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Comparison of the translucency of shaded 
zirconia all-ceramic systems  

Sevcan Kurtulmus-Yilmaz*, Mutahhar Ulusoy 
Department of Prosthodontics, Faculty of Dentistry, Near East University, Mersin10, Turkey

PURPOSE. The purpose of this study was to evaluate and compare the translucency of shaded zirconia all-
ceramic systems. MATERIALS AND METHODS. Translucency of 3 different zirconia all-ceramic systems colored 
by different techniques was compared with a lithium disilicate glass-ceramic (IPS e.max Press). Square-shaped 
specimens with 0.5 mm thickness were fabricated from In-Ceram YZ, ICE Zirkon and Katana systems in A1, A2 
and A3.5 shades according to Vitapan Classical shade tab (n=11). Specimens were then veneered and glazed with 
corresponding veneer ceramic recommended by each zirconia system manufacturer and the total thickness was 
set to 1.5 mm. Translucency measurements were performed with VITA Easyshade Compact spectrophotometer 
after each stage and translucency parameter was calculated. Data were statistically analyzed with repeated 
measures ANOVA and Tukey multiple comparison test. RESULTS. The control group was significantly more 
translucent than the zirconia systems (P<.05). ICE Zirkon cores showed the least translucency; neither In-Ceram 
YZ nor Katana systems were superior to each other in terms of translucency. Translucency of all specimens was 
decreased after veneering, and the translucency rankings were changed. CONCLUSION. Coloring technique did 
not have a significant effect on translucency of zirconia cores. Although zirconia systems were less translucent 
than lithium disilicate glass ceramic, they had partial translucency and there were translucency differences among 
the zirconia systems. Chroma affected the translucency of precolored zirconia cores. [ J Adv Prosthodont 
2014;6:415-22]
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INTRODUCTION

An esthetically pleasing restoration should mimic the natu-
ral tooth in terms of  shade, shape, size, surface texture and 
translucency.1 Although porcelain fused to metal restora-
tions have a long history of  clinical success, the opaque 
metal substructure causes undesirable light reflection and 
accordingly, esthetically unpleasant restoration.2 The 

increased demand of  patients for natural looking restora-
tions has resulted in the development of  new all-ceramic 
systems.3,4 The absence of  opaque metal substructure in all-
ceramic restorations provides a deeper translucency similar 
to natural tooth2 which was described as one of  the prima-
ry factors in controlling esthetics.5 

Among the all-ceramic systems, zirconia-based ceramics 
are highly attractive for clinicians,6 since they fulfill the bio-
mechanical requirements; namely, chemical and dimensional 
stability, high mechanical strength, and fracture toughness.4,7 
However, increasing the crystalline content of  all-ceramic 
materials to achieve a greater strength results in greater 
opacity5,8 because of  the different refractive indices and the 
inhomogeneity of  crystals.9 When compared to other all-
ceramic systems, zirconia cores have poor translucency and 
too white for an esthetic appearance.10-13 Therefore, shaded 
zirconia cores were developed in order to improve the opti-
cal behavior of  the restorations.7,14-16 

Two main techniques are available for coloring zirconia. 
In one technique, various metal oxides are added to Y-TZP 
powder before sintering at high temperature. The other 
technique involves immersion of  the machined restorations 
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in chloride solutions of  rare earth elements before sinter-
ing.15,17 The concentration of  the solution influenced the 
final shade6,15 while duration of  immersion did not.15

The effects of  coloring on mechanical properties,15,16,18 

microstructure,15 and surface microhardness16 of  the zirco-
nia have been investigated. The available data on the trans-
lucency of  shaded zirconia cores are limited.19,20 In a recent 
study,21 it has been reported that coloring liquids decreased 
the translucency of  zirconia frameworks. Coloring method 
may also affect the intensity of  the shade and therefore 
translucency of  the material. However, to the best of  
authors’ knowledge, there is no literature regarding the 
effect of  coloring techniques on the translucency of  zirco-
nia. The purpose of  this in vitro study was to evaluate the 
translucency of  zirconia core specimens in 3 different 
shades and veneered specimens of  different zirconia-based 
all-ceramic systems, and compare the coloring techniques in 
terms of  translucency. The hypothesis tested was that the 
coloring technique would affect the translucency of  speci-
mens and precolored specimens would show a greater 
translucency.

