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Abstract: To evaluate the effects of cold light bleaching on the color stability of four restorations using a thermo-
cycling stain challenge. 160 specimens (10 mm in diameter and 2 mm thick) were fabricated from 4 composite 
resins (Gradia Direct-A, Z350XT, Premisa, and Précis) and divided into 4 subgroups. Color was assessed according 
to the CIEL*a*b* color scale at baseline, after the first cycle of bleaching, after thermocycling stain challenges, and 
after the second cycle of bleaching. Mean values were compared using three-way analysis of variance, and multiple 
comparisons of the mean values were performed using the Tukey-Kramer test. All groups showed significant color 
changes after stain challenge, the color change was more significant in Gradia Direct and Z350XT than in Premisa 
and Précis. After the second cycle of bleaching, color mostly recovered to its original values. The color stability of 
Gradia Direct and Z350XT was inferior to that of Premisa and Précis. The discoloration of composite resin materials 
can be partly removed after cold light bleaching. 
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Introduction

Resin-based tooth-colored materials have 
been widely used since their introduction 
because of their excellent esthetic properties 
and simplified bonding procedures. Despite 
recent improvements in their formulation, the 
color stability of composite resins after long-
term oral environment exposure remains a con-
cern in dental restorative procedures. 
Unacceptable color matching is one of the most 
common reasons for the replacement of resto-
rations [1, 2]. Color stability has therefore been 
considered as one of the most important fac-
tors when selecting composite resins for aes-
thetic restorations [3]. 

The discoloration of composite resin materials 
can occur due to intrinsic and extrinsic causes. 
Intrinsic discoloration is determined by the 
quality of the resin matrix, the photo-initiator 
and the inorganic filler [4, 5]. The intrinsic color 
of aesthetic materials may change when mate-
rials are aged under various physical-chemical 
conditions such as thermal change and humid-

ity [6]. Additionally, extrinsic discoloration is 
mainly caused by colorants contained in bever-
ages and foods through adsorption and absorp-
tion. The staining of resin-based materials by 
colored solutions such as coffee, tea, red wine, 
fruit juices, and cola drinks [7-10] have been 
reported. 

Discoloration of restorations can be assessed 
by visual and instrumental mechanisms. 
Instrumental techniques eliminate the subjec-
tive interpretation of visual color comparison; 
thus, even slight color changes in dental materi-
als can be detected using spectrophotometers 
and colorimeters [7, 11, 12]. Studies have 
shown that color differences of aesthetic resto-
rations showing ∆E*>1 are visually perceptible, 
deeming ∆E*>3.3 to be the critical value for the 
visual perception of the restoration [4, 11, 13]. 
In principle, no color difference (∆E*=0) indi-
cates a material with complete color stability or 
that unstained by colorations [12]. 

Tooth bleaching, sometimes described as 
“tooth whitening”, has become an effective and 
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noninvasive way for treating discolored teeth in 
dentistry [14]. There are three fundamental 
bleaching approaches, namely, in-office bleach-
ing, at-home bleaching and over the counter 
bleaching products [15]. In-office bleaching 
systems employ the use of strong oxidizing 
agents. The advantages are that treatment is 
totally under the dentist’s control, the soft tis-
sues are generally protected from the process, 
and it has the potential for bleaching quickly in 
situations in which it is effective [16]. The cold-
light bleaching technique is a light-activated, 
in-office bleaching technique using blue LED 
light (wavelength between 480 nm and 520 
nm), and it is widely applied in dentistry. The 
cold-light lamp is equipped with a filter to 
exclude the harmful infrared (wavelength λ>750 
nm) and ultraviolet (λ>380 nm) light. The exclu-
sion of infrared light reduces its thermal pulp 
damage and the ultraviolet is excluded to 
reduce the risk of possible side effects of ultra-
violet radiation on living cells. This technique 
has been proven to be effective in bleaching 
discolored teeth [17]. 

The aim of this study was to assess the effects 
of cold light bleaching on the color stability of 
four aesthetic restorations using a thermocy-
cling stain challenge. 

