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Adhesion between heat-pressed lithium disilicate
veneer and zirconia framework: Shear bond strength evaluation

Jae-Hong Kim

Department of Dental Laboratory Science, College of Health Science, Catholic University of Pusan

% H AJ39 EAL shear bond strength-S ©]-&3}9] pressed lithium disilicate A& =A<} zirconia core?)
A2 vlw BA45H= Zoltt. Zirconia blank(Zirtooth, HASS, Gangneung, Korea)ol Z+ pressed ceramic(IPS
e.max Zirpress, Vita PM9, GC Initial IQ, HASS Rosetta UP)o] A% A|HE AZSIATHN=40). AHEIH =S
vl F71517] Y8l The Schmitz-Schulmeyer test method& ©|-&313 1 AHEH T}35159] 7h& EA 4A=H

| 7HA AGAFAE gE 7] Bt vl YRAEA (one-way ANOVA)E B9 o] R0l 1L, Tukey?] AM-A7
= AASt] AR 71e] B o7t BAZHCE [okE AESHAth ® WY 3D £4E B5to] o1 #uE B
ofo], 1 Ty FAE EFSIE AdE AFEFEE IPS e.max Zirpress 16.69+3.11Mn, VITA PM9
14.21+3.63Ih, GC Initial 1Q 11.17+2.92ih, HASS Rosetta SM 27.90+5.71Mhe]% 2™, Lithium disilicate
ceramic veneer(HASS Rosetta SM)Q] A% & thE AEEHT 54X O E FosH H}tHp0.05). &, T
o] &8 B2 Ay nE A WA cohesive THE THHE R AT F2 adhesive®} cohesiver} o] Z3tH w3
Sgo] AFATG. B A AT 984 pressed lithium disilicate AZE=A7F 71Z&9] pressed to zirconia
system® 2 FHAEE HolF3]

II.

Abstract This study examined the shear bond strength between the zirconia core and pressed lithium
disilicate veneering ceramics. The Schmitz-Schulmeyer test method was used to investigate the
core-veneer shear bond strength of industrially manufactured zirconia core ceramic (Zirtooth, HASS,
Gangneung, Korea) and pressed veneer ceramic (IPS e.max Zirpress, Vita PM9, GC Initial 1Q, HASS
Rosetta SM) (N=40). Data were statistically analyzed using one-way ANOVA and Tukey's test (a=0.05). The
fractured surfaces of the specimens were examined to determine the failure pattern using a digital
microscope. The mean *+ SD shear bond strength in MPa were 16.69+3.11, 14.21+3.63, 11.17+£2.92, and
27.90+5.71 for IPS e.max Zirpress, VITA PM9, GC Initial IQ, and HASS Rosetta SM, respectively. The
average shear bond strength was largest for HASS Rosetta SM, followed by IPS e.max Zirpress, Vita PM9,
and GC Initial IQ(p<0.05). The digital microscopy examination of the fracture surface showed adhesive
and cohesive failure in pressed lithium disilicate veneering ceramics. The use of lithium disilicate veneer

ceramic produced a significantly higher shear bond strength.
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Table 1. Materials used in this study

CTE Lot.
Group Brand name 105K Manufacturer number
PS Ivoclar Vivadent,
> &.max 9.8 Schaan, R65678
Zirpress . .
Liechtenstein
Vita Zahnfabrik,
Pressed \1{)11\};]9\ 9.0 Bad Sackingen, 37230
ceramic Germany
GC nitial [Q 9.4 GC Europe. — gog307
Leuven, Belgium
Hass Rosetta 9.7 HASS, Gangneung, CFOGFJ
SM ’ Korea 199
Zirconia Zirtooth 108 HASS, Gangneung, N/A
Core Korea

Table 2. Composition of veneering porcelains(All in

wt %)
Compostio Brand name
0 IPS e.max VITA PMO GC TInitial HASS
Zirpress 1Q Rosetta SM
SiO2 57-62 62-67 63-68 71~85
ALO; 12-16 16-19 14-17 1~5
K20 2-4 6-8 9-13 -
NaxO 6-8 5-8 5-7 -
TiO2 - - {1 -
CeO2 - - 1 -
7rO; - - 1 -
CaO - - 0-1 -
B203 - 1-3 1-2 1~6
BaO - - 0-1 -
SnO2 - - - -
7ZnO - - - -

F 0.5-1 - - -
LiO; - - 1 10~15
PzOs 1-2 - - 2"5
SrO - - - -
MgO - - <1 -
FeO - - - -

