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ABSTRACT
Statement of problem. The color stainability of recently introduced computer-assisted design/
computer-assisted manufacturing (CAD/CAM) hybrid ceramic and resin nanoceramic is unknown.

Purpose. The purpose of this in vitro study was to compare the effect of coffee staining on the color
of 3 different CAD/CAM restorative materials and a nanocomposite resin.

Material and methods. Specimens from a hybrid dental ceramic (VITA Enamic), a resin nano-
ceramic (Lava Ultimate), a lithium disilicate glass ceramic (IPS e.max CAD), and a nanocomposite
resin (Filtek Supreme Ultra Universal) were evaluated for color change due to thermocycling in
coffee (n=5). Specimens 0.5 to 0.7 mm and 1 to 1.2 mm in thickness were thermocycled for 5000
cycles. CIEDE2000 color differences (DE00) due to thermocycling in coffee were calculated using the
color coordinates obtained from a spectroradiometer. ANCOVA was used to analyze the color
differences among the materials with thickness as the covariate. Significant differences at average
thickness were analyzed with the Tukey-Kramer test.

Results. For color difference due to staining, thickness was a significant covariate (P<.001).
Regarding the analysis of color differences, every pair of the tested materials was significantly
different (P<.001). Least squares means of color differences (DE00) at mean thickness were 4.34 for
the nanohybrid composite resin, 3.66 for the resin nanoceramic, 1.35 for the hybrid ceramic, and
0.43 for the lithium disilicate ceramic.

Conclusion. When exposed to hot and cold coffee, the color change was beyond clinical accept-
ability for the tested resin nanoceramic and nanocomposite resin materials. The average color
change of the hybrid ceramic was clinically perceivable over the tested thickness values. The color
change of lithium disilicate ceramic was not clinically perceivable at any tested thickness. (J Prosthet
Dent 2016;115:71-75)
For restoring anterior teeth,
laminate veneers are highly es-
thetic alternatives to complete
crowns, requiring either a slight
reduction of the natural tooth
substance or no preparation.1

Feldspathic ceramics,2 high-
density ceramics,3 and com-
posite resins4 are generally used
to fabricate laminate veneers.
Dental porcelain, combining
wear resistance, strength, toug-
hness, and excellent esthetics, is
considered to be the reference
material for prosthetic rehabili-
tation.5 Composite resins have
been widely used since their
introduction because of their
ease of handling in the evalua-
tion and luting procedures.6 A
recent innovation in composite
resin technology is the applica-
tion of nanocomposite theories
to restorative materials. Con-

temporary nanocomposite materials deliver increased
esthetics, strength, and durability, combining scientific
principles for increased longevity.7

CAD/CAM processed composite resins were devel-
oped as alternatives to the ceramic blocks. VITA Enamic
CAD/CAM, a hybrid dental ceramic (HC), and Lava
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Ultimate, a resin nanoceramic (RNC), are 2 commercially
available materials for CAD/CAM processing. However,
from the material science perspective, these materials are
composite resins. VITA Enamic CAD/CAM, an HC with a
dual network structure, combines the properties of
ceramic and composite materials.8 Della Bona et al9
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Clinical Implications
When color stainability with coffee is considered,
the tested hybrid ceramic may be an alternative to
lithium disilicate ceramic restorations fabricated
with minimally invasive preparation techniques and
CAD/CAM technology.
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showed that HC materials have mechanical properties
between ceramic and composite resin. Dirxen et al8

found the clinical performance of the HC material for
noninvasive treatment successful for 1 year of clinical
follow-up. The RNC material also has better or compa-
rable fracture resistance,10,11 high strength under
compressive loading,12 and higher wear potential than
commonly used nonmetallic materials, such as lithium
disilicate glass ceramic, leucite-reinforced glass ceramic,
and yttria-stabilized zirconia,13 and may be an alternative
to glass-rich ceramic inlays regarding mechanical per-
formance.14 According to Mörmann et al,15 both HC and
RNC materials have mechanical properties that closely
imitate enamel structure. Therefore, recently introduced
composite materials may be considered as alternative
materials to glass ceramics.

