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ABSTRACT

The incidence of repeated forces during chewing results in stress concentration, and thermal variations
induce fatigue of the materials themselves and/ or the interface between them,

This study was to evaluate the effect of thermo and mechanical cycling on the fracture resistance
between ceramic core and veneering ceramic, Four kinds of ceramic system (ICE Zircon, IPS e max, Z
match, and Lava Zirconia) were used to prepare ceramic core-porcelain veneer system and NiCrMo
bonding alloy (Dentarium, Germany) was used to make metal ceramic system (MCS) as a control. We
fabricated metal master die with upper diameter of 7,95 mm, bottom diameter of 9.00 mm, height of
5.00 mm, and taper of 6", The thickness of metal coping was 0.3 mm, while those of the ceramic
copings of all ceramic crowns were 0.5 mm. By adding dentin and enamel ceramics on each coping,
crowns with total occlusal thickness of 1.5 mm were fabricated, The specimens were submitted to
20,000 thermal cycles between 5T and 55C with a dwelling time of 30 seconds. Mechanical cycling
loaded 16,000 cycles under 20N lode. Fracture resistances were measured by a universal testing
machine (2020, Zwick, Germany) with a crosshead speed of 1 mm/min, The fracture resistance was
analyzed using a one-way ANOVA followed by Tukey HSD test at @=0.05. The results of fracture
resistance of MCS and Lava Zirconia were significantly greater than the other groups (p{0.05). The
failure modes of e.max were cohesive failures within ceramic coping and those of ICE Zircon, Z match,
and Lava Zirconia were adhesive failures between ceramic coping and veneering ceramic. MCS showed
mainly adhesive failures between metal coping and veneering ceramic,
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AR A APEOZ ICE Zircon (ICE, Zirkonzahn®,
Italy), IPS e max (e.max, Ivoclar, Leichtenstein), Lava
3M, US.A.),
match, Dentiam, Korea)& ARE3}¢oH, ZFo=2=
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2 F&AlFY #elE Dsigng ARSI, ARAlRbY
e e max ceram¥ Lava cerame ARE3FSIT) (Table 1).

Zircoina (Lava, 7 match Zirconia (Z



258 9 - & =& AN =go| M2t Fo-=xf BiLo{] ke Mol ojxls g 273

Table 1, Materials used in this study

» Core Veneering Veneering
System Code Composition Company tempoerature ceramic temp:erature
(0 ()
Metal-Ceramic MCS  Ni 61%,Cr 26%, Mo11%, Si, Fe, Co, Ce DENTAURUM 1350 D.sign
D.sign Si0,, AlOs, other oxides Ivoclar 870
ICE Zircon ICE Zirconia (ZrOo/Al,0s/Glass) Zirkonzahn® 1500 e.max ceram
IPS e max ceram SiO,, AlbOs, other oxides Ivoclar 750
Lava zirconia Lava  Zirconia (ZrO,) 3M 1500
Lava ceram SiO,, AlOs, other oxides 3M Lava ceram 810
IPS e max Press emax  Lithium distilicate (LizSiOs) Ivoclar 925 emax ceram
IPS e max ceram SiO,, AlbQOs, other oxides Ivoclar 750
Z match Zma  Zrconia (ZrOy) Dentaim 1600 e.max ceram
IPS e max ceram SiO,, AlOs, other oxides Ivoclar 750
2 0§71 Hitd 7N AR SckFigure 1),
1) &% Co| M%) 2) 2 Mafal Mzt
T2 N-GAl®] FS(DENTAURUM)S  AREEH

T

5.00 mm

|'_ 9.00 mm _‘|

10,93 mumn

9.00 mm

10.93 min

(b)

Figure 1, Schematic drawing of the metal master die made
of stainess steel,

B 280 AR-H TS5 (stainless steel, AISI type 303,
Korea) thol= SUH 27 7.95mm, o} 27 9.00mm,
9] 5.00mm, 6C2 taperE 7HAEE dfo] ZF 9 10

metal-ceramic(MCS)©|t}, Type 1 inlay wax(GC, Japan)Z
2ol 5.0 mm, Hel 5.4 mm, ¥ol= 13.0 mme| oS
olakedA Tk wijEAfe]l Univest Plus (Metalor, Swi-
zerland) 150 goll 28 o 36 mlo] HEE 607t
3 F viEstar 1 AR Foll 282 AlsErt
AE L8Rl Ya H2FY ARkste B3 5CH
£ £ 250°CellA 3023 AFATIL, A #F 5
=5 ¥o] 850°CAN 3023 AFAIFT A%
A719keE Fx7]91 Super Cascom (KDF, Japan)o&
ztdek. Ads $ wiEAlE AlASI $HdE 320
o D-sign (Ivoclar) A2 opaqueE 0.3 mm =3¥3}ST}
A2 Aol AolEg 1.5 mme] FAR 870°CollA AAds)
et dobd Aletelo] =3t nhEe] s T Sk
870°CollM] 2233k & 830°Col| glazing d}F3itHFigure 2).

