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ABSTRACT

Statement of the problem: Dental Ceramics have been widely used in patients seeking ultimate 
esthetics, however still there is concern about their color stability by time.

Aim of the study:  To evaluate the color stability of four different CAD/CAM ceramics after 
immersion in coffee solution.

Materials and Methods: A total of twenty ceramic discs with shade A2 (10 mm in diameter 
and 2mm in thickness) were constructed in standardized manner. Samples were divided into four 
main equal groups (n=5) each, according to the type of ceramic material used. Group I:  IPS e.max 
CAD. Group V: Vita Suprinity. Group C: Cerec Blocs. Group O: Obsidian. All specimens were 
fabricated using CNC milling machine and electric isoMet microsaw 4000. A specially constructed 
cylindrical split teflon mold was fabricated for the construction of twenty composite resin discs 
shade A3 (10 mm in diameter and 2mm in thickness). Both ceramic and composite discs were 
constructed according to manufacturer instructions then were adhesively luted using dual cure Rely 
X U200 Automix self-Adhesive resin cement shade A2 under 2 Kg constant load application. All 
disc samples were immersed in coffee solution for 3 weeks and were tested twice; before (baseline) 
and after the immersion. The color of each sample was then assessed using a spectrophotometer. 
The L* a* b* values of the samples were recorded according to the CIELAB color scale relative 
to the standard illumination D65. The results were tabulated and statistically analyzed as mean, 
standard deviation (SD), median, range and with 95% Confidence interval values. For parametric 
data, one-way ANOVA was used followed by Tukey’s post-hoc test to compare between the four 
groups. While for non-parametric data, Kruskal-Wallis test was used to compare between the four 
groups. The significance level was set at P ≤ 0.05. Statistical analysis was performed with IBM® 
SPSS® Statistics Version 20 for Windows.

Results: There was a statistically significant difference between the four ceramic groups 
after immersion in coffee solution. A decrease in (L*) values was found in all groups. Pair-wise 
comparisons revealed that IPS e.max CAD showed the highest mean decrease in (ΔL) (-5.19±0.71).



(2722) Rana M SherifE.D.J. Vol. 63, No. 3

INTRODUCTION 

Metal-ceramic restorations have been always 
considered as the gold standard for restoring 
damaged teeth. They are favored for their 
mechanical and biological properties together with 
satisfactory esthetic results. However, the metal 
substructure is often visible as a thin, gray line at 
the crown margin, that does not transmit light in a 
similar way as natural teeth, and thus results in a dull 
appearance, especially in teeth with light cervical 
color (1, 2). Therefore the increase in patient esthetic 
demands resulted in the creation of new number of 
dental ceramics which gained popularity due to their 
excellent esthetic, great biocompatibility, and good 
wear resistance (3).  Recently, metal-free restorations 
had undergone many improvements whether in the 
technique of fabrication or in the material itself to 
enhance the quality of the final restoration regarding 
color stability, surface texture, strength and marginal 
fit (4, 5).

The introduction of computer-aided designing 
computer-aided manufacturing (CAD/CAM) 
systems to restorative dentistry represent a major 
technological breakthrough with many advantages 
over the conventional one. The system uses industrial 

ceramic blocks which are prefabricated under 
optimum and controlled conditions to mill ceramic 
restorations and thus delivering a high quality 
restoration with improved mechanical and optical 
properties without the inevitable inaccuracies seen 
in the manually-produced one. (5-8)

Many types of CAD/CAM ceramic blocks have 
been developed for restoration fabrication, includ-
ing feldspathic ceramic, leucite-reinforced ceram-
ics, lithium disilicate ceramics, and zirconium ox-
ide ceramics (9). Feldspathic CAD/CAM ceramics 
are glass based ceramics with superior translucency, 
available in different shades but with a low flexural 
strength of 154 ± 0.5 MPa (10). The presence of the 
glassy phase enables them to be etched and adhe-
sively luted to the tooth structure. CEREC Blocs 
(Sirona) are industrially manufactured, fine-struc-
tured feldspathic ceramic blocks used to produce 
inlays, onlays, crowns and veneers. They are char-
acterized by their high polishability and enamel-like 
abrasion properties. Restorations also show natural 
appearance, as well as optimal light conducting ef-
fects and white fluorescence. CEREC Blocs  inte-
grate three different color saturation levels (chroma) 
and thus three different levels of translucence are 
present in single ceramic layer block. The enamel 

