
SUMMARY
Clinical performance of light cured dental composites is greatly 

influenced by light intensity of the light curing unit and the shade of the 
resin composite used, affecting microhardness values. The purpose of the 
present study was to control those variables through Vickers microhardness. 
A nanohybrid resin composite in shades A3, B2 and C2 was used along with 
higher and lower light intensity modes from LED curing devices. Data were 
analyzed with ANOVA and Tukey-Kramer test.

No significant differences were found for A3 shade. Shade B2 on the 
top, exhibited no significant difference in comparison between Elipar S10 
and Valo standard mode (p>0.05) and within Valo modes (p>0.05). Shade 
B2 at the bottom surface exhibited extremely significant difference for Radii 
and Elipar S10 (p<0.001), Elipar S10 and Valo standard mode (p<0.001). 
Shade C2 at the top surface exhibited significant differences (p<0.05). Top 
surfaces exhibited greater microhardness values compared to bottom, as 
expected. A3 was acceptably polymerized. Higher power LEDs resulted 
in lower microhardness values when curing shade C2. But there was no 
difference between Valo modes, which represent the lowest and highest light 
intensity of this experiment. Elipar S10, with an average light intensity, 
polymerized efficiently all shades.
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Introduction

Polymerization is a chemical reaction that converts 
small, individual monomer molecules into long, giant 
molecular chains14. Adequate polymerization is the key 
to successful clinical performance of the restoration 
and results in good physical properties3,6,8,21, so that 
changes in hardness, strength, stiffness, solubility, water 
absorption, colour stability and biocompatibility are 
avoided3,9,16,31,37,43,45. Sufficient photo-polymerization 
can be achieved when the proper output energy intensity, 
the effectual electromagnetic wavelength and the correct 
duration of time are combined48. Factors affecting 
polymerization can be divided into 2 groups: those 
concerning the material (organic matrix, filler loading, 
type and size, concentration of the initiator, shade, 
thickness of the restoration) and those related to the light 

curing unit (spectral distribution, intensity, exposure time, 
curing mode, position, type and distance of the light guide 
tip)20,30,34,35. However, under-curing has been noticed 
even when a proper technique and light curing device 
(LCU) were used32. 

Sufficient light in the proper wavelength must reach 
all areas and depth of a light-activated restoration to 
polymerize it totally27,28,32. Microhardness determines 
the sufficiency in polymerization and is affected by 
depth of cure and degree of conversion of C=C bonds2. 
Depth of cure is termed as the decrement in cure due to 
penetration of light through the mass of the restorative 
material3,38 and can practically be measured by 
differences in microhardness values between the top 
and bottom of specimen. However, microhardness and 
depth of cure profiles are generally not linear49, as low 
hardness values may be related to low filler content52. 
Degree of conversion, which indicates the percentage 
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of non-reacted C=C bonds, is affected by light intensity 
and exposure time46. Resin composite properties tend to 
improve as degree of conversion increases15,16,53. This is 
due to the increased cohesion of the organic matrix, when 
the percentage of non reacted C=C bonds is low53. On the 
other hand, high percentage of non reacted bonds, affects 
the initial strength of the restorative material, meaning 
that greater stress values could be elastically endured 
without harming the restoration53. 

This study evaluated microhardness values, as it is 
an indirect way of evaluating depth of cure and degree of 
conversion7,19. The effect of different LCUs and composite 
resin shades, on the Vickers hardness scale was evaluated. 

Material and Methods 

A microhybrid resin composite (Filtek Z250, 
3M-ESPE) in shades A3, B2 and C2 was used, with 
higher and lower light intensity modes from LED LCU. 
This particular product contains Bis-GMA, UDMA and 
Bis-EMA as monomers, zirconia/ silica as fillers, with 
average size 0.6μm and 60% by volume or 82% by weight 
filler concentration. The following LCUs were used: Radii 
Plus (SDI), Elipar S10 (3M ESPE) and Valo (Ultradent), 
in standard and plasma mode (Tab. 1).

