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INTRODUCTION 

Zirconia has three polymorphs: cubic which 
is stable at 2370-2680°C, tetragonal stable 
between 1170-2360°C and monoclinic stable 

at room temperature. The transformation of 
zirconia polymorphs from cubic to tetragonal to 
monoclinic is accompanied by a large shear strain 
and volumetric increase. A small addition of certain 
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ABSTRACT

Objective: To investigate the effect of artificial aging on the shade of two types of monolithic 
translucent zirconia crowns, manufactured using two different CAD/CAM systems.

Materials and methods: A sound human maxillary first premolar was selected to receive all 
ceramic crown preparation. The prepared premolar was then duplicated to produce twenty epoxy 
dies divided into two groups (n=10) according to the constructed crowns.. Twenty Standardized 
monolithic translucent zirconia (10 Prettau, & 10 Incoris TZI crowns) were CAD/CAM fabricated 
onto the epoxy dies and cemented using Panavia F 2.0. Vita Easy-Shade digital spectrophotometer 
was used to measure the color shade differences (ΔE) value between the selected color shade (A3 
classical shade) and the color shade of the cemented CAD/CAM crowns before and after aging. 
The samples were aged under standard autoclave conditions for ten hours.   XRD analysis was used 
to analyze the microstructure of both ZrO2 types before and after accerlated aging. SEM was done 
to examine the surface changes before and after aging.  Results were tabulated and statistically 
analyzed using Kruskal-Wallis test and post hoc analysis .

Results: The results showed that the Prettau crowns had higher ΔE (4.26 ± 0.51) values than 
that of Incoris TZI crowns before (3.56 ± 0.28) aging. Also after aging Prettau showed higher ΔE 
(5.6 ± 0.47) than that of Incoris TZI (4.36 ± 0.34). Statistical analysis showed statistical significant 
difference between the groups.

Conclusions: This study concluded that Incoris TZI crowns better color shade results than 
Prettau crowns before and after aging. 
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special oxides such as yttria (Y2O3), ceria (CeO2), 
calcia (CaO), magnesia (MgO) and alumina (Al2O3) 
fully or partially stabilizes the tetragonal phase of 
zirconia at room temperature. This transformation 
toughness reaction enables the material to stop 
crack propagation by absorbing the crack energy 
and increasing the crystalline volume that prevents 
crack growth1. Clinical experience of zirconia 
based restorations revealed a problem of porcelain 
separation or chipping which occurs due to the weak 
bond strength between the porcelain veneer and the 
underlying zirconia core2 that led to the occurrence 
of solid monolithic zirconia crowns (non-veneered 
zirconia).3

Nevertheless, despite having the transformation 
toughness as an advantage, it is evident that 
zirconia have a drawback named low temperature 
degradation (LTD) in the presence of moisture. 
In this kinetic phenomenon the polycrystalline 
tetragonal phase transforms into monoclinic (t-m 
phase transformations) over a temperature range 
of 60- 300˚C depending on the stabilizer, its 
concentration and the grain size of the ceramic.4

Several hypotheses were proposed to explain the 
cause-and-effect relationship between the presence of 
water and the t–m phase transformations. According 
to Sato and Shimada5, surface chemisorbed water 
induces the breakage of Zr–O–Zr bonds and the 
formation of Zr–OH, thereby resulting in stress 
corrosion. An-other hypothesis postulated that 
water promoted the formation of Y(OH)3, thus 
depleting the stabilizer Y2O3and triggering the t–m 
transformation.6 The latter assumption, however, has 
since been disproved.7 In an alternative explanation, 
the phase trans-formation was attributed to internal 
stresses associated with the diffusion of water 
radicals within the zirconia lattice, by an oxygen 
vacancy diffusion mechanism8,9

Although (LTD) might roughen surfaces, cause 
wear and decrease the hardness and strength of 
Y-TZP restorations10, only little information is 

available regarding low temperature aging of Y-TZP 
dental ceramics and its effect on the shade of the 
final restoration.11

So the aim of this study was to evaluate the 
effect of artificial ageing on the shade of two 
types of monolithic translucent zirconia crowns, 
manufactured using two different CAD/CAM 
systems

The null hypothesis tested was:

1. No difference  in shade reproduction on both 
types of zirconia restorations

2. There no effect of artificial ageing on the shade 
of both zirconia restorations 

MATERIALS & METHODS

Tooth selection & sample Preparation

A sound freshly extracted human maxillary first 
premolar was selected. The tooth was vertically 
embedded in acrylic resin base (Acrostone. Self-
cure acrylic resin Egypt) with the aid of a dental 
surveyor (Ney Dental International, Bloomfield, 
Conn, USA). The tooth was prepared for all-
ceramic crown using a standard technique. (Axial 
reduction with 6 degree taper and 1mm rounded 
shoulder finish line).  A specially modified dental 
milling machine (Nouvag AG, Dental & Medical 
Equipment St. Gallerstrasse) was used for tooth 
preparation. 

