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Clinical Relevance

Color and translucency of resin-based composites (RBCs) vary among the different shades
within each product line. These differences do not always follow the order of the shade
numbers. Clinicians should be aware of the optical characteristics of individual RBC
products to achieve predictable results.

SUMMARY

Objectives: The purpose of this study was to

examine and compare the color and translu-

cency of currently available resin-based com-

posites (RBCs) with respect to the shade num-

bers within each product line.

Methods and Materials: Four A-shades (A1, A2,

A3, and A3.5) of nine RBC products (Beautifil II,

Ceram-X One, Estelite Sigma Quick, Esthet-X

HD, Filtek Z250, Filtek Z350 XT, Gradia Direct,

Herculite Precis, and Tetric N-Ceram) were

investigated. Ten disk-shaped specimens of

two different thicknesses (1 and 2 mm) were
prepared for each shade of the RBCs. The
maximum blue light irradiance (Imax) through
the specimen was recorded using a digital
optometer. The color measurements were made
according to the CIELAB color scale (quantify-
ing L*, a*, and b*) using a colorimeter, and the
translucency parameter (TP) was calculated.
The L*, a*, b*, TP, and Imax values were com-
pared among the different shades and thick-
nesses of each product using one-way analysis
of variance followed by Tukey’s post hoc test.

Results: There were significant differences in
the color and translucency among the shades
and thicknesses within each product line
(p,0.001). The L*, Imax, and TP of the 1-mm
specimens were higher than those of the 2-mm
specimens. The specimens showed equal or
lower L* and Imax for higher shade numbers.
The a* values differed only slightly among the
shades, whereas the b* values were distributed
over a relatively wide range. The TP values
were independent of the order of shade num-
bers.
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Conclusions: Within the limitations of this
study, the RBCs became darker and yellowish
as the shade number increased. The blue light
irradiance decreased in increasing order of
the shade numbers. Changes in the translu-
cency demonstrated different trends among
the shades, depending on the product line.

INTRODUCTION

Resin-based composites (RBCs) have been widely
used as direct esthetic restorative materials in
dental clinics. There are various kinds of RBC
products supplied by different manufacturers, and
each of them has its own color and optical charac-
teristics. To satisfy increasing esthetic demands, it is
a challenge for clinicians to select an appropriate
product and technique that can best reproduce the
color and overall appearance of the patient’s teeth.

The color of an RBC is generally described as a
‘‘shade’’ based on the Munsell color system, which
consists of three primary color attributes: hue,
lightness, and chroma.1 Currently, most of the
manufacturers follow the VITA classical shade
system (VITA Zahnfabrik, Säckingen, Germany)
(Figure 1), where each RBC is labeled as a match
to one of 16 shade tabs.2 The shades are classified by
the hue (represented by letters, eg, A, B, C, and D)
and by the lightness (represented by numbers, eg, 1,
2, 3, and 4).

In addition to the primary color attributes, there
are other subtle optical properties to be considered,
such as translucency, opacity, opalescence, irides-
cence, surface gloss, and fluorescence.3 Among these,
translucency is regarded as one of the most impor-
tant factors influencing the esthetics of restora-
tions.4 Translucency is the ability of a layer of a

colored substance to allow an underlying back-
ground to show through.5 RBCs are optically
translucent materials because of their structure,
which is composed of a highly transparent matrix
and small filler particles. Incident light undergoes
reflection, absorption, scattering, and transmission
within the RBC material, and the translucency is
expressed as a consequence of the interactions of
these phenomena.6

Several authors have shown that the color and
translucency of RBCs depend on the manufacturer
and the shade classification.7-12 Schmeling and
others13 reported that RBCs with a high lightness
were more translucent than medium- and low-
lightness materials within the same product line (4
Seasons, Ivoclar Vivadent, Schaan, Liechtenstein).
In a recent study, the A3 shade showed the highest
translucency among the A1, A2, A3, and A3.5 shades
in another RBC product (Filtek Supreme XTE, 3M
ESPE, St Paul, MN, USA).14 These results suggest
that the translucency of RBCs can differ, depending
on the lightness, represented by the shade number,
even within the same product line. Although each of
these studies investigated only a single RBC prod-
uct, their findings should be considered carefully by
clinicians providing esthetic restorations. Yu and
Lee15 evaluated the relationship between the color
parameters and the translucency of various shades
of RBCs and reported that the lightness and
translucency showed a weak positive correlation
(r=0.117, p,0.05). However, they calculated only
the overall correlations between various brands and
shades of RBCs thoroughly; therefore, the color and
translucency of each shade and product need to be
reported and compared individually. In this regard,
there is a need for studies that cover a wide range of
currently available RBC products, evaluating the

Figure 1. VITA Classical shade system (VITA Zahnfabrik, Säckingen, Germany) (from manufacturer’s instructions).
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color and translucency of RBCs with respect to the
shade numbers.

Color and translucency affect the esthetics of a
restoration as well as the polymerization of the RBC
itself, as light needs to penetrate to a sufficient depth in
the material in order to activate the photoinitiators.
Adequate polymerization of RBCs depends on the
available light energy; the materials cannot be com-
pletely polymerized with insufficient light energy.16

While the esthetics depends on the overall translucen-
cy of RBC material, the effect of translucency on the
polymerization may be different to that considering the
esthetics, as most photoinitiators absorb light over a
certain range of wavelengths. For example, camphor-
quinone, the most widely used photoinitiator, absorbs
light at wavelengths between 460 and 480 nm;17 thus,
a transmittance confined to the blue light range would
be a decisive factor for the polymerization of RBCs
containing camphorquinone as a photoinitiator. Al-
though some studies have reported that the light
transmittance at blue wavelengths differed among the
different shades and types of RBCs,18-20 further
systematic studies of the blue light transmittance of
current RBC products are required.

