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Abstract 

 

Comparison of mechanical and esthetic 

properties of various zirconia according to 

yttria content 

 

Young-Eun Cho, D.D.S., M.S.D. 

Department of Prosthodontics, Graduate School, Seoul 

National University 

(Directed by Prof. Jung-Suk Han, D.D.S.,M.S.,Ph.D.) 

 

Objective: The purpose of this study was to compare the flexural 

strength, translucency parameter, and masking ability of zirconia 

comprising different yttria contents with those of lithium 

disilicate.  

 

Materials and Methods: Three types of zirconia blocks with 

different yttria contents (3Y-TZP, 4Y-ZP, 5Y-ZP) and lithium 

disilicate were selected for study. To compare the flexural 

strength, 10 specimens (30 mm × 4 mm × 2 mm bar) per each 

group were prepared, and 3-point bending test was performed 

using universal testing machine (Materials test machine TW-



18122402, Taewon Tech, Bucheon, Korea). 10 disk-shape 

specimens were fabricated with a diameter of 10 mm and a 

thickness of 1.5 mm, and the fracture toughness was evaluated 

with Vickers hardness tester (LHV-50Z, Chongqing Leeb 

Instrument Co. Ltd., Chongqing, China). Translucency was 

evaluated using 10 disk-shape specimens, all with a 10 mm 

diameter, with a thickness of 0.8 mm and 1.5 mm. Their CIE 

L*a*b* values were measured against black and white 

backgrounds using a spectrophotometer, and the values of the 

translucency parameter (TP) were determined. The masking 

ability of each group was compared on four cylindrical 

backgrounds of different shades using the color difference value 

(ΔE). The flexural strength, fracture toughness and ΔE value 

for each group were analyzed using one-way analysis of 

variance (ANOVA), and the post-hoc test was performed using 

a Scheffe’s method (α = 0.05). The masking ability was 

evaluated using assumed thresholds for acceptability and 

perceptibility of ΔE = 5.5 and ΔE = 2.6, respectively. 

 

Result: The flexural strength decreased significantly as yttria 

content increased from 3 mol % (HT), through 4 mol % (ST) to 

5 mol % (UT). The hardness and fracture toughness of the ST 



and UT groups were not significantly different, however, those 

of lithium disilicate were significantly lower than those of the 

zirconia groups. For the zirconia specimens, the TP value 

increased as the yttria content increased, but all zirconia 

specimens showed lower TP values than the lithium disilicate 

specimens. All zirconia specimens showed optimal masking 

ability against normal dentin shade, however, no zirconia 

specimen could mask severely discolored dentin shade, 

regardless of the thickness.  

 

Conclusion:  As the yttria content of zirconia increased, the 

translucency increased, but the flexural strength and masking 

ability decreased. Choosing the correct ceramic material with an 

appropriate thickness is potentially the best method for masking 

the background color, and the decision should be made based on 

mechanical and esthetic requirements. 

…………………………………………………………………………………………

Keywords: Yttria stabilized zirconia, Flexural strength, 

Translucency parameters, Masking ability, Visual perception  
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Ⅰ. Introduction 

 

All-ceramic restorations have been used as an alternative to metal 

ceramic restorations due to their esthetic appearances. Dental 

ceramics are classified into glass ceramics, glass-infiltrated ceramics, 

and oxide ceramics. Zirconia, which is belonged to oxide ceramics, is 

rapidly achieved leading position among the ceramic restorative 

materials for its excellent mechanical properties.1-3 

Zirconia is a biocompatible material with a high mechanical strength, 

chemical stability, and low thermal conductivity.4-7 Zirconia is 

polymorphous with 3 crystal lattices. Pure zirconia has a monoclinic 

crystal structure at room temperature to 1170 ℃, a tetragonal 

structure from 1170 ℃ to 2370 ℃, and a cubic structure at 

temperatures higher than 2370 ℃. A volume change of 3 % to 5 % is 

associated with the transition of tetragonal to monoclinic phase. 

However, different oxides, such as Y2O3, MgO, CeO2, can be added to 

pure zirconia to stabilize the tetragonal phase at room temperature. 8,9 

When zirconia has been used in dentistry, it has conventionally been 

doped with 3 mol % yttria to stabilize the tetragonal phase at room 
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temperature.10,11 The advantage of using 3 mol % yttria-stabilized 

tetragonal zirconia polycrystals (3Y-TZPs) is that transformation 

toughening occurs following crack formation, giving zirconia its high 

fracture toughness.10 

 Despite its excellent mechanical properties, the opaque nature of 

3Y-TZP is pointed out as a disadvantage. The conventional approach 

to overcoming aesthetic deficiencies has been to powder-fire 

porcelain onto a zirconia core, however, bilayer structures are 

vulnerable to chipping and delamination, which are exacerbated by 

thermally-induced residual stresses.11 Efforts to minimize this 

vulnerability have focused on milling the veneer and framework 

separately and then combining them using either resin luting agents 

or fusion firing. However, luting agents are compliant, allowing flexure 

of the veneer, and fusion firing does not eliminate residual stresses.12 

In addition, veneers increase the restoration thickness, meaning that 

more of the underlying tooth structure has to be removed. As a result, 

attention has focused on monolithic restorations. Efforts are focused 

on counterbalancing the durability and aesthetic requirements, while 

developing greater simplicity in the fabrication and reducing the 

thickness of the material.  
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 To produce monolithic ceramics with acceptable translucencies, the 

processing of 3Y-TZP was refined by reducing the concentration of 

alumina additive and eliminating porosity by sintering at a higher 

temperature.12,13 These methods slightly improved the translucency, 

but the result was still insufficiently esthetic for use in the anterior 

region.  

