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Abstract
Background: Despite improvements in the optical properties of composite resins, their color stability is 
still a matter of discussion. This study sought to assess the effect of light intensity and curing time by a 
light-emitting diode (LED) light-curing unit on color stability of a methacrylate-based composite resin. 
Methods: In this in vitro study, 60 discs (8 × 2 mm) were fabricated of A2 shade of Z250 composite. 
Specimens were polished and divided into 4 groups (n = 15) for curing for 20 or 40 seconds with a light 
intensity of 600 or 1200 mW/cm2. After immersion in distilled water at 37°C for 24 hours, colorimetry 
was performed using a spectroradiometer. The specimens were then immersed in tea solution for 7 days 
(3 times a day, each time for one hour) and were subjected to colorimetry again. Color change (∆E) was 
calculated and analyzed using two-way ANOVA. 
Results: Significant color change was noted following an increase in curing time (P < 0.05). No 
improvement in color stability was noted after increasing the light intensity (P > 0.05). The interaction 
effect of light intensity and curing time on color change was significant (P < 0.05). 
Conclusions: Curing time is an important factor affecting the color stability of composite resin 
polymerized with LED light curing unit. On the other hand, increasing the light intensity over the 
standard threshold showed no significant effect.
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Background 
Tooth-colored restorative materials should mimic the 
shade, translucency, shape and surface texture of natural 
teeth to blend in. They should also have adequate 
strength, optimal wear resistance, and good marginal 
adaptation and must be insoluble and biocompatible. 
They should also have color stability and mimic the 
external morphology of natural teeth. 

Composite resins are direct tooth-colored restorative 
materials with optimal properties such as excellent 
esthetics and durability (1) and highly resemble the 
tooth structure (2). Due to the increased popularity of 
dental esthetic treatments and high patient demand for 
tooth-colored restorations, composite resin restorations 
constitute a large percentage of routine dental practice 
(3). However, these restorations have shortcomings as 
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well, which include discoloration, wear, microleakage, 
and polymerization shrinkage (2). 

Several intrinsic factors in the oral environment 
including chemical alterations in the structure of resin 
matrix, degree of polymerization, inorganic phase, 
inhibitors, activators, type of amine in resin and UV 
irradiation as well as several extrinsic factors such as 
nutrition and oral hygiene can cause color change in 
composite restorations (3). Many attempts have been 
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made to improve the color stability of composite resins. 
However, their color stability is still a major problem (4).
Most previous studies on color stability of composite 
resins have focused on the effects of the type of light 
curing unit namely quartz tungsten halogen (QTH) or 
light emitting diode (LED) light-curing systems, type of 
coloring agent (comparison of colored drinks), methods 
of composite finishing and polishing, and composition of 
composite resins (in terms of the type of photo-initiator, 
or percentage and type of fillers) in this respect (2,5-8). 
However, studies evaluating the interaction effect of curing 
time and light intensity on color stability of composite 
resins are scarce. Therefore, this study aimed to assess the 
effect of light intensity and curing time by an LED light 
curing unit on the color stability of a methacrylate-based 
composite resin. 

Materials and Methods 
This in vitro experimental study was conducted on 60 
composite discs, which were randomly divided into 4 
groups of 15. The sample size was calculated to be 60 
(n = 15 in each group) according to a study by Rüttermann 
et al (9), assuming the standard deviation of color change 
to be 0.8 and 0.5 after 20 seconds and 40 seconds of curing 
time, d = 0.8, alpha = 0.05 and power of 90%. 

