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ABSTRACT

This study is to evaluate the effect of thermocycling on the shear-bond strength between ceramic core
and veneering ceramic, Three kinds of ceramic system (ICE Zircon, IPS e max, and Lava Zirconia) were
used to prepare ceramic core-porcelain veneer system and NiCrMo bonding alloy(Dentarium, Germany)
were used to make metal ceramic system(MCS) as a control. 10 specimens per each experimental group
were fabricated according to the Schmitz-schulmeyer system. Prepared samples were put into the
thermocycling system(KD-TCS30, Kwangduk P A, Korea), The samples were circulated between 5°C and
55°C bath with the interval of 30 seconds, The times of circulation in this research are 20,000 and
50,000, respectively. The results of shear-bond strength showed that there was a significant difference
between thermocycled groups and non-thermocycled groups(P¢0.05). In group of non-thermocycled
groups, the values of MCS and ICE Zircon were significantly higher than those of IPS e max and Lava
Zirconia, However, on the condition of thermocycled groups, Lava only showed significant reduction of
bond stregnth with proportional to the circulation time(P{0.05) and other groups did not show any
significant ~ difference between conditions(P)0.05). In terms of failure mode of specimens, all
experimental groups showed combined failure mode including adhesive and cohesive failure, Therefore,
among three zirconia core materials, ICE Zircon indicated excellent shear-bond strength after 50000
thermocycling process and is expected to be one of more suitable combinatory system compared to
MCS system.
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1990t %W, tetragonal zirconia polycrystaloll 2]3}
of RRAo7 okASIH yitrium oxide(Y-TZP)7} X]3}<d
ool AFAYH FHS 95k o] ARE il
CAD/CAM 7]s& Edto] el A-&= k. 9] 43t
7] A (transformation  toughening) WHEdl|, A|2Fo}=

£ AFAlRbE Al=dlo) skl Haro] B4 e
A =JAeHTan %, 2004; Raigrodski, 2004; Guazzato
S, 2004). o] 7AA 54 whol, A2yl H&
W S Ar)e] SEsl7] whtell(Raigrodski, 2004;
Tinschert &, 2007) 44 ool AFAetedel AME
= & JtiSundh®} Sjogren, 2004).

WA Aol m2H, A23Yo} ARt 3o As
24 E2 S UERH A2l 729 shde
ol A7} A= B R] ekgkck(Sailer %, 2007; Feher %,
2006; Raigrodski %, 2000). veneerd|2}2]e] Zz}g]olu}
2 2ue e A2F3Yols o] 83t Aty &
2o 7 & A aclog dEiA gtk AzIdels
ol-&gt Mgty FEEA spde] MAES Tt
FEE vste vl =A depdthk(Sailer 5, 2007).
g Fol9} veneerAlole] Agto|u} veneerA|E A;
Ao AT o) 7)ze Azaole] ok F sht
ol 7] dEEol TaF AdTe FHGuazzao T,
2004).

245} Agudele] A3 AAe wA AAE 2,
YA Aol vzt s A3t aga F2 5459
sk Ak Atole] olef e Fatolztar delA
AcH(Anusavice, 2003). T4l et #lxlolut Alzbd] e
Agt Je= 547 MPa HEtn BE1uEo{YrHOzcans}t
Nidermeier, 2002), Zg]al 3}d 2o 25 MPaHt} &
B85 w5 Algtrtold] gk Aol JAE AL

>

Table 1, Materials used in this study

ErH(Craig?} Powers, 2002; 1SO 9693, 1999).

ae} AzzYole] that veneeringM|zbele] Ad 7]
Ao dA Bt} veneeringAl2bd] thal A==
Yol Fojo] Zg Aol theh ZAbe] wEw, mA7|AIA
BEAE A gls Wb ofuzl ARARbY] soje}
veneerA| & Alolo] ZAdt A= Zro] digk ALg 713
AE7F A glar, AFelx] AREEE ARARPE A
52| Foj/veneer F-2Hol| tJst ARE A= At A
s EAEHA] et

3 @ =Yoo}l Fojveneerd AF 7ol
32 v)F e QolorE JAE fAd 9
T oo W whrE], EAre Fxste] g
ol 89, FoveneerdPWe FxA Aol
(Isgro 5, 2003).
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Aol vA= JFe Hrlstaat s
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1. 97 "ME