 More recently, dental zirconia has been fabricated with increased 

yttria content to overcome the esthetic concerns. Higher yttria 

contents have produced partially stabilized zirconia with an increased 

amount of the non-birefringent cubic phase.12 Zirconia has been 

doped with up to 5 mol % yttria, which created a partially stabilized 

zirconia with approximately 50 % cubic phase zirconia (5Y-

ZP).10,11,14,15 The cubic phase of zirconia is isotropic in different 

crystallographic directions, which decreases the light scattering that 

occurs at the grain boundaries. As a result, the cubic zirconia appears 

more translucent.14,16 

However, translucent materials may have negative effects on esthetic 

outcomes under clinical conditions such as discolored tooth abutment, 

metal core or titanium implant abutment, because the underlying color 

is reflected. The effects of background on the color of porcelain 
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veneers,17,18 and lithium disilicate ceramics,19-22 have been 

investigated, but limited information is available for the appearance of 

translucent zirconia on the specific backgrounds.  

The purpose of this study was to evaluate the mechanical and 

aesthetic properties of zirconia material with different contents of 

yttria as compared with those properties of lithium disilicate. The first 

aim was to compare the flexural strength, hardness, and fracture 

toughness of conventional zirconia (3Y-TZP), translucent zirconia 

(4Y-ZP, 5Y-ZP) and lithium disilicate. The second goal was to 

evaluate the translucency parameters and masking abilities on four 

different backgrounds of zirconia materials and lithium disilicate.  
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Ⅱ. Material and methods 

 

Ⅱ-1. Flexural strength 

Ⅱ-1.1. Specimen preparation 

The zirconia materials selected for this study were Katana HT, STML, 

and UTML (Kuraray Noritake Dental Inc., Miyoshi, Japan) with 

differing yttria contents. Rosetta SM (Hass, Gangneung, Korea) was 

selected as the lithium disilicate material (Table 1). 

The zirconia specimens were designed using CAD software 

(Meshmixer, Autodesk Inc., San Rafael, CA, USA) and fabricated with 

a milling system (IDC MIKRO 5X, Evolve Dentistry, New York, NY, 

USA). After milling, the specimens were sintered according to the 

manufacturer’s instructions. The lithium disilicate specimens were 

fabricated using the Cerec system (inLab MC XL, Sirona Dental 

Systems, Bensheim, Germany) and sintered in the furnace 

(Programat P300, Ivoclar Vivadent AG, Schaan, Liechtenstein) 

according to the manufacturer’s instructions. The zirconia specimens 

were sintered at 1550 ℃ with a holding time of 2 h, and heating and 

cooling rates were 10 ℃/min. The lithium disilicate specimens 



6 

 

underwent a crystallization firing for 10 min at 840 ℃, and heating 

rate was 60 ℃/min. For each group, 10 specimens were prepared by 

sectioning the ceramic into 30 mm × 4 mm × 2 mm bars, where all 

dimensions were confirmed to be accurate within 0.1 mm using a 

digital caliper (Figure 1A).  

 

Ⅱ-1.2.  Flexural strength measurement 

The flexural strength of the zirconia and lithium disilicate materials 

were tested according to the ISO 6872 standard.23 The specimens 

were placed in a universal testing machine (Materials test machine 

TW-18122402, Taewon Tech, Bucheon, Korea) on supports 

separated by 20 mm, and loaded to failure at 1 mm/min (Figure 1B). 

The flexural strength (MPa) was calculated using the following 

formula (Eq.1). 

 

                        σf = 3Pl/2wb2
…………………………………Eq.1. 

 

where : 

                       P : maximum load of failure 
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l : length between the supports 

w: width of the specimen 

b: thickness of the specimen 

 

Ⅱ-2. Hardness  

Hardness was evaluated for each group using disk-shape specimens 

with a diameter of 10 mm and a thickness of 1.5 mm. The specimens 

were polished with a silicone bur (Luster, Meisinger, Centennial, CO, 

USA). The Vickers hardness tests were performed according to ISO 

6507 using a microhardness tester (HMV-2, Shimadzu, Tokyo, Japan) 

(Figure 2A). For the hardness tests, a square-based sharp pyramidal 

diamond indenter with specified face angles was forced into the test-

piece surface under a defined force, held for a defined duration, and 

removed. Ten indentations were placed on the polished sides of each 

specimen using a loading of 9.8 N for 10 s. The diagonal indentation 

lengths (mm) were measured (Figure 2B), and the hardness was 

calculated using the following formula (Eq.2). 

