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Influence of Light-Curing Intensity on  
Color Stability and Microhardness of  
Composite Resins

The purpose of this study was to evaluate the intensity of light-curing units and 
its relationship with the color stability and microhardness of composite resins 
with different shades subjected to a thermocycling procedure. Eighty blocks 
(5.0 × 2.0 mm) of TPH Spectrum composite resin (Dentsply Sirona) were produced 
and distributed into four groups according to the light-curing units (EC 450, ECEL; 
Valo, Ultradent) and color of the resin material (A3; C3) (n = 20). Within each group, 
color stability was measured on half the sample (n = 10) using a UV-2450 visible UV 
spectrophotometer (Shimadzu), and Knoop hardness was measured on the other 
half (n = 10) using an HMV 2000 microhardness tester (Shimadzu) before and after 
thermocycling (12,000 cycles, 5ºC and 55ºC). Mann-Whitney test was performed 
on the color stability data; the microhardness data were analyzed using a three-way 
analysis of variance (ANOVA) and Tukey test (α = .05). The ANOVA results showed 
that thermocycling, distinct light intensity, and different colors of resin materials 
influenced the microhardness of the composite resins, which was evidenced by 
the A3 composite resin light-cured with a Valo polywave showing higher hardness 
values. There was no statistical difference in the color stability of the A3 composite 
resin; however, the C3 composite resin light-cured with an EC 450 singlewave 
light-curing unit showed higher color alteration values. In general, the Valo 
polywave light-curing unit imparted better mechanical property and color stability 
to both shades of the composite resins. The different shades of resin material 
influenced the hardness of the composite resins. Therefore, the light intensity 
of the light-curing units should be evaluated and monitored, as the amount 
of light intensity will interfere in the quality and longevity of resin restorations. 
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One of the most important advanc-
es in restorative procedures was the 
improvement of the method used 
for polymerization of resin materi-
als. A high degree of composite 
polymerization is essential to ensure 
optimal physical and mechanical 
properties and compatibility with 
biologic structures.1 For the light-
curing materials, this is dependent 
on the correct application of the 
photopolymerizing light. The de-
gree of conversion of a resin com-
posite is defined as the percentage 
of reacted C=C bonds of the mono-
mer molecules.1 The residual uncon-
verted methacrylate groups present 
a cytotoxic risk, and their solubility 
might cause the formation of micro-
gaps and the occurrence of second-
ary caries, as well as wear resistance, 
color alteration, decreased mechan-
ical proprieties, and an increased 
water sorption into the resin matrix.1 
The factors influencing the degree 
of conversion include the resin ma-
terial composition,2,3 as well as the 
shade and degree of translucency 
of these materials, type of photo-
initiator,4 type and power density of 
light-curing unit, curing time, light 
guide tip positioning, light wave-
length, and light intensity.5,6 

With technologic advance-
ments, new versions of light-curing 
units have been introduced in den-
tistry, such as single-wave and poly-
wave light-emitting diodes (LEDs), 
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whose emission spectrum of the 
first generation is narrower than that 
of the halogen light-curing unit, with 
an emission spectrum similar to the 
spectrum of camphorquinone, the 
most-used photoinitiator in resin ma-
terials.7–10 Single-wave and polywave 
light-curing units range from 2,000 
up to 3,200 mW/cm2; single-wave 
LEDs emit a single wavelength emis-
sion peak,11 which is different than 
polywave units that emit a multiple-
wavelength emission, polymerizing 
camphorquinone and other types 
of photoinitiators,12 such as ivocerin 
and phenylpropanedione.13 How-
ever, studies have shown that not all 
light-curing units in dental practices 
emit a sufficient intensity to ensure 
adequate polymerization of resin 
material. This unsatisfactory light 
intensity can be caused by various 
factors, such as contamination of 
the light guide, damage to the fiber 
optic bundle, reduced light output 
after repeated sterilizations, and 
dwindling battery power.1 

This study aimed to evaluate 
the influence of different intensi-
ties of light-curing units and distinct 
shades of the composite resin on 
the color stability and microhard-
ness of resin materials. The null 
hypotheses tested were that (1) the 
different intensities of light-curing 
units would not promote a signifi-
cant difference in the color stability 
and microhardness of the compos-
ite resins; (2) the different shades 
would not influence the color sta-
bility and microhardness of resin 
materials; and (3) thermal aging 
would not cause a significant dif-
ference in the microhardness of the 
composite resins. 

