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PURPOSE. This study aimed to investigate the Vickers Hardness Number (VHN) of
light- and dual cured resin cements cured through monolithic zirconia specimens
(VITAYZ) of various translucencies: translucent (T); high translucent (HT); super
translucent (ST); and extra translucent (XT) at 0, 24, and 48 h after curing.
MATERIALS AND METHODS. Four zirconia specimens from each translucency
were prepared. Two light-cured resin cements (Variolink N LC; VL and RelyX
Veneer; RL) and two dual-cured resin cements (Variolink N DC; VD and RelyX
U200; RD) were used. The cement was mixed and loaded in a mold and cured

for 20 s through the zirconia specimen. The upper surface of cements was tested
for VHN using a microhardness tester at 0, 24, and 48 h after curing. The VHN
were analyzed using two-way repeated, Brown-Forsythe ANOVA with Games
Howell post-hoc analysis and independent t-tests (P <.05). RESULTS. All cements
showed significantly higher VHN from 0 h to 24 h (P <.001). At 48 h, the VHN of
light-cured cements were significantly lower when cured under the T groups than
under XT groups (P =.001in VL, P=.014 in RL). At each post curing time of each
translucency, VD showed higher VHN than VL (P <.05), and RD also showed higher
VHN than RL (P <.05). CONCLUSION. The translucency of zirconia has an effect
on the VHN for light-cured resin cements, but has no effect on dual-cured resin
cements. Dual-cured resin cement exhibited higher VHN than the light-cured
resin cement from the same manufacturer. All resin cements showed significantly
higher VHN from 0 h to 24 h. [J Adv Prosthodont 2021;13:246-57]
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INTRODUCTION

Zirconia (zirconium dioxide, ZrO,) ceramic has been routinely used in many
all-ceramic dental restorations, due to its flexural strength, combined with
esthetics and good biocompatibility.}2 Zirconia is a polymorphic material
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that occurs in three different crystal structures, de-
pending on the temperature: a monoclinic phase
(room temperature to 1170°C) with brittle and low
mechanical properties; a tetragonal phase (1170 -
2370°C) with higher mechanical properties; and a cu-
bic phase (2370°C).2 A volume expansion (3 - 5%) oc-
curs during the cooling process when the tetragonal
phase transforms into the monoclinic phase, leading
to high stress and crack formation, and a decrease in
strength and toughness. This property disallows pure
zirconia to be used as a dental restorative material.
To maintain the beneficial mechanical properties of
the tetragonal phase at room temperature, stabiliza-
tion can be achieved by adding various oxides such
as calcium oxide (Ca0), magnesium oxide (MgO), yt-
trium oxide (Y,0;), and cerium oxide (CeO,). Among
these stabilizers, the addition of 3 mol% diyttrium
trioxide (Y,0;; also termed yttrium (l11) oxide or yttria)
is widely used for dental zirconia, and is known as
‘3% yttria-stabilized tetragonal zirconia polycrystals’
(3Y-TZP).* When zirconia is subjected to heat or low
stress such as grinding, sandblasting, or steam ster-
ilizing, the tetragonal phase can transform into the
monoclinic phase and influence its mechanical prop-
erties by a 3 - 5% of volume expansion which gener-
ates a compressive stress layer around the progress-
ing internal crack tip. The stress layer prevents crack
propagation, leading to high flexural strength (about
900 - 1,400 MPa) and high fracture toughness (about 5
- 10 MPa.m'2), which is called ‘transformation tough-
ening’’