AR A AFEOZ ICE Zircon(Zirkonzahn®, Ttaly),

Core Veneerin Veneering
System Code Composition Company temperature ng temperature CTE
¢ C) ceramic Q)
. Ni 61%,Cr 26%, Mo11%, . 6 1
Metal-Ceramic MCS S. Fe. Co. Ce DENTAURUM 1350 D.sign 140 X 10°K
D.sign Si0,, ALOs, other oxides Ivoclar 870 126 X 109K
, Zirconia , ® 6 1
|CE Zircon ICE (Zr0y/Ms0/Giass) Zirkonzahn 1500 emax ceram 96 X 107Kk
IPS e max ceram Si0,, ALOs, other oxides Ivoclar 750 95 X 105k’
Lava zirconia Lava Z&cigr;;a 3M 1500 emax ceram 100 X 10k
IPS e max ceram S0y, AlOs, other oxides Ivoclar 750 95 X 10%”
IPS emax Press  emax Lithium disfilicate Ivoclar 925 emax ceram 105 X 109K

(LioSioOs)
IPS e max ceram

S0y, AlbOs, other oxides [voclar

750 695 X 108k
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IPS e max(Ivoclar, Leichtenstein), Lava Zircoina(3M,
US.A)E ARBSIlon, dxzoss Ni-GAlol 54
Aetelg ¥|HTSE P (Dentaurum, Germany)S ARE-
skt veneeringMlEt] o2 F&AlRFY Folle= D.sign
& AR, AR E2 e max ceramE ARES)

¢t} (Table 1).

2, 97
1) 5 28 M

B A AME F 2y Fojo] AL Schmitz-
chulmeyere] ®W2lo w2} Zo] 5.0 mm, Ho| 5.4 mm,
Folx 13.0 mmz AEten 7 w3 10709 AlH
S AZsdck(Petra 5, 2008) (Figure 1),

F[N]
imm
13 mm
lcore veneer s4mm
5mm 4 mm

d=0.1mm

Figure 1, Schematic diagram of Schmitz Schulmeyer method,
Arrow indicate the direction load application aduring shear
bond testing,

2 =5 M=t =25 M

U Z27e Ni-CrAle] F4:(Remanium®, DENTAURUM,
Germany)& AFE38F metal-ceramic(MCS)o|t},  Type 1
inlay wax(GC, Japan)Z Z°] 5.0 mm, Yo| 5.4 mm,
Fole 13.0 mme] FolS A e wiEAR]
Univest Plus(Metalor, Switzerland) 150 gol] A& < 36
mie] BlgE G0E AT £F T SR 1 ARE Fol
23S Al miEAE AR Ya AN H
AFRte] £ 5CH 2EE Eo] 250°CollA 3023t A

FAZIAL, oAl 2% ST 255 5o 850°CellA 3021t
AFAZ, 28kd J& A7AYHE F2719 Super
Cascom(KDF, Japan)22 FZ3kith, Auyst & wiEAlE
AAsFITE. AE Fojoll D-sign(Ivoclar, Lichtenstein)
A2 opaqueZ 0.3 mm EXE3FICH A2 Aol AolAs
Zo] 4,0 mm, Yo] 5.4 mm, =°|= 3.0 mm(Figure 1)
of BtFo] 870°C oA AAdatqlrt. dobd AMgbo]
e v S oAl FAske] 870°ColA] S &
830°CollA] glazing 3}3ic}.

B3

o

3) ICE g Aol 2= HAtnH

710, AJ5-2] green stage®] ICE Zircon B2-& H2}s}h
o AzARe] AAlel| whEl 24 AFR oA 20°ColA
1500°C7HA] 3AITE B9t 25 451§ 1500°CollA]
2RE B} £EE FA3e] Zokd A S 94
H Fojo| zirliner(voclar, Lichtenstein)E Z=¥3F &
960°CollA] 248k - e max ceram(Ivoclar, Lichtenstein)
A2 Aol Aolds Zo] 4.0 mm, WOl 5.4 mm, %]
+ 3.0 mm(Figure 1)of] Bt3ro] 750°C oA AAJSiTt.
Bobd Aielol 4@ wael e th skl

