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Abstract

:

Improving the bond strength of veneering ceramics to ZrO2-based cores remains a challenge. The purpose of this study was to evaluate the shear bond strength of different ZrO2 cores containing calcium silicate (CaSi) to veneering ceramics. Five types of ZrO2-based cores (n = 230) were divided into two groups: with or without oxygen plasma treatment. These were bound to two veneering ceramics (IPS e.max Ceram or VITA VM9). Shear bond strength of veneering ceramics to various cores was measured (n = 10), in addition to phase composition, surface morphology and contact angle of the cores. The results indicated that the plasma treatment had a significant effect on the water contact angle of the ZrO2-based cores, but had little effect on the bond strength. Regardless of plasma treatment, the highest strength value was recorded in the ZrO2 core specimen containing 20 wt % CaSi, when all cores were adhered to VITA VM 9 veneer. When using IPS e.max Ceram veneer, the shear bond strength of the plasma-treated 20 wt % CaSi-containing ZrO2 core was 16.6 ± 0.9 MPa higher than that of VITA In-Ceram YZ core control (13.4 ± 1.0 MPa) (p < 0.05). We conclude that the presence of 20 wt % CaSi in ZrO2 can improve the shear bond strength of zirconia-based cores to veneering ceramic.
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1. Introduction


Zirconia (ZrO2)-based ceramics have been widely used in implant systems and dental restorations because of their excellent mechanical properties, biocompatibility and chemical stability [1,2,3,4,5]. The increasing demand of patients for esthetic and metal-free restorations has driven the development of all-ceramic restorations consisting of zirconia core and ceramic veneer in clinical fixed prosthetics [4,6]. However, the failure rate of the veneer-core dental restorations is very high [2]. Previous studies have reported that 15–25% of failure cases in all-ceramic restorations were due to chipping and cracking of the veneer layer [2]. This is because of the poor bond strength between the ZrO2-based core material and the veneering ceramic, which obviously affects the survival rate of the all-ceramic restoration [7]. The bonding efficacy between the ZrO2-based core and the ceramic veneer is related to several factors, such as chemical bonding, mechanical interlocking and wettability [2,7]. For example, since the ZrO2 matrix does not have inherent glass components or nonpolar covalent bonds [8], it is difficult to chemically bond to veneering ceramic [8,9,10]. For this reason, new ways should be developed to improve the bond strength between zirconia cores and ceramic veneers.



Currently, a wealth of surface treatment technologies such as etching/sandblasting [11], plasma cleaning [12] and coating deposition [6,13,14,15] have been used to increase mechanical interlocking area, improve hydrophilicity or enhance the chemical reactivity of the ZrO2-based core substrates. In the case of commonly used sandblasting, roughening the ZrO2 surface could increase the mechanical interlocking between ZrO2 and ceramics, thereby improving the bond strength [16,17]. However, the residual stress caused by sandblasting process results in a tetragonal-to-monolithic (t→m) phase transformation [11,17,18] and introduces micro-cracks on the zirconia surface [19], which in turn may weaken the mechanical stability between the zirconia core and the ceramic veneer [2,11,18].



When two different ceramic materials are combined, interface bonding becomes the main factor that can lead to failure [1,20]. Chemical bonding is essential to improve the bonding between two materials [20]. In fact, it has been proved that surface conditioning of zirconia with optimal silica or aluminosilicate can effectively improve interfacial bond strength [15,21]. The presence of Si on the zirconia surface plays an important role in promoting the formation of covalent bonds between the zirconia core and the ceramic veneer layer [8,21]. Kim et al. pointed out that the bond strength between zirconia and veneering lithium disilicate was significantly increased by applying a silica-containing glass–ceramic liner, which contradicted findings that use of airborne–particle abrasion decreased bond strength [21]. Farhan et al. coated the yttria-stabilized zirconia (YSZ) core with a mixture of glazed ceramic and YSZ powder to improve the interfacial strength of the core–veneer restoration [8], because Si is the main component of the veneer ceramic material [16].



In addition to applying a Si-containing coating on the surface of the core, the use of a Si-containing core substructure seems to be a promising alternative to improve interfacial bonding. Recently, we have developed a new type of zirconia containing calcium silicate (CaSi), which not only has antibacterial and osteogenic activity, but also possesses mechanical compatibility with cortical bone [22]. However, limited information was available on the bonding quality of the CaSi-ZrO2-based core to the ceramic veneer. This study aimed to explore the shear bond strength between the core and the ceramic veneer, to verify the hypothesis that the introduction of CaSi into ZrO2 improved the binding efficacy to the veneering ceramic.




