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ABSTRACT
Statement of problem. Ceramics are widely used for anterior restorations; however, clinical color
reproduction still constitutes a challenge particularly when the ceramic crowns are used on titanium
implant abutments.

Purpose. The purpose of this in vitro study was to investigate the effect of implant abutment
material on the color of different ceramic material systems.

Material and methods. Forty disks (11×1.5 mm, shade A2) were fabricated from medium-opacity
(mo) and high-translucency (ht) lithium disilicate (IPS e.max) blocks, an aluminous ceramic (VITA In-
Ceram Alumina), and a zirconia (Zirkonzahn) ceramic system. Disks were fabricated to represent 3
different implant abutments (zirconia, gold-palladium, and titanium) and dentin (composite resin,
A2 shade) as background (11×2 mm). Disk-shaped composite resin specimens in A2 shade were
fabricated to represent the cement layer. The color measurements of ceramic specimens were
made on composite resin abutment materials using a spectrophotometer. CIELab color
coordinates were recorded, and the color coordinates measured on composite resin background
served as the control group. Color differences (DE00) between the control and test groups were
calculated. The data were analyzed with 2-way analysis of variance (ANOVA) and compared with
the Tukey HSD test (a=.05).

Results. The ceramics system, abutment material, and their interaction were significant for DE00
values (P<.001). Clinically unacceptable results (DE00>2.25) were observed for lithium disilicate
ceramics on titanium abutments (2.46-2.50). The DE00 values of lithium disilicate ceramics for gold-
palladium and titanium abutments were significantly higher than for other groups (P<.05).

Conclusion. The color results (DE00>2.25) of an implant-supported lithium disilicate ceramic
restoration may be clinically unacceptable if it is fabricated over a titanium abutment. Zirconia
may be a more suitable abutment material for implant-supported ceramic restorations. (J Pros-
thet Dent 2016;116:764-769)
One of the major challenges of
contemporary dentistry is to
match the appearance of arti-
ficial restorative materials with
natural teeth.1-5 The natural
appearance of a dental resto-
ration aims not only to provide
the parameters of size, shape,
and surface form of the denti-
tion but also the translucency
and the color.2,4,6-8 Ceramic
restorations, having no metal
substructure, permit greater
light transmission through the
crown. They thereby improve
the color and the translucency
of the restoration and have
been widely used, particularly
for anterior restorations.2-4,9-11

Today many types of ceramic
material systems are available
with various mechanical and
physical properties.9 The
translucency/opacity charac-
teristic is one of the most crit-

ical factors for material selection and is essential for
fulfilling esthetic expectations.2,12,13 Ceramic systems
with high-strength core materials have better physical
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Clinical Implications
The results of this study suggest that clinicians
should be careful when selecting ceramic crown
material to use on titanium abutments for improved
esthetics. Using titanium abutments with
implant-supported lithium disilicate ceramic crowns
may be esthetically challenging. More opaque
ceramic systems may be able to mask the
underlying darker metallic abutment materials and
provide improved appearance.
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exhibit improved esthetic results, in that they provide
more light transmission and reduce reflection. However,
this feature also makes the material more susceptible to
the color of the underlying tooth or abutments, restora-
tions, and luting cements.6-9,15-17 Choosing an appro-
priate ceramic system for a successful esthetic outcome is
essential.