Opacity was a disadvantage of the first generation
of 3Y-TZP, and a technique of veneering zirconia with
esthetic porcelain to improve appearance was intro-
duced.! The most common problem of veneered zir-
conia was chipping of the veneered porcelain,® and
this prompted the development of full-contour resto-
rations of ‘monolithic’ zirconia. However, opacity was
still a problem as the early monolithic zirconia was
limited to posterior teeth.” To improve the translu-
cency, various techniques have been developed such
as a decrease in grain size,®? elimination or reduction
of the concentration of some additives such as alumi-
na,!® addition of 0.2 mol% lanthanum oxide,!! and an
increase in sintering temperature.!? Presently, greater
percentage of yttria is added to monolithic zirconia
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to achieve a transparent phase. Variants of yttria con-
tent, including 4 mol% or 5 mol% yttria partially-sta-
bilized zirconia (4Y- or 5Y-PSZ)!3 and 8 mol% yttria
fully stabilized zirconia (8Y-FSZ),'* yield a higher stabi-
lized cubic phase. As the yttria content increases, cu-
bic phase increases, which were reported to correlate
with high translucency values.?> The isotropic prop-
erty of the cubic phase reduces light scattering from
grain boundaries and results in more translucent
zirconia than the early generations.!? Nevertheless,
transformation toughening occurs less in 5Y-PSZ,13:16
and is absent in 8Y-FSZ,1¢ as the stabilized cubic
phase does not transform at room temperature, re-
sulting in inferior flexural strength and toughness.13.1¢

Resin cements have been promoted for the ce-
mentation of conventional zirconia restorations
due to their superior properties over conventional
cements.!”1% The opacity of conventional zirconia
masks the light transmission, and thus, dual-cured
resin cements are preferable in clinical applications
with the benefit of being both auto-cured and light-
cured, resulting in a sufficient degree of conversion
underneath the restoration. The improvement in
translucency of monolithic zirconia led to various op-
tical property evaluations. Although the 4 - 6% Y-TZPs
were reported to be radiopaque in x-ray investiga-
tion, which mainly depend on the thickness,? blue
light transmission are accessible through these trans-
lucent monolithic zirconia, depending on shade and
thickness.?! An investigation by Sulaiman et al.?? on
the degree of conversion of dual-cured resin cements
under various monolithic zirconia specimens noted
a remarkable result that Katana (Kurary Noritake, To-
kyo, Japan) and Prettau Anterior (Zirkonzahn, Gais,
Italy), which has a large difference of yttria content
(4.5- 6% and < 12%), showed a comparable degree of
conversion. Therefore, the amount of yttria content
might be one of the factors that affect the light trans-
mission through monolithic zirconia. Other character-
istics of the zirconia variants may have contributed to
these results, including the grain size or the sintering
parameters.?

Since the new generation of monolithic zirconia
provides high translucency similar to lithium disili-
cate ceramic,?* more anterior applications, such as
crowns, bridges, and veneers, become possible.?>2¢
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It would be advantageous for light polymerization of
resin cement below the restorations, enhancing the
use of light-cured resin cements with the advantag-
es of easier excess cement removal, extended work-
ing time, and good color stability, compared to du-
al-cured cements.?” The degree of light transmission
through the translucent monolithic zirconia should be
investigated in order to assess the degree of conver-
sion of light- compared to dual-cured resin cements,
with respect to the different levels of translucency
available. This would apply to determine the degree
of polymerization of resin cements for more success
in clinical trials. The investigation of the surface hard-
ness of a resin-based material is an accepted method
for evaluating physical properties and degree of con-
version.?83! Many previous studies have used surface
hardness, such as Knoop or Vickers, to test the degree
of polymerization efficacy of resin cements, and a
correlation has been reported;?°31:32 as the degree of
conversion increases, the hardness also increases.?
The purpose of this study was to investigate the
Vickers hardness number (VHN) of light- and du-
al-cured resin cements after light transmission
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through various translucencies of monolithic zirconia
at three different times after curing. Three null hy-
potheses were tested: (1) monolithic zirconia spec-
imens of different translucencies have no effect on
the VHN of resin cement; (2) there is no difference in
VHN between light- and dual-cured resin cements af-
ter light curing through monolithic zirconia; (3) there
is no difference in the VHN of a resin cement at three
different times after curing.