MATERIALS AND METHODS

In the present study, 3 different zirconia-based all-ceramic 
systems [In-Ceram YZ (VYZ), ICE Zirkon (ICE), Katana 
(KTN)] were tested and a lithium disilicate all-ceramic sys-
tem (IPS e.max Press) served as the control group (Table 1).

Thirty-three square-shaped (12 mm × 12 mm × 0.5 
mm) specimens were fabricated for each zirconia-based all-
ceramic system and control group (totally 132) following 
the manufacturers’ instructions. Specimens were further 
divided into 3 groups (n=11) for coloring to A1, A2 and 
A3.5 shades according to Vitapan Classical Shade Guide 
(VITA Zahnfabrik, Bad Säckingen, Germany).

For fabricating IPS core specimens, square-shaped wax 
patterns were prepared 12 mm × 12 mm × 1 mm and 
invested in a phosphate-bonded investment (IPS Press Vest 
Speed, Ivoclar Vivadent, Schaan, Liechtenstein) by using a 
crucible provided by the manufacturer, and burned out in a 
furnace (VITA Vacumat 300; VITA Zahnfabrik, Bad 
Sächingen, Germany) at 850ºC. Medium opacity (MO) 

ingots MO1, MO2 and MO3 were used to obtain A1, A2, 
and A3.5 shades, respectively. The specimens were heat-
pressed (Ivoclar EP600 Combi, Ivoclar Vivadent, Schaan, 
Liechtenstein), and then left at room temperature for 30 
minutes. The remnants of  the investment material were 
removed by using airborne-particle abrasion with 50-µm 
glass beads (Strahlmittel Abrasives, Rolloblast, Boley, 
Germany). For surface finishing, a polishing machine 
(Phoenix Beta, Buehler, IL, USA) and 400, 600, 800, 1000 
and 1200 grades of  sil icon carbide papers (Buehler 
Abrasives, Düsseldorf, Germany) were used. The thickness-
es of  the specimens were controlled with a digital caliper 
(Max-Extra Professional Tools, Guangzhou, China) with an 
accuracy of  0.01 mm during the procedures and final thick-
ness was set to 0.5 ± 0.05 mm.

Thirty-three VYZ core specimens were fabricated from 
In-Ceram YZ blocks (VITA In-Ceram 2000 YZ CUBES 
for inLab) milled with CAD/CAM system (Cerec inLab, 
Sirona Denatl Systems, Bensheim, Germany) in partially 
sintered state. Specimens were subdivided into 3 groups 
and immersed in coloring liquids LL1, LL2, and LL3 
(Coloring Liquid for VITA In-Ceram 2000 YZ CUBES, 
Bad Säckingen, Germany) equivalent to A1, A2, and A3.5 
shades, respectively, for 2 minutes. Specimens were left to 
dry and then sintered in a sintering furnace (Thermo-Star 
GmbH, Aachen, Germany) according to manufacturer’s 
heat and time instructions. At the end of  the process, the 
thicknesses of  specimens were controlled with the digital 
caliper and specimens with the dimensions of  12 mm × 12 
mm × 0.5 mm were obtained.

ICE specimens were fabricated with a manual copy-
milling machine (Zirkograph 025 ECO, ZirkonZahn, 
Bruneck, Italy). Individual tray material light cured hybrid 
resin composite (Plaque Photo, W+P Dental, Hamburg, 
Germany) was used to prepare specimens before the copy-
milling. 12 mm × 12 mm specimens were cut from resin 
composite plaques and polymerized (Tray Lux, Ampac 
Dental, Rockdale, Australia). The specimens were ground 
and polished and the thicknesses of  specimens were set to 
0.5 ± 0.05 mm. Zirconia specimens were milled according 
to resin composite samples from ICE Zirkon blocks 
(Prettau Zirconia Blank 12). Milled specimens were 

Table 1.  Materials tested

Core material Manufacturer Coloring technique Veneer material Glaze Manufacturer

IPS e.max Press (IPS) 
(control group)

Ivoclar Vivadent, Schaan, 
Liechtenstein

Precolored blocks IPS e.max Ceram Essence
Ivoclar Vivadent, Schaan, 
Liechtenstein