Twenty silicone molds (Dupliflex. Poligono 
Emporda International 17469. Vilamalla Girona, 
Spain) were produced from the prepared tooth. 
The duplication of the prepared tooth was achieved 
by pouring the silicone mold with translucent 
epoxy resin (Chemapoxy. CMB, 69  Giza, Egypt). 
The epoxy dies were then duplicated into twenty 
working stone dies for crown constructions using a 
scanable stone (Optic Scanning stone, ETI Empire 
Direct, Anaheim, CA, USA).
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Crown Fabrication

Prettau crowns:

Ten Prettau crowns were fabricated over ten 
working stone dies. For each crown to be fabricated 
a specific scan (S600, Zirkonzahn, Italy) for the 
respective die had to be taken for the ten dies. 
The crowns were designed using CAD software 
(Modellier, ZirkonZahn, Italy). Zirconia blocks 
(Prettau zirkon CAD-CAM95H22, Zirkonzahn, 
Italy) were milled in partially sintered stage 
considering of 20% shrinkage and fully sintered for 
12 hours at 1600°C. Sandblasting with 50 Al2O3 at 3 
bars was employed and then outer surface of crown 
was glazed. 

 Incoris TZI crowns: 

Ten scans with cerec 3D (inEos X5, Sirona 
Dental Systems GmbH, Germany) of the ten epoxy 
dies were used with another  scan of one of the 
fabricated Prettau  crowns to produce ten Incoris 
TZI bio-copy crowns.  Cerec software 4.3 (Sirona 
Dental Systems GmbH, Germany) was used for 
designing the restoration. 

(INcoris TZI C blocks mono L, Sirona Dental 
Systems GmbH, Germany) of classical A3 shade 
were used. The blocks were milled in the partially 
sintered stage with the milling machine (MX 5, 
Sirona Dental Systems GmbH, Germany) and 
sintered in (inFire HTC, Sirona Dental Systems 
GmbH, Germany) for 2 hours at 1510°C. 
Sandblasting with 50 Al2O3 at 3 bars was employed 
and then outer surface of crown was glazed. 

Cementation of the crown &artificial aging

The crowns were cemented on their 
corresponding epoxy dies using Panavia F2.0 
following manufacturer instructions using a 
specilly designed device that allow application of 
standardized load of 3kg.   

Artificial accelerated aging12-15  of crowns were 
undertaken under standard autoclave (TAU STERIL 
S.N.C.Via Gorizia 6/A 22073 Fino Mornasco - 

Como – ITALY) conditions at 134 °C at 2 bar 
pressure for 10 hours. 

Shade Difference measurement

A digital spectrophotometer (Vita EasyShade. 
Vita- Zahnfabrik, Bad Säckingen, Germany) was 
used to measure the color shade differences (ΔE) 
value between the selected color shade (A3 classical 
shade) and the color shade of the cemented CAD/
CAM crowns. The middle part of the buccal surface 
of each crown was selected as target area for the 
tip of the probe of the EasyShade device. The 
average of three ΔE reading values was calculated 
and considered as final reading for the investigated 
restoration. ΔE measurements were done twice for 
each sample one before aging and the second after 
aging. The results were recorded, tabulated and 
statistically analyzed using Kruskal-Wallis test and 
post hoc analysis.

X-Ray Diffraction (XRD):

In order to investigate the effect of aging on the 
crystalline structure of the investigated zirconia 
in this study, another four zirconia blocks were 
fabricated (1 Prettau+ 1 Incoris TZI) non-aged 
compared to (1 Prettau+ 1 Incoris TZI) artificially 
aged under standard autoclave conditions of 134 °C 
and 2 bar pressure for 10 hours. X-ray diffraction 
is non-destructive analytical technique to identify 
the crystalline structure, chemical composition 
and physical properties of material. The technique 
is based on observing the scattered intensity of an 
X-ray beam upon hitting a sample as a function 
of incident and scattered angle, polarization, 
and wavelength or energy. The four blocks were 
scanned using XRD (PAN analytical, Empyrean. 
The Egyptian NRC, Egypt) to determine the degree 
of tetragonal to monoclinic conversion.