 

                      HVF = 1.854F/d2
………………………………Eq.2. 
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where: 

F: applied force 

d: Mean length of the diagonals of the 

indentation 

 

Ⅱ-3. Fracture toughness 

To evaluate the fracture toughness, a high-load digital Vickers 

hardness tester (LHV-50Z, Chongqing Leeb Instrument Co. Ltd., 

Chongqing, China) was used (Figure 3). For each group, 10 test 

specimens were fabricated into disk shape with a diameter of 10 mm 

and a thickness of 1.5 mm. Indentations and cracks were produced 

when the indenter indented the test specimen with a loading of 294 N 

for 15 s for the zirconia groups (HT, ST, UT) and 19.6 N for 15 s for 

the lithium disilicate group (RS)24,25 [24,25]. The crack lengths were 

measured, and the fracture toughness was calculated using the 

following formula (Eq.3).26,27 

 

                       KIC = 0.203(c/a)-3/2 Ha1/2
……………………Eq.3. 
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where:  

       a: half length of the indentation in mm 

                          c: half length of the crack in mm 

H: Vickers hardness 

  

Ⅱ-4. X-ray diffraction  

X-ray diffraction (XRD) (Ultima Ⅳ, Rigaku, Tokyo, Japan) was used 

on representative surfaces to examine the phase transformation of 

testing zirconia. The measurement conditions were set as follows: the 

tube voltage was 40 kV, the tube current was 100 mA, scan axis was 

2 theta, angular range was 20 degrees to 90 degrees, and scanning 

speed was 3 degree/mm. The obtained XRD patterns were analyzed 

using analysis software (PDXL Ver. 2.8, Rigaku, Tokyo, Japan), 

including the International Centre for Diffraction Data (ICDD). 

 

Ⅱ-5. Translucency 

Ⅱ-5.1. Specimen preparation 

Twenty specimens were prepared for each testing group by 

sectioning the ceramics into disks with diameters of 10 mm. 
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Specimens for each group was divided into 2 subgroups according to 

a thickness of 0.8 mm and 1.5 mm (Table 2 and Figure 4). They were 

sintered according to the manufacturer’s recommendations and 

polished to final thickness of 0.8 mm and 1.5 mm, using a silicon bur 

(Luster, Meisinger, Centennial, CO, USA). These thicknesses were 

chosen because 0.8 mm represents the cervical thickness and 1.5 mm 

represents the thickness of the middle and incisal part of the crown.28 

All dimensions were confirmed to be accurate within 0.02 mm using a 

digital caliper. As Katana STML and Katana UTML are both multilayer 

shaded materials, the occlusal surface of the disk was selected to face 

the spectrophotometer. 

 

Ⅱ-5.2. Translucency measurement  

The CIE L*a*b* values (L*, brightness; a*, red-green value; b*, 

yellow-blue value) were obtained in the center of specimen with a 

SpectroShade Micro (MTH Optic Research AG, Niederhasli, 

Switzerland) against both a white background and a black background 

(Figure 5). Each specimen was measured twice, and the 

measurements were averaged. The TP value was the color difference 

between values obtained with the black and white backgrounds for the 



11 

 

same specimen. The TP value was calculated using the following 

formula (Eq. 4). 

 

TP = [(L*
B – L*

W)2
 + (a*

B – a*
W)2 + (b*

B – b*
W)2]1/2 ………Eq.4. 

 

where 

B: Black background 

W: White background 

 

Ⅱ-6. Masking ability 

Ⅱ-6.1. Background preparation 

Four different shades of cylindrical backgrounds were prepared to 

compare the masking ability. The backgrounds included A2 shade 

composite resin (Filtek Z 350, 3M ESPE, St. Paul, MN, USA) for 

reference, an ND3 shade composite resin (IPS natural die material, 

Ivoclar Vivadent AG, Schaan, Liechtenstein) represented for normal 

dentine, an ND9 shade composite resin (IPS natural die material, 

Ivoclar Vivadent AG, Schaan, Liechtenstein) represented for severely 

discolored dentine,29 and a milled titanium for implant abutment 
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(Figure 6). All background substrates were 10 mm in diameter and 5 

mm in thickness. To prepare the composite resin backgrounds, a 

light-curing composite resin was applied in layers to the putty mold. 

The background resin was light-cured incrementally for 40 s with a 

light- polymerizing unit (Elipar Freelight, 3M ESPE, St. Paul, MN, 

USA). After the light curing was completed, it was polished with a 

silicon carbide bur. A CAD software (Meshmixer, Autodesk Inc., San 

Rafael, CA, USA) was used to design the titanium background, and a 

Ti-6Al-4V alloy was milled with a milling machine (XD-20H, 

Hanwha, Changwon, Korea). 

 

Ⅱ-6.2. Masking ability measurement 

The zirconia and lithium disilicate specimens were placed against four 

different backgrounds without any intervening medium. The CIE L*a*b* 

values at the center of the specimens were obtained using a 

spectrophotometer (SpectroShade Micro). The color difference 

values (ΔE) were calculated to compare the CIE L*a*b* values against 

the background A2 shade composite resin. A schematic diagram for 

describing the evaluation of the masking ability is shown in Figure 7. 

The ΔE was calculated using the following formula (Eq.5). 
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ΔE = [(L*
2 – L*

1)2
 + (a*

2 – a*
1)2 + (b*

2 – b*
1)2]1/2…………Eq.5. 

 

Thresholds for acceptability (ΔE = 5.5) and perceptibility (ΔE = 2.6) 

were used to evaluate the masking ability.30-32 

 

Ⅱ-7. Statistical analysis 

A statistical software (IBM SPSS Statistics v.26, IBM Corp., Armonk, 

NY, USA) was used for the statistical analysis of the data. The means 

of flexural strength, hardness, fracture toughness and ΔE value for 

each group were analyzed using one-way analysis of variance 

(ANOVA), and the post-hoc test was performed using a Scheffe’s 

method. The level of statistical significance was set at 0.05. 
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Ⅲ. Result 

 

Ⅲ-1. Flexural strength 

The flexural strength of the zirconia group decreased significantly 

with the increase in yttria content from 3 mol % (HT), through 4 mol % 

(ST), to 5 mol % (UT). However, the flexural strength of the UT 

group was greater than that of the lithium disilicate (RS) group (Table 

3 and Figure 8). There were statistically significant differences 

between all of the groups (p < 0.001). Similarly, the flexural strengths 

of the specimens in the ST, UT and RS groups were approximately 

64 %, 50 % and 37 %, respectively, of the specimens in the HT group.  

