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Abstract
Introduction: Color changes that occur after the light-activation of resin 
composites should be understood. Objective: To evaluated the influence 
of light-curing devices on the color of resin composites immediately 
after light-activation and after one-week, at 37ºC, into water storage. 
Material and methods: Three A2-shade composites (Z100, Z250, and 
Z350), and four light-curing devices (three halogens and one LED) 
were evaluated. Seventy-five cylindrical specimens were light-activated 
for 20s. CIE-Lab color was analyzed using a spectrophotometer. Color 
changes between uncured and immediately light-activated materials 
(∆E1), and between immediately light-activated and one-week-37˚C-
water-stored materials (∆E2) were obtained. Data were evaluated by 
two-way Anova, followed by Tukey test (α = 0.05). Results: For ∆E1, 
composites (p = 0.0008), lights (p = 0.015), and the interaction (p 
= 0.017) were significant. Z100 showed the smallest value (3.08 ± 
1.73). The halogen 210 mW/cm2 device showed the smallest ∆E1 (3.09 
± 1.25), while the LED 200mW/cm2 showed the highest value (4.94 
± 2.37). For ∆E2, composites (p = 0.00016), lights (p < 0.0001), and 
the interaction effect (p = 0.0002) were significant. Z350 showed the 
smallest value (2.24 ± 1.17). The halogen 400mW/cm2 device showed 
the smallest ∆E2 (2.15 ± 2.15), while the halogen device 525mW/cm2 
showed the highest value (4.45 ± 2.15). Conclusion: The color of 
resin composites change significantly from the uncured to the cured 
and water-aged phases.
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Introduction

The use of resin composites for denta l 
restorations currently occupies a large part of the 
routine day of dentists due not only to patients’ 
demands for esthetic restorations, but favorable 
handling properties, adhesive properties, and 
capacity of mimicking the dental structure as 
well [16]. In this context, the color of the material 
plays a major role in obtaining natural results, 
especially when maxillary anterior teeth and 
premolars are considered. Thus, an appropriate 
color matching is essential to the final outcome 
and patient’s satisfaction. It is known, however, that 
resin composites may present color change after 
light-activation [6] due to changes in the polymer 
network at the post-cure period. 

It has been demonstrated that curing is 
a process that continues over time and is not 
finished immediately after the completion of the 
light-activation [10, 11]. Thus, it is expected that a 
good color match between resin composites and the 
dental structure may be obtained only when the 
restorative material achieves its final polymerization, 
which may occur after days due the continued 
chain-reaction [10].

Several studies have been conducted to address 
the influence of exogenous factors such as dyes from 
food and beverages and weathering conditions on 
the color stability of resin-based materials [3, 9, 14, 
22]. However, little is known about the variables 
influencing the intrinsic color change occurring 
after the light-activation [21]. Since the final color 
of a resin composite is curing-dependent, it may be 
hypothesized that different light-activation protocols 
would play a role in the final color of the material. 
This color change occurring at the post-cure period 
is important in the case of anterior teeth because 
patients may complain if a noticeable color mismatch 
occurs in a short period after the completion of 
the restoration.

Additionally, the incomplete polymerization 
has a considerable influence on the color stability 
[13, 15], since no resin-based material can achieve 
100% of final curing [23]. The discoloration is 
commonly attributed to the degeneration of the 
chemical union between filler particles and resin 
matrix, and to the solubility of the resin matrix 
itself and the photo-initiator system [8, 24]. This 
process of discoloration may start immediately 
after light-activation upon contact of the cured resin 
composite with the oral environment.

The proper curing of resin composites is 
important to ensure optimum physical and 
mechanical properties. The effect iveness of 
polymerization depends not only on the chemical 
composition of the restorative material or the particle 
size and type, but also on the light-curing devices, 
including the light spectrum, exposure time and 
irradiance [24]. It has been observed that resin 
composites with increased degree of conversion have 
better mechanical properties, better wear resistance 
and improved color stability [7, 15]. 

Finally, the selection of the color of the resin 
composite to achieve a satisfactory restoration can 
be a difficult process because the available shade 
guides do not always reflect the color change that 
can occur after polymerization or after the first 
stages of hydration in contact with oral f luids. 
Thus, the purpose of this study was to evaluate 
the inf luence of two light-curing devices with 
different irradiances on the color change of three 
resin composites caused by the light-activation 
(immediately after light-activation) and after aging 
(one week of water storage). The null hypotheses 
evaluated were: 1) the color of uncured materials is 
similar to that of immediately light-activated ones; 
2) the color of immediately light-activated materials 
is similar to that of one-week-stored ones.

