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PURPOSE. Perceived color of ceramics changes by the spectral power distribution of ambient light. This study
aimed to quantify the amount of shifts in color and color coordinates of clinically simulated seven all-ceramics
due to the switch of three ambient light sources using a human vision simulating spectroradiometer. MATERIALS
AND METHODS. CIE color coordinates, such as L*, a* and b*,of ceramic specimens were measured under three
light sources, which simulate the CIE standard illuminant D65 (daylight), A (incandescent lamp), and F9
(fluorescent lamp). Shifts in color and color coordinate by the switch of lights were determined. Influence of the
switched light (D65 to A, or D65 to F9), shade of veneer ceramics (A2 or A3), and brand of ceramics on the shifts
was analyzed by a three-way ANOVA. RESULTS. Shifts in color and color coordinates were influenced by three
factors (P<.05). Color shifts by the switch to A were in the range of 5.9 to 7.7 AE*  units, and those by the switch
to F9 were 7.7 to 10.2; all of which were unacceptable (AE* , > 5.5). When switched to A, CIE a* increased (Aa*:
5.6 to 7.6), however, CIE b* increased (Ab*: 4.9 to 7.8) when switched to F9. CONCLUSION. Clinically
simulated ceramics demonstrated clinically unacceptable color shifts according to the switches in ambient lights
based on spectroradiometric readings. Therefore, shade matching and compatibility evaluation should be
performed considering ambient lighting conditions and should be done under most relevant lighting condition.
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INTRODUCTION

Fabrication of a natural looking restoration is one of the
challenges in esthetic dentistry because shade matching
with natural teeth is a difficult task due to the complicated
optical properties of teeth.! An esthetic restoration should
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reproduce morphologic, optical, and biologic characteristics
of teeth under vatied clinical conditions. Switches of ambi-
ent light sources and condition cause perceived color shifts
of restorations and shade guides.*’

All-ceramic restorations can be made to match natural
teeth in terms of colot, surface texture, and translucency?;
therefore, they address the demand for esthetic restora-
6 Optical properties of zirconia have introduced new
oppottunities for achieving supetior esthetics.' Based on a
clinical evaluation of shade matching maintenance of an
all-ceramic system, 97 to 100% of restorations were rated
alfa.” However, one of the clinical problems for all-ceram-
ics is that the allowed thickness for a restoration is limited,
which is generally regarded as 1.5 mm.*

Shade matching is one of the most pivotal esthetic
tasks. Although shade matching is usually performed by
visual methods, instrumental color taking enhances the
validity of visual shade matching®’ Shade matching perfor-

tions.
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mance has been improved through the development of
new shade guides and electronic color taking devices for
dentistry.! Electronic color taking devices showed excellent
repeatability,'” and the use of spectrophotometer (SP)
allowed accurate color evaluation of teeth and restora-
tions."" However, color parameters measured by instru-
ments vary by the measurement protocols.

Perceived color of an object is decided by reflected and
transmitted visible light, and an object can only reflect and
transmit the spectrum of light that shines on it. Since light-
ings show varied source-dependent spectral power distribu-
tions (SPDs), shade matching performance is highly influ-
enced by the light sources.” Therefore, the impact of illu-
minating lights on the color of dental substances is a signif-
icant clinical concern.’ Metameric colors are the color stim-
uli of identical tristimulus values calculated based on the
reflectance values under a particular light source, but have
different spectral reflectance values," and metamerism is
probably the largest single cause of industrial shade match-
ing problems.” Since the SPDs of popular ambient light
sources such as incandescent lamp, fluorescent lamp, and
daylight differ, color of dental substances showed changes
according to the illuminants used in SP or real light sourc-
65.3’1(‘-18

It has been confirmed that the instrumental color values
of teeth, restoratives, and shade guides vary by standard
illuminant used in SP."*** It was also reported that color
shift of all-ceramics by the switch of illuminants in SP was
clinically perceptible.'”® Perceptible color differences were
observed in shade guide tabs due to the switch of illumi-
nants in SP*** As to the observer factor, shade matching
performance was affected by the color temperature of illu-
minated lights; lower color temperature light decreased cor-
rect shade matching.”® Therefore, careful control of lighting
conditions is essential to achieve an optically pleasing resto-
ration.?