 

Ⅲ-2. Hardness 

The mean and standard deviations of the surface microhardness for 

the 4 groups, measured by Vickers microhardness testing are shown 

in Table 4 and Figure 9. The hardness of the HT, ST and UT groups 

were 1460.9 ± 23.7, 1433.0 ± 31.5 and 1412.2 ± 36.9, 

respectively. The hardness of the RS group (685.0 ± 14.8) was 
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significantly lower than that of the zirconia groups (p < 0.001). 

However, no statistical difference was seen between the ST group 

and UT group (p = 0.071).   

 

Ⅲ-3. Fracture toughness 

The mean and standard deviations of the 4 groups for fracture 

toughness are shown in Table 4. The fracture toughness of the HT, 

ST and UT groups were 7.32 ± 0.45, 6.58 ± 0.45 and 6.25 ± 0.15 

MPa/m2, respectively. The lithium disilicate, RS group (2.49 ± 0.57 

MPa/m2) was significantly lower than that of the zirconia groups. The 

ST and UT groups did not show statistical differences (p = 0.526), 

whereas the HT group showed significantly higher fracture toughness 

(p < 0.001). 

 

Ⅲ-4. X-ray diffraction 

The X-ray diffraction (XRD) patterns of the zirconia group are shown 

in Figure 10. The zirconia ceramics were composed of mixed 

tetragonal and cubic phases. Increased yttria content clearly led to a 

higher cubic phase at the expense of the tetragonal phase.  
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Ⅲ-5. Translucency 

For the 0.8 mm and 1.5 mm-thick zirconia specimens, the TP value 

increased significantly as the yttria content increased from 3 mol % 

(HT), through 4 mol % (ST), to 5 mol % (UT). The TP values of the 

zirconia specimens were lower than those of the lithium disilicate (RS) 

specimens (Table 5 and 6).  

For the 0.8 mm-thick specimens, the mean TP value of the 

specimens in the HT group (11.58 ± 0.57) was significantly lower 

than those in the ST group (13.90 ± 0.17), UT group (15.36 ± 0.50) 

and RS group (19.18 ± 0.29). There were statistically significant 

differences between all of the groups (p < 0.001). The translucency 

of the specimens in the HT, ST, and UT groups were approximately 

60 %, 73 % and 80 %, respectively, of the specimens in the RS group.  

As the thickness increased, the TP value decreased, implying that the 

opacity increased. For the 1.5mm-thick specimens, the mean TP 

value of the specimens in the HT group (7.75 ± 0.57) was 

significantly lower than those in the ST group (11.68 ± 0.23), UT 

group (12.64 ± 0.19), and RS group (14.20 ± 0.39). There were 

statistically significant differences between all the groups (p < 0.001). 
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Similarly, the translucency of the specimens in the HT, ST and UT 

groups were approximately 54 %, 82 % and 89 %, respectively, of the 

specimens in the RS group. 

The TP value of the zirconia specimens increased with higher yttria 

contents in both the 0.8 mm and 1.5 mm-thick specimens, but the TP 

value of the 5 mol % yttria content zirconia (UT group) was less than 

that of lithium disilicate (RS group). 

 

Ⅲ-6. Masking ability 

The mean ΔE values of the specimens in the zirconia and lithium 

disilicate groups for the tested backgrounds are presented in Tables 

7-9 and Figures 11-14. The ANOVA results showed that the type of 

material and its thickness affected the ΔE values against different 

backgrounds (p < 0.001). In the zirconia groups, as the yttria content 

increased, the ΔE value increased, with the RS group showing the 

highest ΔE value. 

Against the ND3 background, the ΔE values of the specimens in the 

zirconia groups were less than 2.6 (i.e., the threshold for 

perceptibility), regardless of the thickness, implying an optimal 
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masking ability (Table 7 and Figure 11). The mean ΔE value of the 

0.8 mm-thick specimens in the RS group was 3.36 ± 0.24, which 

was under 5.5 (i.e., the threshold for acceptability), implying an 

acceptable but not optimal masking ability. On the other hand, in the 

case of the 1.5 mm-thick specimens of the RS group, the ΔE value 

was less than 2.6. Therefore, all of the tested ceramic materials 

showed an acceptable masking ability against a shade simulating 

normal dentin (ND3). 

On titanium backgrounds, all the test groups with thickness of 1.5 

mm demonstrated an acceptable masking ability. No statistical 

difference of ΔE value was seen between the ST group and UT group. 

However, for the 0.8 mm thickness specimens, only the HT group 

showed an acceptable masking ability with a ΔE value under 5.5 

(Table 8 and Figure 12).  

On the ND9 background, which represents a severely discolored 

abutment, only the 1.5 mm-thick HT group demonstrated an 

acceptable masking ability (Table 9 and Figure 13). ΔE value 

represent statistically significant differences between all of the 

groups (p < 0.001). 
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Ⅳ. Discussion 

 

The flexural strength of the zirconia group decreased significantly 

with the increase in yttria content from 3 mol % to 5 mol %, but was 

still higher than that of the lithium disilicate group. 5Y-ZP 

demonstrated approximately half of the flexural strength of 3Y-TZP. 