MATERIALS AND METHODS

Four specimens from the four translucencies of
monolithic zirconia (VITA YZ; VITA Zahnfabrik, Bad
Sackingen, Germany): translucent (T); super translu-
cent (ST); high translucent (HT); and extra translucent
(XT) (Table 1), were prepared using CAD-CAM software
(3Shape Dental System, 3Shape A/S, Copenhagen,
Denmark) and sintered (VITA Zyrcomat 6000 MS; VITA
Zahnfabrik) to the final size of square-shaped spec-
imens (10 X 10 mm) with 1 = 0.05 mm thickness,
measured by a digital Vernier caliper (Series 500, Mi-
tutoyo, Kanagawa, Japan). The specimens were pol-

Table 1. Translucent monolithic zirconia used in this study (Shade A3)

. - Sintering . Translucency
M A T * 9 L .
aterial bbreviation ype temperature* (°C) Composition* (wt%) percentage* (%) ot no
Zr0,90.4-94.5,
Translucent Y:04-6,
VITAYZT T 710 1530 HfO, 1.5-2.5, 32 51280
2 Al,0;0-0.3,
Fe,0;0-0.3
Zr0,90.4-94.5,
Y,0;4-6,
High translucent Hf0,1.5-2.5,
VITAYZ HT HT 710, 1450 ALO,0-0.3, 42 77250
Er,0;0-0.5,
Fe,0;0-0.3
Zr0,88.4-92.5,
Super translucent Y,0,6-8,
VITAYZ ST ST 7r0, 1530 HfO, 1.5- 2.5 46 74890
Other oxides < 1
Zr0, 86.4-90.5,
Extra translucent Y,0,8-10,
VITAYZ XT XT 710, 1450 HfO, 1.5- 2.5 50 75410

Other oxides < 1

ZrO,: zirconium oxide; Y,05: yttrium oxide; HfO,: Hafnium dioxide; Al,O;: Aluminium oxide; ERDO;: Erbium oxide; Fe,Os: Iron (111) oxide.

*According to the manufacturers’ information.
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ished by a single operator using VITA Suprinity Pol-
ishing Set, as recommended by the manufacturer’s
instructions, ultrasonically cleaned (VGT-1990 QTD,
GT Sonic, Guangdong, China) in distilled water for
10 min and dried with absorbent paper. The translu-
cency percentage of each specimen was calculated
from the obtained opacity percentage measured by
the spectrophotometer (Ultrascan PRO 74-SD-03-10,
HunterLab, Reston, VA, USA) subtracted from 100.
Translucency percentage = 100 - Opacity percentage
Two light-cured resin cements (Variolink N LC by
Ivoclar Vivadent AG, Schaan, Liechtenstein; VL and
RelyX Veneer by 3M-ESPE, St. Paul, MN, USA; RL) and
two dual-cured resin cements (Variolink N DC by Ivo-
clar Vivadent AG; VD and RelyX U200 by 3M-ESPE; RD)
were used (Table 2). The resin cements were mixed
following the manufacturers’ instructions and load-
ed into a cavity (2 mm deep X 5 mm in diameter) in a
Type 4 gypsum mold in a PVC cylinder (25 mm height
X 22 mm in diameter). Then, a thin glass slide (0.15
mm thick) was placed over the mold using finger
pressure to expel excess cement. Zirconia specimens
in the experimental groups, or a 1-mm thick glass
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slide in the control group, were placed over the thin
glass slide, and the tip of a light curing unit, which de-
livers light between 400 and 515 nm (Elipar Trilight,
3M-ESPE, St. Paul, MN, USA), was positioned directly
on the top of the of the assembly specimen (Fig. 1A).
The cement was light-cured for 20 s at an intensity of
800 mW/cm?, and the light intensity was checked be-
fore each curing. Sample preparation and light acti-
vation were done in a chairside dark chamber (Dent-
Mate Co., Bangkok, Thailand). Five specimens were
prepared for each group, as this setup provided suf-
ficient statistical power (using a = .05 and a power of
99%) from the pilot study by using statistical power
analysis program (G Power 3.1, Heinrich-Heine-Uni-
versitat, Diisseldorf, Germany). This resulted in 16 ex-
perimental groups and four control groups, totaling
100 specimens for each post-curing measurement
time (0 h, 24 h, and 48 h) (Fig. 2).