Dental implants have become successful treatment
options for the prosthetic rehabilitations of both total and
partial edentulism and better serve patients with regard
to function, phonetics, and esthetics.18 However, the use
of implants to replace missing teeth in the esthetic zone
is challenging.19 Position, inclination, shape, and the
color of the restoration are the main factors in achieving
success in esthetics in implant dentistry. The anatomic
form and color of periimplant tissues are also important
in matching the appearance of natural teeth.19-21 Pre-
fabricated titanium abutments are considered the gold
standard for both implant-supported fixed and partial
prosthesis because of their well-documented biological
and mechanical advantages.7,18,21 However, titanium
abutments may not be sufficient to match the appearance
of natural teeth because they cause a grayish discolor-
ation under the periimplant mucosa.18,19,21,22 Further-
more, the cylindrically shaped cross-section and
predetermined margin configuration of a prefabricated
titanium abutment may prevent the development of a
natural emergence profile and does not follow the
normal scallop of the gingival architecture. In order to
solve these problems, customized or prefabricated
ceramic abutments have been developed.23 The shade
matching and color stability of a ceramic restoration with
highly translucent core materials may also be compli-
cated by discolored or metallic substructures because of
their translucency characteristic and shine-through
effect.9,11,24 Ceramic abutments are fabricated from
high-strength aluminum oxide or yttrium-stabilized zir-
conium oxide polycrystal (Y-TZP) materials because of
their natural tooth-like appearance, low corrosion po-
tential, high biocompatibility, and low thermal conduc-
tivity.18,19,23 Parallel with the developments in ceramic
Dede et al
abutment technology, more translucent ceramic systems
became available for the reconstruction of dental implant
prostheses in order to improve esthetic outcomes.9,16,18

The effect of metallic or ceramic post-core restorative
materials on the color of ceramic systems has been
investigated. The background type may influence the
color of ceramic systems, and clinicians need to be careful
in selecting substrates when more translucent ceramics
are used and their thickness is reduced to 1.5 mm.9,15,23,24

Today, a variety of ceramic material systems are
available for implant-supported restorations. However,
the influence of implant abutment materials on the final
color of these systems is still uncertain. The purpose of
the present study was to evaluate the effect of 3 types of
implant abutment materials on the color of different
ceramic material systems. The hypothesis was that the
type of abutment material would influence the final color
of different ceramic material systems.

MATERIAL AND METHODS

Four ceramic specimen groups were prepared from 3
different ceramic material systems: a heat-pressed
lithium disilicate ceramic (IPS e.max press; Ivoclar Viva-
dent AG) with a core translucency of medium opacity
(Lds.mo) and 1 of high translucency (Lds.ht) and a glass
infiltrated magnesium aluminate (In-Ceram Alumina;
VITA Zahnfabrik) (InC.al) and a Y-TZP ceramic (ICE
Zirkon; Zirkonzahn GmbH) (Zr.cr) (Table 1). Ten disk-
shaped ceramic specimens were prepared for each sys-
tem (VITA A2 shade, 11-mm diameter) according to the
manufacturer’s instructions.7,17,24 One side of each core
specimen was ground with 600, 800, 1000, and 1200
abrasive disks (3M ESPE) on a sanding machine (Phoenix
Beta; Buehler) at 100 rpm for 15 seconds under water
cooling. The thicknesses of specimens were controlled
with a digital micrometer (Digimatic Caliper; Mitutoyo),
and the thickness of Lds, InC.al, and Zr.cr cores were
adjusted as 0.8 ±0.01 mm, 0.5 ±0.01 mm, and 0.4 ±0.01
mm respectively.23 Ceramic core specimens were then
placed into a mold with a disk-shaped cavity (11×1.5
mm), and an A2 shade veneering ceramic (IPS e.max
Ceram for Lds.mo and ht; VITA VMK7 for InC.al; VITA
VMK9 for Zr.cr cores) was layered onto the unground
surfaces. Firing procedures and reinstated layering pro-
cedures were repeated until the final thickness of the
ceramic specimens was adjusted to 1.5 ±0.01 mm. The
disks were autoglazed according to manufacturers’
recommendations.6

Two types of metallic (titanium and gold-palladium)
and 1 ceramic (zirconia) disk-shaped backgrounds
(11×2 mm) were fabricated to simulate commonly used
implant abutment materials. Three pattern resin (Pattern
Resin; GC America Inc) disks (11×2 mm) were fabricated
from a silicone mold, and 2 of them were cast in a grade 4
THE JOURNAL OF PROSTHETIC DENTISTRY



Table 1.Materials used

Material Code Shade Type Manufacturer

IPS e.max Press Lds.mo
Lds.ht

A2 Heath pressed lithium disilicate ceramic Ivoclar Vivadent AG

In-Ceram Alumina InC.al Glass-infiltrated magnesium aluminate ceramic VITA Zahnfabrik