Color stability throughout the functional lifetime of a
restoration is as important as the mechanical properties
of the material. Color changes over time may limit the
longevity and quality of restorations.16 Many factors are
associated with the discoloration of dental materials in
the oral environment. Prolonged exposure to staining
solutions may discolor composite resins,17-19 CAD/CAM
processed composite resins,20 and ceramic materials.21,22

For composite resin materials, color stainability depends
on the type of solution, exposure time, composition of
the composite material, and surface treatment.18,19

According to the Commission Internationale de
l’Eclairage (CIE), the color parameters (L*, a*, b*) of
materials may be calculated from a reflectance or trans-
mittance spectrum using a standard illuminant, observer,
and recommended geometry.23 Color differences may be
calculated as DE values. The CIEDE2000 color difference
formula corrects the nonuniformity of the CIELab color
space, particularly for small color differences.23 Ghinea
et al24 showed that the CIEDE2000 color difference for-
mula provided a better fit than the CIELab formula for
evaluating the color difference, perceptibility, and
acceptability thresholds for dental ceramics.

For ceramic materials, the thickness of the material
influences the optical color of ceramic restorations,25-28

and an increase in ceramic thickness results in a signifi-
cant color change for glass ceramic lithium disilicate-
reinforced material.26 Similarly, Turgut and Bagis28

showed that the color of cemented veneers changed
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when the ceramic thickness increased for IPS Empress
laminate veneer restorations. According to Dikicier
et al,27 CIE a* values increased as the thickness of the
core increased, whereas such increases in core porcelain
thickness caused a decrease in the CIE L* and b* values.
Hence, the type of material and thickness are considered
important parameters for optical properties.

A knowledge of the optical properties of dental
restorative materials is important in achieving esthetic
restorations. The longevity and esthetic appearance of
tooth-colored restorations depends on the color stain-
ability of the material. However, no study evaluating the
optical properties of newly introduced RNC and HC
materials has been published. The purpose of this study
was to analyze the color changes due to thermocycling in
coffee of different restorative materials used for laminate
veneers (HC, RNC, lithium disilicate glass ceramic [LDC],
and nanocomposite resin [NCR]) at various thicknesses.
The first null hypothesis was that the material would not
influence the stainability of the material after coffee
staining. The second null hypothesis was that the
thickness would not influence the measured color change
due to thermocycling in coffee.

MATERIAL AND METHODS

Four different materials, a CAD/CAM HC (Enamic; VITA
Zahnfabrik), a CAD/CAM RNC (Lava Ultimate; 3M
ESPE), a CAD/CAM LDC (IPS e.max CAD; Ivoclar
Vivadent AG), and an NCR (Filtek Supreme Ultra Uni-
versal; 3M ESPE) were prepared (n=5 per group) to test
their color stainability against thermocycling with coffee
(Table 1). The CAD/CAM blocks were sliced with a slow-
speed diamond blade (Buehler wafering blades, series 15
LC diamond; Microstructural Analyses Division) and a
cutting machine (Vari/cut VC-50; Leco Corp) into rect-
angular plate slices of 0.5 and 1 mm in thickness. LDC
specimens were crystallized in a ceramic furnace
following the manufacturer’s recommendation. Both
sides of the sectioned slices were polished with silicon
carbide abrasive papers (600, 800, 1200 grit) under
running water. The final thicknesses of each specimen
were measured with a digital micrometer (Digimatic In-
dicator 0001-2�; Mitutoyo).

The NCR was packed into a polytetrafluoroethylene
mold on a glass slab. After the composite resin was
packed, Mylar film was laid on the top of the specimen. A
glass slab was pressed on the Mylar film to obtain a
uniform disk thickness, avoiding voids and surface ir-
regularities. The glass slab was removed, and the speci-
mens were light polymerized through the thin Mylar
film using an LED light-polymerizing unit (Tc-01;
Spring Health) with an effective output intensity of
800 mW/cm2. Irradiation was performed from the top
surface for 40 seconds. After the specimen was removed
Acar et al



Table 1.Materials tested

Material Code Composition Translucency/ Shade Lot No. Manufacturer

IPS e.max CAD LDC Lithium disilicate glass-ceramic LT /A1 T07831 Ivoclar Vivadent AG

Enamic HC Hybrid ceramic 1M2/HT 51960 VITA Zahnfabrik

Lava Ultimate RNC Resin nanoceramic A1-LT 3314A1-LT 3M ESPE

Filtek Supreme Plus NCR Nanocomposite resin A1B N431202 3M ESPE
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from the mold, light polymerization was repeated for
another 40 seconds from both surfaces to ensure com-
plete polymerization. The composite resin specimens
were polished with silicon carbide abrasive papers (600,
800, 1200 grit) after polymerization. The final thicknesses
were measured with a digital micrometer as for the other
specimens.

