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Abstract

:

Objectives: To measure and compare the bond strength between three different types of ceramics and resin cement, as well as the degree of conversion of resin cement after using different light-curing units and curing modes. Methods: Three types of ceramics—Leucite-reinforced (Empress CAD), Lithium disilicate (Emax CAD), and Zirconia (Emax ZirCAD)—of varying thicknesses (1.5 mm and 2.0 mm) were bonded to a light-cure resin cement (Variolink Esthetic LC). Light-curing was carried out using a monowave LCU (3M Elipar DeepCure-S LED Curing Light with irradiance of 1470 mW/cm2) and with polywave LCU (Ivoclar Bluephase PowerCure) using High, Turbo, and 3 s curing modes, respectively (1200, 2100, 3000 mW/cm2). A chevron-notch bond strength test (total n = 288) was conducted to calculate the fracture energy and interfacial bond strength (J/m2). The degree of cure (%DC) of the residual resin cement on debonded surfaces was measured using Fourier Transform Infrared Spectroscopy (FTIR). Collected data were statistically analysed under SPSS ver. 27 by conducting an ANOVA and Bonferroni post hoc test. The mode of failure was established using a scanning electron microscope (SEM). Results: A significant difference in interfacial bond strength was found between the three types of ceramic material groups (p < 0.01). Cement cured through Empress that was 2 mm thick showed the highest bond strength (1.36 ± 0.46 J/m2), while the lowest was observed (0.26 ± 0.07 J/m2) in 2 mm Emax CAD using the 3 s mode. The use of different LCUs and curing modes had a significant influence on the %DC of resin cement seen in all groups, except 2 mm Emax ZirCAD. The dominant mode of failure for Empress, EmaxCAD, and EmaxZirCAD were cohesive, adhesive, and mixed, respectively. Conclusions: The type of ceramic and its thickness can significantly affect bond strength, and the results showed that polywave LCU is more effective than monowave LCU when curing through ceramics.
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1. Introduction


The change from traditional full-gold crowns and porcelain-fused-to-metal (PFM) to all-ceramic restorations over the past few decades is considered to be one of the fastest paradigm shifts in restorative dentistry [1,2]. Today, the prevalence of all-ceramic restorations is recorded at 80.2% [3], 69% [4] and 57.7% [5] in the United States of America (USA), United Kingdom (UK) and New Zealand (NZ), respectively. These surveys showed that more than half of the population in these countries prefer all-ceramic restorations, highlighting the increasing popularity of ceramics as a restorative material. Dental ceramics are known to many clinicians as an ideal biomaterial because of its biocompatibility, inertness, and excellent aesthetic quality [6]. In modern dentistry, the rapid advances and success of Computer-Aided Design and Computer-Aided Manufacturing (CAD/CAM) technology coupled with the high public desire for tooth-coloured restorations, justify the continuous demand and manufacture of all-ceramic restorations [7].



A recent survey concluded that the most common complication of all-ceramic restorations is debonding, reporting up to 52% amongst other restorative failures [8]. A stable bond between all-ceramic restorations and the underlying prepared tooth structure is strongly influenced by the degree of cure of resin cement [9]. If resin cement is under-cured, it remains primarily in a monomeric state which is prone to washout, leading to an increase in microleakages of oral contaminants. When resin cement is well-photopolymerised, both its mechanical and chemical properties significantly improve [9,10,11,12], resulting in remarkably low solubility, high dimensional stability, better colour stability, and greater compressive and tensile strength [13].



