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ABSTRACT

Introduction: The long-term durability of the resin-ceramic bond is of
importance to the longevity of the indirect ceramic inlay. Evidence of loss of adhesion after
cementation was occasionally found. There were several causes of bond failure such as poor
operator technique, saliva contamination and the deficiency of surface treatment technique.
Besides, the presence of saliva, food components and beverages can degrade polymeric resin
materials. Because the dental composite is prone to hydrolysis and subsequently disintegration at
the resin-filler interface, the chemical environment in oral cavity may have a critical influence on
the degradation of polymeric resin materials. The softening and degradation of resin, which may
be associated with increased bond failure in resin-ceramic bonding, have never been evaluated.
Moreover, very little is known about resin-ceramic bond durability when aging in saliva
and acidic beverages.

Objectives: The purposes of this study were to compare (1) bond durability of
ceramic and two resin cements (Variolink II and RelyX Unicem) in deionized water, artificial
saliva and citric acid at pH 3.2 and (2) failure mode of bonding of the resin cements after
exposure to the testing conditions at various exposure periods.

Materials and methods: Fourteen ceramic (IPS Empress Esthetic) blocks
(6X6X12mm) were fabricated, polished up to 1200-grit SiC paper and ultrasonically cleaned for
10 minutes. Fourteen resin composite blocks (6X6X12mm) were fabricated by incrementally
condensed into a metal split mold and each layer was light polymerized for 40 seconds. One resin
composite block was fabricated for each ceramic block. Ceramic blocks were divided into two
groups of surface conditioning and cementation method (1) applied hydrofluoric acid, silane and

resin adhesive, mixed two pastes of Variolink II resin cement and applied on ceramic bonded

(5)



surface (2) applied hydrofluoric acid and silane as groupl, mixed RelyX Unicem resin cement
and applied on ceramic bonded surface. Each conditioned ceramic was bonded to resin composite
block. The resin cement was light polymerized for 40 seconds for groupl and 20 seconds for
group2. All the bonded specimens were stored in deionized water at 37°C for 24 hours and then
serially sectioned to produce beam specimens (approximate 1.0 mm’ bonded area). For each
group of cement, beam specimens were randomly selected for immediate testing as a control
(n=15) and divided to store in three storage mediums (1) deionized water/H,0 (2) artificial
saliva/AS (3) citric acid pH 3.2/CT. Specimens prepared for each solution were randomly
selected for the microtensile bond strength (WTBS) test at a crosshead speed of 0.5 mm/min after
7-day 1, 2 and 3-month (n=15). Fracture surfaces were examined by use of measuring
microscope. The microtensile bond strength data was analyzed by using the Kruskal-Wallis and
Mann-Whitney U-test at 95% confidence interval.

Results: The result showed that, there was no significant difference of the pTBS
of VII group as a function of time. However, in the case of RelyX Unicem group stored in de-
ionized water, the pTBS after 7-day 1, 2 and 3- month decreased significantly from initial bond
strength. There was the significant difference between H,O/AS and H,O/CT group in the RelyX
Unicem group tested at 1-month. The uTBS of Variolink II group was significantly higher than
RelyX Unicem group in the 7-day and 1-month groups stored in deionized water and the 7-day
group stored in citric acid pH 3.2. The failure mode changed from cohesive failure in ceramic at
initial testing of control group to mixed cohesive failure in ceramic and resin cement in all groups
test after 7-day. The exception were the RelyX Unicem group tested after 1, 2 and 3-month
storage in citric acid pH 3.2 which the predominant mode changed to cohesive failure in resin
cement.

Conclusion: Bond between leucite-reinforced glass-ceramic to both resin
cements were durable when storage in water, artificial saliva and citric acid pH 3.2 for 3 months,
except for RelyX Unicem group stored in deionized water. Long-term storage in citric acid had
detrimental effect on RelyX Unicem resin cement itself more than Variolink II resin cement as

showed by cohesive failure in resin cement as a predominant mode of failure.
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(annlszneudaaaalumsii 2)

FladndgiliFusFudug (RelyX Unicem) USHWANAA 3M ESPE, Seefeld, Germany
(dnnlszneudaaaalumsii 2)

nsalalasgoeTn Anududusosas 49 (IPS Ceramic Etching-gel) USHNANAA Ivoclar-
Vivadent, Schaan, Liechtenstein

Tosans (Monobond S) U5 HN é}waﬁ Ivoclar-Vivadent, Schaan, Liechtenstein

asoanaEa Toloua (Heliobond) USHN élwa # Ivoclar-Vivadent, Schaan, Liechtenstein

M lsenTuensan (Zapit ), USA

vinlswnlesou

g' ~ :1 ~ J a Jd o ~
gy (qmmmﬂmﬂu TﬂEJ 9197138 AT.NNLY. TUIUA TAULEDYT)