2. Materials and Methods


2.1. Preparation of ZrO2-Based Cores


The sol–gel method was used to prepare calcium silicate powders with a Ca/Si molar ratio of 1, which has been described in a previous study [22]. In this study, tetraethyl orthosilicate (Sigma-Aldrich, St. Louis, MO, USA) and calcium nitrate (Showa, Tokyo, Japan) were used as precursors. After the sol–gel route of mixing, aging and drying, the powder was sintered in air at 800 °C and then ball-milled in ethanol for 24 h by using a Retsch S 100 centrifugal ball mill (Hann, Germany). CaSi powder was mixed with 3 mol % Y2O3-stabilized ZrO2 powder (Tosoh, Tokyo, Japan) at 0 (ZCS0), 10 wt % (ZCS10), 20 wt % (ZCS20) and 30 wt % (ZCS30) by using a Thinky ARE-250 mixer (Tokyo, Japan) for 5 min. After the mixed powder was uniaxially pressed at 100 MPa for 2 min, the green body was sintered at 1350 °C at a heating rate of 10 °C/min for 3 h, and then cooled to room temperature. In addition, a commercially available In-Ceram YZ zirconia ceramic for CAD/CAM system (VITA Zahnfabrik, Bad Säckingen, Germany) (Table 1) was used as control and was sintered according to the instructions of the manufacturers. The final dimensions of all specimens were about 10 mm in length, 5 mm in width and 3 mm in thickness measured by a digital caliper.




2.2. Plasma Treatment


The surface of the sintered specimen was polished with grit 800 SiC sandpaper, cleaned ultrasonically in deionized water for 10 min and then dried at 60 °C for 30 min for subsequent oxygen plasma treatment. A Femto plasmochemical generator (Diener Electronic, Ebhausen, Germany) was used at the working pressure of 0.6 mbar and a source power of 400 W for 1 min of treatment.




2.3. Phase and Morphology


The phase composition of the plasma-treated ZrO2-based sample was analyzed by using an X-ray diffractometry instrument (XRD; Bruker D8 SSS, Karlsruhe, Germany) with Ni-filtered CuKα radiation operating at 40 kV, 100 mA and a scanning speed of 1°/min. After gold coating using a JFC-1600 coater (JEOL, Tokyo, Japan), the surface morphology was observed under a field-emission scanning electron microscope (FESEM; JEOL JSM-7800F). Energy dispersive X-ray spectroscopy (EDS) was used to detect the element mapping of Zr, Ca and Si in specimens containing CaSi.




2.4. Contact Angle


To understand effect of oxygen plasma treatment on surface hydrophilicity, the static water contact angle of all specimens was determined by the sessile drop method at room temperature (25 °C, 65% relative humidity). A droplet (5 μL) of water was placed on the specimen surface by using a micropipette. The water contact angle was calculated from ten specimens.




2.5. Veneering Ceramic Binding to Zirconia


Ten core specimens were used in each group. IPS e.max Ceram (Ivoclar Vivadent AG, Schaan, Liechtenstein) and VITA VM9 (Zahnfabrik, Bad Säckingen, Germany) (Table 1) systems were used as veneering ceramics. The former contains Dentin A2/T1 powder with the corresponding liquid (Build-Up liquid allround), and the latter contains powdered Transpa Dentine 5M1 and liquid water. In order to obtain a constant specimen size, a square steel mold with a hole size of 4 × 4 × 2 mm3 was placed on the upper surface of the zirconia core. The veneering ceramic powder was mixed with the liquid, and then the mixture slurry was condensed into the mold. The top surface was flattened by cement glass. According to the manufacturer’s instructions, the prepared discs were fired in a WHIP MIX FireLite porcelain furnace (Louisville, KY, USA). In the VM9 group, the disk was processed at a starting temperature of 450 °C and a final temperature of 950 °C for 10 min of hold time, while IPS e.max Ceram was at 403 °C and 750 °C. The cross-sectional morphology was observed by using FESEM.




2.6. Shear Bond Strength


An AGS-10KNX universal testing machine (Shimadzu, Kyoto, Japan) was used for shear bond strength test. A 1 mm-thick blade was employed to apply a vertical loading force at a crosshead rate of 1.0 mm/min until the failure of the bonding between zirconia and veneering ceramic. The shear bond strength (SBS; MPa) was calculated by the formula of SBS = F/A, where F (N) is the breaking load and A (mm2) is the bonded area.