Other
Oxides 0-6 B B 59
Pigments 0.2-0.9 Yes 0.1-3 0.1~2
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A% WL Schmitz Schulmeyer Method[Fig. 1]
& ARSIt ofo] WE AJHE A|Zslr] floto] X235
Yo} EE(Zirtooth, HASS, Gangneung, Korea)&
sintering furnace(Zirkonofen 600/V2, Zirkonzahn
GmbH, Gais, Italy)oll 2] full density®2 W= &, 4
9 saw(IsoMet 2000, Buehler, Dusseldorf,
Germany)g AMgSto] Zehfjo] Zo] 50mm, &
5.0mm, 181 0] 13.0mm9] T3t HFo] A=27
Yo} stR7xE AJHE A5t

5mm

5
Core mm

10mm

Veneer 3mm

N\

Fig. 1. Schematic Illustration of Schmitz Schulmeyer
Specimen.

Smm

2.3 M AIH K=

ZH|H zirconia AlHE Z°] 4.0mm, & 5.0mm, ¥
o] 3.0mm A$ZE wax-up(S-U-Gnatho-Ax Blue,
Schuler Den-tal, Ulm, Germany) 3tt}. 1 ¥ 3mm
7019 10 gauge AR FYAES Hol 200gram
investment ring(Silicone Ring, Ivoclar Vivadent,
Schaan, Liechtenstein) o]l XAt} T30 2 Q1
At 23 ojER(CALBRA-PRESS, PROTECHNO,
Vilamalla Girona, Spain) & oJ-&5}o] wj&sht, mj&
A7} g5 Programat P500 furnaceol go] Z+zf
o] A zI|ALe] FHof| E A4 AAE(Table 3]0 T

Z0] pressing techniqueE Z-&3tc}.

Table 3. Pressing Schedule for the Pressed Ceramics
Used in the Study

Vacuum

Heat up Start  Heat Rate Pressing
Brand name temperat temperat (°C per Temperat
ure ure Minute) ME ke (°0)
(Minute)
IPS emax g 700 60 15 910
Zirpress
VITA
PMO 850 700 50 20 1,000
ce fgmal 850 700 60 20 940
Hass 900 700 60 20 920
Rosetta SM
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2.4 HHEASLE A

Schmitz Shulmeyer MethodsE Z-&35}7] 93] &
HE AJHE Hg Z6E 0]&35to] universal testing
machine(OUT-05D, Oriental Corp, Gyenonggi-do,
Korea) o ZPAZIt}. Loade AJHO] AF=o] HagsH
E(wedge) & 53] veneer?} core?] A'Ho] cross-head
speed 0.5mm/min% veneer ceramic®] delamination®]
dojd wj7hA] HE3het AojR failureo] whHet
load #(N) & bonding® F%(mm?) 2= to] g

2= (mpa)E AT

A
A

25 SEMZ 0|8

Scanning Electron Microscopy(SEM: JSM-6701F,
JEOL, Tokyo, Japan)& AR5t platinum ZEHE Al
HO| H2he AW ISt 7 ceramicET zirconia
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9] area® qualitative analysiso}al

ATt

2.6 84 &4

E BAA E42 Statistical Package for Social
Sciences(SPSS 21.0, IBM SPSS, Chicago, USA)E At
&oiact. 23" gEel U s34 AR ES
Shapiro-wilk test® A4 HAASH 231} p=0.078
Holn, IF W p-valuex 0.05 o2& HAFAS 1
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glass ceramic?| AHATLE & Alolof] 2ol7t ¢l
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Tukey’s post-hoc analysisE ARSI

3. g+ 2

2ol Foje} g wA) 7o) W WA
= IPS emax Zirpress 16.69+3.11Mh, VITA PM9
14.21+3.634h, GC Initial 1Q 11.17£2.92)k, HASS
Rosetta SM 27.9045.71ihO.2 YEepdtt o9t 22 2
e EYZ 253 SAHHR one-way ANOVA test
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thehe AE7HES 7149t 47HA] AlEE 7Y A
o] /o] FAH o & ojugtA] £A4517] 95t Tukey
9] AFEEAS AFPSIITE ol I3 Levened] GEAF
ARL {958F 00642 =S|Iy B4 Ayl
ZirPress®} PM9, 183 GC Initial 1Q Ztofl&= 5AA
o2 Fogt ztol7} ATt FIH, B Aol A Aok
Rosetta SMZ YHA| A} Bdo] FAHCE FoJet
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Table 4. Shear bond strength comparison results