Preparation of Samples 
A2 shade of Z250 composite (3M ESPE, St. Paul, MN, 
USA) was used for the fabrication of samples. Composite 
resin was applied to a prefabricated stainless steel mold, 
measuring 8 mm in internal diameter and 2 mm in 
height. The composite was packed in the mold using a 
medium-sized condenser. To prevent the formation of 
oxygen-inhibited layer during polymerization, the upper 
and lower surface of the composite were covered with a 
transparent celluloid strip. Polymerization was performed 
using an LED light curing unit (DB-685, Coxo, China). 
The tip of the light-curing unit had no distance from the 
composite surface. The diameter of the light guide tip was 
8 mm, which matched the diameter of the mold. Before 
photo-curing, the light intensity was measured using a 
radiometer (LM-100; Monitex, DigiRate, Taiwan).
Composite discs were divided into 4 groups of 15 as 
follows:
• Group 1: Radiation time of 20 seconds, light intensity 

of 600 mW/cm2

• Group 2: Radiation time of 40 seconds, light intensity 
of 600 mW/cm2

• Group 3: Radiation time of 20 seconds, light intensity 
of 1200 mW/cm2

• Group 4: Radiation time of 40 seconds, light intensity 
of 1200 mW/cm2

All samples were then finished and polished. First, a 
600-grit silicon carbide abrasive paper was used (991A; 
Starcke, Germany) for 20 seconds to polish the surface. 
Next, medium to superfine polishing discs (TOR VM, 

Stem Polishing Discs, Russia) were used with a hand-piece 
operating at 1000 rpm for 30 seconds. The samples were 
rinsed for 10 seconds between the polishing steps. 
The samples in each group were then coded from 1 to 15 
and placed in microtubes containing 2 cc of distilled water 
for 24 hours and incubated at 37°C (10). After 24 hours, 
the samples were subjected to primary colorimetry using 
a spectroradiometer (CS2000/2000A; Konica Minolta, 
Japan). 

Colorimetry  
The spectroradiometer used for this purpose had a 
wavelength spectrum of 380 to 780 nm with a wavelength 
accuracy of 1 nm. The light source illuminated the 
samples at 45° angle. White Leneta paper was used as a 
background according to the manufacturer’s instructions 
(11). The spectroradiometer was adjusted perpendicular 
to the surface of samples at 70 cm distance. The measuring 
angle was 0.2° (yielding a circular surface area with 2.4 
mm diameter at the center of samples). Measurements 
were made in triplicate for each sample and the mean of 
the values was calculated and reported. Colorimetry was 
performed at 25°C. 

After initial color assessment, tea was used for the aging 
process. For this purpose, one tea bag (Mahmood Tea) 
was placed in 100 cc of boiling water at 95°C for 3 minutes. 
After reaching 70°C, 2 cc of the tea solution was poured on 
each sample and they were stored in an oven at 37°C for 1 
hour. This was repeated three times a day and a fresh tea 
solution was prepared for each time of testing as described 
earlier. At the end of the three experiments per day, the 
samples were stored in distilled water in an oven at 37°C 
until the next day and this was continued for 7 days. 
The standard time for immersion in tea solution was 
considered to be 21 hours (3 hours a day for 7 days). 
For colorimetry, excess moisture of the samples was 
eliminated by a paper towel and they were then subjected 
to spectroradiometry as explained earlier. 

The color parameters under D65/20 visual conditions 
were calculated by CS-S10W software (12,13). Color 
change (∆E) was calculated using the following formula:

 

Where the a* axis represents the green-red component, 
the b* axis indicates the blue-yellow component and L* 
indicates lightness. 

Statistical Analysis Data were analyzed using descriptive 
and inferential statistics. The mean and standard deviation 
values were reported for descriptive data and tables and 
diagrams were drawn accordingly. In inferential statistics, 
the normal distribution of data was checked using the 
Shapiro-Wilk test. Data were then analyzed using two-way 
ANOVA. All statistical analyses were carried out using 
SPSS version 18.0 (SPSS Inc., IL, USA) at a significance 

http://ajdr.umsha.ac.ir


http://ajdr.umsha.ac.ir  Avicenna J Dent Res,  Vol 11, No 3, September 201985

Teimourian et al

Discussion
This in vitro experimental study assessed the effect of 
intensity and duration of light curing by an LED light 
curing unit on color stability of a methacrylate-based 
composite resin. The results showed significant color 
change following an increase in irradiation time (P < 0.05). 
No improvement in color stability was noted after 
increasing the light intensity (P > 0.05). The interaction 
effect of light intensity and curing time on color change 
was significant (P < 0.05).