The specimens of the 0 h groups were subjected to
test immediately for the mean VHNs, while for the 24
h and 48 h groups, they were left dry in a dark cham-
ber at 37°C until testing. The upper surface of each
cement specimen was uncovered to be tested on

Table 2. Light-cured and dual-cured resin cements used in this study

Material ~ Abbreviation Type Shade Composition* (wt%) Lot no.
Barium glass filler and mixed oxide (48.4%),
Variolink N LC VL Light-cured z'ézr;:paarsetr;t dimethacrylates (BisGMA, UDMA, and TEGDMA) V71282
resin cement il P (26.3%), ytterbium trifluoride (25.0%), initiators and
Y stabilizers (0.3%), pigments (< 0.1%)
Base: Barium glass filler and mixed oxide (48.4%), YZ1282
dimethacrylates (BisGMA, UDMA, and TEGDMA)
Dual-cured  Transparent (26.3%), ytterbium trifluoride (25.0%), initiators and
Variolink N DC VD resin cement (high Siscosit ) stabilizers (0.3%), pigments (< 0.1%)
& y Catalyst: Barium glass filler and mixed oxide (52.2%),  Y15347
dimethacrylates (22.3%), ytterbium trifluoride (25.0%),
initiators and stabilizers (0.8%), pigments (< 0.1%)
RelyX Veneer RL nght—cured Translucent BisGMA gpd TEGDMA polymer, Zirconia/silica, and NA13299
Cement resin cement fumed silica fillers (66%)
Base: methacrylate monomers containing phosphoric
acid groups, TEGDMA, silanated fillers, initiator com-
RelyX U200 RD Dual-cured Translucent ponents, stabilizers, rheological additives 4946182

resin cement Catalyst: methacrylate monomers, alkaline (basic) fill-
ers, silanated fillers, initiator components, stabilizers,

rheological additives, pigments

DC: dual-cured; LC: light-cured.
BisGMA: Bisphenol-A-diglycidylether dimethacrylate; UDMA: Urethane Dimethacrylate; TEGDMA: triethylene glycol dimethacrylate.
*According to the manufacturers’ technical data, safety data sheets and instruction for use.
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Fig. 1. (A) Diagram shows the light-curing assembly of the specimen, (B) Diagram shows the hardness indentation points
on the upper surface of resin cement specimen.

100)

Groups (n

- Variolink N LC (n=5) |
L Variolink N DC (n=5) |

—I RelyX Veneer (n=5) |
H RelyX U200 (n=5) |

- Variolink N LC (n=5) |
L Variolink N DC (n=5) |

—[ RelyX Veneer (n=5) |
H RelyX U200 (n=5) |

- Variolink N LC (n=5) |
H Variolink N DC (n=5) |

-I RelyX Veneer (n=5) |
H RelyX U200 (n=5) |

- Variolink N LC (n=5) |

[ Variolink N DC (n=5) |

- RelyX Veneer (n=5) |

H RelyX U200 (n=5) |

- Variolink N LC (n=5) |
L Variolink N DC (n=5) |

Variolink N
Control (n=10)
) RelyX
(n=10)

Translucent Variolink N
monolithic zirconia (n=10)
(1) RelyX
=2 (n=10)

High Translucent Variolink N
monolithic zirconia (n=10)
T RelyX
(n=20) (n=10)

Super Translucent Variolink N
monolithic zirconia (n=10)
=) RelyX
(==0) (n=10)

Extra Translucent Variolink N
monolithic zirconia (n=10)
XT) RelyX
(n=20) 1)

-[ RelyX Veneer (n=5) |

H RelyX U200 (n=5) |

Fig. 2. Control and experimental groups in this study.
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Vickers hardness tester (FM-810, Future-Tech Corp.,
Kawasaki, Japan) with a load of 300 g for 15 s in a lin-
ear pattern as shown in Fig. 1B. The interface of the
resin cement and the gypsum surface was marked as
the zero point. Five measurements of each sample
were obtained and the mean VHN was calculated. The
VHN percentage was calculated from the mean VHNs
of each experimental group and compared with the
VHN of its control group at the final measurement of
48 h.