Ice Zircon Zr.cr
Zr.ab

Yttrium-stabilized zirconium oxide (Y-TZP) ceramic ICE Zirkon, ZirkonZahn

Allround E Gp.ab Pale yellow Gold-palladium alloy abutment material; 32% Au, 19.9% Pg, 35.5 Ag JF Jelenko

Rematitan Ti-4 Ti.ab Dark gray High-quality pure titanium alloy abutment material; 99% Ti, 0.3% Fe Dentaurum GmbH & Co KG

Tetric Evo Ceram A2 Microfill composite resin Ivoclar Vivadent AG

RelyX Unicem Universal (A2) Dual-polymerized resin cement 3M ESPE

Cargille Optical Gel Colorless Refractive index solution (n=1.52) Cargille Lab
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titanium (Ti.ab) (Rematitan M/Ti-4; Dentaurum GmbH
& Co KG) and a gold-palladium (Gp.ab) (Allround-E; JF
Jelenko) alloy according to the manufacturers’ in-
structions. The last resin disk was mounted to a manually
aided design/manually aided manufacturing (MAD/
MAM) machine (Zirkograph 025 ECO; Zirkonzahn), and
an A2-shade zirconia (Zr.ab) specimen background was
fabricated after a series of grinding, coloring, and sin-
tering on a presintered Y-TZP block (ICE Zirkon)
according to the manufacturer’s instructions. In order to
represent the dentin (control) color, an A2-shade, disk-
shaped (11×2 mm) nanohybrid composite resin (Tetric
EvoCeram; Ivoclar Vivadent AG) background specimen
was fabricated from a silicone mold. The composite resin
material was placed into the mold with an incremental
layering technique and light polymerized for 20 seconds
with a light-emitting diode (LED) polymerization light
(Hilux LED 550; Benlio�glu Dental) at an intensity of 750
mW/cm2. All background specimens were ground-
finished with 600, 800, 1000, and 1200 grit abrasive
disks on a sanding machine at 100 rpm for 15 seconds
under water cooling.9,24 The effect of the luting cement
layer on cement-retained, implant-supported restora-
tions was simulated using disk-shaped (11×0.2 mm)
cement specimens. Ten universal (shade A2) specimens
were prepared from dual-polymerized resin cement
(RelyX Unicem; 3M ESPE) using the manufacturer’s in-
struments and recommended procedure. Resin cement
was mixed and placed into the cavities between 2 poly-
ester strip convoluted glass sheets and light polymerized
for 20 seconds. Polymerized specimens were removed
from the plastic plate with slight finger pressure, and
then all composite resin backgrounds and resin cement
specimens were immersed in distilled water at 37�C ±1�C
for 24 hours.7,12,15,16,23

A digital spectrophotometer (VITA Easyshade; VITA
Zahnfabrik) was used for color measurements. Color
measurements were performed using a Teflon mold to
standardize the position of the specimens and the
spectrophotometer’s measuring tip and also to serve as
the white background. The device was calibrated with its
calibration apparatus before the color measurements for
THE JOURNAL OF PROSTHETIC DENTISTRY
each group. After a background specimen had been
placed into the bottom of the mold, the cement and
ceramic specimens (Lds.mo) were placed onto the
background specimen. A drop of optical fluid (Optical
Gel; Cargille) with a refractive index of 1.52 was applied
to the surface of specimens to provide an optical
connection between each layer.7,12,23 The spectrophoto-
metric measurements were performed 3 times on ceramic
specimens and recorded with the Commission Interna-
tional de I’Eclairage (CIE) L*a*b* color space system,
which allows the determination of color in the
3-dimensional space.25 L* represents the coordinates for
lightness, and its value ranges from 0 (black) to 100
(white); a* and b* are the coordinates for the red-green
and yellow-blue axes, respectively.1,26,27 Measurements
were also performed for Lds.ht, InC.al, and Zr.cr ceramic
specimens with the same background and cement
specimens. In this manner, the color measurements of
the first ceramic specimens were completed, and this
procedure was repeated for the remaining 9 ceramic-
cement groups over the same background. Then, color
measurements were repeated using other background
specimens in the same order (Table 2).