While no statistically significant difference was seen between mean (ΔL) of Cerec Blocs, Obsidian 
and Vita Suprinity respectively (-2.06±1.17; -1.48±1.21; -2.04 ±0.31) all showed lower decrease 
in (L*) value than IPS e.max CAD. For Δb a statistically significant difference was found between 
the four ceramic groups and pair-wise comparisons revealed that Obsidian showed the highest 
mean (Δb) (5.30 ±0.15) with non-statistically significant difference from Vita Suprinity (4.77 
±0.52). Cerec Blocs showed lower mean (Δb) (4.34 b±0.18) with non-statistically significant 
difference from Vita Suprinity but with a statistically significant difference from Obsidian. IPS 
e.max CAD showed the statistically significantly lowest mean (Δb) (2.04±0.49). For (Δa) and 
(ΔE)  non-statistically significant difference was found among the four different ceramic groups  
(Cerec Blocs, Obsidian, Vita Suprinity ,IPS e.max CAD) respectively after immersion in coffee 
solution, where mean (Δa) was (3.07±0.12;3.18±0.13;2.93±0.18;3.07±0.61) and mean (ΔE) was 
(5.78±0.49;6.44±0.40;5.97±0.45; 6.39±0.88 )      

Conclusions: The color stability of the four tested CAD/CAM ceramics was affected by 
immersion in coffee solution and they became darker in appearance. 

KEY WORDS: dental ceramics, CAD/CAM, coffee solution, spectrophotometer, color stability.
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upper layer has the least pigmentation and the most 
translucency, the middle dentin layer has normal 
level of intensity, while the lower cervical layer 
has the strongest pigmentation and the least trans-
lucence in a similar way as natural teeth.  Therefore 
restorations made from CEREC Blocs , they closely 
mimic the natural dentation without requiring any 
further surface characterization (10)

Lithium-disilicate CAD/CAM ceramic was 
introduced in the dental market in 2006 as IPS e.max 
CAD (Ivoclar-Vivadent). It is a monolithic type of 
restoration, delivered in nine shades, with a flexural 
strength two to three times that of the feldspathic 
ceramics (360 MPa to 400 MPa) (11).  The blocks 
are partially crystallized containing 0.2 - 1-μm 
lithium meta-silicate crystals with approximately 
40% crystals by volume. After milling, for 
completion of  the crystallization, the restoration 
is fired in porcelain oven under vacuum at 850°C 
(20 to 25 minutes) (12). Although lithium disilicate 
was introduced first by Ivoclar-Vivadent, yet many 
other companies now started to invade the market 
with similar products, such as the Obsidian. It is 
a partially crystalized lithium silicate CAD/CAM 
ceramic (Glidewell Laboratories), indicated for the 
fabrication of full-contour crowns, veneers, inlays 
and onlays with an average flexural strength of  
385 MPa. Therefore Obsidian restorations combines 
both esthetics and strength with translucency that 
mirrors the vitality of natural teeth. (13).

At the end of 2013, zirconia reinforced 
lithium silicate glass ceramic (ZLS) called “Vita 
Suprinity” was delivered to the market by Vita 
Zahnfabrik(14). It is formed of (56 -64 wt.%)  SiO2 
and (8 - 12 wt. %) ZrO2. It combines both the high 
mechanical properties of zirconia with flexural 
strength of 541 MPa and the excellent esthetics 
of the lithium disilicate(14). Vita Suprinity shows 
superior translucency, fluorescence and opalescence 
resulting in naturally appearing and biologically 
compatible restoration (15, 16). 

Color represent one of the most important 
determinates that affects the success of dental 
restorations. The Munsell color system was the 
system of choice for visual measurements and color 
matching in dentistry.  Hue, value, and chroma 
are the dimensions that describe color in Munsell 
system (17).

Hue, is the first dimension of color and by 
which we distinguish one color from another. 
Value, the second dimension, and it is the degree of 
lightness and darkness of a color in a relation to a 
natural gray scale extending from absolute black to 
absolute white(18). While chroma, is the saturation of  
color (19).

To improve the accuracy of color reading 
of an object, the International Commission of 
I’Eclairage (CIE) has innovated many methods 
to formulate the spectral curves in a numerical 
form. The method used in dentistry is known as 
color space CIEL*a*b*(20). Instrumentally color 
space is measured and expressed in term of three 
coordinate value (L*, a*, b*) that locate the object’s 
color within the CIELAB color space. Where L* 
represent the brightness of the color or value on a 
numerical scale from 0 (black) to 100 (white). The 
color coordinate a* represents a position between 
red (when a* has positive value) and green (when 
a* has negative value) while b* represent a position 
between yellow (when b* has positive value) and 
blue (when b*has negative value) (21, 22).   

The color differences (ΔE) of two objects can 
then be determined by comparing the differences 
between respective coordinate values for each 
object. The formula used for calculating color 
differences in this system is represented as: ΔE = 
[(ΔL*) 2+ (Δa*) 2+ (Δb*) 2]1/2

Where ΔL*, Δa*and Δb* are different in color 
parameters for the two specimen measured for 
comparison (17).