Materials and methods

Composite selection and disc preparation

Four composite resins marketed for aesthetic 
restorations were selected as experimental 

materials: Gradia Direct-A, Z350XT, Premisa, 
and Précis. The compositions of the resin matri-
ces and fillers of these composites are listed in 
Table 1. Composite resin was injected into 
Teflon molds (10 mm in diameter and 2 mm 
thick) and placed on a glass plate with a Mylar 
strip. The molds containing slightly overfilled 
composites were covered by a second Mylar 
strip and a glass plate. Pressure was applied to 
the covering glass plate to expel excess materi-
als and create a smooth surface. Specimens 
were polymerized by a LED light curing unit 
(Smartlite ps led, Dentsply, USA) with a light 
intensity of 950 mW/cm2 using 40 s of expo-
sure to the top and bottom surfaces, respec-
tively. The discs were removed from the molds 
and stored in deionized water for 24 h to ensure 
complete polymerization. The top surfaces of 
all specimens were then polished with wet SiC 
paper, using consecutive grit numbers 800, 
2000, and 6000. A total of 160 discs, 40 of 
each of the composite materials, were random-
ly divided into four subgroups with ten samples 
in each. 

Subgroup A: The samples were bleached + pol-
ished + stain challenges + rebleached. 

Subgroup B: The samples were bleached + un- 
polished + stain challenges + rebleached. 

Subgroup C: The samples were not bleached + 
stain challenges + bleached. 

Subgroup D: The samples were stored in deion-
ized water. 

Table 1. Resin composites and bleaching system used in this study
Material Type Shade Composition Manufacturer
Gradia Direct-A Microhybrid A3 Matrix: UDMA, dimethacrylate comonomers GC Corp, Tokyo, 

JapanFiller: Prepolymerized filler, silica (0.85 μm)
Filler (wt%): 73%

Z350XT Nanofilled A3E Matrix: Bis-GMA, Bis-EMA, UDMA, TEGDMA 3M ESPE, MN, USA
Filler: Zirconia, silica (20 nm, 0.4-10 μm)
Filler (wt%): 78. 5%

Premisa Nanohybrid A3E Matrix: Bis-GMA, TEGDMA Kerr Corp, CA, USA
Filler: Silica nanoparticles, Barium glass, 
Prepolymerizedfiller (20 nm, 0.4 μm, 30-50 μm)
Filler (wt%): 84%

Précis Nanohybrid A3E Matrix: Bis-GMA, TEGDMA Kerr Corp, CA, USA
Filler: Silica nanoparticles, Barium glass, 
Prepolymerizedfiller (50 nm, 0.4 μm)
Filler (wt%): 78%

Beyond In-office bleaching gel 35% hydrogen peroxide, H2O, thickening agent, gel, 
pH 4. 03

Beyond Technology, 
CA, USA
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Bleaching process

The bleaching agents used in this study are 
listed in Table 1. All specimens were taken out 
of the storage environment and dried with com-
pressed air for 15s. Then, the bleaching agent 
was applied on the specimens according to the 
standard bleaching procedure extraorally as 
follows: (1) turned the head of the matched 
light (Beyond Technology, CA, USA) upon the 
specimen surfaces; (2) painted the specimen 
surfaces with corresponding whitening gels to 
form a 2-mm thick layer; (3) started the timer 
and turned on the light at the same time, with 
the first bleaching episode lasting for 15 min at 
room temperature; (4) removed the bleaching 
agents carefully with soft cotton pellets and 
then repeated the (1), (2), (3) steps four times; 
(5) removed the bleaching gel carefully with 
soft cotton pellets under running distilled 
water; (6) dried the surfaces of the specimens. 

Dietary colorant selection and preparation

The dietary colorants used in this study were 
common beverages with natural and artificial 
colors that may cause staining of composite 
resin surfaces. Two different beverages were 
used in this experiment: black tea (Lipton, 
Unilever, Co., Ltd, Shanghai, China) and a grape, 
orange and apple fruit punch (Huiyuan, Co., Ltd, 
Beijing, China). For the preparation of tea solu-
tion, 10 g of tea was added to 1000 ml of water 
and boiled for 4 min. The tea solution was 
cooled to 55°C, and equal parts of the fruit bev-
erages were chilled to 5°C before use. 

Figure 1. The typical images of composite resin discs 
of subgroup A. 

Figure 2. The typical images of composite resin discs 
of subgroup B. 

Figure 3. The typical images of composite resin discs 
of subgroup C. 

