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Abstract

Background: Effective polymerization of the composite resin is essential to obtain long term clini-
cal success and has a great importance obtaining improved mechanical properties. The purpose of
this study was to measure the effect of the light intensity of LED and QTH curing devices in relation
to the light distances, on the hardness (KHN) of two light cure nano-resin composite. Material and
Methods: The top and bottom surfaces of the two nanofill composite specimens were evaluated.
Two LED and two QTH light curing devices were used at nine different distances. Light intensity
was measured with two radiometers placed at these same distances from the curing tip. 360 pvc
dies were prepared with circular cavity 3 mm in diameter and 2 mm thick. The tested materials
were placed in each cavity. The different light curing distances were standardized by adding pvc
spacers dies at different height matching the different distances. Top and bottom surface micro-
hardness were evaluated with a Micro Hardness Tester in knoop hardness numbers (Kg/mm?).
Data were statistically analyzed using: Three-way ANOVA, Tukey and Pearsons test. Results: It was
revealed that there was a statistically significant difference in microhardness between the compo-
sites (p < 0.001), between the nine distances (p < 0.001) and between the four light curing devices
(p < 0.001). Increasing the distance of the light source from composite resin, the light intensity and
the microhardness values at the top and bottom surface decrease. LED light curing devices pro-
duced a greater microhardness results at the bottom surface of the specimens. The Filtek Ultimate
nanocomposite (3 m) showed highest microhardness values on the top and bottom surfaces, po-
lymerized with all four curing devices and all nine distances compared to Empress Direct nano
composite (Ivoclar vivadent). Clinical significant: Even with high power LED curing light, the dis-
tance between the tip of the light source and the restoration surface should be as close as possible.
In this study, Filtek Ultimate showed better results (highest microhardness values) than Empress
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1. Introduction

In the 1970s, a light-activated resin composite was introduced in restorative dentistry. Since then, much effort
has been directed toward improving the properties and resistance of resin composite restoration in the oral envi-
ronment [1] [2]. Light-curing devices and light-activated resin composites have improved remarkably since then
[3].

First attempts used an ultraviolet light-activated composite [4] [5] but this material’s low polymerization
depth [6] [7] and iatrogenic side effects [8], led to its replacement by composites activated by visible light. These
latter are currently in use and continue to undergo further development [4] [5] [9].

At present, restorative dentistry uses quartz-tungsten-halogen (QTH), light-emitting diode (LED), plasma arc
(PAC), and argon laser light-curing devices [5] [9]-[11]. Among these devices, the QTH and LED lights are the
most widely used in dental clinics [10].

QTH devices were introduced in the late 1970s [4]. In these devices, light is produced by an electric current
which flows through a tungsten filament inside a bulb full of halogen gas [9] [11]. Blue light with a wavelength
of 410 - 500 nm is produced using filters [4] [5] [9] [10]. The mean light intensity of these devices is 400 - 800
mW/cm? [5] [11].

LED devices were first introduced to the field of dentistry in 2000 [4]. In these devices, the electric current
passes through the junctions of two doped semi-conductors composed of gallium nitride [4] [9]. These devices
emit a narrow spectrum of blue light from 450 to 490 nm, with a peak wavelength of about 468 nm [12].

The light intensity of second-generation LED light-curing devices has reached 1000 mW/cm?, and most new
LED devices have a light intensity between 1000 and 2000 mW/cm? [13].

Light produced by light-curing devices initiates polymerization of the composite resin only when the curing
light intensity and wavelength (470 nm) are sufficient to activate the photoinitiator camphorquinone, which
reacts with an amine-reducing agent to form free radicals and polymer chains [14] [15].

Efficient polymerization of the composite resins is essential to the clinical success of the restoration [16]. The
quality is affected by many factors, such as the light intensity [15] [17]-[19], duration of exposure time [15] [20]
[21], light-curing distance [18] [22]-[27], resin shade [24] [25], thickness of the composite [23], diameter of the
light guide in the light-curing device [22], composition of the composite [28], and intactness of light beam [29].

