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Objective: The purpose of this study is to compare and evaluate the fracture resistance and transmittance of several types of
zirconia for CAD/CAM. Four types of zirconia blocks including specimens with coloring agents were used for this study.
Methods: Forty specimens were prepared in total, 5 pieces each. The biaxial flexural bending strength and transmittance
measurement using D65 light source were compared to investigate its characteristics, and XRD and SEM images of each
specimen were used to observe the phase change and microstructure. ISO 6872 is the current standard used for evaluating
the physical and mechanical properties of zirconia dental materials is. In the biaxial flexural strength test, the block specimen diameter was 20 mm and the specimen thickness was measured with a precision of 1 mm.
Results: The transmittance of the prepared specimens was lowered by an average of 10% after applying the coloring agent,
but not by block. In this axial flexural strength test, the increase of 80 to 100 MPa was observed in the other zirconia blocks
excluding the Trans Blocks.
Conclusion: There was no statistically significant difference between the materials. It was found to be statistically significant
only in High Shine Blocks.
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Introduction

conia (ZrO2) as a substitute for metal ceramic crowns has attracted the attention of dental industry for a long time [1].
Currently, dental materials used in dentistry include zirconia
(ZrO2) supplemented with 3% to 5% tetragonal zirconia polycrystal (TZP) as a stabilizer. In the case of pure zirconia, the crystal structure is transformed from a tetragonal phase to a monoclinic phase upon cooling to room temperature. The increased
volume (5%) induced cracks in the material, which drastically
reduced the material strength. However, in the case of tetragonal
zirconia supplemented with stabilizer, it is possible to maintain
the tetragonal phase, which is stable at elevated and at room temperatures, resulting in higher strength (1,000 Mpa) and fracture
toughness (10 Mpa. M1/2) compared with other ceramic mate-

Recent increases in gold price have prompted the need for
alternatives in dental restorative industry. The increase in the
aesthetic demands of patients for prosthetic treatment using zir-
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rials such as alumina. Currently, tetragonal zirconia (TZ-3Y)
with 3 mol% of yttria shows chemical and volumetric stability
as well as excellent mechanical properties, and compressive
stress is generated around the cracks at phase transition due to
the polyphase structure [1]. This is called transformation toughening, resulting in excellent and safe mechanical properties of
zirconia. Zirconia is a bioinert and nontoxic material, with excellent biocompatibility. It does not induce inflammation during implantation. It is highly resistant to corrosion or discoloration unlike conventional gold alloys [2].
However, studies of the durability of zirconia suggest that despite its high strength and toughness, the spontaneous transition
from tetragonal to monoclinic phase occurs following prolonged usage at a low temperature, resulting in micro-cracks in
the specimen, and degradation, and rapid reduction in strength.
Studies by Chevalier et al. [3] have reported the effect of
moisture on metastable Y-TZP at typical temperatures (below
250°C) for biomedical applications. The impurity content,
crystal size, density and temperature induce destabilization of
monoclinic phase in the tetragonal system. This destabilization
increases the roughness and tetragonal state of zirconia surface
into a monoclinic state, resulting in microfiltration. In addition,
zirconia-based prosthesis is the biggest disadvantage aesthetically because the opaque white color of zirconia is not fully
compatible with natural teeth [4].
The changes in strength and microstructure were observed
according to the frequency of application using colorant containing chromium and terbium. The additives induced an increase in the growth of zirconia grains. In this study, we also investigated the microstructural changes and ionic content
through observation, X-ray diffraction analysis and scanning
electron microscopy [4].
Recently, zirconia blocks developed with a range of colors
and transparencies based on the proprietary technologies of international and domestic CDA/CAM manufacturers meet the
aesthetic demands [5,6]. Various types of zirconia blocks used
for cutting were expected to increase the range of application
in dental restoration. However, the physico-mechanical properties of these materials have yet to be clinically tested.
In this study, the rainbow block containing four types of zirconia powders including 3YSB-C, Zpex, Zpex4 and ZpexSmile with Tosho (Japan) powder was used. Depending on the
use of the coloring agent, they were classified into experimental
and control groups. Based on the transmittance, they were classified into test and control groups using a biaxial flexural
strength and flexural D65 light source depending on the coloring agent. The XRD and SEM images of the specimens were
used to observe the phase changes and microstructure. In this
study, we investigated the role of coloring agent in zirconia
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block, which is currently used as a dental prosthesis, in terms
of transmittance and strength, and developed an appropriate
model for zirconia block selection.