Usznouae Methyl-p-hydroxybenzoate 2.000 NF/ANT
KCl 0.127 NTN/an3
NaCl 0.935 NF/ang
KSCN 0.194 NFN/AN3
KH,PO, 2722 PFN/ANT
(CH,),NO 0240 NF/ANT
MgCL6H,0 0.061 NTW/AN3
NH,CI 0213 NTW/aN3
CaClL2H,0 0.221 NFW/ANT
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11.
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13.
14.
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NaHCO, 0.630 NF/ANT
14 KOH 15usanuilunsa-a1alit 1dmiiv 6.75
NIATATN
Usznoudie CH,0, (H,0) (MW=192.125g/mole) ~ 3.000 NFW/an3

1% HCl az NaOH U5 uamudlunsa-aneli lamsy 3.2

Y
tuUMae langdmiuisunaaoUua 6 aamns x 6 Jaamas x 12 Joamas
Y
aga Lz anauLIAi 1IN 750 NS

9y A

A5 AN ILIEH JU Coltolux 75 USENAWAA Coltene/Whaledent Inc., USA

Aidsuien gl (incubator) 8170 Memmert 31 BE 500 15 5NAHAR Memmert GmbH
Co.KG, Germany

m?mﬁ @ (Precision saw) ?jﬁ}ﬂ Buehler i: U Tsomet 4000 VT HN é’wﬁﬁ Buehler Ltd., USA

A3 DINATE LIS LBIMNZ A (Universal testing machine) 8170 Lloyd 34 LRX-Plus
UFHNGHAA Lloyd Instrument Ltd., UK

ﬂéjmﬁ;amiﬁﬁumi’m:ﬂxmmma (Measuring microscope)?jﬁ)@ Nikon ﬁ:u MMA40/L ey
Tlsunsmlszananadoya (E-MAX software) 115 ENEHAA Nikon Co., Japan

‘a o 1 1
ﬂéjax‘lfﬂa‘ﬂiiﬁufJLaﬂLLUUﬁaﬁﬂim (Scanning  electron  microscope) U JSM-52000

Q

VSEHNANER JEOL, Japan

m?aﬁmﬁﬁﬂmuwyu (Grinding and polishing machine) ﬁﬁﬂ JeanWirtz u;'u Phoenix 4000
UTEN éjwaﬁ Wirtz-Buehler GmbH, Germany

95 9382931 110 %0 ultrasonic model JULC-30H USHNAWAA Yahal USA, Los Angeles,
CA,USA

A5 DITANIUNENLAN (Profilometer) 810 Surfeorder 1 SE2300 U3 HNANAA Kasaka Lab
Inc., Japan

mieireriasanunlacunlaninninedesnd (Analytical balance) §¥® Mettler J14 AE
200 VTHN P:{INZ? # Mettler Toledo AG, Switzerland

A3 09N LA VRS B (Hot plate stirre) U3 HNEWAA Global Business Operations, ltaly

4 (% 1 3| 1 1 Aa o a
m?mmmmmlﬂuﬂm—mﬂ (pH meter) qu Precisa ‘US‘H“V]@W’GWI Instrument AG,

Switzerland
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15. nszAENTIeTIFaAneUATS 1US ANUAZIBEA 240 320 600 LA 1,200 N3N USHNAMARA Wirtz-
Buehler, Diisseldorf, Germany
16. Avneamantes U11e Mitutoyo 31 500-136 Tokyo, Japan
= 4
17. UnNtnNes (Beaker)

18. viaeAnAasanaanilsungs 15 Jaaans

TN 1 aA52NeUVDUSITINN

\l
an aulszneu

Q
A v Y Aa

(UIHNEWAN)

IPS Empress Esthetic Ceramic | Leucite-reinforced glass ceramic: SiO2 > 55% wt
(Ivoclar-Vivadent, Additional components: K20, AlI203, Na20, B203, CaO, TiO2,

Schaan,Liechtenstein) CeQ2, pigment
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Variolink I

RelyX Unicem

IPS Ceramic Etching gel: aqueous solution of hydrofluoric acid (4.9%)
Monobond-S: 3-MPS, ethanol/ water-based solvent, acetic acid

Heliobond: Bis-GMA, triethylene glycoldimethacrylate, initiators, stabilizer

Paste A: Bis-GMA, urethane dimethacrylate, TEGDMA, inorganic filler, Ytterbium
trifluoride, initiator, stabilizer

Paste B: Bis-GMA, urethane dimethacrylate, TEGDMA, inorganic filler,

Ytterbium trifluoride, benzoyl peroxide, stabilizer

Powder: glass powder, silica, calcium hydroxide, pigment, substituted

pyrimidine, peroxide compound, initiator

Liquid: methacrylated phosphoric ester, dimethacrylate, acetate, stabilizer, initiator

3-MPS = 3-methacryloyloxypropyltrimethoxysilane; Bis-GMA = bisphenol A glycidyl methacrylate;

TEGDMA = triethylene glycol dimethacrylate
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Aaazthaw, mens lwau (1 i) flulupsestlusianuiny
] =1
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B Cohesive failure in ceramic (> 80%)

. Mixed cohesive failure in ceramic and resin cement (cohesive failure in resin cement < 50%)
|:| Mixed cohesive failure in ceramic and resin cement (cohesive failure in resin cement >50%)
] Cohesive failure in resin cement (> 80%)

. Mixed cohesive failure in ceramic and resin cement and adhesive failure at resin-ceramic interface
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