The light-emitting diode (LED) light-curing unit (LCU) is considered to be the gold standard in contemporary dentistry [14]. Each generation of LED LCU emits its own irradiance power and wavelength spectrum, which should match the light absorption spectrum of photoinitiators in resin-based materials [9,14,15,16]. The first generation of LED LCU had low irradiance of 400 mW/cm2, while the second generation of LED LCU improved by increasing its irradiance up to 1000 mW/cm2 [17]. However, both generations utilise the same monowave technology (single-peak), emitting a narrow range of wavelengths, resulting in the inability to light-cure restorative materials using photoinitiators of shorter wavelength [17]. Today, third-generation LED LCU use polywave technology (dual-peak), which is set to emit more than one wavelength peak. The incorporation of an array of blue and violet diodes within the LCU results in a broad spectral range of light emission. This allows a new generation of LCU to adequately cure all types of dental resin products on the market [9,17]. The newly designed polywave LED LCU features multiple curing modes based on the material and indication. The ‘3 sec’, ‘turbo’, and ‘high’ modes produce high irradiance of up to 3000 mW/cm2, enabling short curing times of 3, 5, and 10 s, respectively. The manufacturer claims that a shorter curing time helps reduce chairside time and excess heat exposure to the pulp.



Currently, there is a scarcity of peer-reviewed reports concerning which light-curing units and curing modes are suitable to cure resin cement underneath different ceramic materials. The existing evidence mainly reports findings on either one type of ceramic material or one particular type of LCU technology, with the majority of studies testing the influences of thickness and shade of ceramic material [12,18,19,20,21,22,23,24,25,26]. This lack of research on the efficacy of different light-curing technologies on indirect restorations makes it inconclusive to give any clinical recommendations. Therefore, the current study aims to investigate the influence of different light-curing units (monowave and polywave) and their curing modes on the bond strength between resin cement and three different popular dental ceramic restorative materials (leucite-reinforced, lithium disilicate and zirconia), as well as the degree of conversion of resin cement. The findings from this project have the potential to serve as the first guideline for dental practitioners in regard to the best LCU for indirect restorations. The null hypotheses state that there is no significant effect on the interfacial bond strength degree of conversion of resin cement when polymerised (1) using different LCUs and curing modes; and (2) under different ceramic types and thicknesses.




2. Material and Methods


2.1. Specimen Preparation


In order to calculate an adequate sample size, the G* Power Software (Version 3.1, Universität Düsseldorf, Düsseldorf, Germany) was used, and a sample size of 12 per group resulted in a statistical power of 95%. Three types of ceramic blocks—that is, leucite-reinforced (Empress CAD, Ivoclar Vivadent, Schaan, Liechtenstein), lithium disilicate (Emax CAD, Ivoclar Vivadent, Schaan, Liechtenstein), and zirconia (Emax ZirCAD, Ivoclar Vivadent, Schaan, Liechtenstein)—of the same shade (A2) and translucency (HT- high translucency) were sectioned into slices of 1.5 mm and 2.0 mm thicknesses using a cutting machine (Accutom-50, Struers, Copenhagen, Denmark) (n = 12 per sample group). The lithium disilicate and zirconia slices were sintered in furnaces (Programmat P500/G2, Ivoclar Vivadent and Ceramill Therm II, Amann Girrbach, Pforzheim, Germany) as per the manufacturer’s instructions. The leucite-reinforced and sintered lithium disilicate slices were then pre-treated with 9% buffered hydrofluoric acid (Porcelain Etch, Ultradent, South Jordan, USA) for 1 min and 20 s, respectively. The sintered zirconia slices were sandblasted at 1.5 bar pressure with 100 μm aluminium oxide (Al2O3). After thoroughly rinsing the slices under running tap water, a thin coat of silane coupling agent (Monobond Plus, Ivoclar Vivadent) was applied using a microbrush and allowed to react for 1 min before dispersing the excess with a strong stream of air.