Brand name

(mean+SD)* P-
IPS e.max GC Initial ~HASS  value
Zirpress VA P 1Q Rosetta SM
Shear ¢ 6o+ 1421+ 1117+ 27.90%
bond a a a b 0.01
3.11 3.63 2.92 5.71
strength

*Same letters indicate statistically non-significant based on
Tukey’s multiple comparison

nE FFY AHE AoJolAl core WOl cohesive
oIl= TEEA] A 12719 A|HE § BHEoR
12.5% H% cohesive |7} Yebtal, 2 W2 ot
7 8L adhesive & cohesive”} Zo] Z¢= &

o] 87.5%= YEFHTHTable 5, Fig. 2I.

Table 5. Cohesive and adhesive fracture analysis

Brand name

Mean
IPS e.max GC Initial ~ HASS  Percent

Zirpress VAL, IR 1Q Rosetta SM  28€

) 2 1 1 2 o
Cohestve 1car  833%)  833%  (667%) 2%
Adh;j“'e 10 11 11 0 e
L (8333%)  91.67% (O1.67%  (83.33% 77

Cohesive

Adhesive & Cohesive
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Fig. 2. Observation and analysis using multi focus
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T g |z A23o} spRE 7Rk HAEAY
systemOl|A] AT Q] cohesive failure <, porcelain
chipping FEE& failure?] 33+ A FATH28]. ©]

TAE sidst] fIste] FAA ceramicE Tt 34 7
= 733t 7144 43S 7HA lithium disilicate”F A2
Fuo} sHEFR Qo A AmEA AEE|ojx]7] Azt
FAct. o] lithium disilicate® AFO0 =2 s3] 5
E0] 5% 71418 5 7= A Abdolth 1y
U oj714] Foje} AZAES] adhesion® Zo] 1E
oo} &}=H[29], 11 o]f+= Fojet AA=E F=27 7}
Az 529 2 717t 94 435l adhesion®] 3
As] 2 FFS vA]7] H&Eo|tH30]. wEbA pressed

technique= A8510] F2HH lithium disilicate veneer

gil

£ 7129 pressed to zirconia veneer? adhesion¥}
H|w BAgog2H 7|& pressed to zirconia system
9] gi9o = pressed lithium disilicate veneer to zirconia
cored 7hsdE AA ot
lithium metasilicate 2783} lithium disilicate 27
g Zototo] REHog AAshE Aleolt. o] AEjo
A& 7F5o] &olstal 718 & 5E0]| chipping H=
A ARt 7kgol 2 F 2435 A9 AdE A
AH FIZAE7L 360IhE 455HA ot o= S4EL
2 AREEE A4 =A(SF 100Ih), leucite-reinforced
glass ceramics(®F 160MXECH EA w2 Fo|tH21].

E Aol lithium disilicate veneer®} zirconia core

lithium disilicate
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=[31, 32/ R, A aPLEel Hrlof 1t
F|== HAPPHoE & dEA Qirh &gk o
iy A{H02 Ao AL 7hef AHo=
3t 9] AW 57

APG =2 lithium disilicate veneerQl Rosetta
M 7]Z pressed ceramic¥} H|W3dlo] AFs] =2 A
SEAFAE = 7= 22 & Yyt o]d & Fo]
9] AAAEE 7= Aol tigt o] f-2 HA 118 EHof
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ZAJo] 73st lithium disilicate crystallineg 71d
Rosetta UP°| 7P 3%t 23S Yehd 212 Ko
FOoEMN 7|E A+9 g R SiFeh 18x
A A" AHEY R3S FE AHAY
adhesive 9} veneering ceramict9] cohesive? %
golgich. oA Al APAEd
veneered to zirconia system2] I §331} JARGH
AIE HofFAeH29, 301

E dF39 Ao R AT @A HR-eEol
A ZAFEA] Z5F A, AIRE pressed ceramic AJ1H
0] AR FE=ZQ FEHE WFEA X Folth
Adhesiono] tHet & © FAFAQI Arkel LA H1 £
o] ®7] Hsixle 7 i e
HES ol8dto] /T8t £4

o] T 2AFE0] WY olok

mo, ool

o
3
=X
5

w rj;_\‘

o

2 1o

brush-applied

5.

my

=

E A= WA Schmitz-Schulmeyer testE S5
pressed lithium disilicate veneer’} 7]& pressed
gt ASAFLETt

o}ct. o]& v O R pressed

ceramic veneer®t} zirconia®l o

Bk 22 Hla 24



QAR &38| =5 2] #2138 A3E, 2020

tec

hinique®] 88 lithium disilicate”’} 7]&9

pressed to zirconia system®] HQt0Z2 AREE 4= Q1

r
=

(1]

(2]

(3]

4]

(5]

(0]

(7

8l

9l

2 Ak

References

H. De Backer, G. Van Maele, N. De Moor, L. Van Den
Berghe, “Long-term results of short-span versus
long-span fixed dental prostheses: An up to 20-year
retrospective  study’,  [International Journal of
Prosthodontics, Vol.21, No.1, pp.75-85, 2008.