2.7. Fractured Surface Analysis


After the shear bond strength test, an iPhone 11 pro was used to examine the optical image of the veneering ceramic that remained on the surface of the zirconia core to evaluate the fracture modes (adhesive, mixed, and cohesive).




2.8. Statistical Analysis


A one-way analysis of variance (ANOVA) statistical analysis and post-hoc Scheffé’s multiple comparison test were used to evaluate significant differences in contact angle and shear bond strength. Statistical analysis was performed by using IBM SPSS 14.0 software for Windows (Armonk, New York, NY, USA). The significance (p value) was set as 0.05.





3. Results


3.1. Phase Composition


The XRD patterns of all core materials after plasma treatment are shown in Figure 1. VITA zirconia revealed a highly crystalline tetragonal phase (t-ZrO2) at 2θ = 30.18°, 34.64°, 35.18°, 50.18°, 50.60° and 59.34°, which were assigned to (101), (002), (110), (112), (200) and (103) crystal planes (JCPDS card no. 48-0224), respectively. ZCS0 without CaSi additive was also attributed to t-ZrO2. On the contrary, the higher CaSi content in ZrO2 resulted in lower peak intensity of all t-ZrO2 phases. In the case of ZCS30, the peaks at 2θ = 27.56°, 31.76° and 45.88° may be attributed to CaZrO3 and Ca3ZrSi2O9 phases [22], in addition to the low peak intensity of t-ZrO2 phases.




3.2. Surface Morphology


Figure 2 shows the surface morphology at high magnification to show the effect of the CaSi dopant on the grain size of ZrO2. Both the VITA control group and the ZCS0 group showed highly dense bodies with a uniform grain size of approximately 100 nm. With the increase in CaSi content, the grain size of the sintered body increased to about 200 nm.




3.3. Elemental Mapping


The EDS/element mapping shows the uniform distribution of the Ca and Si elements in the CaSi-containing specimens, in addition to the main component of the Zr element, as shown in Figure 3. Compared with ZCS10, higher Ca and Si elements on the surface can be found in ZCS30.




3.4. Contact Angle


Before plasma treatment, the water contact angle of ZCS0 (56° ± 2°) was not significantly different (p = 0.990) from that of VITA (57° ± 3°) (Figure 4). However, as the CaSi content in the ZrO2-based core substructures increased, their contact angle values decreased significantly (p < 0.05), from 49° ± 3° (ZSC10) to 26° ± 2° (ZCS30). As expected, after the oxygen plasma treatment, all core substructures indicated significantly lower (p < 0.05) contact angles (6–12°) compared to the corresponding substructure without plasma treatment.




3.5. Interfacial Morphology


Even without oxygen plasma treatment, SEM images indicated that all the ZrO2-based substructures were in good contact with the two veneer ceramics (VM9 and IPS e. max Ceram) (Figure 5). In the CaSi-ZrO2 core, a dual microstructure consisting of a very fine ZrO2 matrix (bright area) and particle-shape CaSi-rich additive (dark area) can be found. The CaSi-rich area displayed certain polishing-induced pores during the preparation process, which may have been caused by irregularly shaped brittle CaSi microparticles and bubbles. However, it is worth noting that there was also a binding between the CaSi-rich area in the core and the veneering ceramic, which was the purpose of this study. Similarly, regardless of using VM9 or IPS e. max Ceram, there was no obvious structural interruption in the veneer–ceramic interface of all plasma treatment groups.




3.6. Shear Bond Strength


The shear bond strength of the veneer–core specimens is shown in Figure 6. When IPS e.max Ceram was used as a ceramic veneer to bond to the non-plasma-treated cores (Figure 6A), the ZCS20 group had a significantly higher (p < 0.05) shear bond strength than the VITA, ZCS0 and ZCS30 groups. In the case of VM9 veneering ceramic (Figure 6B), the bond strength to the core was significantly (p < 0.05) greater than the core with IPS e.max Ceram. For example, the bond strength of VITA-VM9 was 20.9 ± 1.7 MPa, while the bond strength of VITA-IPS e.max Ceram was 13.3 ± 0.7 MPa. Regarding the plasma treatment effect, the bond strength of core-IPS e.max Ceram was in the range of 13.1–16.6 MPa, while the core-VM9 restorations ranged from 22.0 MPa to 27.0 MPa. The plasma treatment of the ZrO2-based core did not affect the bond strength. As an example, the bond strength of the ZSC20 core to VM9 was 25.9 ± 1.0 and 27.0 ± 0.7 MPa before and after plasma treatment, respectively, showing no significant difference (p = 0.963). Similarly, when bonded to IPS e.max Ceram, the values were 16.2 ± 1.0 and 16.6 ± 0.9 MPa, respectively. More importantly, the ZSC20 had the highest shear bond strength among the all-core substructures.




