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Ab s t r ac t
Aim and objective: To compare the different shades of monolithic zirconia over microhardness and water solubility and water sorption of 
dual-cure resin cement.
Materials and methods: Eighty specimens were included in the study. They were categorized into four categories having 20 samples each. Category 
one: No ceramic disks were present in the control group; the cement was directly activated. Category two: Curing of the resin cement with one 
shade of monolithic zirconia topping. Category three: Curing of the resin cement with an overlaying layer A monolithic zirconia version with two 
shades. Category four: Curing of the resin cement with an overlaying layer A three-tone monolithic zirconia version. In each category, two subgroups 
were further created (n = 10). One subgroup consisted of conventional dual-cure resin-based cement, while the other subgroup consisted of self-
adhesive dual-cure resin-based cement. Vickers microhardness, water solubility, and water sorption of resin cement sorption were precisely measured 
after 24 hours of storage in an incubator at 37°C. The statistical analysis was undertaken with the help of statistical tests like two-way analysis of 
variations (ANOVA), one-way ANOVA, independent t-tests, Tukey’s test, and Tamhane’s T2 test. The p ≤0.05 was considered statistically significant. 
Results: Microhardness was more excellent in conventional dual-cure resin-based cement in comparison with self-adhesive dual-cure cement. 
At the same time, the water solubility and water sorption were lower in conventional dual-cure resin-based cement than self-adhesive dual-
cure resin cement. The effect of shade of monolithic variant of zirconia was significant over the microhardness of both dual-cure resin-based 
cement; however, the impact was nonsignificant over the water solubility and water sorption of the resin-based resin cement. Further, it was 
also observed that the use of a monolithic variant of zirconia led to a decrease in microhardness of both dual resin-based cement in comparison 
to the condition when no ceramics were used.
Conclusion: The effect of shade of monolithic variant of zirconia was statistically significant over the microhardness of both dual-cure resin-based 
cement; however, the result was not significant over the water solubility and water sorption of the resin-based cement. The use of a monolithic 
variant of zirconia led to a decrease in the microhardness of both dual resin-based cement compared to the condition when no ceramics were used.
Clinical significance: The quantity of polymerization in resin-based cement affects their clinical effectiveness for a more extended period. It 
is believed that the measurement of microhardness is a reliable and straightforward process for evaluating the amount of polymerization of 
resin-based cement. Very few studies have been conducted in the past to compare the shades of monolithic zirconia over the microhardness, 
water solubility, and water sorption of the dual-cure resin-based cement.
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In t r o d u c t i o n
Zirconia crowns and bridges quickly become the most popular 
dental crown and restoration material because of their exceptional 
esthetics, biocompatibility and longevity, and good strength. 
Patients have indeed been asking for milled zirconia restorations 
to replace porcelain-fused-to-metal (PFM) restorations since the 
advent of milled zirconia restorations. When restoring a single 
tooth, some dentists only utilize zirconia. Most dental professionals 
are moving away from traditional PFM and all-ceramic crowns and 
focusing toward zirconia for fixed dental prostheses.1

The most frequent drawback of using ZrO2 (zirconia) restorations 
is the chipping of restorations. To overcome this disadvantage, 
a monolithic variant of zirconia has been introduced recently. 
Cementation of these monolithic variants of zirconia can be carried 
out with the help of both adhesive cement and conventional 
cement.2 Adhesive cement, on the contrary, has been more widely 
approved for the cementation of these restorations. These cement 
have properties like reduced solubility, decreased incidence of 
marginal leakage, greater strength, and improved esthetics features.3