DOI: https://doi.org/10.1016/80022-3913(08)60157-2

T.R. Walton, “An up to 15-Year Longitudinal Study of
515 Metal-Ceramic FPDs: Part 1. Outcome’
International Journal of Prosthodontics, Vol.15, No.5,
pp.439-445, 2002.

K. Tan, B. E. Pjetursson, N. P. Lang, E. S. Y. Chan , ‘A
systematic review of the survival and complication
rates of fixed partial dentures (FPDs) after an
observation period of at least 5 years - IIL
Conventional FPDs", Clinical Oral Implants Research,
Vol.15, No. 6, pp.654-666, 2004.

DOI: https://doi.org/10.1111/1.1600-0501.2004.01119.x

A. J. Raigrodski, “Contemporary materials and
technologies for all-ceramic fixed partial dentures: A
review of the literature”, Journal of Prosthetic
Dentistry, Vol.92, No.6, pp.557-562, 2004.

DOI: https://doi.org/10.1016/j.prosdent.2004.09.015

P. Baldissara, A. Llukacej, L. Ciocca, F. L. Valandro, R.
Scotti, “Translucency of zirconia copings made with
different CAD/CAM systems’, Journal of Prosthetic
Dentistry, Vol.104, No.1, pp.6-12, 2010.

DOI: https://doi.org/10.1016/S0022-3913(10)60086-8

C. H. Lim, Y. S. Jang, M. H. Lee, T. S. Bae, “Evaluation
of fracture strength for single crowns made of the
different types of lithium disilicate glass-ceramics”,
Odontology, 2019 Sep 28.

DOI: https://doi.org/10.1007/s10266-019-00460-4
[Epub ahead of print]

DOI: https://doi.org/10.1007/s10266-019-00460-4

E. Tsalouchou, M. J. Cattell, J. C. Knowles, P.
Pittayachawan, A. McDonald, ‘Fatigue and fracture
properties of yttria partially stabilized zirconia crown
systems’, Dental Materials, Vol.24, No.3, pp.308-318, 2008.
DOI: https://doi.org/10.1016/j.dental.2007.05.011

E. B. Goldin, N. W. Boyd, G. R. Goldstein, E. L.
Hittelman, V. P. Thompson, “Marginal fit of
leucite-glass pressable ceramic restorations and
ceramicpressed-to-metal restorations’, Journal of
Prosthetic Dentistry, Vol.93, No.2, pp.143-147, 2005.
DOI: https://doi.org/10.1016/j.prosdent.2004.10.023

J. E. Holden, G. R. Goldstein, E. L Hittelman, E. A.
Clark, “Comparison of the Marginal Fit of Pressable

340

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

[18]

(191

Ceramic to Metal Ceramic Restorations”, Journal of
Prosthodontics-Implant Esthetic and Reconstructive
Dentistry, Vol.18, No.8, pp.645-645, 2009.

DOI: https://doi.org/10.1111/i.1532-849X.2009.00497

H. Lithy, J. K. Dong, A. Wohlwend, P. E. Schirer,
“Bffects of veneering and glazing on the strength of
heat-pressed  ceramics”, 8SO, Vol.103, No.10,
pp.1257-1260, 1993.

G. Christensen, “PFM vs. Zirconia Restorations - How
Are They Comparing Clinically?”, Clinician's Report
CR Foundation, Vol.1, No.11, 2008.

B. Stawarczyk, M. Ozcan, M. Roos, A. Trottmann , L
Sailer, C. H. F. Hammerle, “Load-bearing capacity and
failure types of anterior zirconia crowns veneered
with overpressing and layering techniques”, Dental
Materials, Vol.27, No.10, pp.1045-1053, 2011.

DOI: https://doi.org/10.1016/j.dental.2011.07.006

J. E. Choi, J. N. Waddell, B. Torr, M. V. Swain, “Pressed
ceramics onto zirconia. Part 1: Comparison of
crystalline phases present, adhesion to a zirconia
system and flexural strength”, Dental Materials,
Vol.27, No.12, pp.1204-1212, 2011.