Although the daylight is regarded as an ideal light
source, it cannot be easily standardized because of its vari-
ability by weather, time of the day, and season of the year.
Therefore, the Commission Internationale de I’Eclairage (1)
mathematically defined ambient lights. CIE standard illumi-
nant D065 is defined to represent a phase of the daylight
with a color temperature of 6,500°K, illuminant A is
defined to represent an incandescent light (2,856°K), and
illuminant F9 is defined to represent a fluorescent lamp
light (4,150°K).%

If teeth and restorations are opaque, influences of the
type of instrument, illuminating and measuring configura-
tion, and the kind of illuminant or light source on the color
determination should have been limited.®® However, color
taking of translucent substances by SP results in deviated
color values compared with the real color perceived by
naked eyes.” These deviations are mainly caused by edge-
loss effect due to small measurement aperture of SP,'>*
thickness of translucent layer, and background conditions.”
These distortions in color values measured by SP would
decrease when color is taken by a spectroradiometer (SR).

SR does not show edge-loss effect, and the illuminating
configuration is similar to that of ambient lighting condi-
tion; therefore, simulation of human color vision in this
kind of instrument is higher than that in conventionally
used SP. Light source-dependent color shifts of a shade
guide were determined by SR.> However, properties of light
sources used in SR should be further specified,”** because
the CIE illuminants are mathematically defined,”” whereas
the SPDs of real light sources vary by the type, brand, and
configuration of the source.

Visual thresholds for color differences are applied to
correlate the instrumental color values with the clinical
evaluation. Although the threshold for acceptability was
reported to be 3.5 color difference (AE* ) units and that
for perceptibility was 1.8 AE* units based SP readings,”
2.6 AE*  units was considered the clinically perceptible,
while 5.5 AE* units was considered the clinically accept-
able threshold based on SR readings.”® Human color vision
is categorized into colorimetry, sensation, perception, and
visualization.” Since the instrumental color taking is in the
colotimetry domain and the perceptible/acceptable thresh-
olds are in the perception domain, correlating two domains
needs careful interpretation.

Although there have been reports on the influence of
illuminants on the SP-based color shifts of dental substanc-
es,!01% 34 limitations in SP color taking might have distort-
ed the experimental results of those studies. Moreover, the
illuminating configuration in the SP instrument is different
from that in clinical condition. Therefore, the purpose of
this study was to determine the influence of the switch of
real light sources, simulating the CIE standard illuminants
D65, A, and F9, on the SR-based color shift of clinically
simulated ceramics. The null hypothesis assumed was that
the shifts in color and three color coordinates (CIE L¥, a¥,
and b*) would not be influenced by the switched light,
shade of veneer ceramics, and brand of ceramics.

MATERIALS AND METHODS

Specimens of seven core ceramics were fabricated, 11 mm
in diameter, following the manufacturers’ instructions.
VITA Lumin A2 shade (VITA Zahnfabrik, Bad Sickingen,
Germany) was selected. Thickness of the specimens was
controlled with a polishing machine (AM Technology,
Asan, Chungnam, Korea) to the manufacturers’ recom-
mended thickness required to mask a discolored abutment
(Table 1). A sintering ceramic (VITA VM 7; VITA Zahnfa-
brik) was used as a reference core material.

Veneer ceramics were prepared for each core material
(Table 1 and Table 2), with the final thickness of layered
specimen of 1.5 mm.* Two shades corresponding to A2
and A3 shades (VITA Zahnfabrik) were selected. Thus, lay-
ered specimens were divided into A2- and A3-veneered
groups. Seven specimens were made for each brand of the
core and veneer ceramics. The number of specimens was
determined based on previous color studies, in which gener-
ally five specimens were investigated.** Detailed specimen
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Table 1. Ceramic materials investigated

Batch Thickness

Group and Type Code Brand (Shade) number (mm) Manufacturer

Slip-cast block S In-Ceram Spinell Blanks 7951 0.5 VITA Zahnfabrik, Bad Sackingen, Germany
ICA In-Ceram Alumina Blanks 7502
AZC AdensZi-Ceram 122005 ADENS, Seoul, Korea

Core Zirconia block DIz Digizon HIP 22 0.4 Digident GmbH, Pforzheim, Germany

ViZ VITA 2000 YZ Cubes 7412 )

Feldspathic block MK2 Vitablocs 7920 0.7 VITA Zahnfabrik

Heat pressed EM2 IPS Empress 2 H22609 0.8 IvoclarVivadent AG, Schaan, Liechtenstein