In Ceram YZ (VYZ)
VITA Zahnfabrik, Bad 
Säckingen, Germany

Coloring liquid VM9 Akzent Glaze
VITA Zahnfabrik, Bad 
Säckingen, Germany

ICE Zirkon (ICE)
Zirkonzahn GmbH, 
Ahrntal, Italy

Coloring liquid ICE Ceramic
Stain Colour Glaze 
Plus

Steger, Ahrntal, Italy

Katana (KTN)
Noritake Dental, Aichi, 
Japan

Precolored blocks Cerabien ZR Cerabien Glaze Noritake Dental, Aichi, Japan
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immersed in coloring liquids (Color Liquid Prettau, 
ZirkonZahn, Bruneck, Italy) in shades A1, A2, and A3.5 for 
10 seconds. After drying process, the specimens were sin-
tered in furnace (Zirkonofen, Zirkon Zahn, Bruneck, Italy) 
according to manufacturer’s heat and time instructions. 
Thicknesses of  the specimens were controlled with the dig-
ital caliper.

The KTN specimens were designed in CAD software 
(Dentalwings Inc., Montreal, Quebec, Canada) of  the sys-
tem according to desired dimensions. Precolored blocks in 
shades of  KT12, KT13, and KT14 (Zirconia Block) that 

are equivalent to A1, A2, and A3.5 shades, respectively, 
were milled with CAD/CAM system (DWX-50N, Noritake 
Dental, Aichi, Japan) at presintered stage. Sintering process 
was performed according to manufacturer’s instructions. 
After sintering, the thicknesses of  the specimens were con-
trolled with the digital caliper.

Before translucency measurements, all of  the specimens 
were ultrasonically cleaned in distilled water for 10 minutes, 
and then dried with compressed air.

Prior to translucency measurements, thicknesses of  the 
specimens were controlled with a digital caliper and the 
thicknesses of  all specimens were set to 0.5 ± 0.05 mm 
(Fig. 1). Translucency measurements were performed with a 
clinical spectrophotometer (VITA Easyshade Compact, 
VITA Zahnfabrik, Bad Säckingen, Germany). VITA 
Easyshade Compact is a cordless hand-held spectropho-
tometer with a contact probe tip that has a diameter of  5 
mm. During the measurement process, the illumination of  
the specimen is achieved by directing the LED light from 
the periphery of  the tip into the specimen surface. The dis-
play presents the closest VITA shade in the VITA Classical 
or VITA 3D-MASTER shade guide designation and CIE 
L*a*b* color system. CIE L*a*b* color system defines col-
or space by L*, a*, and b* coordinates. L* represents the 
lightness, or black/white character of  the color. The coor-
dinates a* and b* describe the chromatic characteristics of  
the color. The a* coordinate represents the red-green axis 
and b* coordinate represents the yellow-blue axis.

Translucency was evaluated with translucency parameter 
(TP). Measurements were performed in the viewing booth 
under D65 illumination. Specimens were placed over white 
(L* = 96.3, a* = 0.1, b* = 1.9) and black (L* = 8.9, a* 
=-0.7, b* = 1.2) tiles and “tooth single” mode was selected 
(Fig. 2). Measurements were repeated 3 times for each spec-
imen on each background and the mean CIE L*a*b* values 
were recorded for both backgrounds. TP was obtained by 

Fig. 2.  Translucency measurements of the specimens with a spectrophotometer over white (A) and black (B) backgrounds.

A B

Fig. 1.  A1, A2 and A3.5 shaded core specimens of each 
all-ceramic system.
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calculating the color difference between the specimen over 
the white background and that over the black background 
with the following formula:22

TP = [(L*
B – L*

W)2+(a*
B – a*

W)2+(b*
B – b*

W)2]1/2 

Subscript B corresponds to the color coordinates over 
the black background and subscript W corresponds to 
those over the white background. If  the material is abso-
lutely opaque, TP value is zero; if  the material is totally 
transparent, TP value is 100. The greater the TP value, the 
higher the translucency of  the material.

After translucency measurements core specimens were 
veneered and glazed by a single dental technician using 
ceramics (A1, A2, and A3.5 shades) recommended by man-
ufacturers (Table 1). Veneering was carried out with dentin 
ceramic in accordance to the manufacturer’s instructions 
for mass preparation, condensing, baking temperature and 
time (Table 2). 

