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Abstract 
      The purpose of this study was to investigate the effect of thickness on translucency and 
mechanical property of translucent zirconia compared to lithium disilicate ceramic for proper 
selection of monolithic crowns. 
      IPS e.max CAD HT and UTML, both shaded A2, were designed and fabricated as circular disc-
shaped specimens (n=30), with a diameter of 12.0 mm, and subdivided into 6 groups: IPS e.max 
CAD HT and UTML corresponding to thicknesses of 0.8, 1.0, and 1.5 mm (5 discs/group). Their 
L*a*b values were measured using spectrophotometer, and the TP was calculated. After that, 
biaxial flexural strength was tested using universal testing machine. 
      Translucency of IPS e.max CAD HT at 1.5 mm was statistically significantly lower than UTML at 
0.8 and 1.0 mm (p<0.01). No statistical difference was seen between biaxial flexural strengths of 
IPS e.max CAD HT at 1.5 mm and UTML at 1.0 mm (p=0.25). 
      According to the indications of manufacturers, fabricating posterior monolithic crown with UTML 
preserved more of the tooth structure and also provided higher translucency rather than IPS e.max 
CAD HT, while they were equally strong for such thicknesses. 
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 Introduction 
 

In recent years, the increased demand for 
esthetics has led to the use of metal-free 
materials as a substitute for metal-ceramic 
restorations. The opacity of the metal 
substructure in PFM crowns and the mismatch of 
CTE between a metal substructure and 
veneering porcelain, which can cause veneer 
chipping, remains a major drawback of PFM 
restorations. Due to their ability to match the 
optical properties of the adjacent natural 
dentition, all-ceramic restorations have been 
widely used.1,2 Recently, the monolithic zirconia 
crown has become popular among dentists as an 
alternative material for posterior restorations to 
avoid undesired veneer chipping.3 Zirconia is a 

highly resistant polycrystalline ceramic 
characterized by favorable mechanical properties 
such as high flexural strength and fracture 
toughness.1,4 However, the high opacity and 
whitish appearance of monolithic zirconia crowns 
are limitations for mimicking the natural 
appearance of human teeth in areas of esthetic 
concern. Lithium disilicate ceramic is one of the 
most particle-filled glass ceramics, which 
provides very good esthetic appearance. It is 
about 30% higher in translucence than traditional 
zirconia.5,6 Even though lithium disilicate ceramic 
is preferable to zirconia for anterior restorations, 
traditional 3Y-TZP zirconia has greater flexural 
strength and fracture toughness than that of 
lithium disilicate ceramic.6 This has driven the 
new generation of zirconia materials. 

The optical properties of zirconia have 
been improved by multiple methods such as 
increasing the sintering temperature above 
1500°C to provide larger grain size and diminish 
impurities and pores, reducing the alumina oxide 
content below 0.05 wt%, and increasing the 
yttrium oxide content to enhance the cubic 
phase.7-9 "Katana" (Kuraray Noritake, Japan) was 
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first introduced in 2015 as a high-translucent 
multilayered zirconia. It was divided into 3 
grades: ultra-translucent multilayered zirconia 
(UTML) comprising 7.55 wt% or 5.4 mol% Y2O3 – 
which was graded as 5Y-PSZ, super-translucent 
multilayered zirconia (STML) comprising 6.75 
wt% or 4.8 mol% Y2O3 – which was graded as 
4Y-PSZ, and multilayered zirconia (ML) 
comprising 5.2 wt% or 3.7 mol% Y2O3.7 
According to the manufacturer, these three 
materials are designed in different shade 
gradients from incisal to cervical area to mimic 
natural human teeth, and can cover all monolithic 
restorative applications.10 However, 
Kolakarnprasert N et al.7 reported that only 
different types and amounts of pigment were 
found between dentin and enamel layers, 
resulting in different colors, so there were no 
significant differences in translucency and 
mechanical properties. Although 5Y-PSZ had 
higher light transmittance than 3Y-TZP, its 
flexural strength and fracture toughness lay 
between IPS e.max CAD groups and 3Y-TZP.6 