Therefore, the purpose of this study was to
examine and compare the color and translucency of
RBCs with respect to the shade numbers within the
same product line. We also aimed to evaluate the
blue light transmittance of each RBC separately. We
expect that these findings can provide clinically
helpful information for using such RBCs in esthetic
restorative treatments.

METHODS AND MATERIALS

RBC Materials

Four A-shade materials with different shade num-
bers (A1, A2, A3, and A3.5) of nine RBC products
(Beautifil II [BF], Ceram-X One [CX], Estelite Sigma
Quick [ES], Esthet-X HD [EX], Filtek Z250 [F2],
Filtek Z350 XT [F3], Gradia Direct [GD], Herculite
Precis [HC], and Tetric N-Ceram [TC]) were selected
for the present study (as detailed in Table 1). The
characteristics and compositions of the RBCs are
summarized in Table 2.

Specimen Preparation

Ten disk-shaped specimens with two different thick-
nesses (1 and 2 mm) were prepared for each shade of
the nine RBC products, according to the International
Organization for Standardization (ISO) 404921 with a
slight modification (Figure 2). A custom-made stain-
less-steel mold (6 mm in diameter) was placed on a
transparent film on a glass slide. RBC material was
packed into the mold and covered with a transparent
film and a flat stainless-steel cylinder. Then the mold
was pressed to displace excess material and to
produce a disk of uniform thickness. The glass slide
and the cylinder were removed, and the RBC was
light cured for 40 seconds using a light curing unit
(Bluephase, Ivoclar Vivadent) placed directly on the
surface of the material. After polymerization, the
specimen was removed, and a digital caliper (500-181,
Mitutoyo, Tokyo, Japan) was used to measure the
thicknesses with a precision of 0.05 mm. The surface
was examined by visual inspection, and the specimen

Table 1: Resin-Based Composites Used in the Study

Code Manufacturer Product Name Shades/Lot Numbers

A1 A2 A3 A3.5

BF Shofu Inc
(Kyoto, Japan)

Beautifil II 121476 011596 051520 051590

CX Dentsply
(Konstanz, Germany)

Ceram-X One 1501000396 1503000560 1503000817 1501000306

ES Tokuyama Dental
(Tokyo, Japan)

Estelite Sigma Quick 129E85 138EY4 158EY4 123E45

EX Dentsply
(Milford, DE, USA)

Esthet-X HD 131002 1310023 131029 1412101

F2 3M ESPE
(St Paul, MN, USA)

Filtek Z250 N683493 N651172 N699362 N676563

F3 3M ESPE Filtek Z350 XT N676527 N617414 N676525 N670694

GD GC Corporation
(Tokyo, Japan)

Gradia Direct 1409043 1409021 1406262 1509101

HC Kerr
(Orange, CA, USA)

Herculite Precis 4944388 5552574 5552583 5518416

TC Ivoclar Vivadent
(Schaan, Liechtenstein)

Tetric N-Ceram U28046 U29443 U26780 U13046
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was rejected if there were any defects or irregulari-

ties. Each specimen was stored in distilled water for

24 hours.

Measurement of Blue Light Irradiance

During specimen preparation, prior to light curing,

the mold was placed at the entry of an integrating

sphere (UMBB-150, Gigahertz-Optik, Turkenfeld,
Germany) to measure the blue light irradiance.
The mold was custom designed and made for
mounting on this integrating sphere. During the
curing time, a digital optometer device (P-9710,
Gigahertz-Optik) was connected to the integrating
sphere and used to measure the transmitted irradi-
ance through the bottom of the specimen in real time
(Figure 2). The maximum irradiance during the
curing time (Imax; mW/cm2) was recorded for each
specimen. The light intensity of the curing unit, the
irradiance measured without any specimen, was
1405 mW/cm2.

Measurement of Color and Translucency

The color measurements were made according to the
Commission Internationale de l’Eclairage CIELAB
color scale22 using a colorimeter (CR-321, Minolta,
Osaka, Japan). L* indicates lightness (0 to 100), and
a* and b* indicate levels of red (þa*), green (�a*),
yellow (þb*), and blue (�b*) (�60 to 60). The L*, a*,
and b* values of each specimen were recorded

Table 2: Compositions and Characteristics of the Resin-Based Composite Materials (From Manufacturer’s Instructions)

Code Type Composition Filler Size
(lm)