Table 1. Light Curing Units

DEVICES MANUFACTURER LIGHT INTENSITY WAVELENGTH CURING TIME

Radii Plus SDI 1500mW 400-520nm 25 sec

Elipar S10 3M-ESPE 1200 mW (+/- 10%) 430-480nm 20 sec

Valo Plasma Ultradent 3200 mW 395-480nm 4 sec

Valo Standard Ultradent 1000mW 395-480nm 20 sec

evaluated with Vickers microhardness (100gr for 15 
seconds), both at the top and the bottom surface to assess 
microhardness values. Data were analyzed with ANOVA 
and Tukey-Kramer test. Hardness ratio was also calculated 
using the following formula: Hardness Ratio = Bottom 
Surface Microhardness / Top Surface Microhardness. If 
that mean exceeded 80%, specimens were considered 
adequately polymerized24,41,51.

Results

Mean and standard deviation values are shown in 
table 2, and hardness ratios in Table 3. 

No significant differences were found for A3 shade 
at the top surface and at the bottom surface for most of 
the curing modes used. Shade B2 on the top exhibited 
no significant difference in comparison between Elipar 
S10 and Valo standard mode (p>0.05), and within Valo 
modes (p>0.05). Shade B2 at the bottom surface exhibited 
extremely significant difference for Radii and Elipar 
S10 (p<0.001), and for Elipar S10 and Valo standard 
mode (p<0.001). Shade C2 at the top surface exhibited 
significant differences (p<0.05) in comparison between 
Radii and Elipar S10, and for every curing unit at the 
bottom, except for Valo modes (p>0.05).

Figure 1.

4 groups were formed for each shade and 5 
specimens were made for each group, which were 
4mm thick using a brass mould (Fig. 1). Specimens 
were covered with cellulose strip and polymerized 
with each LCU, with the LCU tip in contact with the 
strip. Specimens were kept for 24 hours in darkness and 
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Table 2. Mean values and Standard Deviations

A3 B2 C2

SDI top 70.5 2.915 64.12 3.075 68.36 2.150

SDI bottom 43.72 6.212 46.56 0.466 51.18 2.102

S10 top 70.16 3.181 70.44 2.747 74.00 2.715

S10 bottom 47.42 3.529 56.18 1.504 57.00 3.713

Valo Plasma top 62.56 2.795 70.54 1.932 69.02 2.518

Valo Plasma bottom 33.56 3.660 47.3 2.728 39.34 0.841

Valo Standard top 70.08 2.807 72.76 1.246 71.34 3.125

Valo Standard bottom 50.40 4.799 47.44 3.570 44.26 3.948

Table 3. Hardness Ratios

A3 B2 C2

SDI

51% 74% 81%

70% 73% 69%

69% 71% 77%

54% 89% 81%

67% 66% 69%

S10

61% 68% 80%

63% 85% 69%

72% 79% 74%

71% 74% 83%

71% 70% 90%

Valo Plasma

64% 49% 49%

47% 52% 55%

57% 69% 58%

50% 73% 58%

51% 64% 58%

Valo Standard

80% 60% 47%

79% 72% 57%

74% 68% 62%

59% 59% 67%

69% 67% 73%
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Discussion

Microhardness is an important parameter for 
physical and mechanical behaviour of composite resin 
restorations. Adequate polymerization is required for 
clinically successful restorations. Light intensity and 
shade play an important role in the top, as well as in the 
bottom microhardness values, as stated in the literature. 
Therefore the influence of composite resin shade and 
LCU with varying light intensities was evaluated in the 
present study.

One shade from each colour group was chosen, 
in order to study all colour groups - A, B and C. 
Composite resin was placed with bulk technique into the 
mould, in order to eliminate other parameters affecting 
microhardness. Our variables were composite resin shade 
and light intensity. Cellulose strip was placed before 
polymerization in order to eliminate oxygen-inhibited 
layer. Specimens were kept for 24 hours in darkness, as 
no contribution of environmental light to post-irradiation 
polymerization was needed. It is also mentioned that 
post irradiation microhardness, which is related with 
polymerization kinetics, increases rapidly within the 
first hour after polymerization, but the increase does 
not continue after 24 hours24,30. Optimal microhardness 
can be achieved after 1 hour18, after 1 day25, and up to 
1 month49. Polymerization time was longer than the 
manufacturer recommended, as it is mentioned that time 
needs to be extended to reach the desirable microhardness 
values, especially when light intensity is reduced by any 
factor29,30. 