Materials and Methods

Light-Intensity Measurement

In this study, the light intensities 
of 40 light-curing units were mea-
sured. The study was approved 
by the Research and Ethics Com-
mittee of the Araçatuba School of 
Dentistry, São Paulo State Univer-
sity (#50715215.9.0000.5420). One 
calibrated examiner (H.B.S.S.) per-
formed all measurements. An RD7 
ECEL radiometer was used to mea-
sure the light intensity of light-curing 
units. The sensor in the radiometer 
determines the surface of the fiber 
optic tip on the polymerization unit as 
well as its light power. The irradiance 
is calculated by dividing the light 
power and surface of the light guide 
tip by the means of an integrated 
microprocessor. The measurements 
were performed by pressing the 
light guide directly onto the sensor 
and reading the irradiance values in 
mW/cm2 from the screen at the start 
and after 40 seconds of illumination, 
which comprised one measurement. 
Three measurements were obtained 
for each light-curing unit, and sub-
sequently, the arithmetic mean was 
calculated. The light-curing units 
that showed lower and higher values 
of light intensity were used for the 
experimental groups.

Specimen Preparation

Eighty specimens were divided into 
four experimental groups (n = 20 
per group) according to the shades 
of the composite resins and light-
curing units.

Valo-A3 Group: Twenty A3-
shade microhybrid TPH Spectrum 
(Dentsply Sirona) resin blocks were 
produced using a metallic matrix 
(5.0-mm diameter, 2.0-mm thick-
ness). The composite resin was in-
serted using a Thompson spatula 
(Quinelato). The resin was covered 
with a transparent polyester filmstrip 
and a glass microscope slide to flat-
ten the material and prevent bub-
ble formation. Finally, the samples 
were light cured using a Valo poly-
wave light-curing unit (Ultradent), 
1,431 mW/cm2 for 40 seconds. 

Valo-C3 Group: In this group, 
the same procedure was performed 
as described for the previous group; 
however, the C3 shade TPH com-
posite resin (Dentsply Sirona) was 
used.

EC 450-A3 Group: In this group, 
the same procedure was performed 
as reported for the first group; how-
ever, the photoactivation of the 
composite resin was performed 
using the EC 450 single-wave light-
curing unit (ECEL) with a light inten-
sity of 101 mW/cm2 for 40 seconds.

EC 450-C3 Group: In this group, 
the same procedure was performed 
as described for the previous group; 
however, the C3 shade TPH com-
posite resin (Dentsply Sirona) was 
used.

All samples were stored in 
37ºC for 24 hours in light-protected 
containers. Forty specimens were 
separated to evaluate the color sta-
bility (n = 10 per group), and forty 
were used to analyze the microhard-
ness (n = 10 per group).
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Color Stability Analysis

The baseline color was measured ac-
cording to the CIELab (Commission 
Internationale de I’Eclairage) color 
system using a reflectance spectro
photometer (UV-2450, Shimadzu) 
over a white background and stan-
dard illuminant D65. The CIELab 
color space graph is a three-
dimensional color measurement. 
The parameter L refers to the light-
ness coordinate, and its value ranges 
from 0 (perfect black) to 100 (per-
fect white). The parameters a and b 
are chromaticity coordinates on the 
green-red (–a = green; +a = red) and 
blue-yellow (–b = blue; +b = yellow) 
axes. Five color analysis readings 
were performed for each sample, 
and the arithmetic mean of the val-
ues were calculated. 

After the baseline color mea-
surement, the specimens were 
subjected to a thermocycling proce-
dure (5ºC and 55ºC, 12,000 cycles, 
30 seconds each) in an MSTC-3 Plus 
Thermal Cycling Machine (ElQuip).14 
After thermal aging, a new color 
measurement was performed using 
the same method previously de-
scribed. The color difference after 
aging was calculated between the 
color coordinates before (baseline) 
and after the aging process, as mea-
sured in the reflectance mode by 
applying the formula: ΔE = √ (ΔL*)2 + 
(Δa*)2 + (Δb*)2, where ΔE is the color 
difference; ΔL* is Lafter aging – Lbaseline; 
Δa* is aafter aging – abaseline, and Δb* is 
bafter aging – bbaseline.15 

The specimens were stored 
in distilled water at 37ºC until col-
or reading was performed on all 
samples.