The spectral radiance (SR) of the specimens was
measured using a noncontact measuring system.25,29,30

The system consists of a PR705 spectroradiometer
(Photo Research) and a fiber optic light cable (Model
70050; Newport Stratford) with a xenon arc lamp (300W;
Newport Stratford) on an optical table (Mecom). SR
(W/sr/m2) was obtained from 380 nm to 780 nm at an
interval of 2 nm on white, gray, and black backings, using
SpectraWin software (v2.0; Photo Research). A saturated
sucrose solution was used for optical contact between the
specimen and the backing. The distance between the lens
and the specimen was 80 mm and the measuring
diameter was 1.1 mm.

The coffee solution was prepared according to the
manufacturer’s instructions: one rounded tablespoon of
coffee for 177 mL of water. The specimens were ther-
mocycled for 5000 cycles between 5�C and 55�C with a
dwell time of 30 seconds in each coffee bath and a
transfer time of 10 seconds in an incubator (Buchi 461
Water Bath; Fisher Scientific). The coffee in the hot tank
was changed every 8 hours and replaced with freshly
brewed coffee. After 5000 cycles, the specimens were
washed in tap water, brushed circumferentially 10 times
with toothpaste (Crest; Procter and Gamble), and dried
with tissue paper. The SR of the stained specimens was
measured once again using the same protocol as was
applied before staining. One color reading was made on
each surface.

To monitor the accuracy of the reflectance measure-
ments, a reflectance standard (S3796A; Labsphere) was
measured with the spectroradiometer before and after
every specimen. The calculation of reflectance of each
specimen was conducted according to the procedure
described in Kurklu et al’s study25 and using the formula:

ReflectanceSpecimen=
�
RadianceSpecimen

�
RadianceStandard

�
×ReflectanceStandard:

The color parameters were calculated using CIE 2
degree Standard Human Observer and CIE Illuminant
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D65. To analyze the effects of porcelain thickness and
coffee staining, color difference was calculated between,
before, and after coffee staining on the gray backing
using the CIEDE2000 (DE00) color difference formula23:

DE00=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
DL�
KLSL

�2

+
�
DC�
KCSC

�2

+
�
DH�
KHSH

�2

+ RT

�
DC�
KCSC

��
DH�
KHSH

�s

For this study, each of KL, KC, KH were set to 1.0.
CIEDE2000 (DE00) and the color differences were then
evaluated with respect to perceptibility and clinical
acceptability thresholds. The perceptibility threshold
was set at DE00=1.28 units, and the clinical acceptability
threshold was set at DE00=2.24 units.24

Statistical analysis was performed with software
(Statistical Analysis Software SAS 9.3; SAS Institute). An
analysis of covariance (ANCOVA) of the color differences
due to staining was used, with the categorical factor
being the material and the linear covariate being the
actual thickness. Significant differences at an average
thickness value were analyzed with the Tukey-Kramer
test (a=.05).
RESULTS

The 2-way ANCOVA revealed that the average color
differences were significantly different between materials
(P<.001) and that the slopes of the thickness covariate
were significantly different between materials (P<.001).
The color differences observed due to coffee staining for
specimens at different thicknesses are shown in Figure 1.
At the average thickness, the DE00 values of every pair of
tested materials were significantly different from each
other (P�.016). The DE00 values for the LDC material
were below the perceptibility threshold (1.28), regardless
of their thickness. The DE00 values for the HC material
were above 1.28, but smaller than 2.24 (clinical accept-
ability threshold). For NCR and RNC, the DE00 values
were above 2.24, with a decreasing trend as their thick-
ness increased (P<.001).

DISCUSSION

Unpredictable color stability and susceptibility to
staining are 2 major problems of esthetic restorations.
The present study evaluated color changes of HC,
RNC, LDC, and NCR in different thicknesses after
coffee staining during thermocycling. The 2 null
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 1. Color differences due to thermocycling in coffee. Points provide
color differences of all specimens and lines provide ANCOVA linear
estimates of color difference as function of thickness. LDC, lithium disili-
cate glass ceramic; HC, hybrid ceramic; RNC, resin nanoceramic; NCR,
nanocomposite resin.
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hypotheses of this study were rejected because the
thickness and type of restorative material had a sig-
nificant effect on color change due to coffee staining.
Color change due to staining for the LDC material was
not visually perceivable (DE00<1.28). Thickness had no
significant effect on the perception of color differences
for LDC specimens. Color change for HC was
perceivable but acceptable (1.28<DE00<2.24). Color
changes in NCR and RNC materials were clinically
unacceptable (DE00>2.24). However, these color dif-
ferences were in a decreasing trend toward a non-
perceivable level as the thickness increased up to 1.2
mm. Staining due to coffee could compromise clinical
esthetics when NCR and RNC materials are used. The
HC tested in this study may be an alternative to LDC
laminate veneer restorations when stainability by coffee
is considered.