The data were analyzed by IBM SPSS Statistics for
Windows version 22 (IBM SPSS Statistics, IBM Corp,
Chicago, IL, USA). Two-way repeated-measured ANO-
VA was performed to determine the effect of different
translucencies of zirconia and resin cements and their
interactions on the mean VHNs, with different mea-
surement time as a repeated factor. Brown-Forsythe
ANOVA with Games Howell post hoc analysis and in-
dependent t-tests were used to analyze the difference
among groups. All P-values < .05 were considered sta-
tistically significant.

RESULTS

The results of two-way repeated-measured ANOVA
are shown in Table 3. The VHN was significantly af-
fected by all independent variables of translucency,
resin cement, and measurement time, all two-way
interactions except the measurement time and trans-
lucency, and the three-way interaction of all parame-
ters.

The means and standard deviations of VHN for VL

J Adv Prosthodont 2021;13:246-57

and VD are shown in Table 4, and those for RL and RD
are shown in Table 5.

According to the translucencies, the higher VHNs
of all resin cements were associated with the higher
translucencies of zirconia in the order XT > ST > HT >
T. At 48 h, the mean VHNs of light cured cements (VL
and RL) under zirconia XT were significantly higher
than those under zirconia T (P < .05), while the signif-
icant difference was not observed in both dual cured
resin cements (VD and RD).

According to the measurement time, all resin ce-
ments showed significantly higher mean VHNs of 24 h
group than the 0 h group (P <.05), but most of the val-
ues were not significantly different when compared
with 48 h group (P > .05). At each measurement time,
the mean VHNs of both dual cured resin cements
were significantly higher than those of light cured res-
in cements from the same manufacturer at each level
of the same translucency (P <.05)

According to the VHN percentage (Table 6), the low-
est translucency of zirconia T had the lowest mean
VHN percentage among all translucencies for every
cement and measurement time. At 48 h, the light-
cured cement VL and RL showed higher VHN percent-
age (91.4 and 95.7) than dual-cured VD and RD (88.5
and 89.6). In contrast, the highest translucency of zir-
conia XT showed the highest VHN percentage among
all translucencies for every cement and measurement
time. The light-cured cements showed higher VHN
percentage (VL =99.1% and RL = 99.6%) than the du-
al-cured cements from the same manufacturer (VD =
94.9% and RD =98.0%) at 48 h.

Table 3. Two-way repeated measures ANOVA statistical analysis

Source Type Il sum of squares df Mean squares F P
Time 35268.95 1.86 18973.94 9440.31* <.001
Cement 7261.33 3.00 2420.44 1208.36* <.001
Translucency 895.83 4.00 223.96 111.81* <.001
Cement*translucency 104.43 12.00 8.70 4.34* <.001
Time*cement 1780.44 5.58 319.28 158.85* <.001
Time*translucency 9.35 7.44 1.26 0.63 144
Time*cement*translucency 90.03 22.31 4.04 2.01* .008

df: Degrees of freedom, F: F value
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Table 4. Mean (SD) VHN of VL and VD
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Time
Resin cement Zirconia Translucency Oh 24 h 48 h
percentage
Mean (SD) Mean (SD) Mean (SD)
T 11.3 15.59 (0.81) >4 44,03 (0.59) & 47.63 (0.92) ¢
HT 18.4 16.95 (0.95) abA 46.05 (0.88) 28 50.77 (0.33) ¢
VL ST 19.7 16.95 (2.21) 2b:A 46.34 (2.92) 2bc.B 51.47 (1.46) b€
XT 22.9 17.00 (1.14) A 47.60 (0.64) beB 51.62 (0.38) be¢
Control 100 19.03 (0.79) b4 48.32 (1.87) 2b<.B 52.10 (1.12) beC
T 11.3 32.50 (1.90) A 52.02 (2.16) <8 52.45 (2.29) abd.B
HT 18.4 34.87 (1.61) <A 54.41(2.06) &8 55.45(0.91) de.®
VD ST 19.7 35.71(1.68) «:A 55.05(0.85) 48 56.02 (0.42) de.B
XT 22.9 37.78 (0.49) &:A 55.84 (1.72) 4.8 56.26 (2.01) c«de.B
Control 100 40.27 (0.59) &4 58.68 (3.85) 4:B 59.26 (2.15) &B

Note: The same lower-case letters indicate no significant column differences (Brown-Forsythe ANOVA, P >.05).
The same upper-case letters indicate no significant row differences (repeated-measured ANOVA in row, P >.05).