The use of tea as the coloring agent in our study was 
attributed to the popularity of this drink in the Iranian 
community. It contains coloring agents that can cause 
significant discoloration of composite resins (14). All 
samples were stored in tea solution for 21 hours (3 hours 
a day for 7 days). Assuming that an individual averagely 
drinks three cups of tea per day and the teeth are exposed 
to tea solution for 15 minutes when drinking a cup of tea 
(15), a 21-hour immersion time simulates tea consumption 
for 28 days. To better simulate the oral environment, the 
temperature of tea was adjusted to 70°C. The samples were 
stored at 37°C simulating body temperature for the rest of 
the day. 

level of 0.05. 

Results 
The results of Shapiro-Wilk test revealed that the color 
change data were normally distributed in all 4 groups 
(P > 0.05). Table 1 shows the color change values in the 
4 groups. As demonstrated, the greatest color change 
occurred after irradiation of low intensity light (600 mW/
cm2) for 20 seconds. 

Table 2 shows the results of two-way ANOVA. As 
presented, the light intensity had no significant effect on 
color change (P  =  0.697) but curing time significantly 
affected the color change (P = 0.007), indicating that the 
mean color change was less after 40 seconds of curing 
than after 20 seconds of curing. Moreover, the interaction 
effect of light intensity and duration of curing on color 
change was statistically significant (P = 0.034), indicating 
that color change depended on light intensity at different 
curing times. Using low light intensity, the color change 
significantly decreased from 20 seconds of curing to 40 
seconds of curing but this reduction was not significant 
with the use of high intensity light (Figure 1). 

Table 1. Descriptive Data for the Color Change in the 4 Groups According to the Intensity of Light and Duration of Curing 

Count Mean SD Min Max Q1 Med Q3

Intensity

Low Time

20 s 15 11.17 1.68 8.42 13.92 9.43 11.54 12.38

40 s 15 9.46 1.27 7.54 11.96 8.34 9.40 10.39

Total 30 10.31 1.70 7.54 13.92 8.96 10.14 11.77

High Time

20 s 15 10.28 1.25 7.84 12.65 10.01 10.19 11.25

40 s 15 10.07 1.07 7.32 11.82 9.22 10.34 10.54

Total 30 10.18 1.15 7.32 12.65 9.92 10.33 10.74

Total Time

20 s 30 10.72 1.52 7.84 13.92 10.01 10.67 11.77

40 s 30 9.77 1.19 7.32 11.96 9.17 10.00 10.41

Total 60 10.25 1.44 7.32 13.92 9.21 10.26 11.22

Note. SD: standard deviation; Min: minimum; Max: maximum; Q1: first quartile; Med: median;
Q3: third quartile.

Table 2. Results of Two-way ANOVA

Source Type III Sum of Squares df Mean Square F P Value Partial Eta Squared Observed Power b

Corrected model 22.392a 3 7.464 4.191 0.010 0.183 0.831

Intercept 6298.447 1 6298.447 3536.646  0.000 0.984 1.000

Severity 0.272 1 0.272 0.153 0.697 0.003 0.067

Time 13.727 1 13.727 7.708 0.007 0.121 0.779

Severity * time 8.393 1 8.393 4.713 0.034 0.078 0.569

Error 99.731 56 1.781

Total 6420.570 60

Corrected total 122.123 59

a R squared = 0.183 (adjusted R squared = 0.140).
b Computed using alpha = 0.05.
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The CIE L*a*b* color space was used for color 
assessment in our study. This system has the approval of 
the American Dental Association and is the most accurate 
and commonly applicable color system for colorimetry 
(14). In our study, spectroradiometer was used for the 
measurement of color parameters since (a) it is reliable, 
(b) when using spectroradiometer, edge-loss effect does 
not happen and therefore, shadows are not seen on the 
target object (16), and (c) it can analyze mathematical data 
with high accuracy and according to visual perception. 
In other words, the difference between mathematical 
data and visual perception is small in this device (17). 
Spectroradiometer is preferred to other colorimetric tools 
such as spectrophotometer for colorimetry of translucent 
samples, and in general, conditions can be better 
controlled in spectroradiometry. Spectroradiometer has 
been investigated in different studies (18,19). 