(2724) Rana M SherifE.D.J. Vol. 63, No. 3

Most of the studies have described the ΔE values 
into two thresholds; perceptible and acceptable(1). 
Kuehni et al.(23),  Seghi et al.(18), Ruyter et al.(24), Acar 
et al.(25) revealed that when ΔE value is 1, 50% of 
observers accepted the color and when  ΔE value is 
below 1, the eye will not perceive the color change. 
However, if the ΔE is above 1, it will be perceived 
by human eye. While Johnston and Kao(26) claimed 
that if ΔE is below 3.7, the restoration will be 
clinically acceptable and if the ΔE is above this 
value, this will lead to clinically unacceptable and 
unaesthetic restoration.

The oral cavity is a changeable environment, 
due pH fluctuation.  The consumption of beverages 
frequently, such as coffee, tea and soft drinks may 

affect the color of dental restorative materials due 
to the difference in their chemical composition. 
They may discolor or disintegrate due to the 
absorption of substances from saliva (27). Therefore 
color matching and long-lasting color stability of 
dental materials are two of the major factors that 
influence the success or the failure of any esthetic 
dental restoration. Thus, the purpose of this study 
was to evaluate the color stability of four different 
CAD/CAM ceramics after immersion in coffee 
solution and  the null hypothesis was that there will 
be no difference in color stability between the four 
different ceramic materials after their immersion in 
coffee solution.

MATERIALS AND METHODS

The materials used in the present study are presented in Table 1:

TABLE (1) Commercial names, types, chemical compositions, and manufacturer of different materials used 
in this study:

Materials
(Commercial names)

Type/
Description Chemical composition           (In % by weight) Manufacturer

IPS e.max CAD Lithum 
disilicate glass-
ceramic block

SiO2                      		  57.0- 80.0 
Li2O       			   11.0- 19.0
K2O                       		  0.0- 13.0
P2O2                      		  0.0- 11.0
ZrO2                      		  0.0- 8.0
ZnO                       		  0.0- 8.0
Other                     		  0.0- 10.0 
Colouring oxides   		  0.0- 8.0

Ivoclar Vivadent, 
Schaan, 

Liechtenstein.
canada

Vita Suprinity Zirconia 
reinforced 

lithium silicate

ZrO2      			   8-12
SiO2       			   56-64
Li2O       			   15-21
Various > 10

VITA Zahnfabrik, 
Germany.

Cerec Blocs Feldspathic 
ceramic

SiO2     			   56 – 64
Al2O3   			   20 – 23
Na2O     			   6 - 9
K2O        			  6 - 8
CaO       			   0,3 - 0,6
TiO2       			   0,0

Sirona, USA
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Obsidian Lithium silicate SiO2               		  52-59

Li2O                		  15-20

ZrO2                		  2-10

Al2O3               		  2-5

K2O                  		  2-5

Na2O                 		  2-3

GeO2                  		  0-2 

Others and coloring oxides	 0-12

Glidewell 

Laboratories

Filtek™ Z250 

Universal Restorative 

Dental Composite.

composite resin, 

available in 4 g 

syringe

--Silane Treated Ceramic	 75 - 85 

-Bisphenol A Polyethylene Glycol Diether, Dimethacrylate          

5 - 10,

-Diurethane Dimethacrylate,

-Bisphenol A Diglycidyl Ether Dimethacrylate (Bis-GMA),

-Triethylene Glycol Dimethacrylate (TEGDMA)   < 5,

-Water.

Base: Methacrylate monomers containing phosphoric acid 

groups, Methacrylate monomers, Silanated fillers, Initiator 

components, Stabilizers, Rheological additives.

Catalyst: Methacrylate monomers, Alkaline (basic) fillers, 

Silanated fillers, Initiator components, Stabilizers, Pigments, 

Rheological additives.

3M ESPE™, 

Seefeld, Germany

RelyX™ U200 

Automix. 

Dual-Cure

Self- Adhesive 

Resin Cement.

Base: Methacrylate monomers containing phosphoric acid 

groups, Methacrylate monomers, Silanated fillers, Initiator 

components, Stabilizers, Rheological additives.

Catalyst: Methacrylate monomers, Alkaline (basic) fillers, 

Silanated fillers, Initiator components, Stabilizers, Pigments, 

Rheological additives. 

3M ESPE, Germany

A total of twenty ceramic disc shaped samples 
with shade A2 (10 mm in diameter and 2mm 
in thickness) were designed and constructed in 
standardized manner. Samples were divided into 
four main equal groups (n=5) each, according to the 
type of ceramic material used. Group I:  IPS e.max 
CAD. Group V: Vita Suprinity. Group C: Cerec 
Blocs. Group O: Obsidian  

All specimens were fabricated using CNC 
milling machine and electric isoMet microsaw 
4000. They were seated in central motor machine 
of the Computer numerically controlled (CNC Jr. 