The results of the current study are similar to those of previous 

studies. Kwon et al. reported that the flexural strength of 3Y-TZP 

was 1194 ± 111 MPa, whereas that of 5Y-ZP was 688 ± 159 

MPa.14 Moreover, Zhang et al. also concluded that 5Y-ZP 

demonstrated approximately half of the flexural strength than that of 

3Y-TZP when tested with a 4-point bending test.15 The flexural 

strength of Katana UTML ranged from 500 MPa to 800 MPa range, 

making it suitable as a molar restoration according to the ISO standard 

6872.23 However, this clinical recommendation should be regarded 

with caution, as 5Y-ZP does not have the same potential to undergo 

transformation toughening.14 This has been demonstrated by the 

lower fracture toughness of 5Y-ZP compared to 3Y-TZP.33 As a 

result, 5Y-ZP may not sufficiently tolerant to the surface damage 
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introduced during the fabrication, adjustment, and airborne-particle 

abrasion of a zirconia restoration.34 

For fracture toughness, the IF (indentation fracture) method was 

conducted in this study. Harada et al examined methods for measuring 

the fracture toughness of Y-TZP and reported that an indentation 

load of 294 N was an appropriate condition for accurately measuring 

the fracture toughness of Y-TZP with IF method.35 This study also 

used an indentation load of 294 N as the loading condition for zirconia 

groups. However, for the lithium disilicate, load of 294 N created the 

fractures of specimens, therefore 19.6 N was selected for testing 

according to previous studies.25,36 

Translucency is defined as the relative amount of light transmission 

or diffuse reflection from a substrate surface through a turbid 

medium.37 The optical appearance of monolithic zirconia restorations 

is influenced by intrinsic (material) and extrinsic (environmental) 

parameters. Intrinsic microstructural features, such as grain 

boundaries and pores, scatter light and result in translucency or 

opacity.37-39 

The translucency and opacity of materials is dependent on the extent 

of reflection, scattering, refraction, transmission, and absorption of 
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incident light. Light transmitted to the interior of Y-TZP may exhibit 

interior reflection and refraction. This phenomenon is termed internal 

light scattering, which may result from several sources, including 

pores, impurities, defects, and grain boundaries.16 In the case of the 

interaction between light and zirconia particles, some light is reflected 

when it hits the surface of the zirconia, but the majority is scattered 

by grain boundaries and internal defects. The rest of the light passes 

through the pores.40 

The calculation of the translucency parameter is one of the most 

common approaches for assessing light interactions in dental 

materials. The translucency parameter has the advantage of direct, 

visual evaluation of the translucency.41,42 In this study, SpectroShade 

Micro was used to measure the CIE L*a*b* values on white and black 

backgrounds, and the TP value was calculated. In addition, color 

difference values (ΔE) on three different backgrounds were 

calculated to evaluate the masking ability of different mole-percent 

content Y-TZP materials. Concerning translucency, thicker ceramic 

specimens exhibited lower TP values; this finding was in line with 

those of previous studies.43,44 In addition, the TP value of the zirconia 

specimens at both thicknesses increased with the increase in yttria 
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content. It was confirmed in the XRD analysis that increased yttria 

content led to higher cubic content at the expense of tetragonal phase, 

as expected from the previous studies.45,46  

However, the TP values of the specimens in the zirconia groups were 

lower than those of the specimens in the RS group, hence, monolithic 

anterior restorations would be limited to the highly translucent lithium 

disilicate ceramics. According to Yu et al., the TP value of human 

enamel at a thickness of 1 mm is 18.7, and that of dentin is 16.4.44 In 

this study, the TP values of the 0.8 mm-thick specimens in the HT, 

ST, and UT groups were 11.58 ± 0.57, 13.90 ± 0.17, and 15.36 ± 

0.5, respectively. As demonstrated by these results, zirconia could 

benefit from the addition of more translucent porcelain to mimic the 

translucency of enamel. 

In this study, the ΔE values of the zirconia specimens on A2 and 

three other shades of abutments were obtained to evaluate the 

shade-masking ability. The results showed significant differences in 

the CIE L*a*b* and ΔE values, according to the ceramic thickness and 

background type. Choi and Razzoog studied the masking ability of 

zirconia against four backgrounds and observed a greater ΔE value 

with a black background than with a tooth-colored background.30 This 



23 

 

result was in accordance with the results of this study. All of the 

evaluated ceramic materials showed an acceptable masking ability 

against a simulated normal dentin-colored substrate (ND3). However, 

no ceramic specimens, except for the thicker HT specimens, could 

mask the severely discolored dentin background (ND9). 

Several previous studies observed that the abutment shade and 

ceramic thickness affected the final shade of the restoration.18,22,42 

Tabatabaian et al. reported that a greater thickness of zirconia 

coping(3Y-TZP) was needed to mask darker shades.32 They 

concluded that, for optimal masking, the minimum thickness of a 

zirconia coping should be 0.4 mm for A1 and A3.5 shade composite 

resins, 0.6 mm for amalgam, and 0.8 mm for nickel-chromium alloy 

abutments. This result was also consistent with that of this study. In 

the HT group, the 1.5 mm-thick specimens showed better masking 

ability than the 0.8 mm-thick specimens on the ND9 background. 