Scanning Electron Microscopy (SEM)

The same four blocks of the XRD test were 
used for the electron microscope scanning test at 
2000 X. The surface of the zirconia blocks was 
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gold sputtered. Scanning electron microscopy (FEI. 
Quanta SEM. The Egyptian NRC, Egypt) of the 
blocks was then done.

RESULTS

The mean and standard deviation of the Prettau 
shade test result (ΔE) were recorded in Table 1 
and presented in Figure 1. The statistical analysis 
of the ΔE values for both types of zirconia tested 
showed statistical significance difference before 
and after aging using Kruskal-Wallis test and post 
hoc analysis (Pvalue < 0.05). Prettau group showed 
higher ΔE values than that of Incoris TZI group 
after aging. 

XRD results
Both of the Incoris TZI and Prettau zirconia had 

no monoclinic phase content before aging.
After aging the monoclinic phase content of 

Incoris TZI zirconia appeared to be 51%, however 
for the Prettau zirconia it was to 80.4%. Figure 2 
& 3 shows the XRD pattern of the Incoris TZi and 
Prettau (Non-Aged, Aged).

SEM results:
Scanning electron microscope study of both 

types of zirconia samples showed that Prettau 
zirconia had a rougher surface than that of the 
Incoris TZI zirconia. The surface roughness of both 
materials markedly increased after aging as shown 
in Figures 4, 5.

TABLE (1) AE results for both types of zirconia 
crowns

Prettau group  Incoris Tzi

p-value Before
aging

After-
aging

 Before
aging

After-
aging

 Mean ±
SD

 ± 4.26
0.51

 ± 5.6
0.47

 ± 3.56
0.28

 ± 4.36
0.34

*0.0034

Fig. (1) Histogram showing ΔE before and after aging of 
Prettau & Incoris TZI Crowns

Fig. (2) XRD for InCoris TZI Non-Aged (left), and Aged (right)
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Fig. (3) XRD for Prettua Zirconia Non-Aged (left), and Aged (right

Fig. (4) SEM of Incoris TZI zirconia Before aging (left) and after aging (right).

Fig. (5) SEM of Pratteu Zirconia Before aging (Left), after aging (Right)
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DISCUSSION

The high restoration esthetic demand led to 
the emergence of different types of all ceramic 
restorations among which dental zirconia based 
restorations presented a promising result due to the 
high fracture resistance of zirconia16. However the 
inherent clinical drawbacks of the veneered zirconia 
in terms of chipping and fractures of the veneer17 
and de-bonding of the zirconia restoration paved the 
way for development of a new restoration without 
the drawback of veneering layer. This led to the 
introduction of translucent zirconia for constructing 
fully contoured dental restoration that provided a 
hope for a fracture resistant monolithic restoration.

This in-vitro study compared two types of 
translucent monolithic zirconia with and without 
aging. Using the solid translucent zirconia restoration 
should consider excellent shade reproduction and 
stability, which is equally important to resistance to 
fracture and surface cracks. 

There is a general agreement in the literature 
that Zirconia (which is one of the most commonly 
used ceramic restorations today) suffers a process 
of aging under heat, pressure and moisture that 
are predominant in the oral environment. It is also 
reported18,19,20  that zirconia undergoes a crystalline 
change from metastable tetragonal to monoclinic 
accompanied by a volumetric increase under oral 
conditions. 

The aesthetic of ceramic restorations depends 
on many factors among which the shade and 
translucency are reported21 to play an important role. 
The translucency and the opacity of any material 
are largely dependent on light transmission and 
scattering. If the majority of light passing through 
the material is scattered and reflected so the material 
will appear opaque. While if only part of the light is 
scattered and most of it is transmitted so the material 
will appear translucent22. So the interpretation of the 
color of any object will be affected by the physical 
properties of this object as if it will transmit, reflect 
or absorb light. Selection of all ceramic restorations 

depends on the degree of translucency needed, so 
that it mimics patient’s natural dentition23. The 
limited translucency of the zirconia is determined 
by multiple combined parameters such as grain 
size, additives like alumina and finally the degree 
of sintering which supposed to be responsible for 
the transformation of the zirconia from the cuboidal 
phase to the tetragonal phase that is supposed to turn 
zirconia to be more translucent.24,25

The null hypothesis tested in this study were 
rejected since Incoris TZI crowns showed better  
ΔE value than Prettau crowns either in the non-aged 
or the aged state.