Figure 4. The typical images of composite resin discs 
of subgroup D. 
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Thermocycling stain challenges

The hot tea solution and fruit juice were added 
to a proprietary the rmocycling apparatus with 
computer controlled mechanical arms trans-
porting the composite discs between the hot 
tea (55°C) and cold beverage (5°C) tanks with 
a dwell time of 30 s and a transportation time 
of 15 s. A total of 75 s were needed to complete 
one cycle. The tea and juice solutions were con-
tinuously stirred at 150 rpm in the hot tank and 
circulated with an immersion circulator at 5L/
min in the cold tank to reflect the dynamic 
nature of beverage ingestions and to prevent 
any colorant precipitation [18]. The discs were 
thermocycled for 1000 cycles for approximate-
ly 21 h and then removed, gently washed for 30 
s, and placed in deionized water before color 
assessment. 

Color measurements

The color of composite discs was assessed in 
the CIE L*a*b*color system using a clinical 

spectrophotometer (VITA Easyshade Compact, 
VITA Zahnfabrik, Bad Säckingen, Germany). The 
VITA Easyshade compact is a hand-held spec-
trophotometer that consists of a cordless hand-
piece with a 5 mm-diameter probe tip and 1 
mm-diameter fiber optic bundles. During the 
measurement process, the specimen was illu-
minated by the periphery of the tip, directing 
the light from white LEDs into the specimen 
surface. 

CIEL*a*b* color system defines the color space 
by L*, a*, and b* coordinates. L* represents the 
lightness, or black/white character of the col-
ors. The coordinates a* and b* describe the 
chromatic characteristics of the colors. a* 
coordinate represents the red-green axis, and 
the b* coordinate represents the yellow-blue 
axis. 

Color measurements were performed in a cus-
tom-made viewing booth with D65 illumination. 
The instrument was calibrated according to the 
manufacturer’s instructions. The spectropho-

Table 2. Mean values of color coordinates of Gradia Direct-A at different experimental stages
ΔL1* Δa1* Δb1* ΔL2* Δa2* Δb2* ΔL3* Δa3* Δb3*

Subgroup A 0.04 (0.19) 0.20 (0.09) -0.68 (0.55) -2. 74 (0.29) 0.25 (0.14) 0.84 (0.29) -1. 13 (0.29) 0.04 (0.15) -0.17 (0.61)

Subgroup B -0.09 (0.15) 0.14 (0.11) -0.69 (0.34) -3. 12 (0.49) 0.27 (0.12) 1. 03 (0.365) -0.81 (0.16) 0.01 (0.08) 0.05 (0.30)

Subgroup C -0.21 (0.15) 0.10 (0.06) -0.10 (0.36) -2. 44 (0.50) 0.23 (0.11) 0.90 (0.23) -0.79 (0.64) -0.03 (0.23) -0.11 (0.29)

Subgroup D -0.21 (0.31) 0.05 (0.07) 0.06 (0.31) -0.02 (0.28) 0.19 (0.11) 0.11 (0.25) 0.07 (0.23) 0.10 (0.14) -0.27 (0.29)

Table 3. Mean values of color coordinates of Z350XT at different experimental stages
ΔL1* Δa1* Δb1* ΔL2* Δa2* Δb2* ΔL3* Δa3* Δb3*

Subgroup A -0.07 (0.11) 0.50 (0.06) -1. 28 (0.35) -3. 19 (0.71) 0.72 (0.19) 2. 49 (0.87) -1. 38 (0.29) 0.82 (0.20) -0.31 (0.43)

Subgroup B -0.03 (0.16) 0.53 (0.06) -0.98 (0.16) -3. 74 (0.58) 0.93 (0.24) 3. 21 (1. 14) -1. 91 (0.50) 1. 10 (0.20) -0.10 (0.35)

Subgroup C 0.04 (0.14) 0.07 (0.08) 0.15 (0.25) -2. 28 (0.58) 0.44 (0.25) 1. 96 (1. 21) -1. 09 (0.48) 0.85 (0.24) 0.18 (0.43)

Subgroup D 0.01 (0.16) 0.06 (0.52) 0.04 (0.22) 0.42 (0.16) 0.22 (0.07) -0.06 (0.19) 0.49 (0.22) 0.24 (0.09) -0.32 (0.22)