An inverse relationship was found between the light distance and the light intensity absorbed in the layers of
composite resin. As the light distance increases, the light intensity decreases; accordingly, the light intensity ab-
sorbed by the monomer and the hardness of the composite resin also decreases [18] [27]. The hardness of the
composite resin has been examined to evaluate the extent of material polymerization in relation to the light-
curing devices [26]. This was performed by comparing the hardness of the upper surface area (top) to the lower
surface area (bottom) [30].

Composites with high durability under occlusion loads usually contain high amounts of filling particles [31].
This may result in surface roughness after polishing and a tendency toward external discoloration [31]-[33]. In
order to overcome these disadvantages, micro-filled composites were developed that had excellent polishability
but poor physical and mechanical properties [31]-[33]. In an attempt to integrate the advantages of these two
types of materials, a hybrid composite was developed with mixtures of particles. This hybrid allows higher filler
levels while still permitting good external polishing [31] [33].

More recently, nano-filled resin composites have been introduced with improved physical and mechanical
properties [3] [10] [31], high resistance to wear [3] [34] [35], very good polishability [36], and decreased shrin-
kage during the polymerization process [10]. This new material has a high percentage of filler (over 79.5%/wt)
[10], with particle sizes between 0.005 and 0.01 p [31].

In the present study, the Knoop hardness of two different nano-filled resin composites were examined using
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two LED and two QTH light-curing devices at various light-curing distances. The light intensity of the curing
units was evaluated at each distance by radiometer.

Null Hypothesis:

1) The Knoop hardness of the two different nano-filled resin composites, on the top and on bottom surfaces,
will remain consistent in relation to the light-curing distance.

2) The light intensity is consistent based on the distance from the device regardless of which light-curing de-
vice is used.

2. Materials and Methods

Two resin composites were tested. They are known by their commercial names:

1) Filtek Ultimate Universal Restoration, shade A2 dentin (3M, St. Paul, MN, USA).

2) Empress Direct, shade A2 dentin (lvoclar Vivadent, Schaan, Liechtenstein). The properties of these mate-
rials are provided in Table 1.

Four different light-curing devices were used: two were QTH light-curing devices (Optilux 501/Kerr, Orange,
CA, USA,; Elipar 2 ESPE/3M ESPE, St. Paul, MN), and two were LED light-curing devices (Elipar S10 LED/
3M ESPE, St. Paul, MN; Delma pm-LED 04/Delma®, Zhejiang, China).

One hundred eighty specimens of each resin composite were prepared. A total of 360 specimens were tested
at nine different distances using the four light-curing devices (five specimens for each distance, n = 5; Figure 1).

The specimens were placed in 360 dies of opaque PVVC (polyvinyl chloride) prepared by laser cutting (Ram-
pal Plastics, Netanya) to 18 x 18 x 2 mm. In the center of each die, a round hole with r = 1.5 mm was prepared
for the tested resin.

To determine the light-curing distances, identically sized dies (18 x 18 mm) with different thicknesses were
prepared that correspond to the different light-curing distances. A round hole with r = 4 mm was prepared at the
center of each upper die. This die was placed on top of the die with the specimen, and the light-curing tip was
placed at a 90° angle to the surface area (Figure 1).

The distances between the light-curing guide and the specimen were 0, 1, 2, 3, 4, 5, 6, 8, and 10 mm. The
composite resin specimens were packed in one increment. A transparent celluloid matrix (Mylar strip) was
placed on the top and bottom surfaces of each specimen in order to obtain a smooth surface area and to prevent
an inhibition layer from forming, as the inhibition layer would not polymerize well due to the influence of oxy-
gen in the air. Two glass plates were placed over them on a dark surface, and the upper glass was removed be-
fore polymerization. All of the specimens underwent polymerization from above for 40 seconds.

The light intensity of the LED and QTH curing devices was measured by radiometer (SDI LED Radiometer/
SDI, Brunsdon, St.Bayswater, Victoria, Australia; Optilux 100/kerr, Orange, CA, USA). To verify that there was
no decrease in the light intensity of the device itself, the light intensity was examined again at a distance of

Table 1. The composition of the two composite resins.