According to Gawriołek et al,22 ceramic materials
exhibit better color stability than composite resins, and
the results of the present study are in agreement. The
LDC material exhibited the best color stability among the
tested specimens regardless of thickness. The color
change of the NCR material was always above clinical
acceptability. The recently introduced HC and RNC
restorative materials showed different color stainability.
The color change of the HC specimens was perceivable
but clinically acceptable. However, the color change of
the RNC material was clinically unacceptable at any
tested thickness. Arocha et al20 compared the color
stainability of CAD/CAM composite resins and labora-
tory processed composite resins and reported high
stainability of CAD/CAM composite resins, including 1 of
the tested materials in the present study (Lava Ultimate).
This result is in agreement with the clinically unaccept-
able color change seen with Lava Ultimate specimens in
the present study.
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The stainability of the evaluated materials may be
related to monomer hydrophobicity and water absorp-
tion properties. According to Bagheri et al,31 water ab-
sorption of composite resin is important, because this
may be a sign of color change while absorbing colored
fluids. The HC used in this study comprises a porous
ceramic matrix with the pores being filled with a polymer
material, and the RNC contains nanoceramic particles
that are embedded in a highly cross-linked resin ma-
trix.9,13 These materials may, therefore, be considered as
composite resins.

Both the HC and RNC materials consist of hydro-
phobic urethane dimethacrylate (UDMA) and hydrophilic
triethylene glycol dimethacrylate (TEGDMA).14 TEGDMA
exhibits higher water absorption and therefore permits
any hydrophilic colorant to penetrate into the resin ma-
trix.32 As a result, both the HC (Vita Enamic) and RNC
(Lava Ultimate) materials may be susceptible to discol-
oration. However, the color changes of these 2 materials
were not similar in this study, and the RNC (Lava Ulti-
mate) discolored more than the HC. Additionally, the
RNC contains bisphenol A-glycidyl methacrylate (Bis-
GMA) and its ethoxylated version (Bis-EMA).14 Gajewski
et al33 showed that Bis-GMA caused the highest water
sorption compared with UDMA, TEGDMA, and BisEMA.
Previous studies have also shown that UDMA seems
more color resistant than Bis-GMA because of its low
water absorbtion and solubility characteristics.34,35

Therefore, the Bis-GMA monomer may be responsible
for more color discoloration of the RNC material.

In the present study, color change was evaluated
using coffee, a frequently consumed beverage. Staining
was performed by thermocycling the materials in cold
and hot coffee solutions. To the authors’ knowledge, this
is the only study that has evaluated the color change due
to thermocycling in coffee. The study used shorter term
testing to predict the long-term influence of coffee on the
material. The coffee in the hot tank was freshly brewed
every 8 hours. Because of the variability in the thick-
nesses of the specimens, the color differences of the
materials due to staining in coffee were analyzed with 2-
way ANCOVA.

A limitation of this study is that it was an in vitro
study to allow for staining on both sides of the material.
In a clinical situation, the material is bonded to a tooth
structure and is exposed to solutions and light on only 1
side. Also, the color of the specimens is the combination
of the gray background and the specimen’s color, and the
color coordinate values may change in situations where
different backgrounds are used. The results of this study
should be corroborated with clinical studies. Further
clinical and in vitro studies are necessary to evaluate the
susceptibility of hybrid dental ceramic and resin nano-
ceramic materials to discoloration by other beverages and
nutrients.
Acar et al
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CONCLUSION

The color differences of every pair of tested materials
were significantly different from each other. Nano-
composite resin showed the highest color change fol-
lowed by nanoceramic resin, hybrid ceramic, and lithium
disilicate ceramic. Thermocycling in coffee caused a
clinically unacceptable color change for the tested resin
nanoceramic and nanocomposite resin materials. The
color change of the hybrid ceramic was perceivable but
clinically acceptable. Thermocycling in coffee caused no
perceivable color shift for the lithium disilicate ceramic
material at any thickness value.
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