Materials and Methods
1. Material
1) Zirconia powder
Zirconia powder used in the specimens was manufactured
using four types of commercial powder derived from yttria-stabilized tetragonal zirconia polycrystal (Table 1). Four types of
zirconia powders were used in this study: rainbow (3YSB-C),
Trans (Zpex), Shine T (Zpex4) and High Shine (Zpex-Smile),
and classified into rainbow coloring-liquid-DP2 immersed
blocks and non-immersed blocks (control group) after plasticization of specimens.
2) Aqueous solution of metal chloride-coloring liquid
To impart the white zirconia with the same color as the natural
tooth, we used rainbow coloring liquid-DP2 solution of Genos
Co., Ltd. to reproduce A2 color. The key metal components of
the coloring solution were HCI, polyethylene glycol, iron, and
erbium (III) chloride.

2. Method
1) Specimens production-axial bending strength specimen
(1) Molding of zirconia powder: Four types of raw zirconia
(Tosoh) powder were poured into 3 g of ϕ26 mold. They were
compression-molded under a pressure of 5 MPa and 5 tons of
compression In order to increase the density of the fabricated
specimen and to obtain a uniform shrinkage ratio, it was coated
with specimen rubber material and pressed at 200 MPa in a cold
isostatic pressing (CIP) facility.
(2) Plasticization (pre-sintering): The plasticization of the
molded zirconia specimens was carried out in a high-temperature furnace using silicon carbide (SiC) electric heating
elements. The conditions were plasticized as instructed by the
manufacturer.
(3) Coloring agent dipping and complete sintering: Twenty
of the test specimens (n=5 for each condition) were immersed
Table 1. Type of zirconia powder to the study
Block

Rainbow

Trans

Shine T

High Shine

Powder
Y2O3Content
BET

3YSB-C
5.2
7

Zpex
5.2
13

Zpex4
6.9
10

Zpex-Smile
9.3
10

2

BET: specific surface area, m /g.

Ju-Won Yoon, et al：Effect of Coloring Agent on the Strength and Transmittance of Dental Zirconia Block

in a rainbow Coloring Liquid-DP2 solution for 60 seconds, and
dried in an infrared drier for 20 minutes followed by slow
cooling. The dried zirconia specimens were placed in a sintering
furnace and heated to 800°C at a rate of 5°C/min according to
the manufacturer’s instructions, further to 1,500°C at 4°C/min,
held at 1,500°C for 2 hours, followed by furnace cooling (Table
2). The final thickness was reduced to 1.0±0.01 mm and a surface gloss was applied to the ceramic to ensure the reliability
of the experiment. Therefore, the size of the final sintered specimen was 20 mm in diameter and 1 mm in thickness.
2) Transmittance evaluation
The transmittance was measured with a spectrophotometer
(Konica CM-3600A) at a viewing angle of 10° using a D65 light
source, an ISO standard of the Commissiom Internationale de
I’Eclairage (CIE).
The five specimens of each group of materials were washed
and dried before measurement.
3) Strength evaluation
To investigate the effect of coloring agent on pre-sintered zirconia specimens on fracture strength, we conducted a biaxial
flexural strength test. The minimum bending strength of the zirconia standard was tested according to ISO6872 and the instrument was measured using a Universal Testing Machine (Tinus
Olsen, H50KT) at a crosshead speed of 1 mm/min on a Biaxial
Strength (ISO6872-2008: 7.3.3) Road cell−50,000N. Five
specimens were tested in each group and the specimens were
placed on a biaxial strength test jig. The test jig and the three
steel balls measuring 4 mm in diameter supporting the load were
placed at 120°.
The test jig was placed at 120° with three steel balls measuring 4 mm in diameter to support the load and ensure a center
diameter of 12 mm.
The diameter of the compression bead was 1.4±0.2 mm and
the load was applied until the specimen was completely fractured at a crosshead speed of 1 mm/min.
4) Crystal phase
In order to confirm the formation of the second crystal phase,
we used an X-ray diffraction (XRD) instruments (X-ray diffractometer, mini flex 600; Rigaku Corporation, Tokyo, Japan) to
measure the degree of phase transition of the zirconia crystal