Chevron notch-shaped stickers of 4 mm × 4 mm (Teflon) were placed on each of the ceramic slices to isolate the bonding area (Figure 1a). Light-cured resin cement (Variolink Esthetic LC, Ivoclar Vivadent) was directly injected onto the 3D-printed acrylic beams (5 mm × 4 mm × 15 mm) (Figure 1b). The face of the beam being bonded to the ceramic was printed with a 3 mm × 3 mm × 1.5 mm recess to provide additional mechanical retention at the beam/cement interface to ensure that the failure was directed to the ceramic/cement interface where only the area of the chevron notch was bonded. The beams were bonded onto the prepared ceramic slices by careful positioning over the chevron sticker using a 3D-printed customized jig to ensure the beam was always placed perpendicular to the ceramic slice. After firm finger pressure was applied, the excess resin cement was removed using a microbrush. The ceramic slice was then fitted on top of a customized jig, and the LCU was placed underneath via the jig (Figure 1c), light-curing the resin cement through the ceramic slice (Figure 1d).




2.2. Light Curing


The resin cement for of the sample groups was light-cured using one of the following protocols: monowave LED LCU (Elipar DeepCure Paradigm, 3M) in standard mode (1470 mW/cm2) for 10 s, polywave LED LCU (Bluephase PowerCure, Ivoclar Vivadent) in high mode (1200 mW/cm2), turbo mode (2100 mW/cm2), and 3 s mode (3000 mW/cm2) for 10, 5, and 3 s, respectively (Table 1). The LCUs were orientated accordingly and supported using a silicone putty material to ensure a constant distance between the light-curing unit tip and the ceramic material (Figure 2).




2.3. Interfacial Bond Strength Test


The bonded specimens were clamped on a customised jig and loaded 13 mm from the bonded interface (Figure 2). A universal testing machine (Instron 3369, Instron, Norwood, MA, USA) was used to apply a 50 N load cell at a cross-head speed of 0.05 mm/min until failure occurred. The interfacial bond strengths (GIC) were calculated using the formula (Figure 3) [27]:


   G IC    ( J /  m 2  ) =   104.5    F 2     L 3      E  D 6     








where:




	
F = load at failure (N)



	
L = distance from bonded interface to loading point



	
E = elastic modulus of 3D-printed beam (4.16 GPa)



	
D = cross sectional area of 3D-printed beam









2.4. Degree of Conversion (DC)


A portion of the recently cured resin cement from the failure interface was scrapped out and placed on the ATR-FTIR (Bruker, Billerica, MA, USA) operating from 400 to 4000 cm−1 to measure the degree of conversion (DC). The number of double-carbon bonds that are converted into single bonds provides the DC (%) of the resin cement. The percentage of unreactive carbon–carbon double bonds (% C=C) was determined from the ratio of the absorbance intensity of aliphatic C-C (peak 1637 cm−1) to that of aromatic C=C (peak at 1608 cm−1).



The DC was then calculated using the formula [12]:


  DC   ( % ) =  [  1 −    (  1637   c  m  − 1   / 1608   c  m  − 1      )  P e a k   h e i g h t   a f t e r   c u r i n  g      (  1637   c  m  − 1   / 1608   c  m  − 1      )  P e a k   h e i g h t   b e f o r e   c u r i n  g      ]  × 100  












2.5. Mode of Failure and Surface Analysis


Each debonded specimen was examined under a light microscope (Nikon SMZ800N, Tokyo, Japan) to determine the mode of failure. A representative sample from each group was then further analysed under a scanning electron microscope (SEM) (JSM-6700F, JEOL Ltd., Tokyo, Japan) at higher magnification (25×–500×) and resolution. The mode of failure was classified into three categories: adhesive (failure between resin cement and ceramic), cohesive (failure within resin cement), and mixed (both adhesive and cohesive).




2.6. Statistical Analysis


The collected data of interfacial bond strength and %DC were individually analysed using SPSS (version 27, IMB, New York, NY, USA), conducting a one-way ANOVA, with statistical difference set at p < 0.05. The Bonferroni post hoc test was performed to determine differences among groups. Descriptive analysis was used to record the mode of failure.