Since the monolithic variant of zirconia is semitranslucent, there 
can be a decrease in the light crossing through them. It can have a 
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negative effect on the typical polymerization of the cement, which 
is based on dual-cure resins. This can lead to inadequate mechanical 
properties of the cement-like inadequate microhardness of the 
resin cement, increase in the sorption of water, and increase in the 
cement’s solubility.4 It has been found that an increase in water 
sorption and water solubility is more commonly observed in the 
case of resin cement that is self-adhesive compared to conventional 
cement; this can be attributed to the use of monomers in this 
cement. According to Samimi et al., the efficacy of polymerization 
in dual-cure cement is influenced by several parameters such as 
the intensity of light used for curing, time used for irradiation, the 
transmission of light and shade, thickness, and type of ceramics 
used.5 Most of the time, it has been observed that other factors 
neutralize the negative impact of one factor. However, it has been 
found that the optimal microhardness of dual-cure resin-based 
cement affected due to reduced polymerization due to reduced 
light transmission is not compensated by the chemical constituents 
of the dual-cure resins.6 In the past, several research workers had 
carried out research to inquire about the impact of ceramics on the 
attenuation of light passing through them and its influence over the 
mechanical properties of the dual-cure resin-based cement present 
beneath these ceramic restorations.7 These studies used ceramics of 
different types, different thicknesses, different shades, and different 
light protocols. It is also found that reduced transmission of light 
through ceramics due to any reason can cause a decrease in the 
strength and increase in the water sorption and water solubility of 
the resin-based cement present beneath these indirect ceramic-
based restorations affecting their overall success.8

Studies conducted previously had reflected that the thickness 
of ceramics has more influence on the light transmission than the 
shade of ceramics. However, in a study conducted by Passos et al., 
it has been found that the dual curing percentage of conventional 
dual-cure resin-based cement was decreased on increasing the 
chroma saturation in feldspathic disks of a low thickness (less than 
2 mm).9 Duran et al. also conducted a study and found that the 
amount of irradiation of light decreased in hybrid ceramic samples 
of all thicknesses, increasing the darkness of the hybrid ceramics. 
The results of this study were in accordance with the results of the 
study conducted by Ilie and Stawarczyk.10

In all these previous studies, it was observed that there had 
been no focus on changes in the water solubility, water sorption, 
and microhardness in underlying dual-cure resin cement in different 
shades of monolithic zirconia crowns. Because the adhesive 
cement’s properties can have a direct impact on the overall success 
of monolithic zirconia restorations, this study was conducted to 
assess the impact of different shades of monolithic zirconia on 
microhardness, as well as water sorption and solubility of both 
conventional and self-adhesive dual-cure resin-based cement.

Mat e r ia  l s a n d Me t h o d s
The study was conducted at a tertiary-level dental hospital in New 
Delhi. Clearance was obtained from the ethical committee. The 
reference no for ethical approval was NMC/2020/11/168. 

Preparation of Monolithic Variant of Zirconia 
Specimens
In this study, 60 specimens of monolithic variants of zirconia disks 
(Zircostar, Hungary), which were highly translucent and precolored, 
were taken for the analysis. The dimensions of the disks were kept 
identical for each study specimen. The measurements were 10 mm in 

diameter and 1 mm in thickness. Initially, the disks were milled with 
these dimensions in three different shades, namely A one, A two, 
and A three (n = 10), with the help of computer-aided manufacturing 
and computer-aided designing machine. After this, a digital caliper 
was used to measure the thickness of each specimen. If there was 
a difference in thickness, the specimen was processed with silicon 
carbide grinding paper to ensure that all of the research specimens 
had the same thickness. However, if the discrepancy was more 
significant than 0.1 mm, then that specimen was not included, though 
there were no such specimens in which such differences were found. 
Following that, the research specimens were sinterized for 8 hours 
at a temperature of 1450°C, as per the manufacturer’s instructions. 
Then, overglazing (Ivoclar Vivadent) was carried out on one surface. 
The specimens of the monolithic zirconia were cleaned using an 
ultrasonic scaler and distilled water before testing for 15 seconds. 
After cleaning, they were individually dried in the air for 30 seconds. 