Particles size of the

1 iti 1 0, 1 0,
Material Composition Filler vol (%)  Filler wt (%) filler (nanometer) Manufacturer
Monomer: Bis-GMA, UDMA ,TEGDMA,
Filtek Ultimate EEEEMA and Bis-EMA resins.
Rlérsltlggtss e @ non-agglomerated /non-aggregated 20 nm 63.30% 78.50% 600 - 10,000 nm 3M ESPE
Material silica filler, a non-agglomerated/
non-aggregated 4 to 11 nm zirconia filler and
an aggregated zirconia/silica cluster filler.
Monomer:
Bis-GMA, UDMA, Tricyclodocandi Metianol
Dimethacrylat
Filler:
Empress  barium glass, ytterbium trifluoride, 520-59%  75%-79% 550 nm Ivoclar Vivaent
Direct mixed oxide, silicon dioxide and

copolymer

Additional contents:

additives, catalysts, stabilizers and
pigments
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Light curing tip

Upper die of
different thickness
and around hole
r=4mm

18 mm
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12 mm round hole
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/

Figure 1. The experimental setup.

18 mm

0 mm before polymerization of the first, third, and fifth dies. After polymerization, the specimens were stored
for 24 hours in a humid environment at 37°C to allow the dark curing process to complete. After 24 hours, the
specimens were polished with a fine polishing Sof-Lex disc (3M ESPE, St. Paul, Minn) connected at low speed
(OSADA, Shinagawa-Ku, Tokyo, Japan) without water cooling.

The Knoop hardness of the top and bottom of each specimen was measured by a microhardness tester, model
DMH-2 9 (Matsunawa Seikico, Ltd., Tokyo, Japan), using a magnification of 40x at a load of 50 gr. for 12
seconds. Three measurements were performed on each side of every specimen (center and both sides). The mean
measurements of all the surface areas were translated into Knoop units of hardness (kg/mm?).

3. Statistical Processing of Results

Three-way variance analyses were performed according to the composite resin, distance, and device, using
t-tests, one-way ANOVA, and Tukey’s post hoc tests.

The Pearson’s test was performed to demonstrate the connection between light intensity and the resin compo-
site hardness.

4. Results

As the light-curing distances increased, the light intensity decreased accordingly in all four light-curing devices
(Table 2). A correlation was found between the light intensity and hardness of the resin composite at the top and
the bottom (Pearson’s correlation).

The correlation between the hardness of the resin composite on the top and the light intensity was moderate
(R =0.276) and is statistically significant (P < 0.001) for all four light-curing devices. The correlation between
the hardness of the resin composite on the bottom and the light intensity was stronger (R = 0.602) than the cor-
relation at the top and is statistically significant (P < 0.01) for all four light-curing devices.

The microhardness means (KHN) and standard deviation of the two resin composites at the different light-
curing distances are shown in Table 3 and Table 4.

A three-way variant analysis according to the device, distance, and resin composite was performed on the
hardness of the top and bottom of the resin composite as seen in Table 3 and Table 4. This analysis found the
following:

e There was a significant difference in the Knoop hardness between the two resin composites (P < 0.001) and
the nine distances (P < 0.001) in all four light-curing devices.
e There was a significant difference among the four light-curing devices (P < 0.001) in the Knoop hardness

measurements.
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Table 2. Light intensity mean values in correlation to the light source distance.

LIGHT INTENSITY MW/CM?
Distance (mm)

Elipar 2 ESPE QTH Optilux 501 QTH Delma LED Elipar S10 LED
0 576 516 1328 1478
1 468 408 959 1062
2 434 382 923 925
3 402 352 837 836
4 376 302 728 731
5 346 300 673 645
6 318 288 597 581
8 280 230 484 494
10 206 198 355 385

Table 3. Means of hardness (KHN) on the top and standard deviation of the Filtek Ultimate composite resin at different
light-curing distances by the four light-curing devices.

Microhardness average (KHN) and standard deviations

Distances (mm)

Elipar 2 ESPE QTH Optilux 501 QTH Delma LED Elipar S10 LED
0 57.82+2.81 67.98 £ 6.62 69.98 + 2.68 69.56 + 3.56
1 57.74 +2.12 63.72£4.75 69.70+1.10 68.42 +8.39
2 57.24 +3.94 63.26 + 5.03 66.24 +2.90 66.08 + 5.67
3 52.28 £ 6.47 61.12 +2.95 61.96 +7.19 61.70 + 4.56
4 52.32£6.88 60.24 +3.40 60.64 +6.14 61.54 +2.01
5 50.08 + 8.58 58.16 +3.11 60.20 + 4.57 59.42 + 8.88
6 50.92 £4.15 56.94 £ 3.75 54.70 £ 2.93 58.48 £5.31
8 52.24 £ 4.02 53.02 +8.32 53.06 +5.37 58.50 + 3.34
10 48.30£7.78 47.48 +£9.59 48.88 +13.95 50.92 +11.83

Table 4. Means of hardness (KHN) on the bottom and standard deviation of the Filtek Ultimate composite resin at different
light-curing distances by the four light-curing devices.