Filler Content
(wt%/vol%)Matrix Filler

BF Nanohybrid Bis-GMA
TEGDMA

Surface prereacted glass ionomer
Multifunctional glass filler
Nanofiller

0.01-4.0/mean 0.8
0.01-0.02

83.3/68.6

CX Nanohybrid Dimethacrylate
based

Methacrylate modified polysiloxane
Barium-aluminum-borosilicate glass
Silica nanofiller

a a

ES Suprananofill Bis-GMA
TEGDMA

Silica/zirconia filler
Composite filler
Spherical submicron filler

0.1-0.3/mean 0.2 82/71

EX Nanohybrid Bis-GMA
Bis-EMA
TEGDMA

Barium fluoroborosilicate glass
Silica nanofiller

,1.0
0.04

77/60

F2 Microhybrid Bis-GMA
UDMA
Bis-EMA

Silica/zirconia filler 0.01-3.5 78/60

F3 Nanofill Bis-GMA
UDMA
TEGDMA
PEGDMA
Bis-EMA

Nonaggregated silica/zirconia filler
Aggregated silica/zirconia cluster

Silica 0.02/zirconia
0.004-0.011
0.6-20

78.5/63.3

GD Microhybrid UDMA Microhybrid filler (no barium glass) Mean 0.85 73/64

HC Nanohybrid Bis-GMA
TEGDMA

Prepolymerized filler
Silica nanofiller
Hybrid filler (barium glass)

30-50
0.02-0.05
Mean 0.4

78/59

TC Nanohybrid Bis-GMA
UDMA

Barium glass
Ytterbium trifluoride
Mixed oxide and copolymers

0.04-3.0 80-81/55-57

Abbreviations: wt%, weight percentage; vol%, volume percentage; Bis-GMA, bisphenol-A-glycidyl dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; Bis-
EMA, ethoxylated bisphenol-A-dimethacrylate; UDMA, urethane dimethacrylate.
a No information is available about the filler size and content of Ceram-X One.

Figure 2. Schematic diagram of the apparatus for the specimen
preparation and the blue light irradiance measurement.
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relative to the standard illuminant D65 against
black (L*=1.38, a*=0.00, b*=0.06) and white
(L*=94.44, a*=0.26, b*=1.69) reflectance standards
(Spectralon, Labsphere, North Sutton, NH, USA).
The aperture diameter of the colorimeter was 3 mm,
and each specimen was measured in triplicate. The
color difference between the specimens (DE) was
determined using the formula

DE ¼ ðL�x � L�y Þ
2 þ ða�x � a�y Þ

2 þ ðb�x � b�y Þ
2

h i1=2

where the L*, a*, and b* values were measured
against the white standard. The subscripts ‘‘x’’ and
‘‘y’’ refer to the shades (eg, A1, A2, A3, and A3.5). A
value of DE � 3.3 was used as the threshold for a
clinically perceivable color difference.23

The translucency parameter (TP) of each specimen
was obtained by calculating the color difference of
the specimen against the black and white standards
according to the formula5

TP ¼ ðL�B � L�WÞ
2 þ ða�B �a�WÞ

2 þ ðb�B � b�WÞ
2

h i1=2

where L*B, a*B, and b*B were measured against the
black background and L*W, a*W, and b*W were
measured against the white background. The differ-
ence in TP (DTP) was calculated by

DTP ¼ jTPx � TPyj

where the subscripts ‘‘x’’ and ‘‘y’’ refer to the shades
(eg, A1, A2, A3, and A3.5). A value of DTP � 2.0 was
used as the threshold for a clinically perceivable
translucency difference.24

Statistical Analysis

The color parameters measured against the white
background (L*, a*, and b*), TP, and Imax were
compared among the different shades and thickness-
es within each RBC product line using one-way
analysis of variance followed by Tukey’s post hoc
test. All statistical analyses were performed under a
95% confidence level using the SPSS 23 (IBM Corp,
Somers, NY, USA) software program.

RESULTS

The mean and standard deviation of the L*, a*, b*,
TP, and Imax values of each shade of the RBCs are
presented in Table 3 and Figure 3. All variables
showed significant differences among the different
shades and sample thicknesses within each prod-
uct line (p,0.05). The DE and DTP values between

the shades are presented in Table 4, and clinically
perceivable differences are indicated in Figure 3; it
can be seen that these parameters also differed
depending on the product line. The colors of all
four shades of each RBC product are indicated in
the three-dimensional CIELAB color space in
Figure 4.

Color

For all RBC products, the 1-mm specimens showed
higher L* values than the 2-mm specimens. Most
specimens showed equal or lower L* values for
higher shade numbers. Only in the case of the 2-mm
specimen of EX was a higher L* value observed for
the A3 shade compared to the A2 shade. Significant
decreases in L* were observed for the CX and GD
samples as a function of increasing shade number. In
the ES and HC product lines, there was no
significant difference in L* values between the A3
and A3.5 shades. For the EX, F2, and TC samples,
the A2 and A3 shades showed no difference in L*,
while in the BF, F3, and HC product lines, the L*
values of A1 and A2 shades showed no significant
difference (Table 3; Figure 3).

The a* values varied only slightly among the
shades and thicknesses, whereas the b* values were
distributed over a relatively wide range with respect
to the shade numbers and RBC products. The a*
values increased with increasing shade number for
the BF, CX, F2, F3, and HC samples. In the ES
product line, the A3 shade showed the highest a*
value among the four shades, while the EX samples
showed almost equal a* values for all shades. The
GD and TC samples showed no correlation between
the a* values and the shade numbers. All of the
RBCs demonstrated an increase in b* with increas-
ing shade number (Table 3; Figure 3).