DOI: https://doi.org/10.1016/j.dental.2011.08.006

J. Fischer, B. Stawarzcyk, A. Trottmann, C. H. F.
Hammerle, “Impact of thermal misfit on shear
strength of veneering ceramic/zirconia composites’,
Dental Materials, Vol.25, No.4, pp.419-423. 20009.
DOI: https://doi.org/10.1016/j.dental.2008.09.003

B. Ohlmann, P. Rammelsberg, M. Schmitter, S.
Schwarz, O. Gabbert, “All-ceramic inlay-retained
fixed partial dentures: Preliminary results from a
clinical study”, Journal of Dentistry, Vol.36, No.9,
pp.692-696, 2008.

DOL: https://doi.org/10.1016/j.jdent.2008.04.017

E. A. Bonfante, B. Rafferty, R. A. Zavanelli, N. Silva, E.
D. Rekow, V. P. Thompson, “Thermal/mechanical
simulation and laboratory fatigue testing of an
alternative yttria tetragonal zirconia polycrystal
core-veneer all-ceramic layered crown design’,
European Journal of Oral Sciences, Vol.118, No.2,
pp.202-209, 2010.

DOL: https://doi.org/10.1111/1.1600-0722.2010.00724.x

B. W. Marchack, Y. Futatsuki, C. B. Marchack, S. N.
White, “Customization of milled zirconia copings for
all-ceramic crowns: A clinical report’, Journal of
Prosthetic Dentistry, Vol.99, No.3, pp.169-173, 2008.
DOI: https://doi.org/10.1016/80022-3913(08)00028-0

P. G. Coelho, N. R. Silva, E. A. Bonfante, P. C. Guess,
E. D. Rekow, V. P. Thompson, “Fatigue testing of two
porcelain-zirconia all-ceramic crown systems’, Dental
Materials, Vol.25, No.9, pp.1122-1127, 2009.

DOI: https://doi.org/10.1016/i.dental.2009.03.009

M. V. Swain, “Unstable cracking (chipping) of
veneering porcelain on all-ceramic dental crowns and
fixed partial dentures’, Acta Biomaterialia, Vol.5,
No.5, pp.1668-1677, 2009.




i oF

OAdgAclE AFeAet AzFYo} M2 AERTE F7t

[20]

(21]

[22]

(23]

[24]

(25]

[26]

(271

(28]

[29]

(301

DOL: https://doi.org/10.1016/j.actbio.2008.12.016

F. Beuer, J. Schweiger, M. Eichberger, H. F. Kappert,
W. Gernet, D. Edelhoff, “High-strength CAD/CAM-fabricated
veneering material sintered to zirconia copings - A
new fabrication mode for all-ceramic restorations”,
Dental Materials, Vol.25, No.1, pp.121-128, 2009.
DOI: https://doi.org/10.1016/j.dental.2008.04.019

M. Schmitter, M. Schweiger, D. Mueller, S. Rues S,
“Effect on in vitro fracture resistance of the technique
used to attach lithium disilicate ceramic veneer to
zirconia frameworks”, Dental Materials, Vol.30, No.2,
pp.122-130, 2014.

DOI: https://doi.org/10.1016/j.dental.2013.10.008

A. Baltzer, “All-ceramic single-tooth restorations:
Choosing the material to match the preparation - Preparing
the tooth to match the material”, Marerialgerechte
Préparation, Vol.11, No.3, pp.241-256, 2008.

L. Denry, J. A. Holloway, “Ceramics for dental applications:
A review”, Materials, Vol.3, No.1, pp.351-368, 2010.
DOI: https://doi.org/10.3390/ma3010351

E. P. Rocha, R. B. Anchieta, A. C. Freitas-Junior, E. O.
de Almeida, P. M. Cattaneo, C. C. Ko, “Mechanical
behavior of ceramic veneer in zirconia-based
restorations: A 3- dimensional finite element analysis
using microcomputed tomography data”, 7The Journal
of Prosthetic Dentistry, Vol.105, No.1, pp.14-20, 2011.
DOI: https://doi.org/10.1016/S0022-3913(10)60184-9

M. N. Aboushelib, N. de Jager, C. J. Kleverlaan, A. J.
Feilzer, “Microtensile bond strength of different components
of core veneered all-ceramic restorations’, Dental
Materials, Vol.21, No.10, pp.984-991, 2005.