Material and methods

The present study was designed to evaluate 
the color change of resin composites immediately 
after light-activation and after one week of water 
storage. The experimental design consisted of two 
factors: resin composites (in three levels) and light-
curing devices (in five levels). Three A2-shade resin 
composites were evaluated: Filtek Z100, Filtek Z250 
and Filtek Z350 (table I). Three halogen and two 
LED devices were evaluated. For the selection of the 
halogen light-curing devices, the measurement of all 
25 units routinely used at the local undergraduate 
dental clinic was made using a radiometer (Model 
100, Demetron Corpotation Research, Danbury, CT, 
USA). Three units (Dabi Atlante, Ribeirão Preto, SP, 
Brazil) were selected: H1 with the highest irradiance 
(525 mW/cm²), H2 with intermediate irradiance 
(400 mW/cm²), and H3 with the lowest irradiance 
(210 mW/cm²). A LED light-curing unit was used 
(Ultrablue IS, DMC Equipments, São Carlos, SP, 
Brazil) with two irradiances: L1 (400 mW/cm²) and 
L2 (200 mW/cm²). 
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Table I – Resin composites employed in the study

Composite resin Manufacturer
and shade Composition

Z 100
3M Espe,

St Paul, EUA
Shade A2

Bis-GMA, TEGDMA
Filler: zirconia/ 0.6µm silica

Z 250
3M Espe,

St Paul, EUA
Shade A2

Bis-GMA, UDMA, Bis-EMA, PEGDMA and 
TEGDMA

Filler: zirconia / 3 µm silica and surface-treated 
silica, 20 nm of non-agglomerated / aggregated 

non

Z 350
3M Espe, 

St Paul, EUA
Shade A2

Bis-GMA, UDMA, TEGDMA, and bis-EMA (6)
Filler: 20nm non-agglomerated / non-aggregated 

silica, 4-11nm non-agglomerated / non-
aggregated zirconia and clusters of aggregated 

zirconia / silica particles 

A Teflon mold was used to prepare cylindrical 
specimens of 7 mm in diameter and 2 mm in height. 
The resin composites were inserted in one portion 
and pressed between two glass coverslips. For each 
material (Z100, Z250, or Z350), five groups (n = 5) 

were prepared depending on the type of light and 
irradiance employed (H1, H2, H3, L1, or L2). The 
75 prepared specimens were light activated for 20 
s each. The distribution of the groups, irradiance 
and energy applied is presented in table II.

Table II – Distribution of groups and energy applied

Group Curing device Irradiance (mW/cm²) Energy (in Joules)

Z100 H1

Halogen

525 10.5 J

Z100 H2 400 8.0 J

Z100 H3 210 4.2 J

Z100 L1
LED

400 8.0 J

Z100 L2 200 4.0 J

Z250 H1

Halogen

525 10.5 J

Z250 H2 400 8.0 J

Z250 H3 210 4.2 J

Z250 L1
LED

400 8.0 J

Z250 L2 200 4.0 J

Z350 H1

Halogen

525 10.5 J

Z350 H2 400 8.0 J

Z350 H3 210 4.2 J

Z350 L1
LED

400 8.0 J

Z350 L2 200 4.0 J

The color readings were performed using a 
spectrophotometer (Easyshade, VITA Zahnfabrik, 
Bad Säckingen, Germany). The CIE-Lab color 
space was used to evaluate the color parameters L* 
(lightness), a* (red, when a* is positive; and green, a* 
is negative), and b* (yellow, when b* is positive; and 
blue, when b* is negative). The color was evaluated 

three times: T1) before light-activation (uncured 
material), T2) immediately after light-activation, and 
T3) one week after dark storage in deionized water 
at 37°C. The average of three consecutive readings 
was considered as the value for each specimen. The 
color changes between uncured and immediately 
light-activated resin composites (∆E1) and between 
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immediately light-activated and one-week-stored 
resin composites (∆E2) were obtained by using the 
following formula:

where ∆L*, ∆a* and ∆b* are the differences in the 
respective values before and after each period as 
described above.

