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    Abstract 

Introduction: There has been a growing interest in 

glass ceramic systems with good esthetics, high fracture 

resistance, bonding durability, and simplified fabrication 

techniques using CAD/CAM. The aim of this study was 

to compare flexural strength in "polished" and "glazed 

and fired" specimens of zirconium lithium silicate (ZLS) 

CAD/CAM blocks Celtra Duo. Methods: A total of 14 

specimens of Celtra Duo (Dentsply Sirona, Germany) 

were designated and equally divided into two groups, 

including group I (n=7; as polished) and group II (n=7; 

as glazed and fired) according to the manufacturers’ 

instructions. Then biaxial flexural strength was tested 

according to ISO 6872 using a universal testing machine 

and piston-on-three-ball method after polishing, glazing, 

and firing. The fractured surfaces and microstructure 

were observed by scanning electron microscope 

(Jeol/GSM5300). Data were then statistically analyzed 

using SPSS software (version 20.0). Results: There were 

statistically significant differences in biaxial flexural 

strength between a polished and glaze-fired specimen of 

ZLS glass ceramic discs as biaxial flexural strength was 

lower in polished specimens (mean±standard deviation: 

158.7±21.67 MPa), while the glazed specimens showed 

higher biaxial flexural strength (mean±standard 

deviation: 261.5±31.89 MPa). Conclusion: Glazing and 

firing of Celtra Duo specimens increased biaxial flexural 

strength significantly in comparison to polishing with no 

significant change in the microstructure. 

 

Keywords: Celtra Duo, Piston-on-three-ball, 

CAD/CAM, ZLS. 
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Introduction 

Despite the advantages of zirconia-based 

restorations, one of the major drawbacks of zirconia is 

its opaqueness. That is why a highly strong but not 

esthetic zirconia core should be veneered with less 

strong esthetic ceramic material. Lithium silicate glass-

ceramic e.max is ideally suitable for the fabrication of 

monolithic single-tooth restorations. This innovative 

ceramic provides highly esthetic results; however, its 

strength is still under question (1). 

The aesthetic appearance of restoration and a natural 

tooth is dependent on the optical properties of the hard 

tissues, restorative material, and interaction between 

them. Therefore, material translucency is an important 

factor for the clinical selection of restorative materials. 

From the esthetic aspect, it is crucial to select a material 

that closely matches the natural translucency and grey-

scale of the tooth. Knowledge of the translucency of 

aesthetic restorative materials enables clinicians to 

better match the optical adjustment of the restoration to 

the individual clinical situation (2). 

A new material zirconia-reinforced lithium silicate 

(ZLS) was recently introduced for the fabrication of 

monolithic anterior and posterior crowns. It is a new 

class of high-strength glass ceramic material (1). 

According to the manufacturer, it comprises fine lithium 

metasilicate and lithium disilicate crystals in a glassy 

matrix containing zirconium oxide in solution. It has 

been reported that its aesthetics is appealing because of 

high glass content. The increased glass content improves 

translucency and facilitates in-depth opalescence and 

fluorescence (1).  

Also, they claimed that 10% zirconia is finely 

distributed in the glass phase, and the crystallization of 

zirconia particles is eliminated. As a result, the zirconia 

does not have an opaque effect; therefore, dissolved 

zirconia reinforces the glass matrix without clouding it 

and provides high biaxial flexural strength properties 

with low wearing of tooth structure.  

Celtra Duo (Dentsply Sirona, Germany) can be 

finished by both surface polishing and glaze-firing. It is 

possible to etch ZLS ceramics then bond with resin 

cement. Glazed ZLS can be luted with conventional 

cementation with glass-ionomer cement or resin-

modified self-adhesive luting materials (3). The present 

study was an attempt to evaluate the biaxial flexural 

strength of polished and glaze-fired specimens of 

CAD/CAM ZLS and evaluate their microstructure under 

a scanning electron microscope (SEM).  

 

Materials and Methods 

Two of fully crystallized block of CAD/CAM ZLS 

were ground to cylindrical form. Then by microtome 

machine under water irrigation they were sliced into 20 

disc forms of the diameter with 12.0 mm and 1.2 mm 

thickness. Then they were examined by SEM in order to 

illustrate any defects and following that 6 defected 

specimens were excluded, and other 14 specimens were 

divided into two equal groups, including group I as 

polished (n=7) and group II as glazed and fired (n=7).  