3. Results


3.1. Interfacial Bond Strength


The mean and standard deviation of interfacial bond strengths for each group are presented in Figure 4 and Table 2. Overall, a significant difference between the interfacial bond strength was found between the three types of ceramic material groups (p < 0.01). The group showing the highest bond strength was the Empress 2.0 mm PT group (1.36 ± 0.46 J/m2), while the EmaxCAD 2.0 mm P3 group resulted in the lowest bond strength (0.26 ± 0.07 J/m2). When comparing the influence of increasing ceramic thicknesses on the bond strength, significant differences were only observed in the EmaxCAD group, between 1.5 mm and 2.0 mm. Within these specific thicknesses, the Empress 2.0 mm and EmaxCAD 1.5 mm groups demonstrated significant differences in bond strength when cured under different light-curing units and curing modes.




3.2. Degree of Cure


The mean and standard deviation of DC of resin cement for each group are presented in Figure 5 and Table 3. Overall, no significant difference between the DC of resin cement was found between the three types of ceramic material groups (p > 0.01). The group showing the highest DC was the Empress 1.5 mm P3 group (60.48 ± 5.19%), while the EmaxZirCAD 1.5 mm P3 group resulted in the lowest cure degree (36.02 ± 8.46%). When comparing the influence of increasing ceramic thicknesses on bond strength, there were no significant differences between 1.5 mm and 2.0 mm for all ceramic types. Within these specific thicknesses, all groups demonstrated significant differences, except EmaxZirCAD 2.0 mm, in the degree of cure of resin cement when cured under different light-curing units and curing modes.




3.3. Mode of Failure and Surface Analysis


In this study, the mode of failure between different ceramic types varied. The empress group showed a predominantly mixed failure mode, with one group (Empress; 2.0 mm; PT) showing purely cohesive failure (Figure 6). All groups in EmaxCAD demonstrated purely adhesive failures (Figure 7). Lastly, EmaxZirCAD 1.5 mm groups showed predominantly adhesive failure, while EmaxZirCAD 2.0 mm groups showed mainly mixed failures, regardless of the different types of LCUs and curing modes used (Figure 8).





4. Discussion


The bond strength test results demonstrate that there was a significant decrease from Empress, EmaxCAD, and lastly, EmaxZirCAD. This variation in bond strength amongst different ceramic types is most likely due to its dissimilarity in material composition and microstructure, which has an impact on its optical properties [7]. According to a study by Pacheco et al. (2018), the increase in crystalline density can result in lower light transmission and increased light-scattering [28]. Empress is a glass-matrix ceramic consisting of 35–50% leucite crystals by volume that are homogeneously imbedded into a glassy matrix [29]. Emax CAD is also a glass-matrix ceramic, but is composed of a greater crystalline density (~70 vol%) of randomly-orientated and elongated plate-like lithium disilicate crystals [29]. It is proposed that light transmission through lithium disilicate ceramic is greatly interrupted by its high volume and irregularities of its crystals [25], thus increasing light-scattering and reducing light transmission through the ceramic. Emax ZirCAD is a polycrystalline ceramic that does not contain a glass phase, resulting in a highly dense crystalline phase of 87–95% zirconium oxide [7]. The absence of a glass phase coupled with the high concentration of crystals in zirconia ceramic makes them appear less translucent and more opaque when compared to glass-matrix ceramics, leading to a further decline in light transmission [30]. In terms of DC, the use of different ceramic types did not lead to a significant effect on the percentage of polymerisation of resin cement. This is not corroborated by a study from Oh et al. (2018), who stated that there was a statistical difference between the DC of resin cement when light-cured through Empress and Emax [25]. DC results from Mendonça et al. (2019), showed that composition and shade of lithium disilicate and zirconia ceramics had an influence on dual-cured resin cement [30]. It was concluded that there was a positive correlation between the light transmittance and DC of resin cements [30]. However, the degree of cure values observed between the three ceramic types used in this study did not show a significant difference between one another.