Sintering (reference) VM 7 VITAVM 7 7550 0.5
V7-2 VITAVM 7 (2M2) 7550 1.0
V7-3 VITAVM 7 (2M3) 7360
V91-2 VITA VM 9 (2M2) 7480 0.8 VITA Zahnfabrik
V91-3 VITA VM 9 (2M3) 7605
V92-2 VITAVM 9 (2M2) 7480 1.1

Veneer VO2-3  VITAVM 9 (2M3) 7605

ER-2 IPS ERIS (120) H13505 0.7 )
ER-3 IPS ERIS (210) HO3466 odlarVivadent AG
OM-2 Omega 900 (2M2) 7910 1.0
OM-3  Omega 900 (2M3) 7967 VITA Zahnfabrik

Table 2. Combinations of core and veneer ceramics to make clinically relevant thickness-based specimens

Code for layered specimens

Code for core and veneer

A2 veneer A3 veneer Core Veneer (A2/A3)
ICS2 ICS3 ICS V7-2, V7-3 (2M2/2M3)
ICA2 ICA3 ICA V7-2,V7-3
AZC2 AZC3 AZC V92-2, V92-3 (2M2/2M3)
Diz2 DIZ3 DIz V92-2, V92-3
VIZ2 VIZ3 VIZ V92-2, V92-3
MK22 MK23 MK2 V91-2, VI91-3 (2M2/2M3)
EM22 EM23 EM2 ER-2, ER-3 (120/210)
VM72 VM73 VM7 V7-2,V7-3 (2M2/2M3)

preparation procedutes have been reported previously.™

When the color of layered specimens was measured
(Table 2), corresponding veneer specimen was laid over a
core specimen. In this layering procedure, one veneer speci-
men for each material, representing the mean color value
of seven specimens, was used. When layering, a drop of
optical fluid (refraction fluid, 1.5 index; Cargille Lab, Cedar
Grove, NJ, USA) was applied between the veneer and core
specimens for an optical connection.”

Color of the layered specimens were taken according to
the CIE L*a*b* color scale over a white tile (CIE L* =

264

94.4, a* = -0.1, and b* = 0.6) under each of three light
sources. A spectroradiometer (PR-670 SpectraScan; Photo
Research, Chatsworth, CA, USA), equipped with a lens
(MS-75 MacroSpectar Lens; Photo Research), was fixed
vertically over the upper part of a light-tight box (Color
Sense 1I; Sungjin Hitech, Gunpo, Kyunggi-do, Korea) with
a vertical distance of 355 mm from the specimen.” A mea-
surement spot size of 5.25 mm in diameter was selected by
setting the automated aperture opening to 1 degree, which
was prescribed by the manufacture. Two lamps that simu-

late the illuminant D65 (GretagMacbeth F20T12/65 6500
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K lamp; X-Rite, Grand Rapids, MI, USA), one lamp that
simulates the illuminant A (JD 100W/M2; Twasaki Electric,
Tokyo, Japan), and one lamp that simulates the illuminant
F9 (F20T12/CW,; Osram, Sylvania, Mississauga, Ontario,
Canada) were installed on the inner top surface of the light-
tight box by the manufacturer to illuminate the inside of
the light-tight box with a similar light intensity regardless of
the light source.’

Spectral reflectance values were obtained from 380 to
780 nm with 2 nm intervals (Spectrawin 2.0; Photo
Research), which wete converted to the CIE L¥ %, and b*
values. Chroma was calculated as C* | = (&% + b*)'? and
color shift was calculated as AE* = [(AL%* + (da*)* +
(Ab*)2]1/2.27

Vectorial shifts of lightness and chroma, and those of
CIE #* and b* from the values under D65 simulator to
those under A, or F9 simulators were determined. Amounts
of shifts in color, lightness (CIE L¥*), CIE 4* and /% and
also chroma, by the switch of lights were calculated.
Influence of the kind of switched light (A or F9), shade of
veneer ceramics (A2 or A3), and brand of core ceramics
(n=8) on the shifts in color and color coordinates was eval-
uated with a three-way analysis of variance (ANOVA,
«=.05). Brand was used as a factor instead of type of
ceramics because ceramics in the same type could not be
regarded as acting the same pattern by the switch of lights.