In this study the die, the shape and dimensions 
of the crowns were all standardized. Also in order 
to exclude the effect of cement on the color shade 
of the restoration, translucent cement was used. 
The change of color was measured by using intra 
oral spectrophotometer (Vita Easyshade), which 
is supposed to eliminate the human variations in 
comparing different color shades. The intra oral 
Vita Easyshade device is also well reported in so 
many publications26,27 to be used for extra oral 
measurement of color difference. The value ΔE is 
used to evaluate the accuracy and color differences28 
between the selected and produced color.

Change in color (ΔE) is the difference between 
two colors in the color space. The literature ranked 
the change in color among dental materials as follow: 
ΔE > 3.7 = very poor match, ΔE < 2 = clinically 
acceptable and ΔE < 1 visually undetectable as 
reported by O’Brien W et al (1991)29. It is well 
documented in the literature that ΔE value below 1 
is hardly detected visually, while ΔE value between 
1 and 2 may be clinically visible by some observers 
and higher values than 3.7 are considered clinically 
detectable30,31 The color shade results showed 
that Prettau had a higher ΔE value (4.26 ± 0.51) 
without aging than that of Incoris TZI (3.56 ± 0.28). 
Scanning electron microscopy photos of both types 
of zirconia taken before aging in this study revealed 
that Prettau had a rougher surface than that of Incoris 
TZI. Furthermore the higher sintering temperature 
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of Prettau (1600 °C) compared to that of Incoris 
TZI (1510°C) could be held responsible for the 
larger grain size of Prettau, this is in agreement with 
Hallman L et al32 (2013) who reported increase 
in the grain size due to increase in the sintering 
temperature. Moreover, XRD scan results of Prettau 
and Incoris TZI revealed that Prettau had a larger 
Pleomorphic tetragonal phase than that of Incoris 
TZI. These scientific findings could be held together 
to be responsible for increasing the surface roughness 
of Prettau, which should increase the scattering 
of light and subsequently decreasing translucency 
of the Prettau zirconia. This scientific assumption 
could be in agreement with Zhang Y (2014)33 who 
emphasized on the role of smaller grain size and 
diameter in increasing the translucency of zirconia. 
After aging Prettau persistently showed higher ΔE 
value (5.6 ± 0.47) than Incoris TZI (4.36 ± 0.34). 
Once again this could be justified by the fact of 
increased surface roughness of Prettau than that of 
Incoris TZI as evidenced by SEM Photo taken after 
aging. Moreover the XRD scan after aging showed 
a higher percentage of the monoclinic phase in 
Prettau (80%) compared to Incoris TZI (51%) with 
subsequent increase in the grain size. The larger 
grain size of the monoclinic phase could have 
possibly allowed partial absorption and reflection 
of the light passing through, while most of the 
light could be transmitted to the underlying cement 
and subsequently to the underneath die. Since the 
cement used in the current study was translucent, so 
the transmitted light could possibly scattered while 
emerging out. The combined effect of increased 
surface roughness and the larger grain size of 
monoclinic phase of Prettau zirconia could be held 
responsible for possibly more light scattering that 
could be responsible for decreased translucency of 
the Prettau and subsequently increased ΔE value. 
This explanation could be in agreement with 
Heffernan MJ et al (2002)34 and who reported that 
the amount of absorbed, reflected and transmitted 
light would depend on the percentage and size of 
crystals within the matrix and also their chemical 
nature.

CONCLUSIONS

Under the conditions of this study it was 
concluded that:

-  Incoris TZI crowns showed better color stability 
than that of Prettau crowns both (Before & after 
aging)

-  Prettau zirconia showed a persistently rougher 
surface than that of Incoris TZI zirconia before   
and after aging in SEM photos.

-  Prettau zirconia showed higher content of larger 
grain size monoclinic phase than that of Incoris 
TZI zirconia after aging in XRD scan.
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