Table Top Mill XD Series Vertical CNC Milling 
Machine, CNC Masters, USA)  Milling/machining 
technology which fabricates restorations utilizing 
subtraction-manufacturing technology from 
large solid blocks using a sharp abrasive stone to 
mechanically cut the material in slices. The motor 
moved in two directions; rotation on X axes and 
forward motion on Y axes. This forward movement 
is directed to make the abrasive stone mill the block. 
All specimens were then cut into discs from cylinder 
ceramic blocks using the electric isoMet 4000 
microsaw (Buehler, USA). Cutting the samples 
in 2mm thickness was done using saw diamond 
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disk (Renfert GmbH, Germany) 0.7mm thickness 
Buehler at a speed of 2500 rpm under water coolant, 
and feeding rate of 5mm/min to reach disks of 
(10×2 mm) in dimension (figure 1). A digital caliper 
was used to verify the dimension after each cutting 
process.

IPS e.max CAD, Vita Suprinity and Obsidian 
crystallization:

Five IPS e.max CAD disc samples were placed 
in the firing furnace (Programat P500 furnace; 
Ivoclar-Vivadent, Schaan, Liechtenstein, Canada). 
The samples were pre-dried under vacuum at 403° 
C for 6 minutes then the heating temperature was 
increased at a rate of 90°C/ min until a temperature 
of 820°C was reached and held for 10 minutes. The 
temperature was further  increased at a rate of 30°C/ 
min until a firing temperature of 850 ° C was obtained 
and held for 7 minutes to complete the crystallization 
of the lithium disilicate. Vita Suprinity disc samples 
were also placed in Programat P500 furnace and 
pre-dried at 400° C for 4 minutes then the heating 
temperature was increased at a rate of 90°C/ min 
until a temperature of 820°C was reached and held 
for 10 minutes. Then the temperature was increased 
at a rate of 30°C/ min until a firing temperature of 
850 ° C was obtained and held for 7 minutes to 

complete the crystallization. After crystallization of 
both materials has been completed the furnace was 
opened and the samples were left inside the furnace 
on the try to cool down for 10-15 minutes.

The Obsidian disc samples were pre-dried under 
vacuum at 400° C for 3 minutes, then the heating 
temperature was increased at a rate of 90°C/ min 
until a temperature of 780°C was reached and 
held for 10 seconds.  A second heating rate was 
performed 40°C/min until a temperature of 820 °C 
was reached and held for 10 minutes to complete the 
crystallization. Then long term cooling at a rate of 
50°C/min was performed.

Substrate construction

A specially constructed cylindrical split teflon 
mold was fabricated. The mold has a circular 
central hole 10 mm in diameter and 2 mm in 
thicknesses, with an outer cupper ring that served 
for the assembling of the two halves of the teflon 
mold. Twenty composite resin discs A3 shade were 
fabricated according to manufacturer’s instructions. 
A thin layer of separating medium was applied on 
the teflon mold that was seated on a dry clean glass 
slab. Composite resin was applied incrementally, 
each increment was 1mm in thickness using a non-
metallic plastic instrument. After application of the 
second increment, a mylar strip was pressed on the 
glass plate in order to provide optimum smoothness.  
A LED light curing unit (Miraj, LED.D curing light, 
Korea) with a mean light intensity of 1400 mW/cm2 
and optical wavelength of 420-480 nm was used for 
composite resin activation for 40 seconds. 

Cementation procedure

The cementing surface of the ceramic disc 
samples were etched with Ultradent porcelain 
etching gel (9% hydrofluoric acid) for 20 seconds 
according to manufacturer’s recommendations. 
The etched surfaces were thoroughly rinsed 
using water spray for 60 seconds, followed by 
ultrasonic cleansing in distilled water for another 60 
seconds, then dried by oil-free compressed air for  

Fig. (1) Cutting ceramic block into disc shaped samples using 
electric isoMet 4000 microsaw.
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30 seconds.  A layer of silane coupling agent 
(Ultradent Products, Inc.) was applied to the etched 
surface for 60 seconds followed by air thinning.

The cemented side of composite resin discs 
were manually finished using wet silicon carbide 
paper 320,600 grit (Norton S.A., São Paulo, 
Brazil) then washed with tap water for 1 minute, 
and ultrasonically cleaned in distilled water for  
10 minutes.