Microhardness average (KHN) and standard deviations
Distance (mm)

Elipar 2 ESPE QTH Optilux 501 QTH Delma LED Elipar S10 LED
0 39.28 £3.85 38.90 +£3.24 54.98 £5.79 46.22 £3.19
1 32.68 £+ 3.26 35.02 +£3.93 48.24 +£11.07 46.20 £5.12
2 32.20+£5.25 34.38+8.81 45.96 + 6.50 46.76 +6.18
3 30.88 +£3.76 33.18 +6.35 45.64 +8.22 43.26+11.21
4 2722 +2.44 32.92+5.26 46.36 + 4.68 37.32+3.56
5 26.60 +3.12 28.18 £4.55 46.58 + 3.89 39.48 £4.32
6 26.82+5.34 32.78+2.19 33.6+2.73 34.04 £ 7.37
8 2354 +5.63 26.60 = 6.29 20.72+181 29.76 £3.72
10 18.10 £4.00 21.10+4.24 25.48 +5.80 29.48 £5.16
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e The Knoop hardness on the top and the bottom of the specimens is affected by the interaction between the
resin composite and the device (P < 0.001, Figure 2, Figure 3).

The Knoop hardness measurement on the bottom is affected by the interaction between the resin composite
and the distance (P = 0.003, Figure 4) and by the interaction between the device and the distance (P < 0.001,
Figure 5).

A one-way ANOVA test and Tukey’s post hoc test were used to more fully understand how the microhard-
ness measurements vary according to light-curing distance, resin composite, and light-curing device. The test
results showed an inverse relationship between the hardness of the resin composite on the top and bottom and

The interaction between composite and device to composite

s Filtek Ultimate
knoop hardness at top surface e Empress Direct

65.004

60.004

55.004

50.004

45.00 4

Mean hardness (KHN)

40.00- - N B —— -

35.004

Elipar S10 Delma Optilux 501 Elipar 2 ESPE
LED LED QTH QTH

Devices
Figure 2. The interaction between the hardness of the top, the devices, and the composite resin.

The interaction between composite and device to composite

knoop hardness at bottom surface = Filtck Ultimate
s Empress Dircct

45.00

40.00+

35.004

30.00+

25.004

Mean hardness (KHN)

20.00- ~NSo——9

15.004

Elipar S10 Delma Optilux 501 Elipar 2 ESPE
LED LED QTH QTH

Devices

Figure 3. The interaction between the hardness of the bottom, the devices, and the composite resin.
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The interaction between composite and distance to composite

knoop hardness at bottom surface Filtek Ultimate
s Empress Direct

45.00 4

40.00 4

35.001

30.004

25.004

Mean hardness (KHN)

20.004

15.00 4

T T T T T T T T T

0.00 1.00 2.00 3.00 4.00 5.00 6.00 8.00 10.00

Distances

Figure 4. The interaction between the hardness of the bottom, the distance, and the composite resin.

The interaction between device and distance to devices
knoop hardness at bottom surface s Elipar S10 LED
s Delma LED

s Optilux 501QTH
s Elipar 2 ESPE QTH

45.00 A

40.00 A

35.00 1

30.00 A

25.00 A

Mean hardness (KHN)

20.00 A

15.00 1

T T T T T T T T T

0.00 1.00 2.00 3.00 4.00 5.00 6.00 8.00 10.00
Distances

Figure 5. The interaction between the hardness of the bottom, the devices, and the distances.

the different light-curing distances. That is, as the light-curing distance increased, the hardness decreased accor-
dingly (Table 3 and Table 4). All of the results showed statistical significance except for those from the combi-
nation of the Filtek Ultimate resin composite with the Elipar 2 ESPE device on the top. In that case, the hard-
nesses at light-curing distances 3, 4, and 8 mm were almost identical, which is contrary to what was expected.

