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Background and Aim: One of the most important problems with composite restora-
tions is the loss of consistency between the composite and tooth color. The present 
study aimed to compare the color stability of two types of nanohybrid composites 
cured with different light-curing devices after aging.
Materials and Methods: In this study, the color stability of 40 disc-shaped specimens 
(10 mm in diameter and 2 mm in height) from two types of enamel and dentin nano-
hybrid composites (IPS Empress Direct, Ivoclar Vivadent) was investigated. A group 
of 10 samples of each composite was cured by light-emitting diode (LED) Bluephase 
device (Ivoclar, Vivadent) at 1200 mW/cm2 for 20 seconds, and another group of 
10 specimens was cured by a quartz-tungsten-halogen (QTH) device (Coltolux 2.5, 
Colten, USA) at 600 mW/cm2 for 40 seconds. The initial color of the samples was 
determined by the Konica Minolta spectrophotometer (CS2000, USA), and then, the 
composite samples were subjected to an accelerated artificial aging (AAA) process 
in the QUV/SPRAY device. Then, the color of the samples was reassessed. Two-way 
analysis of variance (ANOVA) was used to compare the color changes in the study 
groups at a significance level of P=0.05.
Result: The specimens cured by the LED device showed significantly lower color 
change compared to QTH (P=0.047). However, there was no significant difference 
in color stability between enamel and dentin composites cured by a fixed apparatus 
(P=0.474).
Conclusion: The curing of nanohybrid composites with LED devices causes lower 
color change compared to QTH.
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Introduction: 
In recent years, the use of composite restorations 
has increased due to the increasing demand for 
cosmetic treatments, the ease of bonding process-
es, the improvement of composite properties, and 
the advancement in their fabrication.(1) One of 
the most important problems with composite 
restorations is the loss of consistency between 
the composite and tooth color over time.

As a result, the most important advan-
tage of composites, which is the provi-
sion of beauty, will be lost. In most cases, 
discoloration requires the replacement of 
the restoration, which is time-consum-
ing and costly with possible loss of tooth  
structure.(2) The color stability of resin com-
posites depends on several internal and exter-
nal factors.
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Internal factors include composite resin compo-
sition such as monomer chemistry, filler com-
position, filler type, initiators, and inhibitors.(3) 

One of the most important factors affecting the 
color stability of composite resins is the amount 
of composite polymerization. The type of light-
curing device is one of the most important factors 
affecting the composite polymerization rate.(4) 

The widespread use of composites has led to the 
advancement of light-curing devices and the sup-
ply of more efficient devices. Halogen devices 
have been used for curing composites for many 
years.(5) In 1990, light-emitting diode (LED) de-
vices were launched. Due to the longer life of 
LED devices, lower power consumption, no need 
for regular lamp replacement, and ease of use, 
the general tendency to use them is increasing, 
and quartz-tungsten-halogen (QTH) devices are 
replacing LED devices.(6) 

 Given the increased efficiency of LED de-
vices and the importance of color stability of 
composite restorations, the present study aimed 
to compare the color stability of two types of na-
nohybrid composites cured with QTH and LED 
devices after accelerated artificial aging (AAA). 
The null hypothesis was that the color stability of 
these composites is similar following polymeri-
zation with QTH and LED devices. 

Materials and Methods:
 In this in-vitro study, the color stability of 
two types of enamel and dentin nanohybrid com-
posites (IPS Empress Direct, Ivoclar Vivadent, 
Schaan, Liechtenstein) was investigated. Twenty 
samples of enamel composite and 20 dentin com-
posite specimens were randomly divided into two 
groups of 10 samples each. All samples were of 
A1 shade. To prepare composite specimens, disc-
shaped metal molds (10 mm in diameter and 2 
mm in height) were used. The molds were placed 
on a glass slab. Then, the molds were filled with 
the composite, and another slab was placed over 
the Mylar strip on top of the mold. Uniform 
pressure was applied to even the composite dis-
tribution. Samples were then cured. A group of 
10 samples of each composite was cured by the 
LED Bluephase light-curing device (Ivoclar Vi-
vadent, Schaan, Liechtenstein) at 1200 mW/cm2 
for 20 seconds, and the other group of samples 

from each composite was cured by the QTH de-
vice (Coltolux, Colten, USA) at an intensity of 
600 mW/cm2 for 40 seconds. The intensity of 
both devices was evaluated by a radiometer be-
fore curing the samples. The samples were then 
extracted and polished by Sof-Lex Pop-On discs 
(3M ESPE, St. Paul, MN, USA). The initial color 
of the samples was determined by a Konica Mi-
nolta spectrophotometer (CS2000, USA) accord-
ing to the CIE L*a*b* system.(7) The composite 
samples were then subjected to an AAA process 
in the QUV/SPRAY device (USA). The speci-
mens were exposed to ultraviolet (UV) radiation 
at 340 nm and 0.89 W/mm2 for 8 hours at 60°C 
and then incubated in the dark at 100% humidity 
at 50°C for 4 hours. This process was performed 
intermittently for 384 hours, which corresponds 
to one year of restorative clinical service. The 
color of the samples was then reassessed.
 Repeated-measures analysis of variance 
(ANOVA) was used to determine the effect of 
light-cure devices and composite type on the 
level of color component changes by considering 
the type of light-cure devices and composites as 
Between-Subjects Factor. In addition, two-way 
ANOVA was used to compare the level of color 
change in the study groups. The significance lev-
el was set at 0.05.