The results from the present study showed that an increase in the thickness of ceramics can affect the interfacial bond strength between ceramic and resin cements. According to a study carried out by Barutcigil and Büyükkaplan (2020), the increase in thicknesses of ceramic significantly decreased the amount of polymerisation of light-cure resin cement, especially at 1.5 mm and above [19]. When light passes through the ceramic, much of it is lost by reflection, absorption and scattering, which may impair the final polymerisation of resin cement [19,22,25,28]. The current study showed that the ceramic thicknesses only had a significant influence in lithium disilicate’s bond strength. In a clinical application, it could be considered critical to keep indirect restorations made out of lithium disilicate at a maximum of 2.0 mm, as any increase of thickness will significantly affect its bond strength. However, the different thicknesses of ceramics also did not have a significant effect on the degree of cure of resin cement, concluding that the choice of LCU and curing modes should be considered when it comes to clinical applications.



One of the main differences between the monowave and polywave LCUs is their wavelength emission spectra. In the present study, higher bond strength was observed when light-cured with a polywave LCU, regardless of the curing mode used, compared to the monowave LCU. This is because contemporary resin cement contains new photoinitiators, such as Ivocerin, that is present in the resin cement used in this study, which are most sensitive to shorter wavelength of violet light between 380 nm and 410 nm [31,32]. The monowave LCU delivers a limited amount of light below 420 nm, which makes it not ideal to activate photoinitiators that requires a shorter wavelength of light. In contrast, a polywave LCU emits a broader range of wavelength, covering photoinitiators that are sensitive to both blue and violet rays [14]. Chen et al. (2019) stated the importance of compatibility between wavelength spectral emission from LCUs and wavelength spectral absorption from photoinitiators that will lead to satisfactory bond strength [33]. However, this is not always true for the DC of resin cement. The addition of diodes that emit violet light can negatively affect the total amount of blue light present and reduce the overall uniformity of light emitted across the light-curing tip. Polywave LCU is known to demonstrate regions with “hot spots” of very bright light, and also regions with “cold spots” where there is little or no light coming from its light-curing tip [14,16]. This leads to areas where radiant exposure to cure resin material is inadequate, resulting in impaired polymerisation [14,16]. Violet light has also been shown to exhibit lower light penetration compared to blue light within indirect restorative materials [28]. Therefore, information obtained from other studies mentioned have supported the results of this current study where most groups generally show higher DC of resin cement when cured with monowave LCU compared to polywave LCU.



The order of irradiance from highest to lowest are P3 (3000 W/cm2), PT (2100 W/cm2), M (1470 W/cm2), and PH (1200 W/cm2), respectively. In theory, the energy released from the light source aid in the activation of the polymerisation process of resin cement [16]. However, the results show that the highest irradiance released by P3 does not lead to the highest bond strength. This is supported by a study from Faria-e-Silva and Pfeifer (2017), stating that using high-irradiance LCU with shorter exposure time actually reduces the degree of polymerisation of the resin cement [20]. The P3 curing mode releases high irradiance for only 3 s, which leads to a marked drop in total energy that is not maintained above the minimum energy [34]. This leads to premature polymerisation, due to the low mobility and migration of free radicals, which compromises the degree of conversion of resin cement [35]. Studies have stated that exposure time is one of the most important parameters affecting the degree of polymerisation and micro-mechanical properties of resin cement, where a prolonged light-curing time increases irradiance through the ceramic material [18]. In this study, the groups with the longest curing times were M and PH, which were both at 10 s, respectively. When comparing these two alone, the PH usually resulted in a higher bond strength compared to M. With the additional aspect that the irradiance of PH is lower than M, it can be concluded that the wavelength of spectral emission in a LCU plays a crucial role in resin photopolymerisation.



Each ceramic type used in this study showed a relatively consistent mode of failure regardless of the change in ceramic thicknesses and LCUs or curing modes used. Therefore, the difference in mode of failure between these three ceramic types were dependent on its composition and microstructure, and also the surface treatment prior to bonding. The bonding protocol for each ceramic type was different due to the variation in composition. As mentioned earlier, Empress and Emax CAD ceramics have a glassy phase, which allow them to be acid-etched to dissolve its glass content to create an ideal surface for micromechanical retention. In contract, a reliable bond between resin cement and a polycrystalline ceramic such as zirconia is difficult to achieve because of its chemical inertness and lack of silica particles that makes etching impossible. The bond between EmaxZirCAD and resin cement depends on mechanical retention from sandblasting, and chemical bonding with a saline coupling agent was used.