Concerning the masking ability on the ND3 background, the 0.8 mm-

thick specimens of the HT, ST, and UT groups showed optimal 

masking abilities. However, the mean ΔE value of the specimens in 

the RS group (3.36) was above 2.6, such that they did not show an 

ideal masking ability. The light transmittance of the 0.8 mm-thick 
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specimens in the UT group was approximately 80 % of those in the 

RS group; hence, UT was considered to be an acceptable alternative 

to RS. In the ST and UT groups, a thickness of 1.5 mm was required 

to mask the titanium background, and the ΔE values were similar to 

those of the RS group. The TP value of the 1.5 mm-thick specimens 

in the UT group and similar specimens in the ST group were 

approximately 90 % and 80 %, respectively, of the specimens in the 

RS group. Considering both the translucency and masking ability, UT 

and ST were considered to be good alternatives for restorations 

against titanium abutments. Overall, the results of this study showed 

that the masking ability and TP value of 0.8 mm-thick UT specimens 

were approximately equal to those of the RS specimens of similar 

thicknesses. Choosing the correct ceramic material with an 

appropriate thickness is potentially the best method for masking the 

background color, and the decision should be made based on 

mechanical and esthetic requirements. 

A limitation of this in vitro study was that it did not consider the 

effects of intra-oral condition such as saliva, or dental cements. 

Malkondu reported that regardless of cement type, color changes 

occurred after cement application to monolithic zirconia.40 The 
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translucency and masking ability might vary depending on the color of 

the cement used between the abutment and ceramic restoration. 

Moreover, the shape of specimen in this study was disc or bar shape. 

Flat specimens cannot accurately reproduce the optical behavior of 

actual crown because the light path would be different due to the 

curved shape or the textured surface of the prosthesis.47 These 

limitations should be addressed in future studies.  
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Ⅴ. Conclusions 

 

Within the limitations of this study, the following conclusions were 

drawn: 

 

1. As the yttria content (mol %) of zirconia increased, the 

translucency increased, but the flexural strength and masking 

ability decreased.  

2. The flexural strength of 5Y-ZP was approximately 50 % of that of 

3Y-TZP and that 4Y-ZP demonstrated a flexural strength that was 

intermediate to that of 3Y-TZP and lithium disilicate.  

3. A decrease in zirconia thickness from 1.5 mm to 0.8 mm 

significantly increased translucency; however, all specimens 

showed lower translucency than that of human enamel. 

4. 5Y-ZP showed, approximately, 80 % light transmittance at a 

thickness of 0.8 mm and 89 % at a thickness of 1.5 mm, compared 

to that of lithium disilicate. 

5. Monolithic CAD-CAM ceramics could mask a normal dentin 

background but could not mask severely discolored dentin at 
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thickness of either 0.8 or 1.5 mm. 

6. Choosing the correct ceramic material with an appropriate 

thickness is potentially the best method for masking the 

background color, and the decision should be made based on 

mechanical and esthetic requirements. 
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Ⅵ. Published paper related to this study 

 

Y.E. Cho, Y.J. Lim, J.S. Han, I.L. Yeo, H.I. Yoon, Effect of Yttria 

Content on the Translucency and Masking Ability of Yttria-Stabilized 

Tetragonal Zirconia Polycrystal. Materials 13(21) (2020) 4726. 

https://doi.org/10.3390/ma13214726 
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Tables 
 

 

 

 
Table 1. Summary of materials used in this study. 

Material classification Abbreviation Manufacturer 
Yttria 

Contents 
 

Zirconia 

 

 

 

 

Kanata HT HT Kuraray Noritake 

dental Inc., 

Miyoshi, Japan 
 

 

 

3Y-TZP 

Katana STML ST 4Y-ZP 

Katana UTML UT 5Y-ZP 

Lithium 

disilicate 

Rosetta SM RS Hass, 

Gangneung,Korea 

 

3Y-TZP, 3 mol % yttria tetragonal zirconia polycrystals; 4Y-ZP, 4 

mol % yttria zirconia polycrystals; 5Y-ZP, 5 mol % yttria zirconia 

polycrystals. 

 

 

 

 

 

 

 



38 

 

Table 2. Specimen preparation for the translucency parameter 

measurements. 

Classification Material Thickness(mm) 
Specimen 

Number(N) 

Zirconia Katana HT 0.8 10 

1.5 10 

Katana STML 0.8 10 

1.5 10 

Katana UTML 0.8 10 

1.5 10 

Lithium 

disilicate 

Rosetta SM 0.8 10 

1.5 10 

 

 

 

Table 3. Mean and standard deviations of flexural strength.  

 

Group 
Mean±SD 

(MPa) 

Median 

(MPa) 

Flexural strength 

relative to HT group 

(%) 

HT 1175.7 ±123.6a 1178.8 100 

ST 785.6 ± 77.3b  760.2 64.4 

UT 648.4 ±134.7c  597.7 50.7 

RS 439.7 ± 33.3d  442.6 37.5 

SD, standard deviation; HT, Katana HT; ST, Katana STML; UT, 

Katana UTML; RS, Rosetta SM. Letters a, b, c, d mean statistically 

significant differences between groups (p < 0.05). 
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Table 4. Mean and standard deviations of hardness and fracture 

toughness. 