 In our study, the L*, a*, and b* values were measured 
before and after the immersion of samples in the coloring 
agent. To minimize measurement errors, colorimetry was 
repeated 3 times for each sample and the mean value was 
calculated and reported. 

The current findings regarding the effect of light 
intensity on color stability of a methacrylate-based 
composite revealed that increasing the light intensity 
over the standard value (600 mW/cm2) had no significant 
effect on color stability of composite samples (P > 0.05); 
however, changing the curing time significantly affected 
the color stability of the tested methacrylate-based 
composite (P < 0.05). 

Stress cracks in polymer matrix and relative debonding 
of filler from resin due to hydrolysis increase the opacity 
and changes the appearance of composite resin. Color 

change also occurs due to oxidation and is the result of the 
interaction of water with the polymer matrix as well as the 
interaction effect of unreacted polymers and the residual 
initiators or accelerators (5). 

Polymerization shrinkage can be divided into two phases 
of pregel and postgel. In pregel shrinkage phase, composite 
can still flow and the internal stresses are released. The 
duration of this phase depends on the speed of reaction, 
which depends on the light intensity and concentration of 
initiator molecules (20). In postgel shrinkage phase, the 
composite can no longer flow and the generated stresses 
cannot be released. This phase of shrinkage can create 
stresses at the tooth-restoration interface (21). Therefore, 
the higher the intensity of light irradiated to the composite 
surface, or in other words, the faster the composite is 
polymerized, the shorter the viscoplastic phase would be. 
Therefore, the polymerization stress and consequently the 
microleakage of restoration would increase. 

Yoshikawa et al (22) evaluated the effect of 20, 270 and 
600 mW/cm2 light intensities and showed that higher 
light intensity can create greater gaps and increase the 
microleakage. Discacciati et al (23) indicated that 200 
and 400 mW/cm2 light intensities had no significant 
effect on volumetric shrinkage of composite resins. 
Davidson-Kaban et al (24) demonstrated that higher light 
intensity (i.e., 700 mW/cm2) increases shrinkage and can 
cause marginal gap. The effect of low and high intensity 
light such as ramp curing on volumetric shrinkage of 
composite resin has been previously confirmed (25). 
Although composite curing with high intensity light is 
associated with superior mechanical properties, no linear 
correlation exists in this respect. In other words, higher 
intensity of energy is converted to a higher level of stress, 
which can increase the staining of dental composites and 
compromise their color stability (26).

Higher color stability after 40 seconds of curing can 
be due to a higher rate of polymerization during longer 
curing time. During longer curing time, higher number 
of photons reach composite resin and a higher number 
of camphorquinone molecules are excited. This leads to 
the generation of a higher number of free radicals and 
consequently greater polymerization of composite resin 
(27). 

Inadequate polymerization is correlated to a low degree 
of conversion and higher number of double bonds, which 
decrease physical properties and increase water sorption, 
solubility and discoloration of composite (28). 

With an increase in output of irradiated light by 
increasing the curing time or light intensity, the degree 
of conversion of double bonds to single bonds and 
consequently the polymerization of composite increase, 
which eventually improve color stability of samples (8). 

Our study showed significant interaction effect of light 
intensity and curing time on the color stability, which 
means that color change that occurs following different 
curing times depends on the intensity of light. Poorsattar 

Figure 1. Mean Color Change Depending on the Light Intensity 
and Duration of Curing. 

http://ajdr.umsha.ac.ir


http://ajdr.umsha.ac.ir  Avicenna J Dent Res,  Vol 11, No 3, September 201987

Teimourian et al

assess longer curing times, different composites, different 
types of LED light-curing units and their effect on color 
stability of methacrylate-based composites. 

Conclusions 
Within the limitations of this study, the results showed that 
change in light intensity of LED light-curing unit had no 
effect on color stability of a methacrylate-based composite 
but changing the curing time with an LED light-curing 
unit significantly affected the color stability of composite. 
The induced color change following different curing times 
depended on the intensity of light. 
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