The color differences between the control and test
groups were calculated using the following newly devel-
oped CIEDE2000 (DE00) color difference formula8,25-29:

DE00 =
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��
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�s
;

where DL0, DC0, and DH0 are the differences in lightness,
chroma, and hue for a pair of specimens in CIEDE2000
and where RT is the rotation factor that accounts for the
interaction between chroma and hue differences in the
blue region. SL, SC, SH adjust the total color difference for
variation in the location of the color difference pair in L0,
a0, b0 coordinates and the parametric factors. KL, KC, and
KH are the terms for experimental conditions. In the
present study, the parametric factors of the CIEDE2000
color difference formula were set to 1. Also, the percep-
tibility threshold was set at DE00�1.30 units, and the
clinical acceptability threshold was set at DE00>2.25
Dede et al



Table 2.Mean CIELab values and 95% confidence intervals of test groups

Ceramic System/Abutment Material L* a* b*

Lds.mo

Cont 84.28 (83.96−84.60) -0.95 (-1.91−0.76) 28-01 (27.62−28.40)

Zr.ab 84.74 (84.43−85.05) -0.14 (-0.32−0.05) 29.48 (29.09−29.87)

Gp.ab 82.38 (82.07−82.69) 1.11 (0.92−1.30) 27.77 (27.38−28.16)

Ti.ab 81.14 (80.83−81.45) -1.19 (-1.38−1.01) 25.34 (24.95−25.73)

Lds.ht

Cont 84.84 (84.53−85.15) -0.84 (-1.03−0.65) 18.48 (18.09−18.87)

Zr.ab 85.82 (85.51−86.13) -0.49 (-0.68−0.30) 20.33 (19.94−20.72)

Gp.ab 83.90 (83.59−84.21) 0.83 (0.64−1.02) 19.62 (19.23−20.01)

Ti.ab 81.87 (81.56−82.18) -0.65 (-0.84−0.46) 16.28 (15.89−16.67)

InC.al

Cont 81.59 (81.28−81.90) 3.62 (3.43−3.81) 25.85 (25.46−26.24)

Zr.ab 82.12 (81.81−82.43) 4.37 (4.18−4.56) 27.02 (26.63−27.41)

Gp.ab 80.96 (80.65−81.27) 4.77 (4.58−4.96) 27.00 (26.61−27.39)

Ti.ab 79.74 (79.43−80.05) 3.88 (3.69−4.07) 25.06 (24.67−25.45)

Zr.cr

Cont 74.63 (74.32−74.94) 3.90 (3.71−4.09) 25.65 (25.26−26.04)

Zr.ab 75.03 (74.72−75.34) 4.34 (4.15−4.53) 27.04 (26.65−27.43)

Gp.ab 73.88 (73.57−74.19) 5.07 (4.88−5.26) 26.95 (26.56−27.34)

Ti.ab 72.40 (72.09−72.71) 3.95 (3.76−4.14) 25.24 (24.85−25.63)

Table 3. Two-way ANOVA results of mean DE00 values

Source SS df MS F P

Abutment material (A) 21.158 2 10.579 122.579 <.001

Ceramic system (B) 16.460 3 5.487 63.573 <.001

A×B 3.245 6 0.541 6.267 <.001

Error 9.321 108 0.086

Total 50.184 119

P<.05 indicates significant difference.