A color change (∆E) of one unit was considered 
unperceivable [19]. Values higher than 1 unit and 
below 3.3 units were considered perceivable but 
clinically acceptable, and clinically unacceptable 
when higher than 3.3 [17].

Data of ∆E1 and ∆E2 were individually evaluated 
by two-way Anova and Tukey’s HSD considering resin 
composites and light-curing device as independent 

variables. A global level of significance of 5% was 
adopted.

Results

Mean values and standard deviations of ΔE1 
and ∆E2 are shown in table III. For ∆E1 there were 
significant differences between resin composites 
(p = 0.0008) and curing devices (p = 0.015). An 
interaction effect was also observed (p = 0.017). 
All values were higher than one unit, and, for 
this reason, were considered clinically perceivable. 
Considering the resin composites, Z100 showed the 
smallest ∆E1 (3.08 ± 1.73) while Z250 and Z350 
showed similar results (4.35 ± 1.87 and 4.67 ± 
1.47, respectively) (p < 0.05). Considering the light-
curing devices, the halogen device H3 operating 
at 210 mW/cm2 showed the smallest ∆E1 (3.09 ± 
1.25), while the LED L2 200 mW/cm2 showed the 
highest value (4.94 ± 2.37).

Table III – Mean values and standard deviations of ∆E
1
 (color changes between uncured and immediately light-

activated resin composites) and ∆E
2
 (between immediately light-activated and one-week-stored resin composites)

Group ∆E1 ∆E2

Z100 H1 4.14 ±.1.44 AB 3.19 ±.1.44 AB

Z100 H2 4.28 ±.2.76 AB 3.38 ±.0.93 AB

Z100 H3 2.23 ±.1.05 A 3.47 ±70.89 AB

Z100 L1 2.50 ±.1.13 A 3.32 ±20.42 AB

Z100 L2 2.23 ±30.64 A 4.01 ±.0.28 B

Z250 H1 3.72 ±.1.16 AB 6.39 ±.2.38 C

Z250 H2 4.89 ± 1.73 AB 1.47 ±.0.71 A

Z250 H3 3.24 ±.1.48 AB 2.19 ±.0.51 AB

Z250 L1 3.62 ±.1.85 AB 2.75 ±.0.69 AB

Z250 L2 6.25 ±51.85 B 3.72 ±.1.28 AB

Z350 H1 3.89 ±.1.29 AB 3.77 ±.1.12 AB

Z350 H2 4.20 ±.1.35 AB 1.61 ±.0.89 A

Z350 H3 3.8 ±.0.77 AB 1.67 ±.0.89 A

Z350 L1 5.17 ±.0.98 AB 1.71 ±.0.49 AB

Z350 L2 6.33 ±.1.47 B 2.45 ±.0.96 AB

Different uppercase letters indicate statistically significant differences for the same column (p < 0.05)

∆E = ((∆L*)² + (∆a*)² + (∆b*)2)0.5

(1)
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For ∆E2 there were significant differences among 
resin composites (p = 0.00016) and curing devices 
(p < 0.0001). An interaction effect was also observed 
(p = 0.0002). Almost all groups showed ∆E2 values 
between one and 3.3 units, except Z100 L2 and 
Z250 H1 which showed the highest values (4.01 ± 
0.28 and 6.39 ± 2.38, respectively). Considering the 
resin composites, Z350 showed the smallest ∆E2 
(2.24 ± 1.17) while Z100 and Z250 showed similar 
results (3.47 ± 0.86 and 3.30 ± 2.11, respectively) 
(p < 0.05). Considering the light-curing devices, 
the halogen device H2 operating at 400 mW/cm2 
showed the smallest ∆E2 (2.15 ± 2.15), while the 
halogen device H1 operating at 525 mW/cm2 showed 
the highest value (4.45 ± 2.15).

Discussion

The present study was designed to evaluate 
the influence of light curing units with different 
irradiances on the color change behavior of resin 
composites of the same brand. This idea was 
based on the fact that manufacturers in general 
present the light-activation time but do not provide 
the appropriate irradiance. Thus, depending on 
the characteristics of light-curing device one may 
expect differences in all polymerization-related 
properties such as degree of conversion, hardness, 
and shrinkage as well as color change.