RESULTS

Amounts of shifts by the switch of lights are listed in Table
3 and Table 4. The range of shifts in color by the switch
from D65 to A was 5.9 to 7.7 (mean T standard deviation:
6.7 £ 0.6), that of lightness (the value under A simulator
minus that under D65) was -1.3 to 1.6 (0.1 + 0.8), that of
CIE a* was 5.6 to 7.6 (6.5 £ 0.0), that of CIE /* was -0.1
to 1.3 (0.7 £ 0.4), and that of chroma was 1.1 to 2.6 (1.9
0.4). The range of shifts in color by the switch to F9 was
7.7 to 10.2 (9.2 + 0.8), that of lightness was 5.9 to 7.0 (6.4
1+ 0.4), that of CIE a* was -0.9 to 0.1 (-0.4 £ 0.2), that of
CIE b* was 4.9 to 7.8 (6.5 * 0.9), and that of chroma was
4.9 to 7.7 (6.5 £ 0.9).

Vectorial shifts of lightness and chroma are presented
in Fig. 1 and Fig. 2. In Fig. 1 to Fig. 4, 2M2 (A2) and 2M3
(A3) indicate the corresponding shifts of Vitapan
3D-Master shade guide (VITA Zahnfabrik) tabs under the
same light switching conditions reported in a previous
study.? The ranges of lightness and chroma for the
A2-veneered ceramics under D65 were 81.4 to 83.4 and
18.2 to 24.0, respectively, which shifted to 81.8 to 84.6 and
19.7 to 25.5 under A, and to 87.4 to 89.9 and 23.4 to 30.4
under F9. Those for the A3-veneered ceramics showed sim-
ilar shifts.

Vectorial shifts of CIE #* and b* are presented in Fig. 3
and Fig, 4. The ranges of CIE #* and b* for the A2-veneered

Table 3. Amount of shifts in color and color parameters of A2-veneered ceramics by switch of lights (D65 to A, D65 to F9)

Code Light Shife JE, A aa* b* AC*,
oo A-DE5 5.9(0.2) 11(0.7) 5.7 (0.2) 0.5(0.7) 15(0.7)
F9-D65 7.7(1.0 5.9(0.8) 0.1 (0.2) 4908 49(0.8)
. A-DES5 5.9(0.2) 16(0.8) 5.6 (0.1) 0.1 (0.4) 11(0.4)
F9-D65 8.0(0.4) 5.9 (0.4) 05(0.1) 5.4 (0.4) 5.3 (0.4)
oo A-DE5 6.0 (0.1) 0.2(1.2) 5.8 (0.1) 0.7 (0.4) 19(0.4)
F9-D65 8.3(06) 6.4 (0.7) 0.5(0.1) 5.3(0.2) 5.3(02)
- A-DE5 6.0(02) 0.4 (0.4) 5.9(0.2) 10(0.5) 22(0.6)
F9-D65 8.5 (0.6) 6.3 (0.6 0.6(0.1) 5.7 (0.4) 5.7 (0.4)
Vo A-DE5 6.10.2) 0.2(06) 5.9(0.2) 13 (0.4) 2.6 (0.4)
F9-D65 9.0(0.7) 6.5 (0.7) 0.90.1) 6.1 (0.3) 6.1 (0.3)
o A-DE5 5.9(0.2) 0.2 (06) 5.8(0.1) 0.8 (0.5) 1.8(0.5)
F9-D65 9.3 (0.4) 6.8 (0.4) 0.7 00) 6.3(0.2) 6.3 (0.2)
o A-DE5 6.6(0.3) 0.6(0.5) 6.5(0.3) 0.4 (0.5 15(0.5)
F9-D65 8.7 (0.3 6.0 (0.3) 03(0.1) 6.4 (0.3) 6.3(03)
A-DE5 6.9(0.2) 1.0 (0.6) 6.6 (0.1) 13(0.5) 2.5(0.5)
VM2 Fo-D65 9.9(1.0 6.9(0.6) 0.5 (0.1) 74(1.0) 7.0(1.0)

@ Values were calculated by subtracting the values under D65 from those under A or F2.

b Standard deviations are in parentheses.
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Table 4. Amount of shifts in color and color parameters of A3-veneered ceramics by switch of lights (D65 to A, D65 to F9)