3.7. Fracture Analysis


Generally speaking, the classification of fractures can be divided into three modes: adhesive mode, mixed mode and cohesive mode. Adhesive failure occurs on the surface of the core material, cohesive failure occurs within the veneer and the mixed mode is considered to be a combination of adhesive and cohesive failure. Figure 7 shows the optical fracture images of two veneering ceramics adhered to the surfaces of various core specimens after the shear bond test, indicating no sign of cohesive failure. It can be also seen in color differences: the residual off-white ceramic veneer was different to the white zirconia-based core. When IPS e.max Ceram was adhered to various ZrO2-based cores, the plasma treatment did not result in obvious differences (Figure 7A). An interesting observation was that the residual VM9 adhered to the core surface (Figure 7B) with or without plasma treatment, as shown by the arrow, indicating a mixed mode of cohesive and interfacial fracture. In addition, the residual amount was higher than the corresponding IPS e.max Ceramic veneer.





4. Discussion


Improving the bond strength between the zirconia core and the ceramic veneer is still a major challenge for all-ceramic restoration. This study aimed to evaluate the influence of the CaSi dopant in the ZrO2 matrix on its shear bond strength to veneering ceramics. The veneering ceramics used in this study consisted of SiO2-based feldspathic porcelains such as IPS e.max Ceram and VITA VM9. The former is an ultralow-fusing nano-fluorapatite glass–ceramic that is designed for the veneering of lithium disilicate glass–ceramic and zirconium oxide, and the latter is a low-fusing dental ceramic.



XRD results revealed that the home-made ZrO2 core (ZCS0) displayed a highly crystalline t-ZrO2 phase without t→m phase transformation, which was the same with VITA In-Ceram YZ. On the other hand, when the CaSi component was added to the ZrO2, the highly crystalline zirconia phase was reduced, accompanied by minor secondary phases such as CaZrO3 or Ca3ZrSi2O9 due to the diffusion reaction [22]. Si and Ca elements were also detected by means of EDS mapping. The microscale CaSi dopant used was composed of β-Ca2SiO4 (β-dicalcium silicate), CaO and amorphous SiO2 phases [23], which may be embedded in the ZrO2 matrix after high-temperature sintering. However, the incorporation of CaSi did not result in the t→m transformation of ZrO2, although it did cause an increase in grain size. It is well known that oxides such as CaO, MgO or Y2O3 can stabilize the t-ZrO2 phase at room temperature by controlling the stress-induced t→m transformation [22]. Shuai et al. pointed out that the introduction of CaSiO3 into nano-ZrO2 was beneficial to the m→t transformation [24]. Regarding the grain size, Lung et al. found that Si caused the grain growth of ZrO2 [13]. In addition, SiO2 can be used as a sintering aid to induce liquid phase sintering [25]. Obviously, the presence of Si on the surface of zirconia may have an important role in promoting the formation of covalent bonds between the zirconia-based core and the ceramic veneer, as discussed below.



Plasma treatment on hard materials such as metals or ceramics can be regarded as effective drying and cleaning methods that can remove contaminants such as carbon adsorption on surfaces [26], thereby improving the hydrophilicity and possible bonding efficiency between heterostructures [12,27]. However, air or oxygen plasma treatment has been proven to not cause surface defects and phase changes [17,28]. In this study, the water contact angle of commercial VITA or home-made ZrO2 control (ZCS0) was about 57°, which was similar to the data published in other studies [29]. In contrast, the presence of CaSi effectively improved the hydrophilicity of ZrO2 materials because CaSi is a hydraulic cement material component [30]. After plasma treatment, regardless of the core substructures, the contact angle was less than 12°, displaying good hydrophilicity. The current results of the plasma-induced contact angle reduction were consistent with previous studies [27]. When the surface of the material had more ionizable groups, hydrogen bonding with water became easier, resulting in a decrease in contact angle [27].