by the metal component in the zirconia specimen following the
addition of the staining solution as the control group.
The measurement was performed according to the manual
of the XRD equipment at a scan speed of 5°/min for the diffraction angle of 20° to 70°, and 40 kV and 40 mA electric current to clearly observe the diffraction peaks of singlet and tetragonal phases.
5) Microstructure
Scanning electron microscopy (SEM) was used to observe
the size and morphology of the zirconia specimens in each
group. ZESS Gemini Sigma 500 was used. The specimens were
heated to 1,400°C at a rate of 5°C/min for 1 hour and cooled
slowly. To obtain an SEM image, the experiment was started
with a platinum-coated specimen. SEM and energy dispersive
spectrometry (EDS) were conducted to monitor the changes in
physical properties after color dipping of each zirconia
specimen.
6) Statistical analysis
Statistical processing was performed using IBM SPSS ver.
23.0 for Windows (IBM, Co., Armonk, NY, USA) and transmission and bending strength data were analyzed by two-way
ANOVA. All the significance levels were evaluated at p<0.05.
Duncan test was used for the post test.

Results
1. Transmittance
Studies have shown that dipping applications of coloring
agents affect permeability. Color dipping reduced the transparency significantly (p<0.05) (Table 3).

2. Biaxial flexural strength
The dipping application and strength measurement of the
coloring agent showed a slight increase in strength of the rainbow, Shine T and High Shine blocks. There was no significant
difference in rainbow, Trans, and Shine T blocks, however, a
significant difference in intensity was observed after dipping
in High Shine block (p˂0.05) (Table 4).

Table 2. The conditions of sintering
1st heating rate

1st temp

2st heating rate

2st temp

Holding time ( h)

Lower table

5°C/min

800°C

4°C/min

1500°C

2

Furnace cooling

Start vacuum Release vacuum
450°C

1,500°C
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Table 3. Degree of translucency
Material

Total

No dipping

Number

Mean±SD

10
10
10
10
40

28.53±4.29
b
32.33±5.87
c
35.27±4.61
d
39.80±3.29
33.98±6.08

Rainbow
Trans
Shine T
High Shine
Total

Dipping

Number

Mean±SD

Number

Mean±SD

5
5
5
5
20

32.59±0.25
37.89±0.12
39.63±0.05
42.91±0.03
38.26±3.84

5
5
5
5
20

24.46±0.13
26.77±0.40
30.91±0.36
36.68±0.23
29.70±4.77

a

p-value in material＜0.001, p-value in dipping＜0.001. SD: standard deviation.

abcd

Same letter means no statistical difference by Duncan test.

Table 4. Degree of strength
Material
Rainbow
Trans
Shine T
High Shine
Total

Total
Number
10
10
10
10
40

No dipping

Mean±SD

Dipping

Number

Mean±SD

Number

Mean±SD

5
5
5
5
20

1,097.5±152.1
1,124.2±128.4
1,165.7±215.6
722.4±215.2
1,027.5±247.3

5
5
5
5
20

1,250.7±66.3
1,097.6±86.2
1,241.1±83.9
862.3±71.4
1,112.9±176.0

b

1,174.1±136.98
b
1,110.9±104.04
b
1,203.4±159.25
a
792.4±168.16
1,070.2±216.20

ab

p-value in material＜0.001, p-value in dipping=0.062. SD: standard deviation. Same letter means no statistical difference by Duncan test.

Figure 1. X-Ray diffraction pattern of the four groups infiltrated with the coloring liquids.

3. Crystal phase

4. Microstructure

X-ray diffraction analysis of the specimen facilitated the observation of the tetragonal phase of zirconia specimens of all
groups. In the order of Rainbow, Trans, Shine T, High Shine,
the pattern of zirconia shifted from tetragonal to cubic phases
in single sharp peaks of 35° to 60° (Figure 1).

Scanning the specimen with SEM at a magnification of
50,000 showed no changes in particle size following exposure
to coloring agent. The particle morphology represented the
isosceles phase of the common zirconia (Figure 2, 3).
The results of EDS analysis showed no ionic changes following dipping of zirconia specimen (Figure 4).

226 Vol. 13, No. 4, December 2017

Ju-Won Yoon, et al：Effect of Coloring Agent on the Strength and Transmittance of Dental Zirconia Block

Figure 2. Polishing surface (magnification: ×50,000).

Figure 3. Broken surface (magnification: ×50,000).