In addition, very prominent and statistically significant differences were found between the hardnesses at
short distances (0, 1, and 2 mm) and those at far distances (6, 8, and 10 mm) on the top and bottom of the two
resin composites in polymerization with all four light-curing devices (Table 3 and Table 4). The best results
(highest degree of hardness) were always obtained at distances of 0, 1, and 2 mm, and the worst results (lowest
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degree of hardness) were always obtained at 6, 8, and 10 mm. At intermediate distances (3, 4, and 5 mm), less
prominent differences were observed.

As above, one-way ANOVA and Tukey’s post hoc tests were used to examine in greater detail the differences
between the four light-curing devices according to the resin composite and light-curing distances. The results
showed that a higher degree of hardness was obtained on the bottom when using LED light-curing devices
compared with the use of halogen devices (Figure 4).

On the top, higher values of hardness were obtained with LED light-curing devices and the Filtek Ultimate
resin composite when compared with QTH devices at light-curing distances of 0, 1, 2, 3, and 4 mm (with the
Empress Direct composite resin, this trend held at 0 and 2 mm only). However, at light-curing distances of 5, 6,
8, and 10 mm, no statistically significant difference was found between the LED and QTH light-curing devices
(3, 4,5, 6,8, and 10 mm with Empress Direct).

Among the LED devices, the Delma resulted in slightly higher hardness values than the Elipar S10. Among
the QTH devices, the Elipar 2 ESPE resulted in lower hardness results.

A t-test was performed to examine in greater detail the differences between the resin composites depending
on each device and distance. From this test it appeared that polymerization of the Filtek Ultimate resin compo-
site resulted in a significantly better degree of hardness than that of the Empress Direct resin composite, on the
top as well as on the bottom, regardless of light-curing device or distance.

5. Discussion

The present study examined the influence of four light-curing devices at different distances on the hardness of
the top and bottom of two different nano-filled resin composites.

The hardness of the light-cured resin composites depends on several factors: the composition of the organic
matrix [37], the type and amount of filler particles [38], and the degree of polymerization [39]. During polyme-
rization, the irradiated light produced by the light-curing devices penetrates the resin and is absorbed by the
photoinitiator (camphorquinone, or CQ). Free radicals are formed through the activation of CQ, splitting into
C=C double bonds of the monomer and forming polymer chains [14]. An examination of the resin composite
microhardness (Knoop) was used to evaluate the rate of polymerization [25] [26] [40].

Efficient polymerization is important for obtaining the optimal physical properties of the material and achiev-
ing improved clinical performance of resin composite restorations [16] [20]. This study demonstrated that the
polymerization process for resin composites is very dependent on the light-curing distance. As expected, an in-
verse relationship exists between the light-curing distance and the microhardness on the top and bottom of the
resin composite. As the light-curing distance increases, the hardness decreases accordingly. Similar results were
found in previous studies by Pires et al. [18], Correr et al. [27], and Rode et al. [41]. In addition, there were sig-
nificant differences in the microhardnesses at shorter light-curing distances (such as at 0, 1, and 2 mm) com-
pared with longer distances (6, 8, and 10 mm). That is, the microhardness measurements at distances of 6, 8, and
10 mm were the lowest for all the devices and for the two materials on the top and bottom (Figure 4 and Figure
5). These results showed that, at a distance longer than 6 mm, there are no significant differences between the
light-curing device efficiencies and between the different restorative materials. This means that, at a distance of
6 mm and beyond, the polymerization rate will not be sufficient regardless of device. This finding is in accor-
dance with the previous study of Caughman et al. [14], which showed that the distance between the light source
and the composite’s surface should be no greater than 6 mm. Price et al. [30], found that, under clinical condi-
tions in Class | restorations, the minimal distance between the tip of the light-curing device and the resin com-
posite is 2 mm; whereas, in Class Il restorations, the distance between cavity surface and the gingival wall may
reach 7 mm and higher. Actually, clinical problems arise with a distance of more than 8 mm between the light-
curing tip and the bottom of the cavity, such as the accessibility of the tip and the direction of the light into the
cavity depth and intervening tooth tissue [25], these factors may limit curing effectiveness. To overcome these
problems, various researchers recommend lengthening the exposure time and/or using layering with increments
of approximately 1 mm [25] [41] [42]. There are also very narrow light-curing barrels which can get closer to
the cavity floor [43].