The overall thicknesses of  the veneered core specimens 
with dentin ceramic were aimed to be 1.5 mm with single 
firing process. Therefore, approximately 1.5 mm dentin 
ceramic in thickness was applied on core specimen with lay-
ering technique considering the firing shrinkage of  the 
ceramics. Veneering ceramic slurry was condensed and 
hand-vibrated; excess moisture was removed with absor-
bent paper tissue to minimize porosity. After firing the 
veneered specimens in a ceramic furnace (Programat P300, 
Ivoclar Vivadent, Schaan, Liechtenstein), the thicknesses of  
the specimens were controlled with the digital caliper. 
Excess ceramic material was removed with a diamond rota-
ry cutting instrument (863-204-016; Gebr Brasseler GmbH, 
Lemgo, Germany) until the desired thickness of  dentin 
ceramic was achieved. A thin layer of  glazing liquid was 
applied on veneered specimens, and specimens were glazed 
in the ceramic furnace following the manufacturers’ 
instructions (Table 2). All of  the specimens were ultrasoni-
cally cleaned in distilled water for 10 minutes and then 
dried with compressed air before the translucency measure-
ments. After veneering and glazing procedures, the thick-
nesses of  the specimens were controlled again with a digital 
caliper and the thicknesses of  all specimens were set to 1.5 

± 0.05 mm. Afterwards, translucency measurements were 
repeated and TP was calculated as previously described.

Normality of  the data distribution was checked by the 
Shapiro–Wilks test and parametric tests were chosen since 
the data were distributed normally. TP values of  A1, A2 
and A3.5 shaded core, veneered, and glazed specimens of  
the same all-ceramic system (intragroup comparison) and 
TP values of  the same shaded core, veneered, and glazed 
specimens of  different all-ceramic systems (intergroup 
comparison) were analyzed by repeated-measures ANOVA 
using the SPSS software version 10.0 (SPSS Inc., Chicago, 
IL, USA). Post hoc comparisons were performed by using 
the Tukey test when significance was detected. Values of  P 
<.05 were accepted as statistically significant.

RESULTS

Comparison of  the TP values of  core, veneered and glazed 
ceramics are shown in Fig. 3. The mean TP values and stan-
dard deviations obtained for each group are summarized in 
Table 3. The translucencies of  zirconia core specimens 
were significantly lower than the glass ceramic for all shades 
(P<.05). ICE core specimens were the least translucent 
group among the tested systems. For A1 shaded core speci-
mens, TP values of  KTN core specimens were higher than 
VYZ specimens; despite that, the TP values of  A3.5 shaded 
VYZ specimens were higher than KTN specimens. 
However, there was no statistically significant translucency 
difference between A2 shaded VYZ and KTN specimens 
(P>.05). The translucencies of  IPS, VYZ and ICE core 
specimens were not affected by the chroma, whereas, for 
KTN specimens, the greater the chroma of  the core, the 
lower the TP values. 

Statistical analysis revealed that veneering decreased the 
TP values of  all specimens. The translucency level of  
veneering ceramic affected the overall translucency of  the 
specimens. A3.5 shaded KTN core specimens were more 
translucent than ICE core specimens. However, after 
veneering, the TP values of  A3.5 shaded ICE specimens 
were higher than A3.5 shaded KTN specimens (P<.01). 

Table 2.  Firing procedures of ceramics

iT (°C) dT (min) t↑ (°C/min) fT (°C) hT (min)

Veneer ceramics IPS e.max Ceram 403 4 40 749 1

VM9 500 6 55 910 1

ICE Ceramic 400 2 55 820 1

Cerabien ZR 700 5 65 1090 1

Glazing Essence 403 6 60 770 1

Akzent Glaze 500 0 80 900 1

Stain Colour Glaze Plus 350 5 40 820 1

Cerabien Glaze 600 5 50 930 0

iT, initial temperature; dT, drying time; t↑, temperature raising rate; fT, final temperature; hT, holding time.
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Table 3.  Mean TP values and standard deviations of core, veneered and glazed specimens. Same letters show no 
statistically significant difference