Discussion
Novel dental restorative materials developed with new technologies were introduced recently. However, Darbar et al. [7],
Piwowarczyk and Lauer [8] reported that dental restorative materials are always subject to fracture risk during chewing [9].
The fractures have been demonstrated by Opdam et al. [10], van
Dijken and Pallesen [11], and Da Rosa Rodolpho et al. [12] as
the most important examples of failure in clinical dentistry.
Occlusal pressure triggered by chewing affects the dental restorative materials in the oral cavity, leading to stress in the material with a similar degree of occlusal force in the opposite
direction. Stresses alter the shape and size of the material surface and are a major cause of fracture. In addition, the stress gen-

erated by the occlusal force is proportional to the magnitude of
the applied force and is inversely related to the cross-sectional
area, so that even under the same magnitude of force, a larger
stress occurs in a small cross-sectional area. Therefore, the occlusal force leads to a combination of tensile, compressive, and
shear stresses, and the dental materials must have sufficient
strength to withstand the combined stress [13,14]. Strength is
an important factor affecting the durability of dental prosthesis.
Assessment of the durability and the mechanical properties
of the material directly connected to the prosthesis is very
important. The International Standard for the Evaluation of
Mechanical Properties of Dental Materials (ISO) has as many
specifications as materials. Therefore, the test method, the calculation of the strength, and the minimum allowable reference
www.ijcpd.org
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Figure 4. EDS (Energy Dispersive Spectrometer) (magnification: ×10,000).

values are presented to underscore the importance of the test
method. Evaluation of the mechanical properties according to
the ISO specifications is essential for accurate results. Therefore,
Lee et al. [15] reported that the selection and use of dental materials should be based on an accurate and comprehensive evaluation of the stress on the prosthesis.

228 Vol. 13, No. 4, December 2017

Dental zirconia should have a flexural strength of at least 800
MPa for four unit bridges or more [16,17]. For anterior cases,
they should have similar color and transmittance as the natural
teeth. This study showed that all bridges can be fabricated with
a strength of at least 700 Mpa to a maximum 1,250 Mpa in four
kinds of zirconia blocks [18-20]. In the case of the posterior full
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contour bridge, the dipping technique of Trans and Shine T
blocks ensures transparent prosthesis. In case of anterior single
or two unit full zirconia blocks, the Shine T alone meets the aesthetic requirements.
If coloring agent is expected to increase the strength after dipping, shine T or coping inner white coloring is more appropriate
for full contour zirconia prosthesis than the opaque zirconia
block. In order to alter the blocking tooth color and the external
transparency effect, the coloring of white inside of shine T or
coping is considered more appropriate for full contour zirconia
prosthesis.
The results showed a lower strength in the dipping group.
This is different from the result of the decrease in strength when
applying the chemical coloring agent reported by Hjerppe et al.
[21].
Kim et al. [22] reported that the frequency of colorant application did not affect the transparency of zirconia. These results
suggest that the block content, the colorant type, and the fine
ion component of the colorant affect the strength of the zirconia.
In this study, we proposed a model for the selection of prosthetic materials. The types of prosthesis were evaluated by comparing various blocks technologically. However, due to a plethora of domestic and international manufacturers, and the experiment involved a single block and coloring liquid, any generalization of zirconia properties is limited only by the experimental results. In the future, it will be necessary to investigate the color properties of zirconia blocks or the liquid used
for zirconia staining.

Conclusion
The purpose of this study was to compare and evaluate fracture resistance and transmittance before and after block coloring with various kinds of CAD/CAM zirconia materials.
Four kinds of zirconia blocks were used in this study.
To investigate and compare the measurement transmittance
using a biaxial flexural strength and flexural D65 light source
were examined before and after the characteristic changes of
the coloring. The following conclusions were drawn.
1. Transmittance studies using spectrophotometry showed
that dipping applications of coloring agents affect permeability.
Dipping reduced the transparency significantly (p<0.05).
2. Results of biaxial flexural strength test, after the dipping
of the coloring agent, showed a slight increase in the strength
in rainbow, Shine T and High Shine blocks., and the increase
was significantin High Shine block (p<0.05).
3. Energy dispersive X-ray analysis (EDXA) via X-ray diffraction and SEM revealed no changes in ionic composition following exposure to the coloring agent.

These results suggest that the use of coloring agent in zirconia
blocks may have different effects on permeability and strength,
however, the differences in strength between blocks were not
significant statistically. The results show that the selection of
zirconia block should be based on the prosthetic application.
However, because of a limited number of zirconia specimens
used in the experiment, and the variation in composition of the
zirconia block and coloring agent among the manufacturers, additional analysis is required.
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