Preparation of Dual-cure Resin Samples
In this study, 80 samples of resin-based cement were prepared. 
They were prepared by putting conventional dual-cure resin 
cement and self-adhesive dual-cure resin cement in different 
silicon molds, which were cylindrical. The diameter of the molds 
was 8mm, while the thickness was 1mm. The calculations for the 
size of the sample were carried out according to the study results 
conducted by Kim et al.11 The mixing of the catalyst paste and base 
paste of the resin-based cement was done in the ratio of 1:1. Then, 
they were placed inside the molds. After that transparent mylar 
strip was kept over the filled orifice, followed by the placement of 
a glass slab. The purpose of the placement of mylar strip was to 
create separation between ceramics and cement and to produce a 
smooth and even surface of resin-based cement that was required 
for analyzing Vickers microhardness. The glass slab was removed, 
and then there was light curing of the specimens. Light curing of 
the resin cement was done with the help of LED (Woodpecker). The 
irradiance used was 1200 mW/cm2 for 20 seconds. Curing was done 
as per the following arrangements:

Category one: No ceramic disks were present; there was direct 
activation. It was the control group
Category two: Curing of the resin cement with overlying, one 
shade of monolithic variant of zirconia
Category three: Curing of the resin cement with overlying, A 
two shade of monolithic variant of zirconia
Category four: Curing of the resin cement with overlying A three 
shade of monolithic variant of zirconia

In each category, two subgroups were further created (n = 10). 
One subgroup consisted of conventional dual-cure resin-based 
cement, while the other subgroup consisted of self-adhesive dual-
cure resin-based cement. The tip of the light-curing unit was placed 
over the mylar strips in control groups. In contrast, it was placed 
directly over the monolithic variant of zirconia’s glazed surface in 
experimental categories. The curing was carried out for 20 seconds. 
The specimens were removed from the cylindrical silicone molds 
15 minutes after the beginning of the light-curing process. 

To remove flashes, silicon carbide paper was used for finishing 
the periphery of the resin cement specimens. Lightproof containers 
were used to store the samples. The temperature of the storage was 
37°C, while the duration of the storage was 24 hours. With the use 
of a surface microhardness tester, the Vickers microhardness of the 
resin cement specimens was measured (SCTMC). The load adjusted 
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Then the specimens were kept immersed in distilled water 
in the lightproof glass at a temperature of 37°C for 7  days. To 
avoid large changes in the pH of the distilled saline in which the 
specimens were immersed, the distilled water was replenished 
every 20  hours. Then the study samples of resin cement were 
removed from distilled water followed by gentle washing and 
blotting with soft, absorbent paper. Weight was measured at this 
stage, and it was considered as mass (W2). The study specimens 
were air-dried and transferred to the desiccators. Their weight was 
measured at regular intervals till a constant reading was obtained. 
This reading was recorded as mass (W3).

The water sorption (WS) of the study specimens was calculated 
using the following formula:

31 3
/mm

W W
WS g

V
−

= µ

The water solubility (WSL) of the study specimens was 
calculated using the following formula:

32 3
/mm

W W
WSL g

V
−

= µ

Statistical Analysis
The statistical analysis was undertaken with the help of statistical 
tests like two-way analysis of variations (ANOVA), one-way ANOVA, 
independent t-tests, Tukey’s test, and Tamhane’s T2 test. p ≤0.05 
was considered statistically significant. 

Re s u lts
As the measurements and data for microhardness of resin cement 
were analyzed, it was discovered that microhardness reduced 
in all shades of monolithic zirconia variants when compared to 
the control group. In the present study, the microhardness of 
conventional dual-cure resin cement was greater than that of 
self-adhesive dual-cure resin-based cement. The difference was 
statistically significant with p ≤0.05. When the effect of shade of 
monolithic variant of zirconia was analyzed, it was found that the 
difference in microhardness of both resin cement on using different 
shades was statistically significant (Table 1).

In the next step, there were measurements and data analysis 
obtained for water sorption of resin cement. It was found that 
water sorption increased in all shades of monolithic variants of 

on the tester was 50 g, equivalent to 0.49 Newton force. This load 
was applied at every specimen's bottom surface for 15 seconds. 
There was the creation of three indentations in every specimen, 
and the mean of the values was calculated for every sample.