SD: Standard deviation.

T: Translucent; HT: High Translucent; ST: Super Translucent; XT: Extra Translucent.

Table 5. Mean (SD) VHN of RL and RD

T l Time
Resin cement Zirconia ransiucency Oh 24 h 48 h
percentage
Mean (SD) Mean (SD) Mean (SD)
T 11.3 30.19 (1.08) A 51.14(0.62) 51.76 (0.84) -8
HT 18.4 33.05(0.79) b:A 52.31(0.77) ab.B 52.33(1.31) 2.8
RL ST 19.7 33.83(1.96) abc.A 52.46 (0.82) ab.B 52.61(1.03) ab.B
XT 22.9 34.17 (1.00) bd:A 53.86 (1.50) ab<.B 53.89 (0.74) b8
Control 100 34.48 (1.13) be.A 54.06 (0.22) be.B 54.11(0.62) b:B
T 11.3 34.07 (1.25) bhA 53.38(1.12) ah.B 56.33(0.33) ©¢
HT 18.4 36.71 (0.98) cdef:A 55.95 (1.88) bed.B 56.68 (0.98) <8
RD ST 19.7 37.07 (0.67) A 56.39 (1.10) <d:B 57.51(0.57) <8
XT 22.9 37.84(0.39) <A 58.01 (1.04) 4.8 61.63(2.71) «.B
Control 100 38.22(0.76) <A 61.86 (0.77) =B 62.89(0.33) 4.8
Note: The same lower-case letters indicate no significant column differences (Brown-Forsythe ANOVA, P >.05).
The same upper-case letters indicate no significant row differences (repeated-measured ANOVA in row, P >.05).
SD: Standard deviation.
T: Translucent; HT: High Translucent; ST: Super Translucent; XT: Extra Translucent.
Table 6. VHN percentages of experimental groups compared to control groups, at 48-h
| Mean VHN (%)
Zirconia Translucency L VD RL RD
percentage
Oh 24 h 48 h Oh 24 h 48 h Oh 24 h 48 h Oh 24 h 48 h
T 11.3 29.9 84.5 914 54.8 87.8 88.5 55.8 94.5 95.7 54.2 84.9 89.6
HT 18.4 325 88.4 97.5 58.8 91.8 93.6 61.1 96.7 96.7 58.4 89 90.1
ST 19.7 325 88.9 98.8 60.3 92.9 94.5 62.5 97 97.2 58.9 89.7 91.5
XT 22.9 32.6 914 99.1 63.8 94.2 94.9 63.2 99.5 99.6 60.2 92.2 98
Control 100 36.5 92.7 100 68 99 100 63.7 99.9 100 60.8 98.4 100

T: Translucent; HT: High Translucent; ST: Super Translucent; XT: Extra Translucent.
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DISCUSSION

The surface hardness of a resin-based luting cement
has been shown to be correlated with its degree of
conversion, and therefore, the microhardness test is
a reliable indirect method to evaluate the degree of
conversion of the resin cement.?82931.33 As the degree
of conversion increases, a higher hardness of the ma-
terial will be evident.?® A lower degree of conversion
of resin cement could lead to poor properties such as
marginal leakage, lower color stability, increased wa-
ter sorption, change in dimensional stability, and oth-
er factors that can lead to restoration failure.?”:3234
According to the effect of different translucencies
of zirconia on the VHN of the resin cements, zirconia
XT was associated with a higher VHN than zirconia T,
except for the dual-cured cement VD and RD groups;
therefore, the first null hypothesis was partially re-
jected. The results showed that the VHN of the resin
cement was significantly higher when cured through
the zirconia XT, which has the highest translucency.
The VHN tended to be less in the lower translucency
groups of ST, HT and T, respectively). High amounts
of yttria in Y-TZP were reported to correlate with high
translucency values,’ which were associated with
its microstructural character and chemical compo-
sition.Z The increasing yttria content from 3 - 9 wt%
was related to the increased grain size and cubic
phase, thus leading to an increase in translucency of
zirconia.?®> The same materials used in this present
study (VITA YZ HT, ST, and XT) were investigated by
Sen and Isler? for the crystalline phases after sinter-
ing, by using X-ray Diffraction (XRD). They revealed
that the highest percentage of the cubic phase was
found in VITA YZ XT (32.9 wt%), followed by ST (27.2
wt%) and HT (13.7 wt%), and zirconia XT showed
the largest mean grain size, followed by zirconia ST
and HT. This showed the same trend of translucent
level obtained in this study and zirconia XT showed
the highest translucency and significantly allowed
a greater VHN value, which related to the degree of
conversion of resin cements underneath. The degree
of conversion of the resin cements under monolith-
ic zirconia directly depended on the light irradiance
and radiant exposure. Furthermore, it decreased ac-
cording to increasing in thickness and differed among
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brands of monolithic zirconia.?!?2