All Ceramic 
System

Shade

Core Veneered Glazed

Mean TP SD
Tukey 

grouping
Mean TP SD

Tukey 
grouping

Mean TP SD
Tukey 

grouping

IPS A1 25.17 1.205 a 9.51 0.670 i 9.28 0.850 i,p

A2 25.95 0.756 a 12.69 0.990 g 12.30 0.803 g,o

A3.5 25.74 0.828 a 11.39 0.833 h 12.25 1.066 h,o

VYZ A1 22.68 0.577 c 7.77 1.341 k 8.64 0.647 k,p

A2 21.98 1.076 c 7.60 1.376 k 8.02 0.693 k,r

A3.5 22.54 0.815 c 8.65 0.805 k 7.35 1.085 k,s

ICE A1 17.86 1.430 f 7.42 0.906 k,m 7.10 1.030 m,u

A2 17.85 1.851 f 6.92 1.362 k,m 7.19 0.485 m,t

A3.5 17.06 1.761 f 6.53 1.031 m 5.98 1.010 m

KTN A1 24.04 1.148 b 10.04 0.530 i 10.02 0.561 i,p

A2 22.10 1.606 c,d 9.02 1.048 j 9.12 1.057 j,r

A3.5 19.06 1.289 e 5.13 0.321 n 5.44 0.211 n

Fig. 3.  TP values of core, veneered and glazed specimens.
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Significant differences were also found in the TP values 
of  glazed specimens. Ranging from most translucent to the 
least, the rankings for A1 shaded specimens were IPS, 
KTN, VYZ > ICE; for A2 shaded specimens were IPS > 
KTN, VYZ > ICE and for A3.5 shaded specimens were 
IPS > VYZ > ICE > KTN. A slight decrease or increase in 
TP values of  veneered specimens after glazing were detect-
ed, however, the difference between the TP values of  
veneered and glazed specimens was not statistically signifi-
cant (P>.05). 

DISCUSSION

In the present study, lithium disilicate based glass ceramic 
specimens showed higher translucency compared to zirco-
nia-based all-ceramic systems. The hypothesis that coloring 
technique of  zirconia would affect the translucency and 
precolored zirconia cores would have a greater translucency 
was partially rejected because the statistical analysis revealed 
that precolored KTN core specimens were more translu-
cent than ICE core specimens; however, VYZ and KTN 
core specimens were not superior to each other in terms of  
translucency. Therefore, according to the results of  the 
present study, it cannot be suggested that precolored zirco-
nia cores have a greater translucency.

The zirconia all-ceramic systems compared in this study 
were preferred because of  the differences among the sys-
tems in terms of  coloring method or milling process. KTN 
system has precolored blocks in 9 different shades and the 
core materials are milled by a CAD/CAM system. VYZ and 
ICE systems use coloring liquids for shading zirconia cores. 
The difference between VYZ and ICE systems is the mill-
ing process of  zirconia. VYZ cores are fabricated with a 
CAD/CAM system while ICE cores are milled by a manual 
copy-milling machine. IPS is a lithium disilicate all-ceramic 
system of  which physical properties and translucency are 
improved in comparison to other press-ceramics.4 Similar 
to a previous study13 IPS system was preferred as control 
group in this study since it may be a good alternate to zir-
conia ceramics in esthetic regions. MO ingot of  the system 
was chosen which is indicated for slightly discolored teeth 
and layering technique of  veneer ceramics. 

To achieve an esthetic appearance, the total optical 
behavior of  the restoration should be similar to that of  the 
natural tooth by controlling the light absorption, reflection, 
and transmission in the ceramic material.2 Therefore, the 
translucency level of  the core and veneer material is of  
great concern for all-ceramic systems. Three methods are 
present for evaluating the translucency of  dental ceramics: 
direct transmission, total transmission, and spectral reflec-
tance.23 In the present study TP method was used in which 
the spectral reflectance was determined. The TP defines the 
difference between reflected colors of  a material with a uni-
form thickness over a black and a white background, and 
provides a value corresponding directly to human visual 
perception of  translucency.22 Spectrophotometers has been 
used generally for instrumental translucency determina-

tion.11,24-27 However, spectrophotometers with small window 
size may cause edge loss phenomenon which affects the 
accuracy of  measurements.28 Lim et al.23 compared the TP 
values obtained by a spectrophotomer and a spectroradi-
ometer and found that the values showed a high correla-
tion; however the authors suggested that TP values 
obtained by the spectroradiometer have greater clinical rele-
vance. Therefore, in further studies, the translucency of  the 
materials tested in the present study should also be evaluat-
ed with a spectroradiometer.