Optimal retention can be achieved when adhesion, rather than the cohesive strength of resin cement is stronger, leading to higher overall interfacial bond strength [36,37]. The SEM analysis illustrated that representative samples from Empress groups shows mainly mixed and cohesive failures, which signifies that the adhesive interface between ceramic and resin cement is very strong. This reflects in the interfacial bond strength measured, which is the highest for Empress groups. Even though EmaxCAD had similar material in pre-treatment as Empress, the reason why EmaxCAD groups were purely adhesive—even with less bond strength compared to Empress—is because of its microstructure, which reduces the amount of light passing through the ceramic, thus decreasing the interfacial bond strength. EmaxZirCAD had mainly shown adhesive and mixed failures. However, it should be noted that in mixed failures, the cohesive failure is usually present at the lower third of the bonded area. This suggests that the specimen had mainly debonded between the ceramic–resin interface.



Under clinical situations, there are two interfaces involved during crown cementation—the ceramic/cement interface and cement/dentin interface. It would be of further interest to look at the influence of cement/dentin interfacial bond strength under different LCUs and curing modes in ongoing studies. Although there are numerous past studies which imply the use of dual-cure resin cement [12,19,23,30,38,39], the current study standardised the use of light-cure resin cement from the same manufacturer to control the variables and better observe changes in bond strength. In order to standardise the distance between light-curing tips and the ceramic, the specimens were light-cured through direct contact with the light-curing tip. Therefore, it should be noted that the light received by ceramic restoration in a clinical situation is less than what was received by specimens in this study. Clinicians should ensure that restorations are always light-cured in all directions to ensure optimal light polymerisation. With the same proposed experimental set-up, future studies can focus on dual-cure resin cement instead. In addition, it was also noticed that the time between debonding the specimens and testing for DC can vary amongst different types of ceramic used. As mentioned earlier in the results, the interfacial bond strength decreased from the Empress group to Emax ZirCAD group. This means that the time needed to debond the Empress group was longer compared to the Emax ZirCAD group, thus fluctuating the time of specimens being exposed to light from the surrounding environment to the moment the resin cement from the debonded specimen was tested for DC. Future studies can improve on this aspect by setting aside a group of specimens to be debonded by hand immediately after curing and testing its DC, while another set of specimens of the same ceramic type is cured and debonded using the universal machine to measure its interfacial bond strength, as performed in this study. By performing the tests separately for each ceramic type, the range of timing to debond specimens of different ceramic type will be independent from the DC results.




5. Conclusions


Within the limitations of the study, the following conclusions can be made:




	
Increasing translucency of ceramics results in higher bond strength, as evidenced by Leucite-reinforced (Empress) > Lithium disilicate (Emax CAD) > Zirconia (Emax ZirCAD) ceramics.



	
Increasing ceramic thickness lowers bond strength, which was especially significant in lithium disilicate ceramics.



	
The use of polywave LCU in curing through ceramics generally resulted in greater bond strength compared to monowave LCU.