The light intensity at a suitable wavelength is important to the polymerization process of resin composites
[14]. The light intensity of light-curing devices decreases as the light-curing distance increases, as well as during
passage through the layers of resin composite [18] [24] [27].

The decrease in light intensity at various distances, was significantly correlated to the decrease in resin com-
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posite hardness on the top and bottom. We stress that this correlation was more significant on the bottom of the
resin composite. The explanation for this is that the light scatters and is reflected and absorbed when passing
through the organic matrix and filler particles of the resin composite. As a result, there is a decrease in the inten-
sity of light energy reaching the bottom of the composite resin [24]. The top surfaces are closer to the light-cur-
ing barrel; therefore, relatively lower light intensity will also harden them efficiently. This is in contrast to the
bottom surfaces that are farther from the light-curing barrel (the thickness of the specimen in this trial is 2 mm).
Thus, the light intensity has less influence on the hardness of the top surface than the hardness of the bottom
surface [24]. Indeed, this study found no significant differences in the hardness of the top surface between QTH
and LED devices, despite the higher light intensity of the LED units. However, the hardness on the bottom was
always higher after polymerization with LED devices. Therefore, the light intensity of light-curing devices has
greater effect/influence on polymerization of the bottom surface.

In the past, dentists have been taught that the intensity of light exiting the tip decreases inversely with the
square of the distance from tip to tooth [44]. However, many studies have shown that the light intensity does not
follow this law [42] [45]. In fact, if the distance between the light tip and the restoration does not exceed 10 mm,
then the light intensity does not decrease as markedly as it would if the inverse square law held [14]. The results
of our study also contradict the inverse square law. According to our radiometer measurements, at a distance of
0 to 1 mm there is a decrease of approximately 30% in light intensity for all four light-curing devices. At a dis-
tance of 1 mm, the light intensity decreases approximately 10% for every 1 mm of increased distance (Table 2).

According to the manufacturer's instructions for the Filtek Ultimate (3M) and Empress Direct (Ivoclar viva-
dent) resin composites, a minimal light intensity of 400 and 500 mW/cm?, respectively, and a light-curing dura-
tion of 20 seconds are required to harden a 2 mm layer of restoration material. The results of this study contra-
dict these instructions, especially since we used light curing for a period of 40 seconds to polymerize specimens
with a thickness of 2 mm. A guideline quoted by Price et al. [30] is that the difference in microhardness between
the top and bottom surfaces should not be above 20%. At that condition, the polymerization of the deep layers of
the specimen can be considered efficient. In our study, even at light intensities more than 500 mW/cm? and at a
distance of 0 mm, the difference in hardness between the top and bottom was over 35% (Table 4). These find-
ings show that, in conditions compatible with the manufacturer’s instructions, a lack of polymerization may oc-
cur in the deep layers of the resin composite. This phenomenon is worsened when the light-curing device is old.
After continued regular use in dental clinics, there is a reduction in the light intensity that may influence the de-
gree of polymerization [19] [46] [47].

LED light-curing devices are becoming increasingly popular in dental practices because of their relatively
narrow emission spectrum, higher light intensity, and lower heat generation compared to QTH light-curing de-
vices [48]. Many studies have compared the efficiency of LED light-curing devices with QTH light-curing de-
vices [48]-[51]. In these studies, as in the present work, the efficiency of the light-curing devices was examined
based on the hardness of the resin composite. This hardness is an indirect measure of the efficiency of polyme-
rization and is a standard for the mechanical properties of the material [26] [40]. With the introduction of
second-generation LED light-curing devices, studies on or after 2004 have shown that, indeed, these bulbs are
more efficient than QTH bulbs for polymerizing resin composites that contain a type CQ photoinitiator. An ex-
ample of this is the Nagas et al. study in 2010 [26]. This study used halogen lamps at an intensity of 1000
mW/cm?, an LED at an intensity of 1200 mW/cm?, and five types of resin composite materials. It was found that
the LED light-curing devices were more efficient compared to the halogen lamps. The highest degree of hard-
ness was attained using LED light-curing devices. In the present study, the LED light-curing devices had a clear
advantage, as their higher light intensity improved the polymerization of the bottom of the resin composite
compared with the halogen devices. Despite the slightly higher light intensity of the Elipar S10 device compared
to the Delma device, slightly greater hardness on the bottom was achieved when the Delma light-curing device
was combined with the Filtek Ultimate composite resin. It can be surmised that a slightly better correlation ex-
ists between the wavelength of the Delma device and the type of photoinitiator in the Filtek Ultimate composite
resin. The manufacturers do not publicize the type of photoinitiator used and keep it as an industrial secret.