Table 4. Mean values of color coordinates of Premisa at different experimental stages
ΔL1* Δa1* Δb1* ΔL2* Δa2* Δb2* ΔL3* Δa3* Δb3*

Subgroup A 0.56 (0.13) 0.17 (0.06) -1. 55 (0.22) -0.55 (0.14) 0.45 (0.08) 0.11 (0.39) -0.02 (0.19) 0.15 (0.13) -1. 22 (0.44)

Subgroup B 0.46 (0.24) 017 (0.09) -1. 18 (0.36) -0.98 (0.37) 0.56 (0.05) 0.72 (0.44) -0.02 (0.28) 0.17 (0.11) -0.60 (0.63)

Subgroup C 0.13 (0.19) 0.11 (0.74) 0.12 (0.28) -0.85 (0.20) 0.42 (0.13) 1. 60 (0.46) -0.15 (0.32) 0.24 (0.52) -0.10 (0.98)

Subgroup D 0.05 (0.07) 0.10 (0.08) 0.04 (0.18) 0.08 (0.06) 0.18 (0.06) -0.28 (0.15) 0.08 (0.10) 0.16 (0.07) -0.65 (0.11)

Table 5. Mean values of color coordinates ofPrécis at different experimental stages
ΔL1* Δa1* Δb1* ΔL2* Δa2* Δb2* ΔL3* Δa3* Δb3*

Subgroup A 0.45 (0.08) 0.18 (0.09) -2. 02 (0.35) -1. 09 (0.57) 0.31 (0.12) -1. 22 (0.63) -0.33 (0.37) 0.14 (0.07) -1. 93 (0.51)

Subgroup B 0.49 (0.23) 014 (0.08) -2. 68 (0.37) -1. 00 (0.34) 0.32 (0.09) -1. 28 (0.87) -0.33 (0.31) 0.12 (0.09) -2. 29 (0.43)

Subgroup C -0.15 (0.11) 0.04 (0.52) 0.12 (0.31) -1. 41 (0.36) 0.22 (0.09) 0.37 (0.40) -0.30 (0.31) 0.11 (0.05) -0.24 (0.38)

Subgroup D -0.24 (0.09) 0.01 (0.08) -0.11 (0.21) -0.25 (0.20) 0.11 (0.07) -0.30 (0.29) -0.07 (0.12) 0.12 (0.11) -0.63 (0.35)
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tometer’s “tooth single” measurement mode 
was selected and the probe was placed in the 
center of the specimen. Three consecutive 
measurements were made for each specimen 
and the mean L*, a*, and b* values were 
calculated. 

Repeated bleaching

To assess the dynamic nature of the colorant’s 
effects over time, the same composite discs 
were subjected to a second round of bleaching. 
The color of the discs was assessed again in 
the CIEL*a*b* color space. 

Statistical analysis

The mean and standard deviation estimated 
from the specimens for each subgroup were 
statistically analyzed. The mean values of the 
different groups were compared using three-
way analysis of variance, and multiple compari-
sons of the mean values were performed using 
the Tukey-Kramer test. In the present study, 
P<0.05 was considered to be the level of 
significance. 

Results

Images of composite resins

In order to illustrate the cold light bleaching on 
the color stability of the restorations, one speci-
men of each group was photographedat differ-
ent stages. Figures 1-4 show the typical images 
of composite resin discs of different groups. 
The color change was observed in these typical 
images. 

Color changes within each composite resin

Tables 2-5 show the color changes (ΔL*, Δa* 
and Δb*) among the four composite resins at 
different stages of the experiment as compared 
to the baseline. 

After the initial cycle of bleaching, all four com-
posite resins showed a statistically significant 
change in Δa* and Δb* (P<0.05). Positive Δa* 
indicates a shift towards the red color, whereas 
negative Δa* indicates a shift towards the 
green color. Positive Δb* indicates a shift 
towards the yellow color, whereas negative Δb* 
denotes a shift towards the bluecolor. Gradia 
Direct-A, Premisa and Précis also showed a sta-
tistically significant change in ΔL* (P<0.05), 

and no significant change in the ΔL* of Z350XT 
was found (P>0.05). Positive ΔL* indicates that 
the specimens became lighter, whereas nega-
tive ΔL* indicates that the specimens became 
darker. 