The translucency parameter (TP) is a 
widely used measure to determine the 
translucency of dental ceramics. TP was 
calculated according to the color difference of the 
objects over a black-and-white background. A 
higher TP value indicates higher translucency of 
the dental ceramic.2,11  

Biaxial flexural strength (σ), that is 
accepted by the American Society for Testing 
and Materials and International Organization for 
Standardization, is frequently used to determine 
the strength of circular disc-shaped specimens 
and is suitable for brittle materials like dental 
ceramics.12 The biaxial flexural strength test can 
overcome the undesirable edge failure problems, 
which are the drawbacks of the 3-point and 4-
point bending tests, and thus ensures a reliable 
strength measurement for dental ceramics.13 

Nowadays, there is increasing demand for 
adequate esthetic qualities and sufficient strength 
for both anterior and posterior restorations. 
Therefore, highly translucent zirconia has 
received great attention from both dentists and 
researchers. However, the proper thicknesses of 
highly translucent zirconia for fabricating 
monolithic crowns remain unclear. So, the 
objective of this study was to investigate the 
effect of thickness on the translucency and 
mechanical properties of translucent zirconia 
compared to lithium disilicate ceramic for proper 

material selection for monolithic crowns to 
achieve the maximum esthetic appearance and 
preserve the natural tooth structures. The null 
hypothesis was that the thicknesses would not 
affect the translucency and biaxial flexural 
strength of IPS e.max CAD HT and UTML 
zirconia. 
   

Materials and methods 
 

Sample preparation 
Blocks of lithium disilicate ceramic (IPS 

e.max CAD HT shade A2, Ivoclar Vivadent AG, 
Schaan, Liechtenstein) were designed by CAD 
software and fabricated using a CAM machine 
(VHF N4, VHF, Ammerbuch, Germany) as 
circular disc-shaped specimens (n = 30), with a 
diameter of 12.0 mm, subdivided into 3 groups 
corresponding to thicknesses of 0.8, 1.0, and 1.5 
mm (5 discs/group). A natural-shade glaze (IPS 
Ivocolor glaze paste, Ivoclar Vivadent AG, 
Schaan, Liechtenstein) was applied to the tested 
surface of each specimen. IPS e.max CAD HT 
specimens were fully crystallized and glaze-fired 
using firing furnaces (Programat P300 furnace, 
Ivoclar Vivadent AG, Schaan, Liechtenstein) 
according to the manufacturer's 
recommendations. Discs of translucent zirconia 
(Katana UTML zirconia shade A2, Kuraray 
Noritake, Tokyo, Japan) were designed by CAD 
software (each specimen was placed on the 
enamel layer of the disc) and milled using a CAM 
machine (VHF S2, VHF, Ammerbuch, Germany) 
as circular disc-shaped specimens (n = 30). After 
the UTML zirconia specimens were milled, they 
were sintered by zirconia sintering furnaces 
(Sintra Plus, Shenpaz Dental Ltd., Migdal 
HaEmek, Israel) according to the manufacturer’s 
recommendation. Clear glaze paste (Cerabien 
ZR glaze paste, Kuraray Noritake, Tokyo, Japan) 
was applied to the tested surface of each 
specimen. Glaze-firing of UTML zirconia 
specimens was achieved by zirconia firing 
furnaces (Zirconia firing furnaces, Multimat NTX, 
Dentsply Sirona, NY, USA). The final dimension 
was 12.0 mm in diameter with thicknesses of 0.8, 
1.0, and 1.5 mm (5 discs per group). The 
specimens were evaluated with digital vernier 
calipers (AOS Absolute Digimatic Vernier 
Caliper, Mitutoyo, Kanagawa, Japan) accurate to 
within 0.01 mm (Figure 1,2). The thickness of the 
specimens was selected according to the 
manufacturer’s indications for anterior and 
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posterior monolithic crowns. Information of 
materials that have been used in this study are 
shown in Table 1. 

