer of all ceramic systems

Ceramic system N Mean SD F P-value
IPS Empress 2 12 29.30 6.51
IPS e.max Press 12 32.85 6.75 2.062 .143

IPS e.max ZirCAD 12 28.10 4.28

Table V. Failure pattern in all ceramic systems

Ceramic system Cohesive(core) Cohesive(veneer) Mixed Adhesive

IPS Empress 2 5 5 2 0

IPS e.max Press 6 5 1 0

IPS e.max ZirCAD 1 5 6 0

236

CHOIRIEE ) IS etelal Al 243 35, 2008



(d) (e) (f)

Fig. 5. Various failure patterns of all ceramic systems. Cohesive failure(core) of IPS Empress 2(a),
IPS e.max Press(b), mixed failure of IPS e.max ZirCAD(c). cohesive failure(veneer) of IPS
Empress 2(d). IPS e.max Press(e), IPS e.max ZirCAD(f).

£ Yo AR Fosto] o]FFxe] HE = olF T2 HME EAH FEES ALSHA H
A#S A2 EtHveneer technique). Veneer o FH T A 23 ol A2 AR =AEe A
technique s ©]-&3F o|FHxe] HE =AHS W2 9 gk A7} o] FolA] 3 ¢RI Rk 23), 4d &
staining techniques ©|-&% T2 AF =4 A A 23 oo 7 o] oy, Wk 4
Fol] wla] gn)AJo] $%Hd], ©|& staining H A23Yole] A9 ¢ 2 T Y 5
technique®] 4% FEE9 ¢3S Hrxo=w o2 Qe AUEr} oA, B x| o] npr Y
FAY A5 Aol FdE = dio] EAls] o Az P tigk #A7F EA g

otk whebs] AR Fel FRES R} F Bilayered all ceramic> 7}3}d 3slF-zol9} %
FE AngdE A3 veneer techniques ©]-8-3F MAG BHEAE o] FoA Slvh uhEhA
olFFzx AFR wATo] FHHEU Luthyse Bilayered all ceramic-2 7] & o]7] & 3kA| 4t &
IPS Empress glass ceramicol|l et 38w 37 % g AREAY o E £ Sl AR S
Aol A staining techniques ©] &3k A]HI} ot1 9lt}h Bilayered all ceramic®] =& 7Hg
veneer techniques ©|-8-3t AJH Alold] 24 F ok F-EQ1 Fol-Hjyo] AW ARJAE 5
Qe FEAo| 7} REHA & ekt . & vyo] A9 o ofs) A Ht?. Fol-
IPS e.max system< CAD/CAM< o &-3}o] 3} Hyo] AdeA ] Z2dAE 9 mA=
o] 3015 A& & FHo] BlY & F/d st sell= 71AIA fAld Qs FE 2ol &
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e A, BdA T Afol7}F Fo]-BY
o] 7te] A nx|= g3 T3 HE T
webs] olelgl aaEo] FFH o yejd £
& A7) daslelet Algd

2 Age AEE AFste] AE8e in vito
studyo|™], o] & Ao ALar|d = tha
FE7k glom, dadd o s Agstr] sl 74
S B Ao He% Ao=w AAHY
Fairhurst 5, Green™, Marx 5°& E4]9] 54

o] AA X 1”4 oA TR = AT A
Z} Al HHEE o] 7R = w3 d AR
Zol el T4 W F2] e =
g aye] 2+ At o8 IAH F
sto] =Aje] shd S opr|eHAl Hrha &kt
723732 100%9) “tﬂ ’“E
o] AHFHHNN &

ox N,

L o Ol oo mE Hl o3t ofd b

Aol doj} F ‘;é
WA AetE % am w}aw % PrEZHTJrPJ
BEg Gk e NS &

B T V-

2 AYTY S DG FF 2N A
o] aTHEE ANEAT] ARFEE Bt}
RN BT e a7t Basld An
Ao,
ez =

B ATE A% EABIA ZoBl o} AR
N AGYEE oty fla) HBAFYE
g Zgeln HEYPE BAGLA IPS

Empress 2 system, IPS e.max Press system a8
IPS e.max ZirCAD system= ©|-&3}o] Foj-H|Y
o AL At BAG7] FolN A
YHES 2432 Tojue] ARe] saw
FARAE N A (SEM) .2 BEste] oS3t

() o
pu ﬁa%a t_N\qﬁ

m rulo n:

1. Sol-Hyo] AW HEAPZ=E IPS
e.max Press system®] 32.85MPa, IPS Empress 2
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2.

*o] =120 2006 d % YFhetwel wH

system®] 29.30MPa, IPS e.max ZirCAD system
o] 28.10MPaS Hom, EAA B4 Az
7y A 2=’ Abolofl A ok xbo]7b gldth
(P>0.05).

IPS Empress 2 systemZ} IPS e.max Press system
M= oot HYe] Wellxe 4 oA
o] F& #TAEYoW IPS emax ZirCAD
systeme] A= H|U o] Wol A9l &5/ o3}
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A Study on Shear Bond Strength of Core-veneer Interface for
Bilayered all Ceramics

Yong-Su Jung, D.D.S, Jin-Han Lee, D.D.S., M.S.D., Ph.D, Jae-In Lee, D.D.S., M.S.D,,
Jin-Keun Dong, D.D.S., M.S.D., Ph.D

Department of Prosthodontics, College of dentistry, Wonkwang University

Purpose: The purpose of this study was to investigate the bond strength of the core-veneer interface in all ceramic
systems.

Material and Methods: The all ceramic systems tested with their respective veneer were IPS Empress 2 with IPS Eris,
IPS e.max Press with IPS e.max Ceram and IPS-e.max ZirCAD with IPS e.max Ceram. Cores (N=36, N=12/group,
diameter: 10mm, thickness: 3mm) were fabricated according to the manufacturer’s instruction and cleaned with ultrasonic
cleaner. The veneer(diameter: 3mm, thickness: 2mm) were condensed in stainless steel mold and fired on to the core
materials. After firing, they were again ultrasonically cleaned and embedded in acrylic resin. The specimens were stored
in distilled water at 37°C for 1 week. The specimens were placed in a mounting jig and subjected to shear force in a
universal testing machine(Z020, Zwick, Germany). Load was applied at close to the core-veneer interface as possible with
crosshead speed of 1.00mm/min until failure. Average shear bond strengths(MPa) were analyzed with a one-way analysis
of variance and the Tukey test(a=.05). The failed specimens were examinated by scanning electron microscopy(JSM-6360,
JEOL, Japan). The pattern of failure was classified as cohesive in core, cohesive in veneer, mixed or adhesive.

Results: The mean shear bond strength(MPa+SD) were IPS e.max Press 32.85+6.75 MPa, IPS Empress 2 29.30+6.51
MPa, IPS e.max ZirCAD 28.10+4.28 MPa. IPS Empress 2, IPS e.max Press, IPS e.max ZirCAD were not significantly
different from each others. Scanning electron microscopy examination revealed that adhesive failure did not occur in any
all ceramic systems. IPS Empress 2 and IPS e.max Press exhibited cohesive failure in both the core and the veneer. IPS
e.max ZirCAD exhibited cohesive failure in veneer and mixed failure.

Key words: Bilayerd all ceramics, core-veneer interface, shear bond strength
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