Regardless of the significant differences in the L*,
a*, and b* values, there were some shades whose
color differences were not clinically perceivable
(DE,3.3) within every product line except EX,
which showed distinct color differences (DE�3.3)
among all shades (Table 4; Figure 3). For the 1-mm
specimens, between the A1 and A2 shades, F2
showed relatively distinct color differences
(DE=7.6) compared to the other products, and the
BF and HC samples showed color differences that
were clinically unperceivable (DE,3.3). Between
the A2 and A3 shades, the color differences were
only slightly different among the products, where
the CX, F2, and TC samples showed DE values less
than 3.3. Between the A3 and A3.5 shades, the EX
showed a maximum DE of 9.3, and four out of the
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nine products (ES, F2, F3, and GD) showed
clinically unperceivable color differences (DE,3.3).
Between the A1 and A3, A1 and A3.5, and A2 and
A3.5 shades, all specimens showed color differences
that were clinically perceivable (DE�3.3); the
greatest color difference was observed between the
A1 and A3.5 shades of the EX product (DE=17.68).
For the 2-mm specimens, the BF, ES, EX, GD, and
TC samples demonstrated similar color difference
patterns among the shades compared to those of the
1-mm specimens. CX showed DE values of more
than 3.3 among all shades. In the F2 product, there
was no distinct color difference even between the A2
and A3.5 shades (DE=3.27). The HC product
showed clinically unperceivable color differences

Figure 3. Mean L*, a*, b*, TP, and Imax values of each shade of the
RBC products. (A): Beautifil II (BF). (B): Ceram-X One (CX). (C):
Estelite Sigma Quick (ES). (D): Esthet-X HD (EX). (E): Filtek Z250
(F2). (F): Filtek Z350 XT (F3). (G): Gradia Direct (GD). (H): Herculite
Precis (HC). (I): Tetric N-Ceram (TC). Different letters denote
significant differences among the specimens within each RBC product
line (p,0.05). � Color difference that is clinically unperceivable
(DE,3.3). * Translucency difference that is clinically perceivable
(DTP�2.0).

Figure 3. Continued.

Kim & Park: Color and Translucency of Resin-Based Composites 647

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



Table 3: L*, a*, b*, TP, and Imax Values of Each Shade of the Resin-Based Compositesa