The translucency percentage of the zirconia speci-
mens in this study was measured to confirm the lev-
els of translucency according to the manufacturer’s
information. The value obtained in our study differed
from the manufacturer’s data, which might be due
to the different equipment and methods used. The
translucency percentage of zirconia T was the low-
est (11.3%) and was lower than zirconia HT (18.4%),
which contain the same amount of yttria, while its
value was about half of zirconia XT (22.9%). Accord-
ing to the manufacturer’s information, a higher trans-
lucency of zirconia HT than zirconia T might be due
to a small amount of erbium oxide (Er,0,) added and
a lower sintering temperature applied, which may
affect the crystalline structure. Note that the trans-
lucency percentage of zirconia HT and ST (19.7%)
were closer to that of zirconia XT. However, the final
measurement at 48 h showed that the VHNs of the
cements under zirconia HT and ST were significantly
lower than those of zirconia XT and were not statisti-
cally different from zirconia T. This may suggest that
these ranges of increased translucency of zirconia HT
and ST were not sufficient to perform a statistical dif-
ference of VHN compared to zirconia T.

Both dual-cured resin cements showed higher VHN
than the light-cured cements from the same manu-
facturer (VD > VL; RD > RL). Therefore, the second null
hypothesis was rejected. For Variolink N, the VHNs in
light-curing mode (VL) were significantly lower than
the dual-curing mode (VD). Hofmann et al.>° also re-
ported that VHNs of dual-cured resin cements by us-
ing light-curing mode with base paste alone showed
lower VHNs than by using dual-curing mode with the
mixture of base and catalyst paste through leucite-re-
inforced glass-ceramic. This result may be explained
by the less content of inorganic filler in the base paste
of Variolink N but more dimethacrylates compared to
its catalyst paste. Furthermore, fewer amounts of ini-
tiators and stabilizers may contribute its slow rate of
polymerization. Thus, when using the mixed pastes in
dual-cured mode, a higher amount of fillers and less
resin matrix contents from catalyst paste might ex-
plain for higher VHNs than using in light-cured mode.
For the RelyX groups, RD contains a greater propor-
tion of filler particles (72 wt% filler) than RL (66 wt%
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filler).343¢ A higher filler loading results in a higher
post-curing surface hardness, as rigid inorganic parti-
cles provide a strong interfacial bond between the fill-
er particles and resin matrix, which directly contrib-
utes to higher hardness.3"38 Apart from filler content,
the filler size also plays a role in the surface hardness
of cement.3¢