Group 
Hardness 

(HV) 

Fracture toughness 

(MPa/m2) 

HT 1460.9 ± 23.7a 7.32 ± 0.45a 

ST 1433.0 ± 31.5b 6.58 ± 0.45b 

UT 1412.2 ± 36.9b 6.25 ± 0.15b 

RS  685.0 ± 14.8c 2.49 ± 0.57c 

HT, Katana HT; ST, Katana STML; UT, Katana UTML; RS, Rosetta 

SM. Letters a, b, c mean statistically significant differences 

between groups (p < 0.05). 

 

Table 5. Values of the transparency parameters in the 0.8mm-thick 

groups. 

Group Mean ± SD Median 
Translucency relative 

to the RS group (%) 

HT 11.58 ± 0.57a 11.48 59.95 

ST 13.90 ± 0.17b 13.90 72.58 

UT 15.36 ± 0.50c 15.30 79.90 

RS 19.18 ± 0.29d 19.15 100 

SD, standard deviation; HT, Katana HT; ST, Katana STML; UT, 

Katana UTML; RS, Rosetta SM. Letters a, b, c, d mean statistically 

significant differences between groups (p < 0.05). 
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Table 6. Values of the transparency parameters in the 1.5mm-thick 

groups. 

Group Mean ± SD Median 
Translucency relative 

to the RS group (%) 

HT  7.75 ± 0.57a 7.72 54.40 

ST 11.68 ± 0.23b 11.63 81.96 

UT 12.64 ± 0.19c 12.62 88.94 

RS 14.20 ± 0.39d 14.19 100 

SD, standard deviation; HT, Katana HT; ST, Katana STML; UT, 

Katana UTML; RS, Rosetta SM. Letters a, b, c, d mean statistically 

significant differences between groups (p < 0.05). 

 

Table 7. Color difference values (ΔE) against the ND3-shade 

composite resin, used to simulate normal dentin. 

Group 
Mean ± SD 

0.8 mm-thick 1.5mm-thick 

HT 1.77 ± 0.45a 0.91 ± 0.17a 

ST  2.16 ± 0.47ab 1.53 ± 0.35b 

UT  2.40 ± 0.27b 1.59 ± 0.19b 

RS  3.36 ± 0.24c 2.36 ± 0.14c 

SD, standard deviation; HT, Katana HT; ST, Katana STML; UT, 

Katana UTML; RS, Rosetta SM. Letters a, b, c mean statistically 

significant differences between groups (p < 0.05). 
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Table 8. Color difference values (ΔE) against the milled titanium, 

used to simulate a titanium abutment. 

Group 
Mean ± SD 

0.8mm-thick 1.5mm -thick 

HT 5.08 ± 0.26a 3.13 ± 0.32a 

ST 6.27 ± 0.62b 4.68 ± 0.39b 

UT  6.57 ± 0.52bc 4.91 ± 0.34b 

RS 6.59 ± 0.21c 4.71 ± 0.13b 

SD, standard deviation; HT, Katana HT; ST, Katana STML; UT, 

Katana UTML; RS, Rosetta SM. Letters a, b, c mean statistically 

significant differences between groups (p < 0.05). 

 

Table 9. Color difference values (ΔE) against the ND9-shade 

composite resin, used to simulate severely discolored dentin. 

Group 
Mean ± SD 

0.8mm-thick 1.5mm-thick 

HT 7.56 ± 0.33a 4.33 ± 0.45a 

ST 8.78 ± 0.61b 6.44 ± 0.31b 

UT 9.50 ± 0.55c 6.99 ± 0.35c 

RS 11.71 ± 0.28d 7.90 ± 0.31d 

SD, standard deviation; HT, Katana HT; ST, Katana STML; UT, 

Katana UTML; RS, Rosetta SM. Letters a, b, c, d mean statistically 

significant differences between groups (p < 0.05). 
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Figures 
 

 

 
Figure 1 (A), Specimens tested for flexural strength. Specimens were 

prepared by sectioning the ceramic into 30 mm × 4 mm × 2 mm 

bars (B), Flexural strength measuring using a universal testing 

machine. HT, Katana HT ; ST, Katana STML ; UT, Katana UTML ; 

RS, Rosetta SM.  

 

 

 

Figure 2 (A), The Vickers hardness tests were performed using a 

microhardness tester. (B), Indentation by Vickers indenter. 
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Figure 3 (A), High-load digital hardness tester was used for 

measuring fracture toughness (B), Schematic diagram of indentation 

and cracks. 2a: length of the indentation, 2c: length of cracks. 

 

 

 

Figure 4. Tested ceramic specimens for translucency parameters. 

The specimens were prepared by sectioning the ceramics into 

disks with diameters of 10 mm, with 0.8 mm and 1.5 mm thickness. 

HT, Katana HT; ST, Katana STML; UT, Katana UTML; RS, 

Rosetta SM. 
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Figure 5 (A), Spectrophotometer (SpectroShade Micro, MHT 

Optic Research, AG) was used for evaluating the TP value and Δ

E. (B), CIE L*a*b* value was measured. 

 

 

Figure 6. Background substrates used for comparing the masking 

ability. All backgrounds were 10mm in diameter and 5mm in thickness. 

A2, A2-shade composite resin (reference); ND3, ND3-shade 

composite resin (normal dentin); Ti, milled titanium (titanium 

abutment); ND9, ND9-shade composite resin (severely discolored 

dentin). 
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Figure 7. Schematic diagram for the evaluation of the masking ability. 

Each specimen was placed against the background substrates without 

an intervening medium. 