Code Thickness Shade L* a* b* TP Imax

Mean SD Mean SD Mean SD Mean SD Mean SD

BF 1 mm A1 66.35 0.49 A 0.48 0.07 G 9.38 0.21 D 14.22 0.69 A 394.20 4.17 A

A2 65.79 0.82 A 1.18 0.08 E 9.45 0.34 D 14.41 0.27 A 385.99 3.19 B

A3 64.00 0.30 B 1.96 0.03 C 14.53 0.12 B 13.66 0.27 A 297.37 3.68 C

A3.5 59.90 0.61 C 3.17 0.11 A 17.01 0.47 A 12.61 0.66 B 231.65 6.82 D

2 mm A1 60.14 0.58 C �0.03 0.14 H 4.81 0.14 E 5.81 0.32 C 191.74 2.88 E

A2 58.99 0.56 CD 0.77 0.08 F 4.81 0.25 E 5.88 0.29 C 184.98 2.55 E

A3 58.57 0.78 D 1.44 0.12 D 8.85 0.34 D 5.23 0.20 CD 120.53 3.05 F

A3.5 54.93 0.91 E 2.25 0.15 B 10.79 0.68 C 4.85 0.39 D 82.10 2.30 G

CX 1 mm A1 65.23 0.55 A �0.03 0.02 D 7.40 0.08 G 11.45 0.55 B 412.63 3.75 A

A2 62.70 0.72 B 1.03 0.03 C 10.31 0.20 E 11.94 0.47 B 374.88 2.25 B

A3 60.73 0.41 C 1.54 0.03 B 12.88 0.11 C 13.34 0.29 A 335.03 2.27 C

A3.5 59.11 0.59 D 1.62 0.04 B 17.54 0.25 A 13.68 0.25 A 310.20 2.29 D

2 mm A1 58.19 0.44 D �0.11 0.11 D 6.00 0.26 H 4.37 0.17 D 235.32 1.43 E

A2 55.02 0.72 E 1.04 0.12 C 8.71 0.25 F 4.47 0.21 D 194.11 1.18 F

A3 50.93 0.61 F 1.55 0.02 B 11.09 0.16 D 4.78 0.31 D 175.77 2.21 G

A3.5 49.51 0.63 G 1.84 0.09 A 15.40 0.36 B 5.65 0.38 C 146.18 1.76 H

ES 1 mm A1 66.08 0.60 A 0.19 0.14 E 4.82 0.23 E 15.12 0.29 A 432.76 3.77 A

A2 63.42 0.66 B 1.00 0.08 C 8.94 0.14 C 15.13 0.58 A 359.41 4.12 B

A3 60.01 0.63 C 2.19 0.09 A 11.54 0.27 B 13.94 0.73 B 297.70 5.15 C

A3.5 60.06 0.57 C 0.97 0.11 C 14.13 0.47 A 14.36 0.66 AB 276.73 8.61 D

2 mm A1 57.72 0.59 D �0.42 0.08 F 2.15 0.34 F 6.03 0.42 C 247.28 6.69 E

A2 56.08 0.56 E 0.32 0.11 DE 4.92 0.43 E 5.76 0.19 C 195.87 6.16 F

A3 53.26 0.62 F 1.40 0.12 B 6.80 0.31 D 5.32 0.34 C 144.07 2.47 G

A3.5 53.67 0.70 F 0.47 0.10 D 9.36 0.45 C 5.73 0.37 C 131.79 2.94 H

EX 1 mm A1 68.16 0.17 A �0.14 0.05 C 8.40 0.14 E 13.86 0.32 D 282.74 2.26 A

A2 67.07 0.51 B 0.12 0.06 B 12.96 0.45 C 15.62 0.64 A 255.37 1.90 B

A3 66.79 0.35 B �0.39 0.09 D 16.75 0.34 B 14.64 0.39 C 202.92 3.10 C

A3.5 63.52 0.32 C 0.53 0.08 A 25.45 0.83 A 15.65 0.59 A 141.32 1.42 D

2 mm A1 62.01 0.22 D �0.97 0.10 E 2.69 0.19 G 4.74 0.23 E 105.25 2.52 E

A2 60.15 0.32 F �0.93 0.10 E 5.91 0.22 F 5.05 0.26 E 84.81 1.96 F

A3 60.95 0.22 E �1.24 0.04 F 10.25 0.05 D 5.34 0.10 E 60.90 1.59 G

A3.5 58.40 0.43 G �0.97 0.15 E 16.97 0.68 B 5.26 0.27 E 32.23 1.35 H

F2 1 mm A1 63.97 0.36 A �0.93 0.38 F 6.59 0.17 F 12.68 0.52 D 368.65 4.47 A

A2 62.32 0.54 B �0.25 0.11 E 13.98 1.12 C 15.41 0.51 B 312.23 4.98 B

A3 61.28 0.27 B 1.20 0.08 C 15.55 0.11 B 14.54 0.21 C 276.27 4.19 D

A3.5 60.07 0.62 C 2.42 0.09 A 16.79 0.27 A 16.62 0.47 A 296.26 4.23 C

2 mm A1 58.08 0.89 D �1.67 0.08 G 2.83 0.17 G 5.02 0.24 G 193.89 8.22 E

A2 54.27 0.51 E �0.80 0.10 F 9.24 0.24 E 6.17 0.46 EF 143.15 4.66 F

A3 54.55 0.81 E 0.48 0.13 D 9.73 0.39 DE 5.52 0.34 FG 116.11 5.49 G

A3.5 52.41 0.68 F 1.60 0.14 B 10.46 0.55 D 6.49 0.31 E 125.83 5.09 G

F3 1 mm A1 66.66 0.46 A �1.03 0.06 F 6.99 0.26 E 12.64 0.41 B 384.86 11.61 A

A2 66.28 0.40 A �0.40 0.04 D 11.23 0.28 C 13.34 0.53 B 336.16 3.31 B

A3 62.90 0.74 B �0.02 0.06 C 13.30 0.33 B 12.78 0.50 B 288.12 8.87 C

A3.5 60.76 0.62 C 0.69 0.05 A 15.68 0.23 A 14.26 0.64 A 271.23 4.69 D

2 mm A1 60.34 0.41 CD �1.46 0.09 G 3.65 0.12 F 4.90 0.17 D 189.09 6.38 E

A2 59.42 0.23 D �0.83 0.06 E 7.44 0.18 E 5.14 0.20 D 146.14 5.34 F

A3 57.00 0.58 E �0.49 0.31 D 8.64 0.88 D 4.95 0.37 D 112.81 5.97 G

A3.5 54.41 0.51 F 0.30 0.06 B 10.85 0.08 C 6.25 0.22 C 121.26 3.89 G
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between the A1 and A2, A2 and A3, and A3 and A3.5

shades (DE,3.3). The greatest color difference was

observed between the A1 and A3.5 shades of the EX

product (DE=14.73).

Translucency

The translucency properties varied depending on the

RBC product line. The TP values of BF and ES

samples were similar for all four shades. In addition,

the HC line showed TP values confined within a

narrow range, even though there were significant

differences between A1/A2 and A3/A3.5. On the

contrary, CX, F3, GD, and TC samples showed equal

or higher TP values for higher shade numbers. For

the EX and F2 samples, the TP values increased

according to A1 , A3 , A2 , A3.5, ie, no correlation.

The correlations between the translucency and the

shade were the same for both the 1-mm and the 2-

mm specimens, where the 1-mm specimens showed

higher TP values than the 2-mm specimens for every

RBC product line (Table 3; Figure 3).

Unlike the TP value, Imax decreased when the
shade number increased for all nine RBC products
except the 1-mm F2 specimen, which showed a
higher Imax value for the A3.5 shade compared to the
A3 shade (Table 3; Figure 3).

The DTP values of the different shades also
differed with respect to the product line. For the 1-
mm specimens, the BF, ES, EX, F3, HC, and TC
samples showed a maximum DTP less than 2.0,
which is regarded as clinically unperceivable. The
CX samples showed a maximum DTP of 2.3 between
the A1 and A3.5 shades. The F2 and GD product
lines showed relatively clear differences in TP
among the shades, where the maximum DTP was
more than 3.5. For the 2-mm specimens, none of the
RBC products showed a perceivable DTP among the
shades (Table 4; Figure 3).

DISCUSSION

In the present study, the color and translucency of
four different shades (A1, A2, A3, and A3.5) of nine
RBC products were compared within each product

Table 3: L*, a*, b*, TP, and Imax Values of Each Shade of the Resin-Based Compositesa (cont.)