Polishing  

Group I specimens were polished by the Celtra Duo 

polishing set as follows: 1 sintered diamond grinder, 

wheel, black; 1 diamond grinder each cone flat, yellow, 

reversed cone, yellow, cone pointed, yellow, and ball, 

yellow; 1 diamond polisher each wheel, green, wheel, 

violet, and wheel, yellow, and 1 diamond polisher point, 

yellow (Table I). Table II described the materials brand 

and manufacturer used in this study. 

Glazing  

Group II specimens were cleaned for 3 min with an 

ultrasonic cleaner in water bath to eliminate any 

remaining residue on the surface. Then they were glazed 

at 820°C following the manufacturer’s instruction. 

Glazing the specimens was done after finishing 

smoothening the surface after slicing. The universal 

Celtra glazing paste was mixed with distilled water on a 

plastic slab, and then the mix was applied on the 

specimens with a brush to produce a uniform thickness. 

Glaze firing was conducted on a honey-combed firing 

tray, and then it was introduced into the Ivoclar 

Vivadent (Programat Furnace) using the stipulated 

firing parameters (Table III). The specimens were 

allowed to cool at room temperature after the 

completion of the firing cycle and removed from the 

furnace. Finally, the thicknesses of the specimens were 

checked using a digital caliper.     

 

 

 

Table I. Composition of material 

Material Manufacturer Composition Young’s modulus E (GPa) Poisson’s Ratio a 

Celtra Duo Dentsply Sirona 

 10% zirconia 

 58% silica, lithium 

metasilicate and 

phosphate crystals 

 SiO2, P2O5, Al2O3, LiO, 

ZnO, 10% ZrO2 

107.9 0.222 
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Table II. Materials brand and manufacturer used in this study 

Product name Manufacturer 

CELTRA DUO Dentsply Sirona, Germany 

Universal Celtra Duo glaze Dentsply Sirona, Germany 

Celtra Duo polishing paste Dentsply Sirona, Germany 

 

 

 

 

Table III. Crystallization parameter of post-milling heat treatment 

 First glaze firing 

Pre-drying 2 min plus 2 min when using SuperPeg II 

Drying (depending on type of furnace) 2 min 

Preheating 2 min 

Start temperature 500°C 

Heating rate 60°C/min 

Final temperature 820°C 

Vacuuming Off 

Holding time 1.5 min 

Cooling 3 min 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

The tests were used for normal distribution of 

quantitative variables and compare the results of the two 

studied groups.  

Table IV showed P=<0.001 and t=7.058, which 

proved that there was a significant difference in biaxial 

flexural strength between group I (polished) and group 

II (glazed and fired).  

 

 

 

 

 Table IV. Comparison between minimum, maximum, and mean± standard deviation in two studied 

 groups according to fracture biaxial strength in MPa 

Fracture biaxial 

test 

Group I 

(n=7) 

(Polished) 

Group II 

(n=7) 

(Glazed) 

t p 

Minimum–

Maximum 
126.2–184.5 206.3–293.6 

7.058* <0.001* Mean±Standard 

deviation 
158.7±21.67 261.5±31.89 

Median 159.1 263.5 

      t: Student’s t-test 

      p: P-value to compare two studied groups 

      *: Statistically significant at P≤0.05   
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Figure 1. Comparison between two studied groups according to fracture biaxial test 

 

 

 

 

 

 

   
(2A) (2B) (C) 

Figure 2. (2A,2C) Specimens under testing in universal testing machine  . (2B) Piston-on-three-ball  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      (3A)                                             (3B)                                       (3C) 

Figure 3. Fracture pieces of two studied groups 
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Table V. Percentage of fractured pieces in two studied groups 
 

Celtra Polished % Celtra Glazed 
 

Two pieces 4 55 5 70 

Three pieces 1 15 2 30 

Four pieces 2 30 0 0 

 

 

 

 

 

Glazed specimens 

 
Figure 4. A: Scanning electron microscope (SEM) of fractured surface of zirconia-reinforced lithium silicate (ZLS) 

glazed specimens, crack origins mainly semi-elliptical flaws on surface at ×100; B: SEM of fractured surface  

of ZLS glazed specimens; arrows indicating crack direction propagation at ×100; C: SEM of glazed Celtra 

 Duo samples with some micropores (arrows) present at interface between glaze l 

ayer and upper surface of disc at ×750  

 