For all composite resin shades and LCUs, 
microhardness was greater at the top surface, which can 
be attributed to polymerization distance. Bottom surfaces 
are harder to polymerize, as light is absorbed and scattered 
through the material, and light intensity can be reduced 
up to 94% in 2mm depth10,11,19,37,38,42,44,50. As a result, the 
top surface microhardness is not an adequate indicator of 
complete polymerization33,40. 

Differences in polymerization depth were 
observed depending on the shade of resin composite 
used. A2, A4, B1 and D3 shades meet or exceed the 
ISO requirement of 1.5mm polymerization depth, 
but in some commercially available resins, these 
shades behave differently and can meet the ISO 
expectations22, but double time of polymerization is 
recommended13. However, curing time seems to affect 
more polymerization of shade C and light intensity 
seems to affect more shade B, for both the top and the 
bottom surfaces, as mean values of our results indicate 
(Tab. 2). As for shade A, no significant difference was 
noted between light intensities or polymerization time. 
Sharkey et al39 and Park et al29 agree that microhardness 
interval between the top and the bottom surface in shade 
A is relatively small, due to effective light penetration 
through the material. It is generally stated, that more 

transparent shades achieve higher microhardness values 
than other chromatic shades1. 

Successful polymerization of a certain composite 
resin and consequently acceptable microhardness 
value seems to depend on the combination of light 
intensity, wavelength output and duration of time. 
Overall brightness and light intensity of the LCU 
do not totally predict the curing performance, but 
generally high light intensity leads to increased depth 
of cure17,26. Higher power LEDs generally resulted 
in lower microhardness values when curing shade 
C2 but, on the other hand, there was no difference 
between Valo modes, which represent the lowest and 
highest light intensity in this experiment. In order to 
improve immediate depth of cure, Dennison et al12 
recommends high intensity LCU for polymerization. 
But high intensities and short curing times, as Valo in 
plasma mode, have raised many concerns as they are 
thought to result in reduced degree of polymerization 
by terminating the polymer chains in the pre-gel 
period earlier. Moreover, greater polymerization 
shrinkage values are noted in such cases5,23,47. 
Polymerization with Elipar S10, with an average light 
intensity, results in acceptable microhardness values 
for all shades. Energy density received by the material 
is the light intensity multiplied by polymerization 
time35. Not receiving the appropriate energy density 
can result in the reduced microhardness. Valo in 
plasma mode has the lowest energy density, despite 
the highest light intensity in the present study. 

Differences in microhardness values between SDI, 
S10 and Valo in standard mode can be explained in 
terms of homogenous light distribution and emission 
wavelength. Degree of polymerization depends on 
homogeneity, as differences in light intensity from 
location to location across the light guide tip may lead 
to insufficient polymerization, which in turn results in 
diminished microhardness values. However, Arikawa et 
al2 showed that light emission from LED was the least 
non-homogenous. Wavelength range of light emitted by 
LCUs needs to be as close as possible to the absorption 
peak of the composite resin’s photoinitiator (468nm for 
camphoroquinone). Differences in spectral emission, 
wavelength range and peaks may result in differences in 
polymerization and thus in microhardness values, even 
if both LCUs have the same light intensity. This is noted 
in our study, as LCUs emit at various wavelength ranges 
(Tab. 1).

Bottom microhardness should ideally reach 80-90% 
of the hardness of the top surface24,41,51. Very few 
specimens exhibited such microhardness ratio values 
(Tab. 3, in bold). But specimens’ thickness was 4mm and 
bulk technique was used. On the other hand, curing with 
LED LCUs, results in microhardness values of 80% or 
more of the maximum hardness of the composites 36. 
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Conclusions

Top surfaces exhibited greater microhardness 
values compared to bottom surfaces, as expected. A3 
exhibited acceptable microhardness values with all the 
LED curing devices. Higher power LEDs generally 
result in lower microhardness values when curing shade 
C2. But there is no difference between Valo modes, 
which represent the lowest and highest light intensity 
of this experiment. Elipar S10, with an average light 
intensity, seems to polymerize efficiently all shades. As 
for microhardness ratio, very few specimens exhibited 
values greater than 80%.
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