	
The use of different curing modes had a significant effect on the degree of cure of resin cement.
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Figure 1. Preparation of specimens for the chevron notch bond strength test, showing (a) the chevron notch sticker applied to the face of the ceramic, (b) the application of the resin cement to the bonding surface of the beam prior to positioning the beam over the chevron notch, (c) and subsequently light-curing using a jig (d) to control the positioning of the light-curing tip. 
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Figure 2. Image showing assembly of bonded specimen to the customised jig clamp before being loaded by a universal testing machine. 
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Figure 3. Image showing a schematic illustration of a bonded specimen in load configuration. 
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Figure 4. Bar chart plotting the mean and standard deviation of interfacial bond strength. (Empress–Leucitre-reinforced; EmaxCAD–Lithium disilicate; EmaxZirCAD–Zirconia) (M—monowave; PH—polywave-high mode; PT—polywave-turbo mode; P3—polywave-3 s mode). *** indicates statistical significance p < 0.01. 
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Figure 5. Bar chart plotting the mean and standard deviation of degree of cure (Empress–Leucitre-reinforced; EmaxCAD–Lithium disilicate; EmaxZirCAD–Zirconia) (M–monowave; PH–polywave-high mode; PT–polywave-turbo mode; P3–polywave-3 s mode). *** indicates statistical significance p < 0.01. 
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Figure 6. SEM images of bonded specimens between Empress and resin cement at 25 × magnification to show overall mode of failure. The arrow is positioned at the tip of the chevron notch and shows the direction of crack propagation. 
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Figure 7. SEM images of bonded specimens between EmaxCAD and resin cement at 25 × magnification to show overall mode of failure. The arrow is positioned at the tip of the chevron notch and shows the direction of crack propogation. 
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Figure 8. SEM images of bonded specimens between EmaxZirCAD and resin cement at 25 × magnification to show overall mode of failure. The arrow is positioned at the tip of the chevron notch and shows the direction of crack propogation. 
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Table 1. Different types of LCU and curing modes with their respective irradiance and curing modes.
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Type of LCU

	
Monowave

	
Polywave






	
Curing Modes

	
-

	
High

	
Turbo

	
3-s




	
Irradiance (W/cm2)

	
1470

	
1200

	
2100

	
3000




	
Curing time (s)

	
10

	
10

	
5

	
3
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Table 2. Mean and standard deviation of interfacial bond strength (J/m2) test results.
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Ceramic Type

	
Empress

	
EmaxCAD

	
EmaxZirCAD




	

	
Ceramic Thickness (mm)

	
1.5

	
2

	
1.5

	
2

	
1.5

	
2




	
LCUs & Curing Modes

	






	
M

	
0.65 ± 0.31

	
0.47 ± 0.21

	
0.33 ± 0.12

	
0.27 ± 0.12

	
0.34 ± 0.13

	
0.45 ± 0.16




	
PH

	
0.87 ± 0.33

	
0.88 ± 0.34

	
1.11 ± 0.57

	
0.40 ± 0.27

	
0.35 ± 0.14

	
0.32 ± 0.18




	
PT

	
0.84 ± 0.24

	
1.36 ± 0.46

	
1.15 ± 0.53

	
0.31 ± 0.08

	
0.38 ± 0.12

	
0.39 ± 0.14




	
P3

	
0.62 ± 0.08

	
0.82 ± 0.26

	
0.46 ± 0.20

	
0.26 ± 0.07

	
0.32 ± 0.09

	
0.30 ± 0.13
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Table 3. Mean and standard deviation of degree of cure test results.
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Ceramic Type

	
Empress

	
EmaxCAD

	
EmaxZirCAD




	

	
Ceramic Thickness (mm)

	
1.5

	
2

	
1.5

	
2

	
1.5

	
2




	
LCUs & Curing Modes

	






	
M

	
55.71 ± 7.45

	
58.82 ± 8.44

	
58.82 ± 8.44

	
59.80 ± 15.15

	
59.56 ± 10.40

	
48.35 ± 10.75




	
PH

	
57.70 ± 12.17

	
58.68 ± 5.59

	
48.94 ± 5.22

	
47.04 ± 6.79

	
44.16 ± 7.08

	
50.52 ± 10.36




	
PT

	
50.66 ± 4.40

	
49.74 ± 4.40

	
51.66 ± 7.93

	
50.02 ± 5.38

	
44.66 ± 9.13

	
49.25 ± 6.86




	
P3

	
60.48 ± 5.19

	
54.73 ± 12.32

	
42.51 ± 9.95

	
51.01 ± 4.18

	
36.02 ± 8.46

	
47.74 ± 8.60
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