750°CollA] 248k 3 725°CollA] glazing3}SITh,

4) Lava Zirconia SystemZ 0|E8 2 Mzl2l 22
SRS B

Lava systeme Z1O, AJ%9] green stage®] A2}
& Aatete], 1500°Cellx 8AIRE A/dskelrh. ¢Hdd
Fold| zir-liner(Ivoclar, Lichtenstein)E =X3F & 960°C
ol A2A8E & e max ceram(Ivoclar, Lichtenstein) A2
Aol Aobds Aol 4.0 mm, Hol 5.4 mm, Eol=
3.0 mm(Figure 1)efl S0} 750°CellM 2/dsklet. 4
obd Algpo] F535k whFe] ok thr] FA4dste] 750°C
oA AAd3F & 725°CollA glazing 3}SIT}.

ilud

;

5) IPS emax systemS 0|28t 2 Mzjel 22
H 2o

IPS e.max system< lost wax processE ©]-&3F Z1 o0&
Zo] 5.0 mm, K| 5.4 mm, Fol= 13.0 mm7} HEE
z22tg & 5 viEdg ZIAF A, wEA
(PressVEST Speed, Ivoclar/Lichtenstein) & AF&3}S3=],
A o, S, vieA BEe] EREES 32 ml ¢ 22 ml
1200 g o] HEF % AS3 6023t ¥ Eqste]

jE3HoITE 458 T 850°CollA] 1AZE F A8kl S
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2ok AFAZ & lithium disilicate AJ2-2] MO1 F3&
Press furnace(IPS e max Press EP5000 press furnace,
Ivoclar/Lichtenstein) @] layering®& $J3F T2 a1dg X
gste], 700°C7HA] et & A%E T HEE 9
A7) F39} alox plungerE wjEA| ol €al 925°Col
A 1583 719kt 718§ wlEAlE astRelA 7
W AMYst & 50 ume] glass bead(Shofu Co,, Japan)<
ol-g3te] FETIEHRE viEAE AASI. ¢dE Al
2 ZFE 1% 928N (Invex liquid, Ivoclar/
Lichtenstein)ol] 10%3F @7} ofi-o] vjEAE AAS &
=G| FAZE 0.5 mrt HE=S 2Aslt 44 =
o]o] e.max ceram(Ivoclar, Lichtenstein) A2 AiAFe] At
obdS o] 4,0 mm, Yol 54 mm, == 3.0 mm
(Figure 1)o] @30} 750°C oM 2AJ8Hqict. Aol Al
ghejo] FE35k whge] ok Al FAdste] 750°CellA 4
Agt 3 725°Col|A] glazing 3}SITh,

6) & ==t 2|

Thermocycling  system(KD-TCS30, Gwangdeok P.A,
Korea)S o]gate] 78zt 5°Ce} 55°Co) &&= 13]3 30%
A R 20,0008)2} 50,0003]¢] & <8-S A&ESITt.

d £3o] B AEES wAE gzles x| sl
WS A8 71(Z020, Zwick, Ulm, Germany)E AR&3}e] 5
mm/min®] crosshead speed2 ATGEIALEE =739
tHFigure 2).,

8) mpE et ot

FAPAAEARZH(JSM 6360, JEOL, Tokyo, Japan)& ©]&
ste] 15u)EolA] FEgSS S

9) S4IE4

SPSS Ver, 12,0(SPSS GmbH, Munich, Germany)< ©]&
stol & &3 A Fo ADEFIEE one-way
ANOVAZ #43}31, Duncan's multiple range test (&
=0.05)%2 AF-HgS st

Loading

4

Acrylicresin

Veneer porcelain

core

Figure 2. Universal testing machine showing shear bond
strength test

1. HoEgds

A wghol| ofgt FEAlRbS ARl o] A A
JEE one-way ANOVAR #2813 Duncan's multiple
range test (e=0.05)2 AMFARES Ale 23, ddd
A= o £3AF 20,0003 50,0003 G 3 +
oldl= fFoab7t UERHTHP(0.05). @ &% A
MCS9} ICE7} e.max$} Lava®th 94 A =&
AYEE YERSTHP(0.05). 20,0008 4 £33}
43k HoAE MCS, e.max, ICE 52814 wre Aok
PIEE HaL(P(0.05), Lavat RS HolA| ok
th(P)0.05). 50,0008] & 3 3 4 3 HollMe
RE TR AT el WAl JERTHP0.05).
20,0008]¢} 50,0008]9] & =EolAE MCS9} Lavae] 7
S 4 £ 357 ERE Fod A Aas)
FAL(P0.05), T TollX= oAbt fIITHP)0.05).