A specially designed cementation device 
was machined from stainless steel in order to 
ensure standard load application, it consists of 1. 
Cementation mold that is used to hold the samples 
together inside the base of the cementation device, 
the mold is formed of 4 parts: a) Teflon part: Two 
teflon halves with circular central hole 10 mm inner 
diameter and 2 mm thickness, to hold the composite 
substrate.  b) Metal part: circular in shape with 
square central hole to allow for escapement of excess 
cement, 10 mm inner side, and 0.5 mm thickness, to 
create space for the cement. c) Metal part: circular 
in shape with central hole 10 mm inner diameter 
and 2 mm thickness, to hold the ceramic discs in 
centralized position in relation to a composite 
substrate. d) Teflon ring: with 35 mm outer diameter 
and 27 mm inner circumference diameter, to aid 
in assembling the three parts (a, b and c) together 
during loading (figure 2, 3). 2. Cementation device 
(figure 4) that consists of 4 parts: a) Two horizontal 
metal plates rectangular in shape (upper and lower) 
with sample fixation screws connected together 
with two vertical metal arms attached to both plates.  
b) Two supporting vertical metal arms attached to 
the upper and lower horizontal metal plates. c) A T 
shaped metallic rod is attached to the upper metal 
plates and can move freely vertically, it also carries 
at its upper end a disc shaped plate over which the 
required load will be placed, while at its lower end 
a teflon rod with 10 mm diameter tip was attached. 
d) A 2 Kg load was placed on the disc shaped plate 
of part (c). 

Fig. (2) Assembled cementation mold.

Fig. (3) Dissassembled Cementation mold with outer teflon 
ring.

Fig. (4) Schematic diagram for the cementation device.
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Cementation was accomplished according to the 
manufacturer instructions. Dual cure Rely X U200 
Automix self-adhesive resin luting agent shade A2 
was used. The cement was injected from the double-
push syringe and automixed within the mixing tips, 
to the prepared surface of each composite substrate.

The cementation mold was placed on the 
rectangular shaped metallic base of the cementation 
device, and then secured in centralized position 
by fixation screw to ensure its placement in the 
same location each time during cementation. Each 
composite disc was positioned inside the teflon mold 
cavity part (a) with its prepared surface facing the 
luting cement. The metal part (b) was then placed 
over part (a), and then part (c) was placed over 
them to secure the ceramic disc in place. Finally, 
teflon ring accommodated the three parts (a, b and 
c) together during loading.

A 2 Kg constant load was applied on the disk 
shaped plate at the upper end of the T-shaped 
metallic part of the cementation device, and was left 
for 3 minutes. The excess cement was then removed 
with a sharp probe from the corner of the square hole 
of metal part (b), the resin material was polymerized 
from three directions for 40 seconds with light cure 
device at a power of 3.200 mW/cm2.

After completion of curing, the outer teflon 
ring was removed to disassemble the cementation 
mold parts, and the cemented ceramic discs were 
removed, then finishing was made using finishing 
bur.

Finishing and polishing of all ceramic disc 
samples were made according to manufacturer 
recommendations.

For standardization, finishing and polishing 
were done with the same technician, till a flat 
surface was achieved which is necessary for color 
parameters measurement to allow the contact tip of 
the spectrophotometer to contact the surface without 
any angulation.

All samples were immersed in saline solution for 
24 hours, prior to baseline assessment. The samples 
were then removed using a tweezer and blotted dry 
using filter paper and immersed in a coffee solution.

A 5 g Nescafé coffee powder (PH= 5.8, Nestlé, 
Switzerland) was dissolved in 200 mL boiling 
distilled water, stirred for 10 minutes  then filtered 
through a filter paper. 

Samples were kept at a constant temperature 
of 50°± 1°c in an incubator (Incubator: Shanghai 
Boxun Industry & commerce Co., Ltd. BPX Series. 
Edition 03-2012. Medical Equipment Factory) for 
3 weeks, then were removed by a tweezer, washed 
under runny distilled water, and dried.

All disc samples were tested twice; before 
(baseline) and after immersion in coffee solution. 
The color of each sample was assessed using a 
spectrophotometer (Spectrophotometer: Agilent 
Cary 5000 UV-Vis-NIR Spectrophotometer, USA, 
National Institute for Standards, Cairo). 

CIE-Lab color values for each sample were 
calculated from the diffuse reflectance data by using 
the color software application which is available 
through Cary WinUv instrument and supports the 
extensive color calculations and standards. The L* 
a* b* values of the samples were recorded according 
to the CIELAB color scale relative to the standard 
illumination D65.

Where L* is a measure of the Lightness of an 
object, ranging from 0 (Black) to 100 (White), 
a* is a measure of redness (a > 0) or greenness 
(a < 0), b* is a measure of yellowness (b > 0) or 
blueness (b < 0). Along the vertical axis (the neutral 
axis), between black (L=0) and white (L=100) is a 
continuous range of gray shades.