Code Light Shift AE°, AL” Ja* ab* AC,
cs2 A-D65 6.9 (0.1) -0.5(0.4) 6.9 (0.1) 0.6 (0.5) 1.6 (0.5)
F9-D65 9.7 (0.4) 6.4 (0.3) -0.2 (0.0) 7.2(0.9) 7.2 (0.9)
A2 A-D65 7.2(0.1) -0.5(0.4) 7.1(0.1) 1.0(0.4) 2.3(0.5)
F9-D65 9.5(0.5) 5.9 (0.5 -0.5 (0.1) 7.4(0.4) 7.4 (0.4)
AZCD A-D65 7.1(0.9) 0.1 (1.0) 7.0(0.2) 0.9(0.8) 2.1(0.8)
F9-D65 9.7(1.2) 6.7 (1.1) -0.5(0.1) 6.9 (0.6) 6.9 (0.6)
DiZ2 A-D65 7.1(0.2) 0.3(1.2) 7.0(0.2) 0.8(0.4) 2.1(0.5)
F9-D65 10.0(1.2) 6.9 (1.1) -0.5 (0.1) 7.2(0.6) 7.2 (0.6)
VIZ2 A-D65 7.2(0.2) 0.3(1.5) 7.0(0.1) 0.9 (0.5) 2.3(0.5)
F9-D65 10.0(1.2) 7.0(1.1) -0.6 (0.1) 7.2(0.7) 7.1(0.7)
VK2 A-D65 6.8 (0.1) 0.1(0.4) 6.8 (0.1) 0.7 (0.2 1.8(0.2)
F9-D65 10.1 (0.9) 6.8 (0.4) -0.4 (0.1) 7.5(0.2) 7.4(0.2)
— A-D65 7.1(0.2) 1.3(0.4) 7.0(0.2) 0.1(0.4) 1.2(0.4)
F9-D65 8.6 (0.5) 5.9 (0.5 -0.1 (0.1) 6.4 (0.9) 6.4 (0.3)
A-D65 7.7(0.1) -1.1(0.5) 7.6(0.1) 0.9(0.4) 2.2(0.4)
VM72 F9-D65 10.2 (0.4) 6.6 (0.5) -0.3(0.1) 7.8 (0.4) 7.7 (0.4)
@ Values were calculated by subtracting the values under D65 from those under A or F2.
b Standard deviations are in parentheses.
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Fig. 1. Vectorial shifts of lightness (CIE L*) and chroma
for A2-veneered ceramics by switch of lights.

ceramics under D65 were 0.3 to 1.7 and 18.2 to 24.0,
respectively, which shifted to 5.9 to 7.7 and 18.8 to 24.4
under A, and to -0.1 to 1.2 and 23.1 to 30.4 under F9.
Those for the A3-veneered ceramics were showed similar
shifts.

Based on a three-way ANOVA, the shifts in color and
three color coordinates were influenced by the kind of
switched light, shade of veneer, and brand of ceramics

(P<.05).
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Fig. 2. Vectorial shifts of lightness (CIE L*) and chroma
for A3-veneered ceramics by switch of lights.

DISCUSSION

The null hypothesis of the present study was rejected
because all the color values were influenced by three fac-
tors. Regarding the shifts of color coordinates by the
switch of lights, CIE L* values under F'9 were higher than
those under D65 (Fig. 1 and Fig. 2), which might be caused
by the difference in the light intensities of two simulators.
Howevert, it was confirmed that all the three simulators irra-
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—» A5.25mm
30 4 & —=+ F5.25mm

CIE a*

Fig. 3. Vectorial shifts of CIE a* and b* values for
A2-veneered ceramics by switch of lights.

diated similar light intensities.” Therefore, these shifts seem
to reflect the light-switch induced lightness changes, which
might be partially caused by fluorescent emission or other
optical phenomena. As to the shifts in CIE #* and 4* (Fig. 3
and Fig. 4), these shifts clearly reflected the SPDs of the
switched lights. Fluorescent light tends to accentuate blue
colot, whereas incandescent light accentuates yellow-red
range.” In the present study, when light was switched from
D05 to A, red and yellow hue increased (Fig. 3 and Fig. 4).
When switched from D65 to F9, yellow hue and small
amount of green hue increased (increased CIE 4* and dec-
reased a¥).