MCsellx @ w8k 357 S s A et
FrofahAl A2sekP(0.05). FEAlER] Hollie e max,
ICE #oA € <8 drgt 4 £82 Adss o

o
U
e oo >

ok



dd0| 2 : & =&

FrofsiAl ATt A8k oWk (P0.05), 20,0003] 9}
50,0008] Atolellxls= FeJxk7F §IATHP)0.05). Lava:

dAre= d =8 At 20,0003 AFEE oAM= el
A1 2HPY0.05), 50,0003 A FoME FrolsH
e A AAEE BHYrHP(0.05)(Figure 3).

00 ®@20000 w®@50000

30 Bb ap Ca ga
25 Bb
13

10

5

0

e.max Lava

Shear bond strength(MPa)
5]

Figure 3, Shear bond strength of metal ceramic system
and all ceramic system The same uppercase letters were
not significantly diifferent within the same thermocycled groups,
The same lowercase letters were not significantly diifferent
within the same ceramic system by one way ANOVA at «
=005

2, oEYd

MCSOM+= BEE oAl metal, opaque, veneeringAl
2ha] Afo]ofA
e.max S} veneeringAl2ke] Alo]olA]
ERtom) Lava, ICE FolME
veneeringAH2ha] Afo]ofA]

2qhdo] webdth, cmax ol
wgpsi o] 1}
zirconia &9, zirliner,

Evbdo] veRith(Figure 4).

Figure 4. Representative failure mode image by scanning
electron microscopic observation at x 15, a . MCS, b: ICE,
¢ Lava, d: emax,

*r veneering ceramic, # : All ceramic master dle,

¢ . opaque . metal master die.
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A Ee AR Bl AdEe] Esol
A Sl Aol & AR Akl dast
FEel FEATARE Agstel Age FuEe A
4% ) ol AmEel 54 @ £ AHAY
Heg A sl

AVARIEE SAT A3 A B2 ARF 23
ABIA ke AeloAe feldt Aolt gt

S8 AYIA e Mcsww M g Awd

o
bl

(31.7 MPa)7} WrebstTh Al g <Az
e 4 e g 2 Aol =
ANE7} veneeringMeb @ A2 3o} FoAE 71
3 7o) e el Jleldekn ¥ 4 Qe 344
S AW A AP 34 A, olee] Fa
B ge A 8% APl FH 4TE = W
(Mackert %, 1988; Schweitzer %, 2005) A2 o}
A= veneering Algte}o] Agsh= 7|AIA] 71 of
2 £A 9o, veneering Al A|2suo} Fof
of Aol gt A7+E Edi=, vAg 7A dsat
82 7P fPoltk(Stephan, 1996). YAd FLE T
wollde 271 At AAelM Al AstEe das
Shetal Q7] ol o] FaellA FEl Asfrto] v
woh S&AR FE=e e FE ASh o)
w53 Apatolola o] Agteo] Fasit), whef 413}
Fol AP FAY GRS AT Al el
A3 e Aol ofsfd Zlolt, Iz =
K

. 2 = oo e
l;)l

H:lm

St 3 AEE V1A ATS WelE Zlo)7] wiil
w3 kst vlsjof Vf}

27 Al de] 55l o5t A= Aol wet
Hals Hogr Azt 30%9} veneering#l2he] o] &
Aol s vAH, ERWIAFCIE) Aol <l
3 Adke-go] ke Aslo] AIE sk

d 5o MCswellxe d w3 S5t S
FE AR AAEY ol E 4
w4 019} veneeringAlRt o] BRG] 2fol=(Table
Delgt Ackgge] oz Ateo] 7hasiad Zlo
2 AZEY, veneeringAleba o] AT w&HE
S whEo] §FE-8-go] WAstolop At o] T} =
& Alekele] AWAAF(CIE)RI)E 1 X 10%/°Co]
171 =ojob stk (Kwak 5, 2010). ICES} e maxoAE
7] AREE wekout, @ w89 357t sl

Aol 2ok @itk 1 olf= ARAEkY
o]9} veneeringAMletElAto] ] %%%ﬁl—r/l ztol7h 1
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Table 2, Results of shear bond strength of metal ceramic system and all ceramic system by one-way ANOVA

Source of variance

Between group 1302422
Shear bond strength Within group 828 807
Total 2131230

Sum of squares

df Mean square F P
1 118,402 15,429 000
108 7674

119

7] wEolgta YztEck(Tablel).