Color difference determination

The degree of color difference between the 
compared colors is expressed in ∆E units. The 
total color difference, according to L*, a*, b* 
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coordinates, is calculated as shown in the equation  
∆E*ab = ((∆L*)2 + (∆a*)2 +(∆b*)2)1/2, where ΔE 
is the color difference between baseline color and 
the color of the immersed disc samples, Δ L* refer 
to the difference in lightness, Δ a* and Δb* refer 
to the difference in chromaticity values between the 
baseline and immersed readings of the discs.

Statistical analysis

Numerical data were explored for normality 
by checking the data distribution and using 
Kolmogorov-Smirnov and Shapiro-Wilk tests. All 
data showed parametric distribution except for (ΔL) 
values. Data were represented as mean, standard 
deviation (SD), median, range and 95% Confidence 
interval (95% CI) values. 

For parametric data, one-way ANOVA followed 

by Tukey’s post-hoc test was used to compare 
between the four groups. For non-parametric data, 
Kruskal-Wallis test was used to compare between 
the four groups.

The significance level was set at P ≤ 0.05. 
Statistical analysis was performed with IBM® 
SPSS® Statistics Version 20 for Windows.

RESULTS

Descriptive statistics and results of comparison 
between changes in different color parameters are 
presented in Table (2) and figure (5).

As regards (ΔL), there was a statistically 
significant difference between the four ceramic 
groups after immersion in coffee solution. All 
groups showed a decrease in (L*) values. Pair-wise 

TABLE (2): Descriptive statistics and results of one-way ANOVA and Kruskal-Wallis tests for comparisons 
between changes in color parameters among the four different ceramic groups. 

Parameter Ceramic type Mean SD Median Minimum Maximum
95% CI

P-value
Lower bound Upper bound

ΔL

Cerec -2.06 b 1.17 -1.82 -4.05 -0.97 -3.51 -0.61

0.006*
Obsidian -1.48 b 1.21 -1.59 -3.29 0.00 -2.99 0.03

Suprinity -2.04 b 0.31 -1.94 -2.43 -1.74 -2.43 -1.66

e.max CAD -5.19 a 0.71 -5.09 -6.05 -4.17 -6.08 -4.31

Δa

Cerec 3.07 0.12 3.08 2.88 3.18 2.92 3.22

0.695
Obsidian 3.18 0.13 3.22 3.03 3.30 3.01 3.35

Suprinity 2.93 0.18 2.94 2.69 3.18 2.70 3.15

e.max CAD 3.07 0.61 3.24 2.01 3.49 2.31 3.83

Δb

Cerec 4.34 b 0.18 4.23 4.21 4.63 4.11 4.56

<0.001*
Obsidian 5.30 a 0.15 5.22 5.17 5.52 5.12 5.49

Suprinity 4.77 ab 0.52 4.84 3.95 5.34 4.12 5.42

e.max CAD 2.04 c 0.49 1.91 1.57 2.86 1.43 2.64

ΔE

Cerec 5.78 0.49 5.57 5.47 6.65 5.17 6.39

0.250
Obsidian 6.44 0.40 6.31 6.10 7.13 5.95 6.94

Suprinity 5.97 0.45 5.90 5.31 6.52 5.41 6.53

e.max CAD 6.39 0.88 6.62 4.89 7.11 5.30 7.48

*: Significant at P ≤ 0.05, Different superscripts are statistically significantly different
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comparisons revealed that IPS e.max CAD showed 
the highest mean decrease in (ΔL) (-5.19±0.71). 
While there was no statistically significant difference 
between the mean (ΔL) of Cerec Blocs, Obsidian 
and Vita Suprinity respectively (-2.06±1.17; 
-1.48±1.21; -2.04 ±0.31) all showed lower decrease 
in (L*) value than IPS e.max CAD. 

For (Δb), there was a statistically significant 
difference between the four ceramic groups after 
immersion in coffee solution. Pair-wise comparisons 
revealed that Obsidian showed the highest mean 
(Δb) (5.30 ±0.15) with non-statistically significant 
difference from Vita Suprinity (4.77 ±0.52). Cerec 
Blocs showed lower mean (Δb) (4.34 b±0.18) 
with non-statistically significant difference from 
Vita Suprinity but with a statistically significant 
difference from Obsidian. IPS e.max CAD showed 
the statistically significantly lowest mean (Δb) 
(2.04±0.49).

For (Δa) and (ΔE)  no statistically significant 
difference was found among the four different 
ceramic groups (Cerec Blocs, Obsidian, Vita 
Suprinity, IPS e.max CAD) respectively after 
immersion in coffee solution where mean (Δa) was 
(3.07±0.12; 3.18±0.13; 2.93±0.18; 3.07±0.61) and 
mean (ΔE) was (5.78±0.49;6.44±0.40;5.97±0.45; 
6.39±0.88).