Table 4.Mean DE00 values and 95% confidence intervals with statistical
summaries

Ceramic System

Abutment Material

Zr.ab Gp.ab Ti.ab

Lds.mo 1.04 (0.86−1.28)ab 2.24 (2.01−2.42)e 2.50 (2.31−2.68)e

Lds.ht 1.34 (1.15−1.52)bcd 2.22 (2.04−2.41)e 2.46 (2.27−2.64)e

InC.al 0.94 (0.75−1.22)ab 1.19 (1.01−1.38)abc 1.49 (1.31−1.68)cd

Zr.cr 0.79 (0.61−0.98)a 1.27 (1.08−1.45)bcd 1.68 (1.50−1.86)d

*Results of Tukey HSD post hoc comparisons are shown as superscript letters, and values
having same superscript letters were not significantly different (P>.05).
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units.8,28 The data were statistically analyzed with the
Shapiro-Wilk test to evaluate the distribution of
the variables. The test showed normal distribution, and
the DE00 data were analyzed using 2-way ANOVA.
Finally, mean DE00 values were compared with the Tukey
HSD multiple comparison tests (a=.05 for all tests). All
the computational work was done with statistical soft-
ware (IBM SPSS Statistics v20.0; IBM Corp).

RESULTS

According to the 2-way ANOVA results (Table 3), the
type of abutment material, ceramic system, and interac-
tion of these variables significantly influenced the DE00
values (P<.001). The mean and 95% confidence intervals
of DE00 values were presented with the Tukey HSD post
hoc comparisons results in Table 4.

The mean color differences of Lds.mo_Ti.ab (2.49) and
Lds.ht_Ti.ab (2.46) groups were higher than clinically
acceptable (2.25). The DE00 values of Lds.mo, InC.al, and
Zr.cr on Zr.ab groups were also lower than the visually
perceptible level (1.30). More opaque ceramic systems
(InC.al and Zr.cr) with the Gp.ab groups were also lower
than the visual perceptibility threshold. TheDE00 values of
Dede et al
remaining groups were in the range of visually perceptible
but clinically acceptable levels (1.30<DE00�2.25) (Fig. 1).

The multiple comparisons showed that the DE00
values of Lds ceramics on both Gp and Ti abutments
were significantly higher than in other test groups
(P�.05). The DE00 values of each ceramic (except InC.al)
on Zr abutment group were significantly lower than
those of other abutment groups (P�.05). A significant
difference was also found between InC.al_Zr.ab and
InC.al_Ti.ab groups (P�.05). When the ceramic systems
were compared, a statistically significant difference was
found between translucent (Lds.mo/ht) and opaque
(InC.al and Zr.cr) ceramic systems for Gp and Ti abut-
ments and also between Lds.ht and Zr.cr systems for Zr
abutment (P�.05).

DISCUSSION

The results of this study suggest that the type of abut-
ment material and ceramic system significantly affect the
final color of tested ceramics; therefore, the hypothesis
was accepted. The effect of substrate shades on the
optical properties of ceramic materials were previously
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 1. Mean DE00 values of test groups. Line y represents visual
perceptibility threshold. (DE00=1.30) indicated as line y. Line x represents
clinical acceptability threshold (DE00=2.25).
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investigated; however, there was no consensus among
them.3,8-10,12,15-17,23,24 These different results could be
mostly attributed to variations depending on the tested
material itself and the studies’ experimental design.10,12

Color measurements were made on similar implant
abutments, luting cement, and ceramic specimens to
minimize variability and allow comparison with previous
investigations. Additionally, a refractive index fluid was
applied among the layers to provide an optical connec-
tion and eliminate light scattering through the
background-cement-ceramic interfaces.7,12,24

The CIELab color coordinates of tested ceramics on
a composite resin disk resulted in different color
coordinates on implant abutment disks and occurred as
color differences (DE00). Using Zr.ab for all of the tested
ceramics (except Lds.ht) and Gp or Ti abutments for
opaque ceramics led to visually imperceptible color dif-
ferences (DE00�1.30). It may be concluded that each
ceramic on Zr.ab was significantly closer to the color of
their control compared with alloy groups. Additionally,
color reproduction of translucent ceramic systems on the
Ti abutment was not clinically acceptable (DE00>2.25).
Similar to these findings, a previous study30 reported that
although good color reproduction was obtained for 4
types of composite resin and 1 type of ceramic material
on the A1 shade of porcelain or gold-alloy substrates,
requiring the A4 shade of porcelain or silver-palladium
alloy substrates might cause visually detectable color
differences. Tooth-colored post-core restorations were
indicated as ideal for esthetic results, and a gold-alloy
may be preferred if a conventional type of metal post-
core is required. When a ceramic crown is placed on a
metallic titanium or gold-palladium abutment, not only is
THE JOURNAL OF PROSTHETIC DENTISTRY
the absorption increased but also the transmission of
incident light is decreased, causing an unnatural
appearance as seen with metal ceramic restorations.9,24