o]A2] 7oA Dundar(2005)F F-veneeringA|z}
9] AlzElol dFo R AMSTFsdE A AR At
23-41 Mpagtil H18}3L Al-Dohan(2004)-2 At A%
A=) 22-31 Mpaghal HaskQlh o] oA EE
At oo kel theh veneeringAlzba] o] Atk
At == ICE 28,32 MPa, lava 24,26 MPa, e max
24.31 MPa,2 ol A7e] ZAve} 2 W9l g o
ERIZIEh. 22]3 Al-Dohan(2004)2] dtolAlel 2o] o]
W odAFe] A= A=3Yol aFH 54 IF Akl
[t A A A= greld feldk zolrt des o
BRI o] Azte] APl AT A, W, &4k 7]
£ s, Tkl B4 M2 o B4 5o U
gk a2lol 71913 5 Ut

odd HEE A Alrb 22 A4 =49 9
o =g T EARe] $A], 27,

SEM 7= AZ2suotel gzt 2EolA venee-
ringAlekel o] sphdo] o DA AFEHUEAE HoFET
w&AE S A23o} 2Felx e B 3 FHEl=
3}do] veneeringAl2b oA A|ZHItH= Aol veneering
Albelel Z1AIARl &4 e YERIY 7|=9)
veneer®] UlF A2 dpde] AR HOR ofojd &
Act(Kelly &, 1990). W2hA] veneeringAlet o] A5
(layering), &4, EHEA], dnfel 2 Az 7|&e )
¥ 83 HHo|t}, E3 veneeringHletH o] A3t A
ot #AHH veneeringMEhe Y] s FEE FHY
FH AAQ40tHQuinn &, 2003). £ AFelA MCS
oAM= BE oA metal, opaque, veneeringAgts] A}
oAl Hubdo] YERITE e max woAE emax &
g7 veneeringAlzte] AlololA] Bgubdo] yEeRgomH,
Lava, ICEs#o|A+= zirconia £, zir-liner, veneeringA
2h] Atolold Fubdo] UEhdth F= AWl 9
A& veneeringAlete] Wolxe] SF#ES 2% 71X
o HEdhs AZ3Yol Fo|2HE veneer’} gk F

o7 "ol yEPde thE A A E vl

7Vsskal, s Foj/veneerAHol 2 Yehdtt
(Studart -5, 2007). °|ZL F 7HA WAHeE &4 Tk
stk AA, e 3Pl AFske AlZaole
549 Sk B4, 5 Aole] shde FriHoR A
2o} 310]9] veneeringAleb ol gk Aol oFgh
A} Aol d& FE Ut} ol AFAFHES W
Q) Avks #EE ARARFe AlZElo] veneeringAl2k
o] o] Fxo] I #bd Wrkes e 240E &
MAE 84S THEL gk 270 AeAE APES

R o=
7FA3L rh= Ao|thAboushelib &, 2006). A AT
o)A gl AW A sbde] A wiAUES Ll
2 S0 ¢, o B2 2APE Fesith sbdE 544
gy R dAn|dd #AR BE BRAM F& FE
of ol At P FEE B S,
veneeringHlgt]o] F&o] Fo] Qe AL & F Stk
wéAE] dizre] AR SxTd g EeA

o]de] AFoM= FYg vlo|th(White %, 2005).

WA og FIHARl 2 882 Eat33t veneering
Akl el FAL Al 32o] veneeringZo] 77 H|
E=2 Qlete] dF EAddA wel w tE 23 2
=0 7AW A2 Ak AlEe] 3 72E o 4
shohar delA] glar, AAs] 27RRE AEAIA Axelle
T4 W obselr B3 Al Algty FEEe] 9
= oplgitt. wEbA Al QoA ol B HAd
A9l w3l e 2FsE d 8 A8 77l
w25 o HrlEckAboushelib 5, 2006; Dundar 5,
2007; Luthardt 5, 1999).

o] Ao AL, FAE o] 2o& oF
FAlebE FEo] XHg FEES A FHE tE
k= AL ofyAt A A=

LT

[*]

= j= =
Fojel 5o ARl A2 7he] HHe Aw A
BT % 3 Folx 2

L
rlo
ne
9,
N
~
82
30,
N
e
A
ot
>
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Lavas S| 1ol SIEHPYOL

3.50,0003] o <ot A <=8 ﬂﬂHL BE R
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