The selection of the color of a tooth to be 
restored with resin composites is often performed 
visually by using shade guides and applying a 
small layer of the resin composite on the surface 
of the tooth to be restored to check if the color 
selection was appropriate. This technique of color 
selection by directly comparing the teeth with 
multiple color patterns, however, rarely gives an 
exact match between the color of the tooth and 
the final color of the resin composite restoration. 
For this reason, the present study evaluated how 
the color of different resin composites behaves over 
time from the uncured resin composite to the one-
week-stored. Both null hypotheses evaluated were 
rejected. As demonstrated in the present study, 
seven days after the light activation of the resin 
composite there were significant color changes 
at all stages in which the color was evaluated. In 
fact, being higher than one unit, all values of ∆E1 
and ∆E2 were considered clinically relevant and 
perceivable visually. These results are in agreement 
with another study published recently [18].

The problems inherent to the restorative 
material may be responsible for discrepancies in 
color match, such as discoloration. This is a result 

of several factors such as polymerization, chemical 
reactions, exposure to different light sources, water 
absorption, surface smoothness and die [12, 13, 
24]. It has been suggested that the susceptibility 
to color changes of resin composites is more 
related chemical alterations occurring at the resin 
matrix [12]. Since in the present study the resin 
composites were not exposed to staining agents, the 
color alterations resulted from internal reactions 
within the polymer network. In the present study, it 
could be assumed that the color changes observed 
immediately after light-activation (∆E1) was caused 
by modifications in the network structure of the 
monomers being converted into polymers. This 
initial color change may be attributed to the changes 
in the translucency while the material is curing as 
well to a process so-called photobleaching in which 
photoinitiators break their chromophore groups 
after light-activation with the effect of diminishing 
their yellow color [1, 5].

On the other hand, the color changes observed 
between the immediately light-activated materials 
and the one-week-stored ones could be attributed 
to both post-irradiation conversion and hydrolytic 
degradation. It is important to discuss the difference 
between expected color changes caused by post-
irradiation conversion as opposed to the color 
change caused by a possible aging effect caused by 
the storage in water at 37ºC for one week. The post-
irradiation conversion, also known as dark-cure, is a 
phenomenon related to the continued chain reaction 
that occurs after the light-activation and continues 
over time. It has been shown that resin-based 
materials continue to cure over time and properties 
such as degree of conversion, shrinkage and 
hardness increase [10]. The hydrolytic degradation 
is related to the leaching of photoinitiators and 
unreacted monomers by water dissolution.

The resin composites evaluated showed 
signi f icant color changes before and a fter 
polymerization (∆E1) regardless of the employed 
light source. The same occurred to color of the 
different resin composites after storage in water 
for one week (∆E2). Both ∆E1 and ∆E2 showed 
clinically relevant values that were higher than 
one unit, while no correlation to the type of light 
curing device or its irradiance was observed. This 
fact indicated that changes are inherent to the resin 
composites. Thus, it is expected that the final color 
of a resin restoration may be obtained only in days 
after light curing.

There are several methods for aging resin 
composites (e.g. UV lights and immersion in 
colorants such as coffee and wine). As the main 
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idea of the present study was to address the color 
change in the short term and not to simulate 
years of clinical exposure to UV or colorants, the 
immersion in water was used instead. This is a 
simpler method and is directly related to which 
in fact occurs immediately after a restoration is 
made. The color changes demonstrated in both ∆E1 
and ∆E2 may not only impact the shade selection 
of a restoration but also the patient and clinician’s 
acceptance of the esthetic result.

The CIE-Lab color evaluation used in the 
present study is still the standard procedure to 
evaluate color change in dentistry as it allows direct 
comparisons of visual perceptibility between studies 
in the literature. It should be noted that the color 
change could also be obtained by the CIEDE2000 
standard. However, the CIEDE2000 (ΔE00) is more 
indicated for small color changes when compared 
samples that have colors close together [2, 20]. 
Although, CIE-Lab and CIEDE2000 color changes 
evaluations generate different absolute values, it has 
been shown that changes in color follow similar 
trends [4]. 

Future research should be developed to more 
accurately predict the changes in color of different 
resin composites when considering the effects of 
polymerization and the effects of aging in the short, 
medium and long terms. Finally, it can be suggested 
that the resin composite should be cured before 
the color selection, as comparing color of the tooth 
to the uncured resin composite may cause errors 
in visual perception. 
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