With dental ceramics, acceptability thresholds in color
parameters were determined.” As results, the acceptability
threshold was A" = 2.4, AC’ = 3.2, and AH’ = 3.2. These
parameters are used in the CIEDE 2000 color difference
formula,* and indicate the differences in the CIE L*a*b*
lightness, chroma, and hue. Therefore, the thresholds for
AL and AC” were compared with lightness and chroma
shifts of the present study. Lightness shifts by the switch
from D65 to A (range: -1.3 to 1.6) were in the acceptable
range (AL’ < 2.4), while those from D65 to F9 (5.9 to 7.0)
were not acceptable (Table 3 and Table 4). Chroma shifts
by the switch from D65 to A (1.1 to 2.6) were in the
acceptable range, while those from D65 to F9 (4.9 to 7.7)
were not acceptable. Therefore, the shifts in color, light-
ness, and chroma by the switch to F9 could be regarded as
visually higher compared with those by the switch to A. As
to the threshold AE*  values, the thresholds based on
SRreadings™ were referenced in the present study. Although
experimental methods were not the same, when the visually
acceptable threshold(AE* < 5.5) are applied, color shifts
in all specimens by both A and F9 switches were unaccept-
able (AE* =5.9to 7.7,and 7.7 to 10.2, respectively).

— A5.25mm
33 | 1 —= F5.25mm
30 |
o
L
O o7 |
24 |
21 T T T T
0 3 6 9
ClEa*

Fig. 4. Vectorial shifts of CIE a* and b* for A3-veneered
ceramics by switch of lights.

Influence of illuminant-dependent color shifts of shade
guide tabs based on SP readings was determined, and the
color differences between the values relative to the illumi-
nants A and D65 were in the range of 0.9 to 2.7 AE*
units.”’ In the present study with ceramics, the correspond-
ing values were in the range of 5.9 to 7.7 (Table 3 and
Table 4), which were higher than those of the shade guide
tabs. The shifts in color, lightness, and chroma of simulated
all-ceramic specimens relative to three standard illuminants
of SP were compared.' As results, the range of color shifts
was in the range of 1.5 to 3.6 AE* units by the switch
from D65 to A and that from D65 to F2 switch was 1.3 to
3.0. Lightness shifts (AL*) were 0.6 to 1.2 by A switch and
0.5 to 0.9 by F2 switch. Chroma shifts (AC* ) were 0.5 to
1.4 by A switch and 1.2 to 2.3 by F2 switch. Comparing
with the results of the present study, the amounts of
SP-based shifts were smaller than those measured by SR in
the present study. Plausible causes for these discrepancies
might be in the differences 1) of the measurement geome-
tries of SP and SR, 2) in the illuminants and real light
sources although the SPDs of the F2 and F9 simulators are
similar, and 3) in the illuminating configuration. We think
that the amounts of shift measured by SR of the present
study are more clinically relevant than those determined by
SP. Anyway, the color shifts by the switch of real light
sources in ceramic materials are higher than those previous-
ly reported based on SP readings.

Color shifts of a shade guide due to the switch of three
light sources were determined by SR.* As results, the range
of color shifts by the switch from D65 simulator to A sim-
ulator was 4.0 to 9.1 AE* units, and that from D65 to F9
switch was 3.2 to 8.5 AE* units. Comparing with the
ceramics of the present study, color shifts in the corre-
sponding shade guide tabs showed a similar trend, but were

The Journal of Advanced Prosthodontics 267



J Adv Prosthodont 2013;5:262-9

not the same (2M2 and 2M3 in Fig, 1 to Fig. 4). Based on
these, it was confirmed that the shifts in color and color
coordinates in clinically simulated ceramics are not the
same to those of the corresponding shade guide tabs;
therefore, matched color with a shade guide under a partic-
ular light source could be mismatched under a different
light source.

Core and veneer specimens were optically connected by
an optical fluid instead of firing together, which is a limita-
tion of the present study. Besides, the shape and size of
clinical restorations are different from columniform speci-
mens used in the present study, which might have caused
discrepancy. Further i vivo studies carried under clinical
conditions should be performed.

CONCLUSION

Within the limitations of this study, perceptible color shifts
of clinically simulated ceramics under different ambient
light sources were confirmed by spectroradiometer read-
ings. Color shifts under different light sources were in clini-
cally unacceptable range (AE* > 5.5), which should be
considered together with the inconsistencies in light-depen-
dent color shifts among shade tabs, teeth, and restorations.
Color matching and shade compatibility evaluation should
be performed under optimal lighting conditions that simu-
late the light source, which is most relevant to the patient.
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