DISCUSSION

The continuous increase in esthetic awareness 
has led to rapid development in the art and 
science of ceramic dental materials where patients 
demand for restorations of natural appearance 
became mandatory (4, 28).  Chairside CAD/CAM 
systems are considered nowadays an accurate and 
efficient technology that meet the patient’s esthetic 
requirements (29, 5).

 In the present study, four types of CAD/CAM 
ceramic materials were selected due to their reported 
advantages as claimed by the manufacturer. IPS 
e.max CAD (lithium disilicate) was selected due 
to its excellent machinability, polishability and 
esthetics, together with high flexural strength of 360 
to 400 MPa (30). Vita Suprinity (zirconia reinforced 
lithium silicate) with 8-12 Wt. % zirconia was 
used in this study due to its excellent esthetics, 
translucency, opalescence, fluorescence and high 
flexural strength (540 MPa) (31). Obsidian (lithium 
silicate) ceramic was also selected due to its natural 
vitality, toughness and flexural Strength of 385 MPa 
that surpasses conventional ceramics (13). Cerec 
Blocs was favored in this study as being a category 
of CAD/CAM feldspathic porcelain known to 
reproduce the color gradients characteristic of 
natural teeth (10). 

Discoloration of dental ceramics in the oral 
cavity due to the continuous use of strong coloring 
beverages as coffee are crucial and it may affect the 
esthetics longevity of any restoration. Therefore 
this study aimed to evaluate the color stability of 
the four previously mentioned CAD/CAM ceramics 
after immersion in coffee solution.

In the present investigation, ceramic blocks were 
fabricated under controlled and optimum manufac-
turer conditions (32, 11).  Moreover, CNC milling ma-
chine and electric isoMet microsaw 4000 systems 
were selected to construct the disc samples, as they 
offer the opportunity to prepare the ceramic blocks 
to their desired shape and they are considered  a 
reliable method in research work according to the 
methodology followed by Arocha et al. (33) in 2014. 

Fig. (5) Bar chart representing mean and standard deviation 
values of color changes among the four different 
ceramic groups.
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In this study, 2mm ceramic discs thickness were 
determined, which was reported to be the maximum 
recommended thickness for fixed restoration.  
While 10mm diameter was selected, corresponding 
to the spectrophotometer sample compartment 
size that allows the testing machine to record the 
readings easily and accurately (33, 34).  The composite 
substrate was also made at the same dimensions to 
provide symmetry between the two discs. In order 
to closely mimic the clinical situation the ceramic 
discs were luted to the composite resin substrate 
(shade A3) resembling the dentine structure (35). 
For standardization a specially designed cylindrical 
split teflon mold was made for the construction of 
composite substrate with circular central hole 10 
mm in diameter and 2 mm in thickness (35). 

The cemented side of all discs was acid etched to 
increase the surface area for bonding and provides 
micro-mechanical retention. Silane coupling agent 
was then applied, being a biofunctional molecule 
that bonds to both the ceramic silica and the organic 
part of the resin, thus enhancing the bond strength 
by increasing the wettability (36).

The selection of the luting agent is a critical 
factor for obtaining optimal esthetics with ceramic 
restorations. Therefore in this study, self-adhesive 
(RelyX™ U200 Automix) cement was chosen 
due to its excellent color stability, moisture 
tolerance, high bond strength to all substrates and 
superior mechanical properties (37). Being automix 
ensure that the cement was free of voids and has 
a standardized mix. Shade A2 was selected to be 
similar to that of the shade of the ceramic discs.  
Also a specially formulated cementing device was 
used to standardize the thickness for all specimens.  

In the present study, a special cementation 
device was fabricated to lute the ceramic discs to 
their corresponding composite discs. Cementation 
was done under a constant 2 Kg load for  
standardization (35).

Finishing and polishing of the ceramic samples was 
done following the manufacturer recommendations 

of each company and was performed by the same 
technician for standardization purpose till achieving 
flat surfaces (38).

The cemented samples were immersed in 
coffee solution for three weeks which was stated 
to be equivalent to drinking 1 cup of coffee 
per day for 1 year (39).  For the color assessment, 
spectrophotometer was used as it eliminates the 
subjective interpretation of visual color comparison 
and can detect any slight color changes in dental 
materials. Therefore it is considered an accurate 
instrument for color measurement in dentistry (39, 40). 

Summarizing the results of the present study 
requires total rejection of the null hypothesis 
where all types of ceramic materials showed color 
instability after immersion in coffee solution.