Microhardness Analysis 

The Knoop microhardness mea-
surements were performed using 
an HMV 2,000 microhardness tester 
(Shimadzu) on the top of the resin 
samples. Five indentations were cre-
ated 1 mm from each other for each 
specimen under a static load of 
25 g for 5 seconds, and the arithme-
tic mean of the values was calculat-
ed.16,17 The Knoop hardness values 
were assessed by CAMS_WIN pro-
gram (Newage Testing Instruments). 
After the baseline microhardness 
measurement, the specimens were 
subjected to the thermocycling pro-
cedure as described for the above 
analysis. After thermal aging, the 
Knoop microhardness (KHN) mea-
surements were performed using 
the same method as described 
above. 

Statistical Analysis 

Statistical analyses were performed 
using Mann-Whitney test for the 
color stability analysis, and three-
way repeated-measures analysis 
of variance (ANOVA) followed by 
Tukey protected least significant dif-
ference test (α = .05) were used for 
the microhardness analysis. 

Results

As shown in Table 1, there was no 
significant difference in chromatic 
stability of the composite-resin 
shades light cured with both light-
curing units (P > .05). The C3 com-
posite resin activated with the Valo 
polywave showed a lower color al-
teration than with the EC 450 single-
wave light curing unit (P = .0412). 
However, there was no significant 
difference between the different 
light-curing units used for the A3 
composite resin (P = .7055) (Table 1).

The ANOVA microhardness 
analysis indicated that thermal ag-
ing was able to decrease the hard-
ness for both shades of the resin 
material polymerized with both 
light-curing units (P < .05) (Table 
2). Comparing the composite-resin 
shades, there was no statistical dif-
ference when the A3 and C3 com-
posite resins were activated with 
Valo (P > .05). However, when these 
materials were activated with the 
EC 450 single-wave unit, the A3 
shade showed higher microhard-
ness values than those of the C3 
composite resin before and after 
thermocycling (P < .05). In relation 
to the light-curing units, the sam-
ples polymerized with the Valo poly-
wave showed higher microhardness 

Table 1 � Mean of Color-Change Values (ΔE ± Standard Deviation) 
per Group

Light-curing unit

Composite resin shade

A3 C3 

Valo 3.3 ± 1.1Aa 3.1 ± 2.1Ba

EC 450 3.1 ± 3.0Aa 4.3 ± 2.2Aa 

Uppercase (columns) and lowercase (rows) superscript letters indicate statistically significant 
differences (P < .05).  
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values than those of the EC 450 
single-wave unit (P < .05). 

Discussion 

Proper functioning and an ad-
equate intensity of the light-curing 
units are essential for the longevity 
and satisfactory physical, chemical, 
and mechanical properties of the 
resin materials. The results showed 
that the different light intensities 
influenced the color stability and 
microhardness of the composite 
resin. In addition, the use of differ-
ent shades of resin material caused 
a significant difference in the Knoop 
hardness values, thus rejecting the 
first and second null hypotheses of 
this study. Thermal aging also in-
fluenced the microhardness of the 
resin material, rejecting the third null 
hypothesis.

Previous studies reported that 
the minimum light intensity required 
for adequate polymerization of 2 mm 
of resin composite was approxi-
mately 400 mW/cm2 with an expo-
sure time of 40 seconds.5,18 However, 
the EC 450 light-curing unit showed 

lower light intensity values than 
those of the manufacturer product 
specifications. Insufficiently polym-
erized resin material may present 
numerous problems, such as chemi-
cal degradation, poor color stability, 
and water sorption.19–21 

The color stability analysis is one 
of the most-used tests for determin-
ing the clinical success and longevity 
of restorative procedures. The test 
is capable of detecting a chromatic 
alteration due to the inefficiency 
polymerization of the resin materi-
als,22 as observed in the EC 450-C3 
group, which showed clinically per-
ceptible changes (Table 1) because 
ΔE was higher than 3.3, which is 
considered perceptible to the hu-
man eye. For this group, the lower 
light intensity and darker shade of 
the resin material contributed nega-
tively to a higher color alteration of 
the resin matrix. After water immer-
sion, the uncured monomers could 
be eliminated from the bulk of the 
material, leading to free spaces that 
could be filled by water, producing 
hydrolysis of the resin matrix that af-
fected the optical properties of the 
resin materials.22 

According to Ozcan et al,23 
thermocycling is more effective 
than other methods for simulating 
the aging of composites and creat-
ing more challenging conditions for 
composite restorations.23,24 Ther-
mocycling is performed to create 
thermal stress by thermal changes 
in water (5ºC to 55ºC), justifying the 
difference in the microhardness val-
ues before and after thermocycling 
(Table 2). The repetition of the ther-
mal alterations in this process weak-
ens the bonding interface between 
the resin matrix and filler content via 
the degradation and water sorption 
into the resin matrix.23 