o 2 X
o 1% (1 mjg o

Q

o,

il

3) ICE M& M2f2) Hatnp

710, A3%-9] green stage?] ICE Zircon B35 ZH2kslo]
AzAre] AAlel wep A 2R oM 200CelA
1500°C7HA] 3AIRE B9F 258 ARl F 1500°CollA]
2ARE B 2EE frAlste] FojE AlE kit S
Fold| zirliner (Ivoclar)E EF3F & 960°CollA] AAJ3H
3 emax ceram (Ivoclar) A2 Aol AbolzS 1.5 mm
of FAR 750°ColM Adatqict. Aotk Algto] 5
g el s tA EAEt 750°ColM e ¥
725°CollA glazingd}tH(Figure 2).
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Figure 2, Completed specimens seated on metal master dies

4) Lava Zrconia System2 0|8t ME A2f2! =

o

Lava system T4 Thol& 2708 & 70, A9
green stage?] Mgty E55 AAlste] 1500°ColA] 8AIZE
28 & 3ole] FAPE 0.5 mmrt HES 24 59
o} el F3F 9ol veneering Al2F]¢l Lava ceram
(3M) A2 AFel JobEs 810°ColN g & FEgt
o] & dobd Al o]8ste] FAdskal 810°Coll
A 2gg F 790°CollM glazing sFIC. Alebe] o] Wl
el T 1.5 mrt HEE AZeFirhFigure 2).

5) IPS emax systemZ 0|&st M2 M2|2! M=y

IPS emax system< lost wax processE ©]83F Zo &2
218 tholo] T} 05 mor HES 24e @ F
W 714%] SAAZT THEAI PressVEST Speed,
Ivoclar/Lichtenstein)Z ARE3le] | ZAFe] A|A]o] w2}
jEEkgITh 4582 ol 850°ColA] 1A F &gkl 5
B Zot AFAZ] £ lithium disilicate A2-¢] MO1 FH&
Press furnace (IPS e.max Press EP5000 press furnace,
Ivoclar/Lichtenstein)®] layering#< 3+ Tz a3e XA
gate], 700°C7HA] o dst § A%E Sl JEHS $A
AlZ]1aL F39} alox plungerS wEAS] ¥l 925°ColA
15%3F 7Rkt 78§ wlEAlE ASRdX 7AW
AWyl & 50 um¢] glass bead (Shofu Co,, Japan)= 9]
g3ato] sESAEHZE vEAE AASE 2 " Al
2 FoE %o AR (Invex liquid, Ivoclar/
Lichtenstein)oll 10%7F &7} o&29] vjEAS A|AS &
Folo] FAZF 0.5 mmrt HEE 2SI Y =2
o]o] e.max ceram (Ivoclar) A2 MAre] Aol 750°C
A ek & FES wFe] Algels o]83ste] 438t

3L 750°CollA] AAJEE B 725°CollA] glazing 3FITh A2k

v we wadel T 15 movh Hws sk
(Figure 2).

6) Z-match systemS 0|23t ME M2l X 2A

Z-match system 5 tho]E A8 & 710, &2
green staged] A2t B2 Arlsla] 1600°CollA 124
7+ 228 3 F0]e] FAPL 0.5 mt HEE 23 3
gt A" FZo] Yoll veneering AlEFHQl e max
ceram (Ivoclar) A2 Age] ZJopdS 750°Colx /e
5 23 W2 G2 Yol Aekele olgske] 45
I 750°ColA] 2483 3 730°CollM] glazing 3kdeh Al
g Fo] w3PEe] FAE= 1.5 mwt HeE Askeict
(Figure 2),
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7) 25CHo|e| atEt
B AAS ApF AEEY GRIAHERely-X Unicem,
3M, U.S.A)E olgsdte] ket & 37°Ce SRSl 24

Thermocycling system (KD-TCS30, Gwangdeok P.A.,
Korea)& o83l 77k 5°cel 55°Cel 22 139 30
Z4 g 20,0008 @ oS AlFEI.

9) = 3= Al

A S AIFYE AlELS v F5S vIsh] SlE Al
2ol ARt AtEs FEsty] El vk sk T1E ol
Bate] Ajote] A& WAoo R s Thekalrk Al
71% At Zgak= 72 30 psi ofsto|BE HHs
s5719] slsg 30 psi 2 AAsItkPicton, 1974) 3
Foll 4 AARE A9 HAL Ale] xRpo =z Qlgh x|o}e]
AE 35 1,8003], dstE gk Aol HE 3l4e
303]olct, LEjar AA} 9 <dste] g F 4003,
7 A 803]o]ln R ahFe o= Aoke] HEFL 2310
3]o]tH(Graf H, 1969). A 455 742 HAs}te] 1Hz
o] EL 7 16,0003]9] 2L 7lEeE AAsIIrHPark
= 2012).