After the thermocycling stain challenges, all 
four composite resins showed a statistically 
significant change in ΔL* and Δb* (P<0.05). 
Z350XT, Premisa and Précis also showed a sta-
tistically significant change in Δa* (P<0.05), 
and no significant change in Δa* of Gradia 
Direct-A was found (P>0.05), indicating that 
this composite resin was more resistant to 
green staining than the other three composite 
resins. 

After the second cycle of bleaching, the 
CIEL*a*b* values did not fully regress to the 
baseline. Statistically significant differences 
remained in the ΔL* of all four composite resins 
(P<0.05), where no difference from the base-
line in Δa* and Δb* values was found (P>0.05). 

Color differences among the composite resins 

Table 6 shows the color differences (ΔE*) 
among the four composite resins at different 
stages of the experiment as compared to the 
baseline. After the cycle of thermocycling stain 
challenges, all four composite resins showed a 
statistically significant color change (increase 
in ΔE2* values). After the second cycle of 
bleaching, ΔE3* values of all four composite 
resins regressed towards their first values 
(ΔE1*). Moreover, the overall color (ΔE*) was 
significantly different among group A, group B, 
and group C at each experimental stage, and 
the color stability of group B is inferior to that of 
other groups. Gradia Direct and Z350XT 
showed greater color changes than the other 
two composite resins after the stain challenges 
and after bleaching (P<0.05). 

Discussion

Currently, dentistry is experiencing a trend of 
increasing demand from patients for superior 
esthetic restorations. Over the past decade, 
there has been a marked change in the tooth-
colored restorative materials. Such materials 
have become an important part of modern den-
tistry. Meanwhile, in daily clinical practice, 
tooth-colored restorations exist in the teeth 
that may be planned to be bleached. Therefore, 
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Table 6. Changes in overall color (ΔE*) from baseline at different experimental stages
Gradia Direct-A Z350XT Premisa Précis

ΔE1 ΔE2 ΔE3 ΔE1 ΔE2 ΔE3 ΔE1 ΔE2 ΔE3 ΔE1 ΔE2 ΔE3
Subgroup A 0.81 (0.43) 2. 89 (0.30) 1. 27 (0.38) 1. 39 (0.31) 4. 15 (0.99) 1. 70 (0.28) 1. 67 (0.20) 0.81 (0.13) 1. 26 (0.39) 2. 08 (0.35) 1. 75 (0.69) 1. 99 (0.55)

Subgroup B 0.74 (0.32) 3. 32 (0.46) 0.87 (0.16) 1. 13 (0.16) 5. 10 (0.86) 2. 24 (0.48) 1. 31 (0.34) 1. 41 (0.36) 0.78 (0.48) 2. 74 (0.34) 1. 77 (0.66) 2. 34 (0.44)

Subgroup C 0.43 (0.15) 2. 63 (0.47) 1. 06 (0.14) 0.31 (0.13) 3. 11 (1. 17) 1. 47 (0.49) 0.35 (0.17) 1. 91 (0.29) 0.81 (0.67) 0.35 (0.15) 1. 35 (0.32) 0.59 (0.19)

Subgroup D 0.46 (0.16) 0.41 (0.15) 0.45 (0.18) 0.26 (0.10) 0.53 (0.13) 0.67 (0.22) 0.21 (0.10) 0.36 (0.12) 0.69 (0.10) 0.34 (0.11) 0.49 (0.23) 0.67 (0.33)
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it is important for dentists to understand the 
effects of bleaching agents on the color stabili-
ty of the restorative materials. 

Color changes can be evaluated using a visual 
method and color measurement devices. The 
color evaluation by visual comparison may not 
be a reliable method due to inconsistencies 
inherent in color perception and specification 
amongst observers [19]. Most of the color mea-
surement devices utilized in dentistry use the 
ΔE* from the Commission International de 
I’Eclairage CIE (L*a*b*) color system to deter-
mine the color differences or changes. In this 
scheme, color is measured in three coordinate 
dimensions of L*, which represents lightness 
(from white to black; similar to value), a*, which 
corresponds to the green-red axis (negative 
value indicates green; positive value indicates 
red), and b*, which corresponds to the blue-
yellow axis (negative value indicates blue; posi-
tive value indicates yellow) [20]. The total color 
change is described by ΔE*=[(ΔL*)2 + (Δa*)2 + 
(Δb*)2]1/2 [21]. Several studies have shown that 
color differences greater than one unit (ΔE*>1) 
can be perceptible visually by 50% of human 
observers [22], and the general population can 
distinguish color differences of value (ΔE*>3. 
3) and are considered clinically significant [23]. 
In this study, the color change (ΔE*) was from 
0.21 to 5. 10, and it was higher than 3. 3 in 
subgroup B of Z350XT. 