The bonding between veneering ceramics and core substructures plays an important role in long-term clinical use. This study aimed to verify the hypothesis that optimal CaSi content in ZrO2-based substructures can enhance the interfacial bond strength between a zirconia core and veneering ceramic. Before exploring the CaSi composition effect, it is clear that there was no significant difference in the bond strength between VITA and ZCS0, regardless of binding to IPS e.max Ceram and VM9 veneering ceramics. However, it was found that the type of veneering ceramics caused significant differences in bond strength. Compared with the IPS e.max Ceram–core assemble, the higher bond strength of the VM9–core assemble may have been due to thermal diffusion at its higher firing temperature, which reinforced the chemical bonding at the interface. Fracture analysis supported insights that revealed the interplays between core–veneer bond strength and surface features of the ZrO2-based substructure. Adhesive failure almost occurred at the core/IPS e.max Ceram interface, due to a weak bonding ability between the veneer and the core, no matter whether the plasma treatment was applied or not. Oppositely, the incidence of mixed failure in VM9 veneer–core groups increased. Mixed failure, consisting of adhesive and cohesive failure, can indicate good bonding quality due to chemical bonds.



Studies have pointed out that plasma treatment can effectively improve the bond strength of ZrO2 and resin [17,20]. However, within the limits of this in vitro study, plasma treatment did not cause any obvious sign of improvement in the shear bond strength between the ZrO2-based core and the ceramic veneer. Chuang’s group [12] also reported that there was no statistical difference in the shear bond strength between the as-polished group and oxygen plasma-treated group. This is possibly due to heat treatment during the preparation of the ZrO2-based core and veneering ceramic. The chemical bonding efficacy induced by thermal diffusion was more effective than the physical cleaning efficacy of plasma treatment.



It is speculated that the content and particle size distribution of the CaSi component as an interplay factor can tailor the shear bond strength of the core–veneer restoration [6]. When the content of CaSi in the ZrO2 matrix was 20 wt %, the chemical bond originating from ion diffusion after firing may have been the reason for the high interfacial strength [31]. Due to the formation of –Si–O–Si– bonds [32], silica has been proven to be a very important factor in enhancing bond strength [8,21]. Liu et al. infiltrated glass into ZrO2 and improved the bond strength of the ceramic veneer–core by ion diffusion-induced chemical bonding [33]. However, excessive CaSi content (for example, 30 wt %) may cause the more failures at the interface between the core and the veneer. The CaSi-containing ZrO2 ceramics were heterogeneous because they were comprised of a continuous high-crystalline t-ZrO2 phase and a low-crystalline CaSi-containing phase. Compared with tough ZrO2, the CaSi-induced phase may have the usual properties of glass, such as brittleness [34]. During high temperature treatment, the interaction of microscale CaSi dopant and ZrO2 led to either the grain growth of zirconia crystals or the aggregation of some CaSi particles. The former could be confirmed by surface morphology, while the latter could be verified by the cross-sectional images. Therefore, the presence of excessive CaSi aggregates at the interface adversely affects the chemical bonding of the ZrO2-based core to veneering ceramic.



We have clarified that in plasma treatment and composition effects, bond affinity was impacted more by CaSi dopant than by plasma treatment. Although the 20 wt % CaSi microparticles in the ZrO2 matrix can enhance the bond strength of a ZrO2-based core to veneering ceramics, the use of nanoscale CaSi instead of microscale CaSi may allow the production of reliable and uniform CaSi-ZrO2-based substructures, which may greatly improve interfacial bond strength. Therefore, further research on the introduction of CaSi nanoparticles to ZrO2 will be required to explore the strength enhancement efficacy of all-ceramic restorations.




5. Conclusions


The present results support the research hypothesis that, at the optimal CaSi content, the shear bond strength of CaSi-ZrO2 to veneering ceramic can be improved. However, oxygen plasma treatment of the core material had no significant impact on the shear bond strength. Within the limits of this study, the ZrO2 core containing 20 wt % CaSi had appropriate structural and chemical properties, which were conducive to interfacial bonding.
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Figure 1. XRD patterns of all core materials after oxygen plasma treatment: ▼: ZrO2; ●: CaZrO3 or Ca3ZrSi2O9. 
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Figure 2. Surface images of all core materials after oxygen plasma treatment at high magnification (20 k×). 
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Figure 3. Zr, Ca and Si element mappings of CaSi-containing core specimen surfaces. 
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Figure 4. Water contact angle values of different core substructures before and after plasma treatment. Different lowercase letters show statistically significant differences at p < 0.05 (n = 10). 
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Figure 5. Cross-sectional SEM images of various core substructures bonded to VM9 or IPS e.max Ceram veneer ceramics before and after plasma treatment. 