 

 
Figure 1. Circular disc-shaped specimens of IPS 
e.max CAD HT. 
 

 
Figure 2. Circular disc-shaped specimens of 
Katana UTML zirconia. 
 

Translucency test 
L*a*b values of the IPS e.max CAD HT 

and Katana UTML zirconia specimens were 
measured against a black-and-white background 
by a dental spectrophotometer (VITA Easyshade 
V, Vita Zahnfabrik, Bad Säckingen, Germany) 
with a light beam generated by a light-emitting 
diode (LED) with a 400- to 700-nm specular 
output. The light source's illumination 
corresponded to standard illuminant D65. The tip 
of the dental spectrophotometer was placed in 
the center of the specimen. Each specimen was 
measured three times. Calibration was done with 
a calibration plate (Figure 3). The translucency 
parameter was calculated using the following 
equation: TP = [(L*B–L*W)2+(a*B–a*W)2+(b*B–
b*W)2]1/2 where TP refers to the translucency 
parameter, L* refers to the brightness, a* refers 

to redness to greenness, and b* refers to 
yellowness to blueness. The subscripts B and W 
refer to the color coordinates on black 
backgrounds and white backgrounds, 
respectively. A higher TP value indicates higher 
translucency of each specimen. 

 

 
Figure 3. L*a*b values measurement using Vita 
Easyshade V.  
 

 
Figure 4. Biaxial flexural strength test (Piston-on-
three-ball) using the EZ test universal testing 
machine. 
 

Biaxial flexural strength test (piston-
on-three-ball) 

After measuring the translucency 
parameter, the specimens were placed on the 
piston-on-three-ball apparatus, which consisted 
of three spherical steel balls with a diameter of 
3.0 mm positioned 120o apart on a support circle 
with a diameter of 11.0 mm. The specimens were 
compressed with a flat-ended piston with a 
diameter of 1.4 mm. Polyethylene sheets with a 
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thickness of 50 µm were placed between the 
loading piston and the upper surface of the 
specimen and between the bottom surface of the 
specimen and the three spherical balls for force 
distribution. The load was applied from the 
universal testing machine (EZ test, Shimadzu 
Corporation, Kyoto, Japan) through the loading 
piston at the center of the specimen at a 
crosshead speed of 1.0 mm/min until fracture 
(Figure 4). The biaxial flexural strength was 
calculated using the following equation: σ = -
0.2387P(X-Y)/t2 according to ISO 6872-2015,14 
where σ refers to biaxial flexural strength in MPa, 
P refers to the load at failure in newtons, and t 
refers to the thickness of the specimen in mm. 
Meanwhile, X and Y are given by the following 
equations: X = (1+ν) ln(r2/r3)2+[(1–ν)/2] (r2/r3)2 and 
Y = (1+ν)[1+ln(r1/r3)2]+(1–ν)(r1/r3)2 in which ν is 
Poisson’s ratio of ceramics (assuming 0.25 for 
lithium disilicate and 0.26 for translucent 
zirconia),15,16 r1 is the radius of the support circle 
in mm, r2 is the radius of the loading piston in 
mm, and r3 is the radius of the specimen. 

 
Results 
 
The average values of the translucency 

parameter and biaxial flexural strength of UTML 
zirconia and IPS e.max CAD HT were 
summarized in Table 1,2,3.  

 

 
Table 1. Restorative materials used in the 
research. 
 

 
Table 2. Mean and standard deviations (SD) of 
translucency parameter values. 
The same letters indicate that there is no significant difference 
between the groups. (p-value > 0.05).  
 

 
Table 3. Mean and standard deviations (SD) of 
biaxial flexural strength values (MPa). 

The same letters indicate that there is no significant difference 
between the groups. (p-value > 0.05).  