The mechanism of the color changes of restor-
ative materials induced by bleaching is still not 
clear. It is believed that free prehydroxyl (HO2-) 
radicals formed by H2O2 breakdown may induce 
oxidative cleavage of polymer chains [24]. In 
addition, the free radicals are eventually com-
bined to form molecular oxygen and water, a 
chemical process that may accelerate the 
hydrolytic degradation of composites [25] and 
impact color alterations. In the literature, it has 
been suggested that color change after expo-
sure to bleaching agents might be dependent 
on the matrix structure, volume and the type of 
filler particles of the resin composite [22, 26]. 
However, a resin composite with higher resin 
content is expected to be more prone to degra-
dation and therefore may undergo color chang-
es [27]. The greatest color change of Gradia 
Direct-A and Z350XT specimens, when com-
pared to the other composites tested in this 
study, may be attributed to these structural 
differences. 

The degree of color change can be influenced 
by a number of factors, such as incomplete 
polymerization, water sorption, chemical reac-
tivity, diet, oral hygiene and surface smooth-
ness of the restoration [28, 29]. The physico-
chemical properties of the monomer used in 
the resin matrix may have a direct impact on 
the resistance to staining [30]. As purported by 
the manufacturers, Gradia Direct-A is primarily 
composed of UDMA resin; Z350XT contains 
Bis-GMA, Bis-EMA and TEGDMA; Premisa and 
Précis have almost the same matrix formula-
tion of Bis-GMA and TEGDMA. Water uptake in 
Bis-GMA-based resins increases proportionally 
with TEGDMA concentration [31, 32] and reduc-
es with the partial substitution of TEGDMA to 
UDMA [31]. UDMA seems to be less suscep- 
tible to staining than Bis-GMA [30, 32]. However, 
the results of this study are controversial. 
Gradia Direct-A and Z350XT seem to be more 
susceptible to staining than the other resins. 

The filler volume, particle size and composition 
used in the filler may also influence the resis-
tance to staining. Gradia Direct-A containing 
greater filler size could be more susceptible to 
discoloration. As a nanofilled composite resin, 
Z350XT seems to be more susceptible to stain-
ing, possibly due to the porosity of the aggre-
gated filler particles. Moreover, Dietschi [33] 
showed that the staining may be related to 
water sorption. The water acts as a carrier for 
staining agents in the water sorption process 
4); therefore, stain adsorption tends to follow 
the evolution of water sorption, occurring dur-
ing the thermocycling stain challenges. 

It is interesting to note that the color of stained 
specimens mostly returned to its original color 
after the second cycle of bleaching for all the 
groups tested even after a large discoloration 
due to staining. The results of this study showed 
how effective the bleaching agents were in 
removing the exterior staining for dental resin 
composites. Although the bleaching agent can 
successfully remove the exterior staining from 
composite resin, it also can increase the sur-
face roughness of the composite resin, there-
fore, the restoration may stain more easily after 
bleaching. Therefore, in this study, after the 
first cycle of bleaching, the specimens of sub-
group A were polished again, because the pol-
ished composite resins have been found to be 
more stable under bleaching than the unpol-
ished analogues [34]. 
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When composite resins were immersed in 
water, the color differences were imperceptible 
and clinically acceptable. This observation con-
firms that water sorption by itself did not alter 
the color of composites to a considerable 
extent [35]. 

Conclusions

Under the conditions of the present study, it 
can be concluded that color stability was sig-
nificantly different among the selected com-
posite resins, with Gradia Direct and Z350XT 
showing more severe discoloration than 
Premisa and Précis. Furthermore, the discolor-
ation of composite resin materials can be par-
tially removed after cold light bleaching. 
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