 

 

Polished specimens 

 
Figure 5. A: Scanning electron microscope of fully-crystallized polished Celtra Duo (zirconia-reinforced lithium 

silicate) material showing fine grain structure of material at ×750 magnification; B: another photomicrograph of 

zirconia-reinforced lithium silicate Celtra Duo polished specimens with visible hackle 

lines (arrow) at site of crack origin at ×100 
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Discussion 

Several types of ceramic materials, such as zirconia-

based core ceramic, have been utilized for chair-side 

fabrication of all-ceramic restorations using CAD/CAM 

(6). The ZLS glass ceramic maintains a relatively high 

strength, which is high enough for full-coverage crowns 

in the posterior area. The ceramic blocks are fully 

crystallized and contain both lithium silicate and 

zirconia. Celtra Duo is a new class of ceramic, which is 

called ZLS. The inclusion of 10% zirconia dissolved 

into the lithium silicate glass matrix results in 4 times 

smaller silicate crystals implying a high glass content 

and higher translucency than conventional LiSi 

ceramics (Celtra Duo, Dentsply Sirona, Germany).  

Surface defects and cracks are among threats that 

exist in dental ceramics. These surface cracks depend on 

the manufacturing technique. Using CAD/CAM 

technology decreases the risk of inducing cracks while 

shaping the ceramic restoration. One important aspect in 

the critical cracks of the ceramics is the fact that they 

may exhibit a slow and stable crack growth (SCG) or 

may be called static fatigue when subjected below the 

critical value. 

 The critical value is the stress at which the ceramic 

material fractures. The SCG occurs especially in the 

presence of water as present in the oral environment. 

This phenomenon will lead to the strength of 

degradation over time and decrease of lifetime of dental 

ceramics (8, 9). In this study, the glazed specimens of 

Celtra Duo showed more cracks than the polished ones. 

Stating the strength of ceramic materials definitively 

seems infeasible due to multiple factors influencing 

measurements, such as the testing method, specimen 

dimensions, test environment, polishing procedures, 

stress rates, and stress area (10). 

The 3-point biaxial flexural strength test utilizes a 

bar sample with two supports, while the biaxial test 

requires more force to break the sample, compared to the 

3-point biaxial flexural test that results in higher and 

reliable results . Test data using the piston-on-three-ball 

method suggest that the biaxial strength 

is generally higher than the uniaxial strength. This 

relationship was assessed by the general relationship 

stated by Schatz et al. (11).  

The piston-on-three-ball test has shown to be a 

reliable and simple method for determining the biaxial 

strength of restorative materials supplied as small 

CAD/CAM blocks. Moreover, it applies the force into 

the specimens directly on the center and does not affect 

their peripheries, which make it more reliable. 

 The Size of the disc diameter in this study was 12 

mm with thickness of 1.2. The present study used the 

biaxial flexural test with piston-on-three-ball method as 

a reliable technique for studying brittle materials 

standardized by ISO.  

In the present study, we showed that glazed ZLS had 

higher mean value than the polished ZLS using piston-

on-three-ball method that is in line with the findings of 

a study by Riquieri et al. (12). In the aforementioned 

study, it was shown that ZLS was higher than the e.max 

CAD. However, by SEM the broken specimens and 

piston-on-three-balls test an important change was 

found in the microstructure of the fully crystallized 

lithium silicates that is mainly the growth of lithium 

silicate grains. The results of the aforementioned study 

are consistent with the findings of the present study 

indicating a higher mean value for the fully crystallized 

ZLS. 

Regarding aging, the glazed specimens showed 

higher mean value of biaxial flexural strength than 

polished specimens in this study . However, Beuer et al. 

(13) and Kang et al. (14), who studied the strength of 

CAD/CAM fabricated all-ceramics with similar aging 

procedure, reported that no difference was found in the 

strength mean values with or without aging. They also 

showed that For lithium disilicate and ZLS, the initial 

biaxial flexural strength increased greatly after heat 

treatment. With regard to the fractured pieces of the 

specimens, it was shown that the Celtra Duo glazed 

specimens had higher strength than the Celtra Duo 

polished specimens. 

 

Conclusion 

Based on the results of this in vitro study, the glazed 

ZLS Celtra Duo had higher biaxial flexural strength than 

the Celtra Duo polished specimens. 
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