A decrease in the translucency parameter 
and an increase in biaxial flexural strength were 
observed when the thicknesses of the two 
ceramics were increased. The one-way ANOVA 
demonstrated statistically significant differences 
in the translucency parameter and biaxial flexural 
strength among various thicknesses within the 
same ceramic type. (p<0.01) The results of the 
independent t-test showed the translucency of 
IPS e.max CAD HT was statistically significantly 
higher than UTML zirconia (p<0.01), while the 
biaxial flexural strength of IPS e.max CAD HT 
was statistically significantly lower than that of 
UTML zirconia at the same thicknesses. (p<0.01) 
IPS e.max CAD HT at 0.8 and 1.0 mm had 
statistically significantly higher translucency 
parameters than UTML zirconia at all thicknesses 
(p<0.01), while the translucency of IPS e.max 
CAD HT at 1.5 mm was statistically significantly 
lower than UTML zirconia at 0.8 and 1.0 mm. 
(p<0.01) No statistical difference was seen 
between the biaxial flexural strengths of IPS 
e.max CAD HT at 1.0 mm and UTML zirconia at 
0.8 mm (p=0.25), or IPS e.max CAD HT at 1.5 
mm and UTML zirconia at 1.0 mm. (p= 0.25) 
 

Discussion 
 
The null hypothesis was rejected as the 

results showed that the translucency and biaxial 
flexural strength of dental ceramics depend on 
the type of ceramic and the thickness of the 
restorations. This study showed that a decrease 
in the translucency parameter was observed 
when the thickness of two ceramics was 
increased. In fact, there is an increase in light 
absorption when passing through thick objects 
and, thus, lower light reflection to the human 
eyes, resulting in lower L* values.17,18 

Although the optical properties of ultra-
translucent multi-layered zirconia were improved, 
this study showed that the translucency of UTML 
zirconia was statistically significantly lower than 
IPS e.max CAD HT at the same thicknesses, in 
accordance with the previous studies of 
Baldissara P et al.5, Harianawala HH et al.19, and 
Kwon SJ et al.20 UTML zirconia, which was used 
in this study, can have its optical properties 
developed by adding 5.4% mol yttrium oxide to 
enhance the cubic content (75% by weight), 
namely 5Y-PSZ.7,9,21 The traditional 3Y-TZP has 
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tetragonal grains sized approximately 280–360 
nm, whereas the 5Y-PSZ consists of bimodal 
grains sized 543–1680 nm with larger cubic 
grains sized 1.2 µm, which are embedded in 
tetragonal grain structures.6 Furthermore, 
increasing the sintering temperature to 1550°C 
for UTML zirconia can also provide higher cubic 
content and larger grain size.7 According to the 
larger grain of cubic crystals, the reduction in 
grain boundary light scattering enhances the 
translucency of 5Y-TZP.6,7,22 The cubic crystal is 
isotropic which provides continuity of the 
refractive index at the grain boundaries. This 
isotropic characteristic causes more light 
transmission than that of an anisotropic 
tetragonal crystal.7,21-23 Finally, the refractive 
index mismatch between alumina (n = 1.765) and 
zirconia (n = 2.175) can cause light scattering 
because the material could be opaque when the 
refractive index between the phases is 1.1 or 
more.8,24 Increasing the translucency of 5Y-PSZ 
is done by decreasing the amount of alumina 
oxide because the lower the alumina content, the 
greater the light transmission.8 Kolakarnprasert N 
et al.7 reported that alumina oxide and pores 
were not detected in UTML zirconia. However, 
UTML zirconia does not only consist of 75% by 
weight of cubic content but also has 25% by 
weight of tetragonal crystal. Tetragonal crystal is 
birefringent, resulting in a discontinuity of the 
refractive index at the grain boundaries that can 
cause light scattering.21 On the other hand, the 
microstructure of fully-crystallized lithium 
disilicate consists of approximately 70% fine-
grain lithium disilicate crystals, which are 
embedded in a glassy matrix without any pores 
that allow light scattering.25,26 Kim HK et al.8 
reported that the IPS e.max CAD HT contained 
Zn 3.9805% by weight, which supports the 
crystallization process.27 In addition, small 
amounts of Sr 0.0604% by weight and Ce 
5.7366% by weight can raise the refractive index 
of the glass matrix (n = 1.5) to match that of 
lithium disilicate (n = 1.55), making it highly 
translucent by reducing light scattering.27 
Therefore, the translucence of IPS e.max CAD 
HT was higher than for UTML zirconia. 