Measurement of Water Sorption and Water Solubility 
The study specimens of resin cement were placed along with dry 
fresh silica gel in a desiccator at a temperature of 37°C for 22 hours 
(Fig. 1). Afterward, the resin cement specimens were transferred to 
another desiccator at a temperature of 23°C for 2 hours. Then, there 
was the measurement of weight of the sample after every 20 hours 
with the help of electronic balance until the loss of mass was not more 
than 0.1 mg in 24 hours (Fig. 2). The measurements continued till the 
reading was constant. This weight was recorded and considered as 
mass (W1). With the use of a digital caliper in millimeters, the thickness 
(H) and diameter (D) of all specimens were recorded. Then using these 
measurements, the volume (V) of each sample was calculated with 
the help of the following formula:

V = π × (D/2)2 × H
where,

π = 3.14
D = Diameter of the specimen in mm
H = Thickness of the specimens in mm

Fig. 1: Specimen of monolithic zirconia placed in a desiccator

Fig. 2: Weighting the specimen in an electronic balance

Table 1: Data comparing the mean values and standard deviation values 
of microhardness in different resin cement under various shades of 
monolithic variants of zirconia

The shade of 
monolithic variant 
of zirconia

Microhardness of two types of cement 
used

p^ value

Dual-cure self- 
adhesive cement 

(mean ± S.D)

Dual-cure  
conventional  

cement (mean ± S.D)
No ceramic 31.25 ± 0.81 71.61 ± 4.51 0.02s

A one shade   6.89 ± 0.53 52.92 ± 4.84 0.01s

A two shade   7.22 ± 0.92 51.17 ± 3.65 0.03s

A three shade   8.19 ± 0.71 44.31 ± 4.33 0.01s

p# 0.01s 0.03s

^represents independent t-test values;# represents one-way ANOVA F-test 
values;s represents statistically significant
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Di s c u s s i o n
Nowadays, zirconia restorations have become the primary choice 
for the patient and the dental professionals for fixed restorations 
because of their excellent esthetics and good biocompatibility. 
However, chipping off has been reported in some restorations of 
zirconia. Monolithic zirconia has been introduced to mitigate this 
drawback. For monolithic zirconia cementation, both conventional 
and adhesive cement are employed; however, adhesive cement is 
most usually used. The most common adhesive cement used is 
dual-cure adhesive cement and conventional self-adhesive cement. 
These cement have the properties like greater strength, improved 
esthetics, and decreased incidence of marginal leakage.11

For the complete success of the zirconia restoration, there is a 
need for good mechanical properties of the zirconia and adhesive 
cement. Therefore, in the present study, monolithic zirconia, dual-
cure adhesive cement, and conventional self-adhesive cement 
were included to evaluate the mechanical properties of adhesive 
cement-like microhardness, water solubility, and water sorption 
in different shades of zirconia. Although the thickness of zirconia 
crowns on the polymerization of underlying adhesive cement 
has been studied, the effect of shade of monolithic zirconia on 
water solubility, water sorption, and microhardness in underlying 
adhesive cement has not been studied. Therefore, this study was 
undertaken with the ambition of evaluating the impact of various 
shades of a monolithic variant of zirconia over the microhardness 
and water sorption and water solubility of both conventional and 
self-adhesive dual-cure resin-based cement.12

It was found that microhardness was greater in conventional 
dual-cure resin-based cement in comparison with self-adhesive 
dual-cure cement. At the same time, the water solubility and 
water sorption were lower in conventional dual-cure resin-based 
cement than self-adhesive dual-cure resin cement. The effect of 
shade of monolithic variant of zirconia was significant over the 
microhardness of both dual-cure resin-based cement; however, 
the effect was not significant over the water solubility and 
water sorption of the resin-based cement. Furthermore, when 
a monolithic form of zirconia is employed, the microhardness of 
both dual resin-based cement and dual-cure resin-based cement 
is reduced compared to when no ceramics are used, and there is 
direct activation of the dual-cure resin-based cement. This may 
be due to the reason that there may be increased attenuation of 
the light passing through the intervening monolithic variant of 
zirconia.13,14