 

 

 

 

Figure 8. The mean and standard deviations of flexural strength 

by 3-point bending test. The different letters (a, b, c and d) on 

the top of the bar represent the statistically significant differences 

between the groups (p < 0.05). 
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Figure 9. The mean and standard deviations for microhardness (HV) 

measured using Vickers microhardness tester. The different letters 

(a, b, c) on the top of the bar represent the statistically significant 

differences between the groups (p < 0.05). 
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Figure 10. Representative XRD patterns of the zirconia groups in the 

2-theta range from 20 to 90. t, tetragonal zirconia phase; c, cubic 

phase. 
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Figure 11. Mean color difference values (ΔE) between A2 and ND3 

background. The threshold for perceptibility (2.6) is shown by the 

red line on the graph. 

 

 

Figure 12. Mean color difference values (ΔE) between A2 and Ti 

background. The threshold for acceptability (5.5) and threshold for 

perceptibility (2.6) are shown on the graph using green and red lines, 

respectively.  
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Figure 13. Mean color difference values (ΔE) between A2 and ND9 

background. The threshold for acceptability (5.5) and threshold for 

perceptibility (2.6) are shown on the graph, using green and red lines, 

respectively.  
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Figure 14. Mean color difference values (ΔE) among the tested 

materials. The threshold for acceptability (5.5) and threshold for 

perceptibility (2.6) are shown on the graph using black lines. 0.8 

and 1.5 mm are the thicknesses of specimens in the respective 

groups. Different letters (a, b, c, d) on top of the bars mean 

statistically significant differences between the groups (p < 0.05). 

HT, Katana HT; ST, Katana STML; UT, Katana UTML; RS, 

Rosetta SM; ND3, ND3-shade composite resin (normal dentin); 

Ti, milled titanium (titanium abutment); ND9, ND9-shade 

composite resin (severely discolored dentin). 
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국문초록 

 

이트리아 함량에 따른 지르코니아의 기계적, 

심미적 특성 비교 

서울대학교 대학원 치의과학과 치과보철학 전공 

(지도교수 한 중 석) 

조 영 은 

 

연구목적: 본 연구에서는 이트리아 함량이 다른 세 종류의 지르코니아를 

대상으로 물리적, 심미적 특성을 리튬 디실리케이트와 비교해 보고자한다.  

 

재료 및 방법:  시편 제작을 위해 서로 다른 이트리아 함량을 갖는 세 

종류의 지르코니아 (3Y-TZP, 4Y-ZP, 5Y-ZP)와 리튬 디실리케이트를 

선택하였다. 굴곡강도 측정을 위해 각 군당 10개의 시편 (30 mm × 4 

mm × 2 mm)을 제작하고 3점 굽힘 시험을 시행하였다. 또한 직경 10 

mm, 1.5 mm 두께의 시편을 각 군당 10개씩 제작하고 fracture 

toughness를 측정하였다. 반투명도와 masking ability를 비교하기 

위하여 직경 10mm, 두께 0.8mm, 1.5mm의 시편을 그룹 당 각각 
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10개씩 제작하였다. 각 시편을 흑색과 백색 배경에 위치시킨 후 

spectrophotometer를 이용하여 색조를 측정하고, 색 차이를 이용하여 

TP (translucency parameter) value를 평가하였다. 또한, 다양한 

배경에서의 masking ability를 평가하기 위해 색조가 다른 4종류의 

배경을 제작하고 color difference value (ΔE)를 측정하였다.  

 

결과: 이트리아 함량이 증가함에 따라 굴곡강도와 fracture toughness 는 

감소하였다. 리튬 디실리케이트에 비해 지르코니아 그룹의 반투명도는 

낮았고, 지르코니아 그룹내에서는 이트리아 함량이 증가할수록, 두께가 

얇을수록 TP value 가 증가하였다. 0.8 mm 시편에서 3Y-TZP, 4Y-ZP, 

5Y-ZP 는 리튬 디실리케이트에 비해 각각 60 %, 73 %, 80 %의 TP 

value 를 나타내었고, 1.5 mm 시편에서는 같은 두께의 리튬 

디실리케이트에 비해 각각 54 %, 82 %, 89 %의 TP value 를 나타내었다. 

지르코니아의 이트리아 함량이 증가함에 따라 masking ability 는 

감소하는 경향을 나타내었으며, 모든 배경에서 리튬 디실리케이트의 

masking ability 가 가장 낮았다. 정상 상아질(ND3)의 배경은 모든 

실험군에서 적절히 차단할 수 있었지만, 심하게 변색된 상아질의 

색(ND9)의 배경의 경우 1.5 mm 두께의 3Y-TZP 만 적절히 차단할 수 

있었다 (ΔE < 5.5). 
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결론: 지르코니아는 이트리아 함량이 증가함에 따라 반투명도는 

증가하였고, 강도와 masking ability 는 감소하였다. 5Y-ZP 는 3Y-

TZP 와 비교하여 50 %의 굴곡 강도를 나타내었고, 리튬 디실리케이트와 

비교하여 0.8 mm 두께에서 80 %, 1.5 mm 두께에서 89%의 반투명도를 

나타내었다. 다양한 하부색상을 가리기 위하여 적절한 두께와 종류의 

세라믹 재료를 선택하여야 하며, 기계적, 심미적 요구사항에 따라 

결정하여야 한다. 

……………………………………………………………………………………………………………………… 

주요어: 이트리아 안정 지르코니아, 굴곡강도, 반투명도, 색차, 시각적 

인지 
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