Code Thickness Shade L* a* b* TP Imax

Mean SD Mean SD Mean SD Mean SD Mean SD

GD 1 mm A1 68.68 0.34 A 0.36 0.11 E 7.14 0.31 F 14.59 0.44 C 417.72 6.90 A

A2 66.18 0.23 B 1.49 0.08 B 11.36 0.20 D 16.77 0.37 B 377.58 4.61 B

A3 65.43 0.81 B 1.10 0.13 C 14.95 0.24 B 18.19 0.64 A 346.75 5.56 C

A3.5 64.36 0.49 C 1.82 0.08 A 17.82 0.22 A 18.18 0.44 A 288.12 2.72 D

2 mm A1 61.81 0.48 D �0.17 0.12 F 4.34 0.23 G 6.07 0.30 F 176.24 2.60 E

A2 58.89 0.43 E 0.94 0.10 C 7.00 0.33 F 6.60 0.39 EF 161.12 1.47 F

A3 57.27 0.45 F 0.70 0.06 D 10.29 0.25 E 7.70 0.40 D 140.48 3.26 G

A3.5 56.30 0.27 G 1.34 0.13 B 11.95 0.28 C 7.30 0.22 DE 106.86 1.98 H

HC 1 mm A1 67.37 0.71 A �0.86 0.10 E 8.13 0.38 D 15.98 0.50 A 359.41 3.53 A

A2 67.18 0.31 A 0.24 0.07 C 10.39 0.18 C 16.22 0.26 A 342.48 1.67 B

A3 63.97 0.35 B 0.59 0.11 B 12.07 0.29 B 14.74 0.44 B 266.05 3.77 C

A3.5 63.35 0.52 B 1.80 0.08 A 15.53 0.46 A 14.56 0.42 B 229.70 5.69 D

2 mm A1 59.91 0.54 C �1.55 0.08 F 3.54 0.35 F 6.29 0.30 C 177.31 4.24 E

A2 59.91 0.48 C �0.44 0.14 D 5.30 0.25 E 6.28 0.40 C 154.25 4.84 F

A3 57.03 0.53 D �0.40 0.34 D 5.54 1.17 E 4.71 0.18 D 89.12 1.33 G

A3.5 56.92 0.37 D 0.55 0.11 B 8.39 0.26 D 4.45 0.41 D 67.68 2.79 H

TC 1 mm A1 64.69 0.59 A 0.47 0.17 B 3.94 0.25 E 14.77 0.19 C 409.27 4.88 A

A2 63.23 0.41 BC 1.23 0.09 A 8.43 0.17 C 15.59 0.44 B 358.76 3.20 B

A3 62.60 0.49 BC 0.51 0.14 B 10.71 0.20 B 14.92 0.39 BC 314.84 4.13 C

A3.5 61.74 0.63 C 1.09 0.13 A 16.04 0.54 A 16.63 0.57 A 273.74 4.57 D

2 mm A1 57.05 0.43 D �0.70 0.05 D 1.23 0.31 F 5.99 0.35 E 199.25 4.38 E

A2 55.96 0.42 E 0.46 0.14 B 4.35 0.20 E 6.26 0.42 DE 172.45 5.25 F

A3 55.80 0.65 E �0.22 0.10 C 6.43 0.32 D 6.12 0.37 DE 141.74 2.88 G

A3.5 54.08 0.34 F 0.54 0.07 B 10.74 0.52 B 6.80 0.36 D 107.55 3.97 H

a Different letters denote significant differences among the specimens within each resin-based composite product (p,0.05).
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line. The A shade was selected according to Paravina

and others,25 who reported that most human teeth

match the A shade of the VITA classical shade

system. Although there have been a number of

studies that evaluated the color and translucency of

RBCs,7-14 only few studies analyzed different shades

of various RBC products in numerical order. In this

regard, the results of this study are expected to

provide relevant information for the clinical use of

contemporary RBC products.