Ansarifard et  al. conducted a study to evaluate the role 
of shade of monolithic variant of the zirconia restoration in 
the microhardness, water solubility, and water sorption of the 
underlying dual-cure resin-based cement.15 The results found in this 
study were in accordance with the present study. Ilie and Stawarczy 
conducted a study to evaluate the quantity of light passing through 
the monolithic variant of zirconia having a different thickness in 
different polymerization conditions. They found that that there is 
a reduced transmission of light through the monolithic variant in 
comparison with the conventional zirconia.16 These results are in 
accordance with the current study results where it was found that 
there may be reduced transmission of light through the monolithic 
variant of zirconia.

Sulaiman et  al. also conducted a study to evaluate the 
transmission of light through different esthetic indirect restorations, 
including the monolithic variant of zirconia. It was found that there 
was increased attenuation of light passing through the monolithic 

zirconia in comparison to the control group in self-adhesive dual-
cure cement. There was no significant change in water sorption 
of conventional cement in comparison to the control groups. 
When the water sorption of self-adhesive dual-cure resin-based 
cement and conventional dual-cure resin cement was compared, 
it was discovered that conventional dual-cure resin cement 
had less water sorption than self-adhesive dual-cure cement. 
The difference was statistically significant with p  ≤0.05. When 
the effect of shade of monolithic variant of zirconia on water 
sorption of resin was analyzed, it was found that the difference 
in water sorption of both resin cement using different shades was 
statistically nonsignificant (Table 2).

Finally, there were measurements and analyses of data 
obtained for the water solubility of resin cement. It was found 
that water solubility increased in different shades of monolithic 
variants of zirconia in comparison to the control group in self-
adhesive dual-cure cement. There was no significant change in 
water solubility of conventional cement in comparison to control 
groups. When the effect of shade of monolithic variant of zirconia 
on the water solubility of resin cement was analyzed, it was found 
that the difference in water solubility of both the resin cement on 
using different shades was statistically nonsignificant. When the 
water solubility of self-adhesive dual-cure resin-based cement 
and conventional dual-cure resin cement was compared, it was 
discovered that conventional dual-cure resin cement had less water 
solubility than self-adhesive dual-cure cement. The difference was 
statistically significant with p ≤0.05 (Table 3).

Table 2: Data comparing the mean values and standard deviation values 
of sorption of water in different resin cement under various shades of 
monolithic variants of zirconia

The shade of  
monolithic variant of 
zirconia

Type of cement used

p^ value

Dual-cure self- 
adhesive cement 

(mean ± S.D)

Dual-cure  
conventional cement 

(mean ± S.D)
No ceramic 46.34 ± 9.57 29.37 ± 7.94 0.01s

A one shade   67.24 ± 22.62 28.20 ± 5.64 0.03s

A two shade   65.80 ± 23.74   29.12 ± 10.63 0.02s

A three shade   66.15 ± 10.31 32.53 ± 7.69 0.01s

p# 0.741 0.723
^represents independent t-test values;# represents one-way ANOVA F-test 
values;s represents statistically significant

Table 3: Data comparing the mean values and standard deviation values 
of solubility of water in different resin cement under various shades of 
monolithic variants of zirconia

The shade of  
monolithic 
variant of zirconia

Type of cement used

p^ value

Dual-cure self- 
adhesive cement 

(mean ± S.D)

Dual-cure  
conventional cement 

(mean ± S.D)
No ceramic 10.54 ± 3.99 2.46 ± 1.97 0.02s

A one shade 31.60 ± 9.38 2.11 ± 4.65 0.04s

A two shade 31.34 ± 7.36 2.60 ± 4.39 0.01s

A three shade 29.82 ± 7.68 2.76 ± 3.37 0.03s

p# 0.876 0.675
^represents independent t-test values;# represents one-way ANOVA F-test 
values;s represents statistically significant
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and the water solubility and water sorption of dual-cure resin 
cement underlying these restorations.