Furthermore, this study showed that IPS 
e.max CAD HT had statistically significantly lower 
biaxial flexural strength than UTML zirconia at 
the same thicknesses. Under the effects of 
mechanical and thermal stress, UTML zirconia 
can undergo the phase transformation from a 

tetragonal phase to a more stable monoclinic 
phase, called "transformation toughening". The 
4–5% larger volume of the monoclinic crystal 
would create compressive stress to block the 
propagation of cracks within the material.4 IPS 
e.max CAD HT lacks this phase transformation, 
which would impede crack propagation within the 
material. 

According to the indications of the 
manufacturer for monolithic crowns,10,26 this 
study showed that fabricating posterior crowns 
with 1 mm thick UTML zirconia preserved more 
of the tooth structure and also provided higher 
translucency than 1.5 mm thick IPS e.max CAD 
HT, while they were equally strong for such 
thicknesses. UTML zirconia can be a better 
substitute for IPS e.max CAD for posterior 
monolithic crowns in the esthetic zone, especially 
premolars, because of its superior optical 
properties. But due to the incorporation of 
intraoral water constituents into the zirconia 
lattice, this process is commonly referred to as 
low temperature degradation (LTD).28 
Kolakarnprasert N et al.7 reported that alumina 
oxide, which plays a crucial role in preventing 
zirconia from LTD, was not detected in UTML 
zirconia. Phase transformation was also not 
found in UTML zirconia after hydrothermal aging, 
which is able to simulate at least 30 years in vivo. 
Therefore, using UTML zirconia as the 
restoration for patients with severe malocclusions 
and parafunctional habits should be carefully 
considered. In fabricating anterior monolithic 
crowns, this study found that 1 mm thick IPS 
e.max CAD HT provided higher translucency 
than 0.8 mm thick UTML zirconia while they were 
equally strong for such thicknesses. IPS e.max 
CAD HT better simulated the natural appearance 
and optical properties of human teeth than UTML 
zirconia, but in some cases, UTML zirconia can 
be an alternative material for anterior monolithic 
crowns such as masking dark abutment teeth or 
a metal core, and in patients with opaque 
adjacent teeth. However, in the clinical aspect, 
the ceramic restorations are surface-treated and 
achieved effective resin bonding on the abutment 
teeth to increase their biaxial flexural strengths, 
especially in the case of lithium disilicate glass 
ceramics, which is treated with 5 – 9% 
hydrofluoric acid (HF) followed by silane 
methacrylate monomer.29 The surface treatment 
using 25 µm alumina airborne-particle or 30 µm 
silica-coated alumina particles abrasion 
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combined with 10- Methacryloyloxydecyl 
dihydrogen phosphate (10- MDP) monomer 
containing primer agents, such as Monobond 
Plus enhance both bond strength and bond 
durability for zirconia.30,31 Alumina particle 
blasting is an efficient method, which increases 
micro-porosities of the zirconium dioxide surface, 
without damaging zirconia substructure.31 
Therefore, further studies on the biaxial flexural 
strength of surface-treated and bonded lithium 
disilicate ceramic and translucent zirconia to 
abutment teeth are needed. 
 

Conclusion 
 
Within the limitations of this study, it was 

concluded that according to the indications of 
manufacturers, fabricating anterior monolithic crown 
with IPS e.max CAD HT provided higher translucency 
than UTML zirconia, and restoring posterior monolithic 
crown with UTML zirconia preserved more tooth 
structure and also provided higher translucency rather 
than IPS e.max CAD HT, while they were equally 
strong for such thicknesses. 
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