Results
The data on the color change of the samples are 
presented in Table 1. There was a significant 
difference in color change between the samples 
cured by LED and QTH devices as the sam-
ples cured by the LED device showed less color 
change (P=0.047). However, the difference in 
color stability between enamel and dentin com-
posites cured by a fixed device was not signifi-
cant (P=0.474). Figure 1 shows the color change 
of the composite specimens following aging.

Table 1. Mean and standard deviation (SD) of 
color change in the studied composite resins.

Composite resin QTH LED 
IPS Empress Direct Enamel 2.82±1.16Aa 2.48±1.65Ab

IPS Empress Direct Dentin 3.92±2.46Aa 2.21±1.03Ab
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et al, the highest color changes were observed 
in nanofilled composites cured with a QTH cur-
ing device;(10) which was similar to the results 
of the present study. Pires-de-Souza et al also 
showed that the color change of hybrid com-
posites cured by LEDs was lower than that of 
the samples cured by QTH devices. (11) Alber-
ton Da Silva et al showed that curing of nano-
filled composites with higher intensity devices 
enhances color stability. (12) This finding can be 
attributed to the increased degree of conversion 
(DC) following the use of higher intensity de-
vices. 
 Various factors affect the DC of composites, 
including the size, type, and amount of filler 
particles, resin matrix composition, and amount 
of photoinitiator.(13) As the DC of composite 
resins increases, the color stability improves. 
According to the results of Fourier transform 
infrared spectroscopy (FTIR), the highest DC 
was related to the TEGDMA monomer and the 
lowest to the BISGMA monomer.(14) There-
fore, the type of monomer of resin composites 
and the characteristics of the device used for 
curing affect the color stability of composite  
resins.(15) The main monomer in the composites 
studied in the present research was BISGMA 
(15 weight percent).
 The tendency to have whiter teeth is increas-
ing among people. Therefore, today, different 
manufacturers are trying to produce lighter, less 
saturated composites to match with the color of 
lighter teeth.(16) Camphorquinone photoinitiator, 
which is traditionally used in composites, has 
a yellow tint that reduces the compatibility of 
composites with light-colored teeth.(17,18)  

 New photoinitiators, such as Lucirin 
TPO, are used in composites to address this  
problem.(19) The maximum photoabsorption 
and activation of camphorquinone are at 470 
nm while the maximum absorption of Lucirin 
TPO initiator is at 390 nm.(20) The photoini-
tiator of the composites studied in the present 
research is Lucirin TPO. These composites 
showed greater color stability when cured with 
the Bluephase curing device. The reason for 
this can be attributed to the fact that this device 
is a third-generation LED or polywave device 
that emits wavelengths in the range of 380 to 

*Different capital letters in the same column 
represent a statistically significant difference 
between the groups. Different lower case let-
ters in the same line represent a statistically 
significant difference between the groups. 
LED=light-emitting diode, QTH=quartz-tung-
sten-halogen

Figure 1. Color change of composites after aging

Discussion
 The present study investigated the effect of 
light-curing device type on the color changes 
of two types of nanohybrid composite. The re-
sults showed that the use of the LED device im-
proves color stability compared to the QTH de-
vice. Contrary to the results of the present study, 
Razavi et al showed that the use of QTH devices 
results in more color stability in microfilled com-
posites compared to the LED.(8) Sabatini reports 
no differences in the color stability of different 
composites cured with QTH or LED devices.
(9) Sabatini showed that the color stability of 
composite resins was not different if different 
light-curing devices applied the same energy.(9) 

In the present study, similar to the study by Sa-
batini,(9) the curing time was 20 seconds in the 
LED groups and 40 seconds in the QTH groups. 
This difference in irradiation time was due to 
the difference in the intensity of the two devic-
es to eventually transfer the same energy to the 
composite samples by both devices and make it 
possible to compare them. In a study by Elrashid 
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515 nm; therefore, it can provide suitable curing 
for composites having initiators other than cam-
phorquinone and thus reduces color change. (21)

 LED devices are rapidly replacing QTH de-
vices. This is due to faster and more efficient 
photopolymerization of composites follow-
ing the use of these devices.(22) Halogen devic-
es can apply energy at constant power for 100 
hours while new LED devices can work for up 
to 100,000 hours without reducing power.(23,24) 

The output wavelength of LED devices is more 
consistent with the absorption spectrum of pho-
toinitiators used in most composites compared to 
halogen devices.(22,25) Another problem with QTH 
devices is the over-production of heat during op-
eration, which causes the internal components of 
the device, such as filters and reflectors, to rapid-
ly degrade in performance.(26,27) Therefore, these 
devices require regular repair, which is time-
consuming and expensive. Another problem with 
these devices is their large size. In contrast, LED 
devices are better sized and designed, consume 
less energy, and last longer.(27) These devices also 
resulted in greater color stability in the tested 
composites in the present study. Investigation of 
other properties of composites cured with QTH 
devices or LEDs is recommended in future stud-
ies.

Conclusion 
Considering the limitations of this in-vitro 
study, curing nanohybrid composites with the 
Bluephase LED device causes less color change 
compared to QTH devices.
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