There were significant differences in L*, a*, and b*

values among the different shades of each RBC

product line (Table 3; Figure 3). The L* values of the

specimens tended to decrease as the shade number

increased, which is consistent with the shade

number indicating the lightness of the material. In

Table 4: DE and DTP Among the Four Shades of Each Resin-Based Compositea

Code Thickness 1 mm 2 mm

Shade A1 A2 A3 A3.5 A1 A2 A3 A3.5

BF A1 0.90b 5.85 10.34 1.40b 4.58 8.25

A2 0.19 5.45 9.79 0.07 4.11 7.37

A3 0.55 0.75 4.94 0.59 0.65 4.20

A3.5 1.61 1.80 1.06 0.97 1.03 0.38

CX A1 4.00 7.26 11.96 4.32 9.02 12.94

A2 0.49 3.27b 8.10 0.10 4.76 8.70

A3 1.89 1.40 4.94 0.42 0.31 4.55

A3.5 2.23c 1.74 0.35 1.29 1.18 0.87

ES A1 4.98 9.28 11.11 3.31 6.70 8.32

A2 0.02 4.45 6.18 0.27 3.55 5.05

A3 1.17 1.19 2.86b 0.71 0.44 2.75b

A3.5 0.75 0.77 0.42 0.30 0.03 0.41

EX A1 4.70 8.46 17.68 3.71 7.63 14.73

A2 1.76 3.83 12.98 0.31 4.42 11.20

A3 0.78 0.98 9.34 0.61 0.29 7.20

A3.5 1.78 0.02 1.01 0.53 0.21 0.08

F2 A1 7.61 9.59 11.42 7.51 8.04 10.06

A2 2.74c 2.37b 4.48 1.15 1.39b 3.27b

A3 1.87 0.87 2.12b 0.50 0.65 2.53b

A3.5 3.95c 1.21 2.08c 1.48 0.32 0.97

F3 A1 4.31 7.42 10.64 3.95 6.08 9.49

A2 0.70 3.98 7.17 0.24 2.72b 6.17

A3 0.14 0.56 3.27b 0.06 0.18 3.49

A3.5 1.62 0.92 1.48 1.36 1.12 1.30

GD A1 5.03 8.49 11.61 4.11 7.54 9.52

A2 2.18c 3.69 6.72 0.54 3.68 5.60

A3 3.60c 1.42 3.15b 1.63 1.10 2.02b

A3.5 3.59c 1.41 0.01 1.23 0.70 0.40

HC A1 2.52b 5.40 8.83 2.09b 3.69 6.08

A2 0.23 3.64 6.60 0.02 2.89b 4.41

A3 1.25 1.48 3.71 1.58 1.57 3.01b

A3.5 1.42 1.66 0.18 1.85 1.83 0.26

TC A1 4.78 7.08 12.47 3.51 5.37 10.04

A2 0.83 2.47b 7.75 0.27 2.20b 6.66

A3 0.15 0.68 5.43 0.13 0.14 4.70

A3.5 1.86 1.04 1.71 0.81 0.54 0.68
a Values in roman text indicate DE between the shades. Values in italic text indicate DTP between the shades.
b Color difference that is clinically unperceivable (DE,3.3).
c Translucency difference that is clinically perceivable (DTP�2.0).
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the CIELAB color space, as the a* and b* values

increase, the chroma of the color increases. In this

study, the RBCs showed various patterns of color

distribution with respect to the shade and product

line. This implies that the shade number includes

information about the hue and chroma in addition to

the lightness, consistent with the VITA classical

shade system.26 Overall, the a* values did not vary

Figure 4. The color distribution of
each shade of the RBC products in
the CIELAB color space. (A): 1-mm
specimens. (B): 2-mm specimens.
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much among the shades, whereas the b* values
covered a relatively wide range and gradually
increased with increasing shade number. From these
results, it is concluded that the RBC becomes darker
and yellowish when the shade number increases.

When the thickness of the specimen increased
from 1 mm to 2 mm, the L* and b* values decreased
significantly, whereas the a* values were either
unchanged or slightly increased for all products
(Table 3; Figure 3). In other words, the RBCs became
darker and bluish when they were thicker. There-
fore, for the restoration of a deep cavity, layering the
RBC using a slightly lighter-colored material could
be a way of avoiding it from looking dark. When the
restoration is thought to be slightly lighter than the
adjacent tooth structure in the final layering step
near the surface layer, we can use a higher shade
number to reduce the lightness and increase the
yellowish hue.

The TP and Imax values were measured separately
for evaluating the translucency considering two
different aspects: esthetics and polymerization. Both
TP and Imax differed significantly among the shade
numbers within each RBC product investigated in
this study (Table 3; Figure 3). The Imax decreased
with increasing shade number for all RBC product
lines, whereas the TP did not always follow the order
of the shade number. This implies that a specimen
with a higher shade number may need a longer light
curing time for complete polymerization; however, it
may not be directly related to the overall translu-
cency of the specimen. The blue light irradiance is
thought to be influenced mainly by the L* and b*
values of the specimen, which make it consistently
darker and yellowish when the shade number
increases.

The BF, ES, and HC product lines showed almost
no differences in TP values among the shades
despite distinguishable color differences. Hence,
restorations using these products would have similar
translucency regardless of the shade within the
same product line. Although the constant translu-
cency may be convenient and predictable for clini-
cians, we should consider the additional use of either
translucent or opaque composites to reproduce a
varied translucency in a natural tooth. In CX, F3,
GD, and TC samples, the TP values increased with
increasing shade number. For these products, light
restorations would appear to be more opaque than
dark restorations. When we use the A1 or A2 shades
of these RBCs, especially in anterior regions, we
need to accompany it with a translucent shade to
obtain proper translucency of the restoration. The

EX and F2 samples showed no correlation between
the TP and shade number (A1,A3,A2,A3.5);
hence, these products should be used with caution.

Several authors have investigated the effect of the
matrix and fillers on the color and translucency of
RBCs, such as the composition and distribution of
the matrix and fillers,27-30 size and shape of filler
particles,19,31 and refractive indices (RIs).32,33 The
amount of Bis-GMA in the matrix had a significant
effect on the translucency of RBCs,27 and the
translucency of Bis-GMA–based RBCs were much
higher than TEGDMA/UDMA-based RBCs.28 The
translucency was shown to decrease as the amount
of filler increased.29 The lightness was highly
correlated with the amount of filler, whereas the
hue and chroma were only moderately affected.30

The translucency decreased with a greater mismatch
between the RIs of the matrix and filler, as light is
scattered at the matrix-filler interfaces when it
passes through the RBCs.32 Ota and others33

reported that the L* and a* values increased and
TP decreased with increasing RI mismatch. The
development of filler technology makes it possible to
produce higher-translucency RBC materials; nano-
sized (smaller than 100 nm) filler particles do not
scatter light, as they are below the wavelength range
of visible light (380 to 780 nm).34 In addition to the
effect of the matrix and fillers, the color and
translucency of RBCs also depend on additives such
as dyes and other chemicals.35 Small amounts of
inorganic oxides are often added to change the color
and opacity of RBCs.36 The coloring material or
pigments absorb various wavelengths of visible light,
allowing other wavelengths to scatter out of the
object.6 When many internal particles are present in
the RBCs, the light is likely to be scattered and the
translucency decreased.15 White or high-lightness
gray pigments can be used to increase the lightness
while reducing the translucency.37