According to Strazzi Sahyon et 
al,25 the water incorporation into the 
resin material directly impacts the 
clinical behavior of dental materi-
als, which could promote irrevers-
ible damages, such as microcracks 
and hydrolytic degradation of the 
chemical compounds of the resin 
material.25 The nonsatisfactory po-
lymerization of the monomers could 
release the uncured monomers to 
the aqueous medium, promoting 
a microspace into the resin matrix, 
decreasing the mechanical proper-
ties and promoting color alteration 
of the resin material.23,24  

The advantage of the Knoop 
hardness test of the resin materi-
als is the correlation between the 
hardness and degree of monomer 
conversion.21 The mechanical prop-
erties of the resin materials are di-
rectly influenced by the degree of 
conversion. Adequate polymer-
ization is a fundamental factor for 
obtaining an optimal physical me-
chanical performance of the com-
posite resins. Various factors, such 

Table 2 � Mean ± SD Values of Knoop Microhardness of  
Composite Resins 

Light-curing 
unit

Composite 
resin shade

Before  
thermal aging

After  
thermal aging

Valo A3 99.3 ± 8.7AaA 85.5 ± 6.9AbA

Valo C3 91.8 ± 8.7AaA 80.5 ± 6.5AbA

EC 450 A3 54.6 ± 7.8AaB 47.2 ± 11.6AbB

EC 450 C3 41.8 ± 9.5BaB 33.5 ± 4.9BbB 

SD = standard deviation.  
First uppercase (columns), lowercase (rows), and second uppercase (comparison between 
light-curing units for the same experimental condition) superscript letters indicate 
statistically significant differences (P < .05).  
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as the filler and polymeric matrix re-
fractive index, monomer type, filler 
type, and filler content, can interfere 
with the light transmittance of the 
composite resin.21 

In a previous study, Reges 
et al reported significantly lower 
Knoop hardness values for a darker 
resin material than for other, light-
er shades.26 The selected shades 
differed substantially in light-
transmission properties. The diver-
sity in the shade of the composite 
resin was expected to affect the po-
lymerization extent and mechanical 
properties of the cured material.27 
Therefore, the loss of energy could 
be related to the light absorption 
by the resin matrix and the light 
dispersion by the composite resin 
filler and opacifiers, attenuating the 
light intensity and its effectiveness 
of the monomer polymerization as 
depth increases.21 The pigments in 
darker shades of resin-based ma-
terials might absorb light, reducing 
its penetration along the depth of 
the restorative material.26 A great-
er intensity of light energy and/or 
lengthy duration could be consid-
ered to excite the camphorquinone 
in the darker resin materials,28 ob-
taining a similar polymerization po-
tential as that of the lighter shades.25 

Thus, based on the results of 
this study, light intensity is a rel-
evant factor in the polymerization 
of resin materials, influencing the 
chromatic stability and hardness of 
these composites. Clinically, in order 
to ensure the quality and longev-
ity of the restorations, it is essential 
to use light-curing units with stable 
light intensity, monitoring it by using 
radiometry or manufacturers’ light-

intensity indicators during the life-
time of the light-curing units. Some 
factors could influence the power 
density and affect the resin-based 
materials properties, including pos-
sible contamination and several 
sterilizations of the light guide, dwin-
dling battery power, distance of the 
light guide to the restoration, and 
composition of the material itself.1,28  

Some limiting factors of this 
study should be considered, such as 
the use of only one composite resin. 
Because this was an in vitro study, 
the relationship between the re-
sults at the laboratory level to those 
of the clinical condition should be 
evaluated, as the in vitro studies 
cannot simulate the actual condition 
of the oral cavity. Therefore, future 
studies are required to inform pro-
fessionals to frequently monitor the 
intensity of the light-curing unit in 
order to promote satisfactory oral 
rehabilitations.

Conclusions

Based on the methodology and re-
sults obtained in this study, it can be 
concluded that the Valo polywave 
light-curing unit provided better 
color stability and microhardness 
of the composite resins compared 
to EC 450 single-wave light-curing 
unit. The C3 shade showed lower 
hardness values than the A3 shade 
when polymerized with EC 450 
light-curing unit. Thermocycling 
was able to decrease the hardness 
for both shades of the resin mate-
rial polymerized with both light-
curing units. The regular evaluation 
of the intensity of light-curing units 

is recommended in order to ensure 
the quality and longevity of resin 
restorations. 
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