According to the measurement times, almost all
groups showed a significantly higher VHN at 24 h than
0 h, while the values were not significantly higher
from 24 h to 48 h, except for VL and RD under zirconia
T. Consequently, the third null hypothesis was par-
tially rejected. These results were in agreement with
Yan et al.,*® who investigated both degree of conver-
sion and VHN of two light-cured and two dual-cured
resin cements, from 1 min to 7 days after light activa-
tion. They showed that the degree of conversion and
the VHN values significantly increased during the first
one hour and the values were not significantly differ-
ent from 24 h to 7 days. The VHN reflects the curing
state of the resin material and perform a continua-
tion of the polymerization reaction,3® which were ex-
plained by the presence of free monomers with po-
tential in mobility to allow low rate interaction.*® For
light-cured resin materials, light exposure causes a
rapid increase in viscosity, especially with high-inten-
sity curing lights.! Even though the first exposure to
the light curing unit produces immediate curing and
hardening, polymerization still proceeds for a period
of up to 24 h.334! The so-called ‘dark polymerization’
of unreacted monomers can continue the after the
cessation of light activation.*? During the early peri-
od of polymerization, the cement with a slow rate of
conversion required a longer time to be complete-
ly polymerized.®® Note that the VHNs of VL at 0 h was
relatively low (15.59-19.03) compared to those of
VD, RL and RD which range from 30.19 to 40.27. This
may imply that using Variolink N in light curing mode
showed the slowest initial polymerization, as men-
tioned above, which were much slower than using in
dual curing mode of VD. This might due to the high-
er percentage of initiators and stabilizers in catalyst
paste that can accelerate the initial polymerization
immediately after light activation. However, the dark
polymerization of VL could adequately compensate
its low initial light polymerization and reach its ulti-
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mate value with a slower processing time.

According to the data of VHN percentage, at 48 h,
the range of the value of light-cured resin cements
(91.4 - 99.6%) was higher than dual-cured resin ce-
ments (88.5 - 98.0%), depending on the zirconia
translucency. This may suggest that the light-cured
resin cements exhibit higher degree of conversion
than the dual-cured resin cements under any translu-
cency of zirconia. However, dual-cured resin cements
might be advantageous that the level of translucen-
cy of zirconia did not affect the VHN values. Typically,
dual-cured resin cement seems to have different rela-
tive contributions of light- and chemical-cured mech-
anisms depending on brands.3343# This might be the
differences in material specifications that influence
the different initial rates of conversion after light acti-
vation and affect the final degree of conversion.3345

The zirconia specimens from the same manufac-
turer were used in this study to eliminate the influ-
ence from the differences in brands as reported in the
study of Sulaiman et al.??> Therefore, the influence of
the translucency level can be emphasized. The shade
of a cement has been reported to affect polymeriza-
tion; darker shades showed lower microhardness.31:46
So-called ‘transparent’ shades of resin cement exhib-
ited more light absorption than opaque shades, be-
ing associated with increased curing depth and mi-
crohardness.*” In the present study, the ‘transparent’
shades of Variolink N (VL and VD) and the ‘translucent’
shade of RelyX (RL and RD) were used to minimize the
impact of shade on the VHN and focused on the effect
of the translucency of the zirconia and the post-cur-
ing interval.

The limitation of this study by using one brand and
one specific shade of translucent monolithic zirconia
to investigate the influence of different translucen-
cies may restrict the obtained result. Further stud-
ies of increasing the light curing time or intensity for
low-translucency zirconia should be conducted to
clarify the relationship of curing time and polymeriza-
tion of the underlying cement. Moreover, longer stor-
age time might be evaluated since some studies had
reported the significantly increased in the degree of
conversion and VHN value after 7 days.*84°

Clinicians should consider that an increase in the
translucency of monolithic zirconia restorations could
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increase light penetration, which may or may not af-
fect the polymerization efficacy of the resin cement
used, and possibly long-term durability of the resto-
ration. The dual-cured resin cements might exhibit
higher hardness and do not depend on the translu-
cency, while the light-cured resin cements might re-
sult in a higher degree of conversion and the hard-
ness depends on the translucency, and some cements
may show slow initial rate of polymerization.

CONCLUSION

Within the limitations of this study, it can be conclud-
ed that different translucencies of zirconia have an ef-
fect on the VHN for light-cured resin cements (RL and
VL), but do not have an effect on dual-cured resin ce-
ments (RD and VD). Dual-cured resin cement exhibit
a higher VHN than the light-cured resin cement from
the same manufacturer. All resin cements show sig-
nificantly higher VHN from 0 h to 24 h, while the VHN
do not significantly higher from 24 h to 48 h, except in
VL and RD under zirconia T.
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