The exact reason for the different translucency
behavior among the products is uncertain; as the
RBCs were compared within the same product line,
all compositions were probably very similar. The
optical properties of RBCs may depend on the
specific manufacturing process, which is confidential
information. Nevertheless, it is worth noting that
the RBC products with similar characteristics
showed comparable translucency trends. The BF
and HC products include unique large fillers,
prereacted glass ionomer and prepolymerized fillers,
respectively. The ES materials have relatively
uniform filler shapes and sizes and spherical fillers
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with a size of 0.1 to 0.3 lm. The CX, EX, F2, F3, GD,
and TC products contain small hybrid filler particles.

In this study, we used DE � 3.3 as a threshold for
clinically visible color changes.23 We observed that
some specimens demonstrated DE values less than
3.3, even though they demonstrated significant
differences in either L*, a*, or b*. In particular,
between the A1 and A2 shades of BF and HC,
between the A2 and A3 shades of F2 and TC, and
between the A3 and A3.5 shades of ES, F2, and GD,
there were no perceivable differences in TP regard-
less of thickness; these shades could be used without
differentiation in clinics. A perception threshold for
DTP has only recently been suggested; Lee24 pro-
posed a DTP value of 2.0 as the perception threshold
of translucency, and this was applied in the present
study. However, this was calculated based only on
the threshold of the contrast ratio.38 Further
investigations should be carried out regarding the
clinically perceivable difference of translucency.

Although color and translucency of natural teeth
should be the reference for restorative materials, little
information is available regarding the optical proper-
ties of human teeth. The enamel and dentin layers
have natural variations among individuals, tooth
types, and sites on particular teeth. Hasegawa and
others39 evaluated the color and translucency of
human central incisors and found that the a* and
b* values of natural teeth tended to increase from
incisal to cervical, whereas the lightness and trans-
lucency decreased. Yu and others40 reported that the
mean TPs of 1-mm human enamel and dentin were
18.7 and 16.4, respectively, using a spectrophotome-
ter. They also mentioned that enamel showed lower
a* and b* values than dentin, which means dentin is
more reddish and yellowish in color. Pop-Ciutrila and
others41 evaluated the color and translucency of 2-
mm specimens of human dentin. The mean TP of
dentin specimens from anterior teeth was 6.85 as
measured using a spectrophotometer. In our study,
the TP of 1-mm specimens of RBC ranged from 11.45
(A1 shade of CX) to 18.19 (A3 shade of GD) and that of
2-mm specimens ranged from 4.37 (A1 shade of CX) to
7.70 (A3 shade of GD). Even though the data from
different studies are not directly comparable due to
differences in measuring instruments and methods,
we can assume that the translucency of currently
used RBCs is appropriate for replacing natural tooth
structures. A recent case report showed that highly
acceptable esthetic results could be obtained clinically
by combining two body shades, without the use of
opaque or translucent RBCs.42

The color and translucency of teeth changes
during aging.43 Over time, the enamel gets thinner
due to abrasion, and the dentin becomes thicker by
lifelong deposition and shrinkage of pulp. This
makes the overall color tone of a tooth yellowish.
Meanwhile, dentin sclerosis proceeds inside the
dentinal tubules, which makes dentin become more
homogeneous.44 In this respect, for the restorative
treatment of relatively old patients, it seems to be
reasonable to use a single shade of an RBC product
whose translucency increases with higher shade
numbers. However, from a different viewpoint, the
opposite also could be reasonable. For example,
when restoring a large anterior class IV cavity,
clinicians may use the layering technique (a dark
opaque shade for the inner dentin layer and a light
transparent shade for the outer enamel layer). In
this situation, it could be more favorable if the
translucency is inversely proportional to the shade
number.

Yu and Lee45 reported that the stability of the
optical properties of RBCs varied depending on their
type, brand, and shade. Considering the long-term
clinical aspects that the restoration is exposed
directly to the oral environment and the material
undergoes aging, the long-term stability of the color
and translucency of RBCs is another important
aspect to be considered. Further research related to
the stability of RBC products should be undertaken.

The optical properties of RBCs are the result of
complicated interactions of various factors, and
detailed knowledge is still lacking. For predictable
clinical applications, further detailed investigations
should be performed considering the color and
optical properties of the RBCs as well as their
stability considering the light source, surface mor-
phology, background color, and storage medium and
period. When clinicians perform restorative treat-
ments with high esthetic demands, such as anterior
class III or IV lesions, they should be aware of the
color and translucency characteristics of the individ-
ual RBC product in order to successfully reproduce
the appearance of natural teeth. The combination of
layers with different shade and translucency values
could be considered for this purpose, which would
provide more possibilities if several types of RBC
products were prepared in the clinic.

CONCLUSIONS

Within the limitations of this study, we observed
significant differences in the color and translucency
among the different shade numbers within each
RBC product line. Overall, the RBCs became darker
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and yellowish as the shade number increased. The
variations in the translucency were not correlated
with the order of the shade numbers. On the
contrary, the blue light transmittance consistently
decreased with increasing shade numbers for all
RBC types.
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