10) 714X 42 &5F

S WA 7)(Z020, Zwick, Ulm, Germany)E A}
g3te] £z WEkoZ 1 mm/min®] crosshead speed2
3 eSSk Figure 3).
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Figure 3, Universal testing machine showing fracture resistance
test

1) Thzerat B)

FAPARAR H(JSM 6360, JEOL, Tokyo, Japan)Z 9]
2810] suhgol shaoe AT

12) SAEM

SPSS Ver. 12.0 (SPSS GmibH, Munich, Germany)2 o}&
ste] & et 71 v2Fe] 3 43S one-way

ANOVARE #A3}31, Tukey HSD test® AFEHAAS A|F
3F9ITH(2=0.05).

2 3
1. T R

9 o A AAE A, T 9d ARe
one-way ANOVAE #2313l Tukey HSD test® AlS-7]
A AR A, o =83 A HEAE A, 79
S7HA] Are] s Adde MCs7h g Al dERd
vl A ol wlEl] frojd Al E3EeukP0.05),
Lavadbe folxb7b QIIThP)0.05). ZHzhe] A8 FollA
A gt 7IAA BRAIR A, 3] 3P e restE
WAg A, emax oA frold Al Sk
(P€0.05), 02 ol Feake HolA| ed3kth(P)0.05)
(Figure 4).

MCSOlM:=  veneering Al2tele] Fubdy} <43
opaque Abolollx] Hatualdo] UERTE e max T oX&
SHudo] YeRto ICE, Zma, lava & oA+ core

O before thermal and mechanical cycling
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Figure 4. Fracture resistance of metal ceramic system and all ceramic system, The same
uppercase letters were not significantly different within the same before thermal and mechanical
cycling groups, The same lowercase letters were not Significantly different within the same after
thermal and mechanical cycling groups by one way ANOVA at « =005,

“* means significant difference between before and after thermal and mechanical cycling

according to t-test
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Table 2, Failure modes classified by the depth of propagation of the fracture line

F1  Mixed
F2  Adhesive failure at the core/veneering interface
F3  Cohesive failure in core

MCS €.max Lava ICE Zma
20 0 0 0
0 4 5 6
18 16 15 14

o} veneering Afolelld] Fabd gt o] Wellx] &
Asho] b,

(a)

(b)

Figure 5, Representative failure images of emax (a) and MCS
(b) by scanning electron microscopic observation at x8, (a)
cohesive failure in core, (b) cohesive faiure in veneering
ceramic and adhesive failure at the opaque/metal interface
cohesive failure in core

* ! veneering ceramic, % . metal master dle,

® . Opaque, # : core ceramic

(a)

(b)

Figure 6, Representative failure images of ICE Zma, Lava
systems by scanning electron microscopic obser- vation at
x8 (a) cohesive failure in core (b) adhesive failure at the
core/veneering Iinterface

* I veneering ceramic, # . core cerarmic,

* : melal master die
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714 skl 7kl A4S Ajte] Asterk= Aol g ﬁl
CHMorena R &, 1980). HIE G5714 &4 =z5A|
e A2 Alse] Awd vlgte SAKCE & Aol
filont, o] e BE AHdweN EF7H @49
259 ol thgh Ago] TasE AdE Bt

B AFgA MCSolME EE TollA metal, opaque,
veneeringM2b2] Afelellx] Eftubdo] UfERHTE e max
T oAM= $HIAEe] Yeptow ICE, Zma, lava
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oA core9} veneering Atelellx] H2ubd Qg Fof
Welld gbde] vYepdr MCSE veneering Alebe]
ANt b Al wWkaL, ohe AN Aleb Fole
oA gdo] HYHE HESHE A=23Yol FojER
H veneer7} §FE FOoF Wolx= st thE A
o] AiolMe vlarbsatal, oA 50/ veneer
AellA 2 YepdthStudart &, 2007),

o] 79| AL, wteel oJgt Ao} A==
e ek g A, Atk 22 2=
d F3e 2=, VA ukEElE sheo] RHeR
iR 74 e s AdsHA XEez A
Hqgat7lole AL AARE & o B2 A7t A%
o]Fol#o}k & Aot}

w4 A vlastels w, d 3 JE%
23o} Foje} Agslh= Ak 2t %
2 BE Adwe]l 7 o wEes 83
T e AEE 7 AR AnAgEt 5 A o)

i=
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L2 o o

4 £

1L & g 7IA SEAE A, 39 7k AR
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2. Z¥7ke] Aq ol @ &g T1AE f2AIE A,
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TS HolA] e3kek(P)0.05).
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M= Fabdoe] YeltoH, ICE, Zma, Lava & oA
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