Chen et al.11 evaluated the relative translucency of  core 
ceramics and suggested that zirconia-based ceramic 
(Cercon) and 33%-volume zirconia–toughened alumina 
(In-Ceram Zirconia) were highly opaque. Heffernan et al.10 
also reported that the translucency of  In-Ceram Zirconia 
was equal to those of  metal ceramics. However, Baldissara 
et al.13 compared the translucencies of  zirconia-based core 
ceramics and lithium disilicate glass ceramic and stated that 
even the glass ceramic showed significantly higher translu-
cency, all of  the zirconia based ceramics evaluated might be 
considered translucent to a certain degree. There are other 
studies19,20,29 in the literature that support the data of  afore-
mentioned study.13 Moreover, Pecho et al.20 suggested that 
zirconia-based ceramics (IPS e.max ZirCAD and LAVA) 
had translucency similar to human dentine. The findings of  
the present study were also in agreement with the previous 
studies.13,19,20,29 

In the present study, core specimens were veneered with 
the dentin ceramics recommended by the manufacturer’s 
instruction. Translucency of  the veneer ceramics were not 
known because as a limitation of  the study, TP values of  
veneer ceramics were not evaluated separate from the core 
ceramics. However, the data obtained from this study 
showed that the translucency of  veneer ceramic is as 
important as the translucency of  core material since the TP 
values decreased and the translucency ranking of  the sys-
tems changed after veneering. A previous study by 
Heffernan et al.30 also reported that the opacity of  core 
specimens increased after they were veneered. The 
authors30 suggested that the crystal volume and size of  
veneer ceramic, increased specimen thickness, reflectance at 
the interface between the core and veneer ceramic, and the 
changes occurred in core material after additional firing 
might cause the translucency difference. According to the 
results of  this study, it can be suggested that the translucen-
cy of  veneer ceramics should also be considered in evalua-
tion of  the overall translucency of  the zirconia-based all-
ceramic systems. However, glazing did not cause a signifi-
cant change in the translucency of  the veneered specimens.

To evaluate the effect of  the chroma on translucency, 
the core specimens were prepared in 3 different shades and 
compared within each system. Among the tested systems, 
statistically significant difference was detected between the 
different shaded core specimens of  KTN system. TP values 
decreased with the increase of  the chroma of  core speci-
mens. This might be due to the more or darker pigmenta-
tion in the specimens with high chroma that affected the 
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light reflection.19 Coloring method may also affect the 
intensity of  the pigmentation since it has been shown that 
the concentration of  the coloring solution affect the final 
shade.6,15 Therefore, precolored blocks might provide more 
homogeneous and more intense shade than the immersion 
method. This finding should be taken into consideration 
when a restoration in higher chroma is planned to fabricate 
with KTN system. When the veneered specimens were 
evaluated, a statistically significant translucency difference 
between the different shaded specimens of  control group 
was found. This finding also indicated the potential effect 
of  veneering ceramic on the overall translucency of  the 
specimen. 

It has been shown that thickness of  the core material 
had an effect on the translucency of  all-ceramics.10 As a 
limitation of  this study, all of  the core specimens were fab-
ricated in a single thickness of  0.5 mm. The tablet shape of  
the specimens may be another limitation since the speci-
mens in coping form may be of  greater clinical relevance. 
Further studies are required to evaluate shaded zirconia 
core specimens in coping forms with different core/veneer 
thicknesses. 

Significant translucency differences were detected 
among the zirconia-based all-ceramic systems tested in this 
study. For esthetic appearance, more translucent zirconia 
systems like VYZ and KTN may be preferred whereas for 
masking discoloration less translucent systems may be more 
advantageous. Besides the esthetics, translucency of  the all-
ceramics systems should be considered when deciding the 
cement type. Light transmission through the ceramics was 
found to be efficient on the polymerization degree of  resin 
cements.31 For less translucent all-ceramics as ICE system, 
dual-cured resin cements may be preferred instead of  light-
cured resin cements for sufficient curing. 

CONCLUSION 

Within the limitations of  the present study, translucencies 
of  zirconia all-ceramic systems were found significantly 
lower than lithium disilicate glass-ceramic. ICE Zirkon was 
the least translucent system among the zirconia-based all-
ceramic systems. Neither VYZ nor KTN systems were 
superior to each other in terms of  translucency. Coloring 
technique did not have an effect on the translucency of  the 
shaded zirconia cores. However, chroma affected the trans-
lucency of  precolored zirconia specimens.
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