However, the, zirconia abutment allows slight light
transmission and is not a light absorber as is metal.
Zirconia may be the preferred abutment material to
achieve the improved esthetic outcome for implant-
supported ceramic restorations.

The optical properties of the abutment materials was
reported as the main reason for discoloration around the
periimplant soft tissues.18-22 The color of gingiva around
zirconia abutments was found to be significantly closer to
the color of gingiva around natural teeth than that
around titanium and gold abutments in an in vivo
study.19 Additionally, the color of gingiva around tita-
nium abutments was significantly different from the
gingiva color around natural teeth.19-22 To eliminate the
adverse effects of titanium, it may be necessary to choose
an opaque ceramic system, increase the thickness
of the ceramic itself, or choose an opaque luting
agent.4,9,12,15-17,30

The results of the present study showed that implant
abutment materials might influence the final color of
translucent ceramic systems more than opaque ones.
This finding was supported by some studies which found
that translucent materials reflect the color of underlying
material better than opaque ones.2,4,5,12,23 The structure
and amount of crystal content within the core matrix, the
chemical nature, and the size of the particles affect
the incident light wavelength (l) and determine the
translucency-opacity character of a dental porcelain.2,31

Increasing the crystalline content of the ceramic’s core
matrix brings greater strength but generally results in
greater opacity.2,13,14 For metal ceramic crowns, opaque
porcelain is used to mask the underlying metal color.
However, opaque porcelain in ceramic crowns has an
adverse effect on their esthetic result.9,30 There is no
consensus regarding the adequate ceramic thickness for
masking discolored backgrounds. The leucite (IPS
Empress; Ivoclar Vivadent AG) or lithium disilicate-
reinforced (IPS Empress-2 or e.max; Ivoclar Vivadent
AG) ceramic systems was reported to be insufficient to
mask the color of silver-palladium or gold alloy back-
grounds, even with a 1.5 to 2.5 mm thickness.32 Never-
theless, similar studies concluded that if the thickness of
the IPS Empress restorations were 1.5 or 1.6 mm, the
color would be unaffected by the metallic abutment.9,15,30

In contrast to these results, the present study showed
that a thickness of 1.5 mm for Lds ceramics was not
enough to mask the metallic color, especially the color of
the Ti abutment. Other studies also reported that using
more opaque and/or white luting cements or increasing
the thickness of the cement layer would help mask
or modify the color of underlying material.4,6,8,12,17,24

However, using an opaque luting cement can not only
Dede et al
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mask or modify the underlying color but also may cause
an undesirable result in terms of the definitive color of
the ceramic restoration.3,8,9,15 Therefore, other studies
recommended that the proper shade selection of the
luting cement and/or the use of their evaluation pastes
before application may help achieve the desired esthetic
outcome with ceramic materials.6-8,12

The limitations of this in vitro study included the use
of only 1 thickness and shade of ceramic or luting
cement. Further in vivo and in vitro investigations are
necessary to evaluate the effects of different brands,
shades, and thicknesses of luting cements or their eval-
uation pastes on the definitive color of ceramic material
systems at different core/veneer thicknesses.

CONCLUSIONS

Within the limitations of this in vitro study, the following
conclusions were drawn:

1. Clinically acceptable results (DE00�2.25) were
observed for the tested ceramic systems with zir-
conia and gold-palladium abutments.

2. Zirconia was the most suitable abutment material
for implant-supported ceramic restorations.

3. Clinically unacceptable results were observed for
lithium disilicate ceramics with titanium abutments
(DE00>2.25).
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