DOI: https://doi.org/10.1016/j.dental.2005.03.01

M. Ishibe, A. J. Raigrodski, B. D. Flinn, K. H. Chung, C.
Spiekerman, R. R. Winter, “Shear bond strengths of
pressed and layered veneering ceramics to high-noble
alloy and zirconia cores”, The Journal of Prosthetic
Dentistry, Vol.106, No.1, pp.29-37, 2011.

DOI: https://doi.org/10.1016/S0022-3913(11)60090-5

M. N. Aboushelib, C. J. Kleverlaan, A. ]. Feilzer,
“Microtensile bond strength of different components
of core veneered all-ceramic restorations: Part II:
Zirconia veneering ceramics’, Dental Materials,
Vol.22, No.9, pp.857-863, 2006.

DOI: https://doi.org/10.1016/j.dental.2005.11.014

L. Sailer, A. Fehér, F. Filser, L. J. Gauckler, H. Liithy, C.
H. F. Himmerle, “Five-year clinical results of zirconia
frameworks for posterior fixed partial dentures”,
International Journal of Prosthodontics, Vol.20, No.4,
pp.383-388, 2007.

J. Teng, H. Wang, Y. Liao, X. Liang, “Evaluation of a
conditioning method to improve core-veneer bond
strength of zirconia restorations”, 7he Journal of
Prosthetic Dentistry, Vol.107, No.6, pp.380-387, 2012.
DOI: https://doi.org/10.1016/50022-3913(12)60095-X

P. C. Guess, A. Kulis, S. Witkowski, M. Wolkewitz, Y.

341

311

1321

(331

(34]

1351

136

1371

Zhang, J. R. Strub, “Shear bond strengths between
different zirconia cores and veneering ceramics and
their  susceptibility to thermocycling”, Dental
Materials, Vol.24, No.11, pp.1556-1567, 2008.

DOL: https://doi.org/10.1016/i.dental.2008.03.028

M. Diindar, M. Ozcan, B. Gokce, E. Comlekoglu , F.
Leite, L. F. Valandro, ‘Comparison of two bond
strength testing methodologies for bilayered all-ceramics”,
Dental Materials, Vol.23, No.5, pp.630-636, 2007.
DOL: https://doi.org/10.1016/j.dental.2006.05.004

R. G. Luthardt, O. Sandkuhl, B. Reitz, “Zirconia-TZP
and  alumina—advanced technologies for the
manufacturing of single crowns”, 7he European
Jjournal of prosthodontics and restorative dentistry,
Vol.7, No.4, pp.113-119, 1999.

I. A. Hammad, Y. F. Talic, “Designs of bond strength
tests for metal-ceramic complexes: Review of the
literature”, Journal of Prosthetic Dentistry, Vol.75,
No.6, pp.602-6085, 1996.

DOI: https://doi.org/10.1016/50022-3913(96)90244-9

K. J. Anusavice, P. H. Dehoff, C. W. Fairhurst,
“Comparative evaluation of ceramic-metal bond tests
using finite element stress analysis’, Journal of Dental
Research, Vol.59, No.3, pp.608-613, 1980.

M. De Kler, N. De Jager, M. Meegdes, J. M. Van Der
Zel, “Influence of thermal expansion mismatch and
fatigue loading on phase changes in porcelain
veneered Y-TZP zirconia discs”, Journal of Oral
Rehabilitation, Vol.34, No.11, pp.841-847, 2007.

DOIL: https://doi.org/10.1111/1.1365-2842.2006.01675.x

C. W. Fairhurst, K. J. Anusavice, R. D. Ringle, S. W.
Twiggs, “Porcelain-metal thermal compatibility”, Journal
of Dental Research, Vol.60, No.4, pp.815-819, 1981.

M. E. Cémlekoglu, M. Diindar, M. Ozcan, M. A. Giingor,
B. Gokce, C. Artung, “Evaluation of bond strength of
various margin ceramics to a zirconia ceramic’,
Journal of Dentistry, Vol.36, No.10, pp.822-827, 2008.
DOI: https://doi.org/10.1016/j.jdent.2008.05.019

Z(Jae-Hong Kim)
+ 20124 8¢ : wEristy Yuidy
o9l BAvsk )97 3AF (o]
SHAAT)

=1

+ 2014 8¢9 : sty guity
s B Avskl 2]9)7134% (°]

ShakAR)
20199 3¢¥ ~ &4 . AHEY
sty HAzslst X]7)gskat

A

@AlRop
g, ATALA, ATy, ot