One of the limitations of this study was the use of a flat 
type of monolithic variant of zirconia. On the contrary, this flat 
condition is not observed in clinical situations due to occlusal 
cusps.34 Therefore, the study results may not be similar to that 
of the results observed clinically. Another limitation was that 
the effect of saliva on the water solubility and water sorption of 
the cement was not considered. Therefore, more studies should 
be carried out, which should evaluate the impact of the anatomy 
of tooth and saliva.

Co n c lu s i o n
The effect of shade of monolithic variant of zirconia was significant 
over microhardness of both dual-cure resin-based cement. 
However, the result was not significant over the water solubility 
and water sorption of the resin-based cement. Further, it was also 
observed that the use of a monolithic variant of zirconia led to a 
decrease in the microhardness of both dual resin-based cement 
in comparison to the condition when no ceramics were used. 
Microhardness was more excellent in conventional resin-based 
dual-cure cement in comparison with self-adhesive dual-cure 
cement. At the same time, the water solubility and water sorption 
were lower in traditional dual-cure resin-based cement as compared 
to the self-adhesive dual-cure resin cement.
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In our study, monolithic zirconia was used with a thickness of 1 mm, 
while in the study conducted by Pazi et al., conventional zirconia 
was used, having a thickness of 1.5 mm.

Gültekİn et  al. performed a study to analyze the amount of 
polymerization and microhardness of self-adhesive dual-cure-
based cement beneath the zirconia restorations and found that 
the curing was not optimal. These results are in accordance with 
the results of our study.22,23 The present study demonstrated that 
the microhardness of the conventional dual-cure resin-based 
cement is greater than the self-adhesive cement. It could be due 
to the difference in the amount and size of fillers and monomers. 
The increased percentage of fillers in typical dual-cure resins is 
thought to be the cause of their higher microhardness.24 Alovisiet al. 
investigated the microhardness of two dual-cure resin cement with 
varying amounts of fillers light-cured through monolithic zirconia 
variations. They concluded that the microhardness was greater in 
dual-cure resin cement, having more filler contents. These results 
are in accordance with that of the present study.25,26

The present study found that the shade of the monolithic 
variant of zirconia significantly affected the microhardness of the 
dual-cure resin-based cement. The results are in accordance with 
the results of the study conducted by Passos et  al.27 In another 
study conducted by Moreno et al., it was observed that the shade 
of the ceramic significantly affects the microhardness of the dual-
cure resin-based cement.28 On the contrary, the results of the study 
conducted by Kilinic et al. indicated the effect of shade of ceramic 
on the microhardness of the dual-cure resin-based cement.29 This 
is not in accordance with the results of our study. 

According to the findings of this study, the water solubility 
and water sorption in conventional dual-cure resin-based cement 
were higher than self-adhesive dual-cure cement. The difference 
may be due to the difference in the percentage of 2-hydroxyethyl 
methacrylate (HEMA). It is usually believed that the cement in which 
HEMA amount is more significant, the water solubility is observed 
more.30 The results of our study are in accordance with the results 
of the study conducted by Aguiar et al.31 Moreover in our study, it 
was observed that the shade of the monolithic variant of the zirconia 
does not significantly affect the water sorption and water solubility 
of dual-cure resin cement. Kim et al. conducted a study and found 
that the results are in accordance with our study.32

The quantity of polymerization in resin-based cement 
affects their clinical effectiveness for a more extended period. It 
is believed that the measurement of microhardness is a reliable 
and straightforward process for evaluating the amount of 
polymerization of the resin-based cement. Since very few studies 
have been conducted to assess the effect of shade of monolithic 
variant of zirconia over the microhardness of the dual-cure resin-
based cement,33 the current study analyzed the impact of different 
shades of monolithic variants of zirconia over the microhardness 
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