Figure 5. Cross-sectional SEM images of various core substructures bonded to VM9 or IPS e.max Ceram veneer ceramics before and after plasma treatment.



[image: Coatings 11 01326 g005]







[image: Coatings 11 01326 g006 550] 





Figure 6. Shear bond strength of (A) IPS e.max Ceram and (B) VM9 veneering ceramics to various core specimens. Different lowercase letters showed statistically significant differences (p < 0.05) (n = 10). 
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Figure 7. Fracture images of (A) IPS e.max Ceram and (B) VITA VM9 veneering ceramics bonded to the surface of various core specimens after shear bond testing. The two lines represent the contact zone of the core-veneer bonding before failure. The arrow indicates the remaining veneering ceramics. 
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Table 1. Core and veneering ceramics used in study.
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	Core or Veneer
	Composition
	Manufacturer
	Lot No.





	Core
	
	
	



	In-Ceram YZ
	ZrO2-Y2O3-HfO2
	VITA Zahnfabrik
	30030



	ZSC0
	ZrO2 powder
	Tosoh
	Z305653B



	ZCS10
	10 wt % CaSi-90 wt % ZrO2 powder
	
	



	ZCS20
	20 wt % CaSi-80 wt % ZrO2 powder
	
	



	ZCS30
	30 wt % CaSi-70 wt % ZrO2 powder
	
	



	Veneer
	
	
	



	IPS e.max Ceram
	SiO2-LiO2-Na2O-K2O-Al2O3-CaO-P2O5-F
	Ivoclar Vivadent AG
	V45249



	VM9
	SiO2-Al2O3-K2O-Na2O-B2O
	VITA Zahnfabrik
	11040
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
(A) VITA ZCS0  ZCS10  ZCS20  ZCS30

No
plasma -
¥ 7
With
plasma
% X
; 2

5 mm

(B) wvita €S0 ZCS10 7CS30

No
plasma; — =
N
7 -
With
plasma;
NI = | BN .

S mm





media/file4.png
& \iq\\ . " “\‘ . .
AL A% R Onal
e “ ‘F"“\.-, -2 \’ ‘

. NSRS O WS

- 2 -
] *d 1
.: ;f..“ .5 ‘. A”!\“‘ \).






nav.xhtml


  coatings-11-01326


  
    		
      coatings-11-01326
    


  




  





media/file2.png
ZSC30

. ZSC20
| A A

ZSC10

i -

—
L,L \ ZSCO j
Y

.

Intensity (CPS)

Y VITA
X

|

S

20 30

50 60
20 (degree)





media/file5.jpg
ZCS10

ZC820






media/file3.jpg





media/file1.jpg
78C30
.
J.‘ " oA al
I 75C20
2 -
)
2 75C10
E J
[=1
- 78C0
M A AN
v
l v, Y VITA
j J‘
20 30 40 50 60





media/file7.jpg
Contact angle (°)
- N W & U o N
=] =1 =1 = =] = =3

o

1l

® No plasma
m With plasma

c
d
g
h

VITA  ZCSO  ZCS10 ZCS20 ZCS30

Core





media/file10.png
No plasma VM9 With plasma






media/file12.png
(B) VM9

(A) IPS

L oo

«© O

< O

ZCS30
ZCS20
ZCS10
ZCS0O
I VITA

| ZCS30

ZCS20
ZCS10
ZCS0

VITA

S N
(a2 TN o

= s =T
(o I

(eJIN) YiSuans puoq Jeays

ZCS30
ZCS20
ZCS10
ZCS0
i VITA

| ZCS30

ZCS20
ZCS10
ZCS0

VITA

Vo
(@]

(e

Q
(edIN) 4

v O Vg
— —

13ua1)s puoq Jeays

With plasma

No plasma

With plasma

No plasma

Sample

Sample





media/file9.jpg
Z7cs20






media/file0.png





media/file14.png
(A) VITA ZCSO  ZCS10

No
plasma
\
With
plasma
5 mm
(B) vita ZCSO  ZCS10 ZCS30
No
plasma .
Vi -
With
plasma '
N N o






media/file8.png
Contact angle (°)

VITA

ZCS0

ZCS10
Core

®m No plasma

®m With plasma

ZCS20 ZCS30






media/file11.jpg
(B) VM9

(A)IPS,

(d) WRans puoq seous

zes10
80
A

With plasma

No plasma

With plasma

No plasma

Sample

Sample.





media/file6.png
ZCS10

ZCS20

ZCS30

Ir

I

I