The results of this study revealed non-statistically 
significant difference among the four different 
ceramic materials (IPS e.max CAD, Cerec Blocs, 
Obsidian, Vita Suprinity) after immersion in coffee 
solution, and ΔE of all types of ceramics were above 
3.7 which is clinically perceivable by human eye 
and thus is considered to be clinically unacceptable 
and unaesthetic. The mean ΔE of IPS e.max CAD 
was  6.39, of Cerec Blocs was 5.78, of Obsidian was 
6.44 and of Vita Suprinity was 5.97. These findings 
could be attributed to the fact that coffee contains 
yellow colorants, that might be eluted later (39, 41) and 
resulted in extrinsic discoloration. These findings 
were in agreement with Alharbi et al. (42), Awad 
et al. (43), Ataya et al. (44), and Acar et al. (25), who 
proved that the greatest color changes were seen in 
restorations when immersed in coffee solution.

The results were also in accordance with 
Ghahramanloo et al. (45) who showed that common 
beverages like red wine, tea, and coffee induce 
significant color changes in composite resins and 
dental porcelains. Nevertheless, they revealed that 
these beverages only induce external staining and 
thus their effects on the internal structure must be 
further evaluated.
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However, the results of the present study were 
not in accordance with Gawriołek et al.(46) who found 
that color changes due to staining staining of  lithium 
disilicate material was not visually perceivable 
and that ceramic materials exhibited better color 
stability than composite resins. With   Samra et al.(41)  
who stated that ΔE values of empress 2  was 1.28 
and that it displayed the lowest discoloration when 
compared to composite materials after 15 days 
immersion in coffee. 

The different results of the present investigation 
to previous ones could be related to the methodology 
applied in this study. Based on the fact that the 
ceramics used being all translucent reflecting the 
color of the underneath and that  Filtek™ Z250 
composite resin was used as a substrate material to 
resemble the dentine structure aiming to mimic as 
close as possible the clinical situation. Composite 
material however was found to undergo both 
extrinsic and intrinsic discoloration when immersed 
in coffee solution through adsorption of colorants 
on the surface and the sub-surface. These findings 
were related to compatibility of the polymeric resin 
matrix with yellow coffee colorants (47, 48) which 
therefore explains the results of the present study 
where an increase in values of the b* coordinate 
tending to be yellow was found. The results might 
be also related to the chemical nature of composite 
resin material used in the study being formed 
of hydrophilic triethylene glycol dimethacrylate 
(TEGDMA). TEGDMA undergoes higher water 
absorption and thus allowing hydrophilic colorant 
to penetrate into the resin matrix. Additionally, the 
presence of bisphenol A-glycidyl methacrylate (Bis-
GMA) which was found to cause the highest water 
sorption compared with UDMA, TEGDMA (49-51). 
These findings were in agreement with Bagheri et 
al. (52) who reported that resin composites containing 
TEGDMA in their resin matrix discolor more than 
other types of composites containing UDMA. With 
Kugel (53) and Moszner et al. (54) who stated that resin 
matrix of dental composite materials plays a major 
role in stain susceptibility and that UDMA are more 
stain-resistant than Bis-GMA. The results of the 

present study revealed a decrease in ΔL and the four 
types of ceramics became darker. These findings 
could be attributed to the material itself. The ceramic 
materials selected had high translucency due to the 
optical combination of a glass matrix and crystalline 
phase that reduces the internal scattering of light as 
it passes through them. As a result, the underlying 
color of the resin structure might have darken the 
final color of the resulting restoration (55).

The results of this study showed a statistically 
significant difference between the four ceramic 
groups after immersion in coffee solution in Δb 
where IPS e.max CAD and Cerec Blocs showed 
lower mean values than both Obsidian and Vita 
Suprinity ceramics. These findings were in 
accordance with Samara et al (56) who stated that 
difference in chemical composition and surface 
texture of dental porcelain has an effect on the 
amount of adsorption of yellow pigments and thus 
resulting in different b* parameter. The result of 
this study could be also related to surface finish 
of ceramic restorations where polishing was made 
instead of glazing. Although polishing has been 
previously investigated and even proved to be an 
efficient alternative to surface glazing to produce 
a smooth surface to dental ceramics it’s still a 
matter of controversy and a subject for research 
to differentiate between polishing and glazing of 
dental ceramics and their effect on color stability 
and final strength (38).

One of the limitations of this in vitro study was 
that ceramic materials were exposed to staining 
solution on both sides, while clinically any dental 
restoration is bonded to tooth structure and is 
subjected to oral beverages and coloring agents 
only in one side. The specimens were also bonded 
to composite substrate rather tooth structure and this 
might have affected the final color due the staining 
capabilities of resin materials. Further clinical studies 
are therefore needed to evaluate the susceptibility of 
dental ceramics to staining by different types of oral 
beverages and coloring agents. 
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CONCLUSIONS

Within the limitation of this study it can be 
concluded that the color stability of the four tested 
CAD/CAM ceramics was affected by immersion 
in coffee solution and they became darker in 
appearance. 
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