Some research has demonstrated optimization of the resin composite polymerization using an exposure time
of 60 seconds and with increments of 1 mm [14] [45]. Further studies relating the effect of longer exposure time
and thinner increments (about 1 mm) on the microhardness of resin composite are needed.

In our study, we examined the microhardness (KHN) of two nano-filled resin composites, Filtek Ultimate and
Empress Direct. These restorative materials represent a new generation of (nano-filled) composite resins that
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have a filler material sized approximately 0.04 microns [31]. In these composite resins, the percentage of filler
that is composed of inorganic particles is higher and reaches 80 wt%. [10]. As a result, resin composites from
this group have improved mechanical properties, increasing the ability to achieve better surface polishing [34]-
[36].

Results show that the microhardness of the Filtek Ultimate was higher in all specimens compared to that of
the Empress Direct. The organic matrix of Filtek Ultimate is composed mainly of BisEMA, PEGMA, TEGDMA,
UDMA, BisGMA, and filler material composed of zirconia/silica particles (63.3% filler by volume). In contrast,
the organic matrix of Empress Direct is composed mainly of tricyclodocandi metianol dimethacrylat, UDMA,
BisGMA, and filler material composed of particles of barium glass/ytherbium trifluoride/silicone dioxide
(55.5% filler by volume). It is possible that the explanation for the differences in these materials’ microhardness
is due to the differences in the composition of their organic matrix and in the type and the volume percentage of
filler particles.

The matrix of Filtek Ultimate contains the organic component TEGDMA (tri ethylene glycol diether dime-
thacrylate). TEGMA is a molecule that is very reactive and hydrophilic and has a low molecular weight; there-
fore, at high concentrations, it enables a large number of double bonds per unit of weight and more cross bonds,
leading to improved polymerization. Also, the addition of this material reduces the viscosity, enabling a higher
filling content. In the end, a harder matrix is obtained [52]. In addition, the filler particles of Filtek Ultimate
contain zirconia. According to Craig resin composites containing harder filler particles result in higher micro-
hardness [53].

A study by Chung et al. [38] obtained a correlation between the volume percentage of filler and the hardness
(KHN). In our study, the Filtek Ultimate has a higher percentage of filler (63.3%) than the Empress Direct
(55.5%).

As stated in our study, the Filtek Ultimate displayed greater hardness in all nine of the light-curing distances
and with all four light-curing devices compared to the Empress Direct. The explanation for this is attributed to
the difference in composition of the materials mentioned above.

The results obtained in our trial are similar to and correspond with the results obtained by Mota et al. [54].
This latter study also found large differences in the microhardness of the various resin composites from the na-
no-filled group. It should also be noted that, in their study, Filtek Supreme (3M) had higher measurements of
microhardness relative to 4 Seasons resin composite (Ivoclar Vivadent).

6. Conclusions

We conclude the following from the results of the present study:

1) A correlation exists between the light intensity, as measured by radiometer at different distances, and the
hardness of the top and bottom of the composite resin. As the light-curing distance increases, the light intensity
and hardness decrease accordingly.

2) For efficient polymerization of the composite resin, the tip of the light-curing device should be at a distance
at least 2 mm from the resin area and no farther than 6 mm.

3) LED light-curing devices have a higher light intensity and are more efficient at polymerizing the bottom of
the composite resin compared to halogen bulbs.

4) In contrast, no advantage was observed using the LED bulb to polymerize the top surface of the composite
resin.

5) Within the same group of nano-filled resin composites, the degree of hardness may vary between several
materials related to differences in their compositions.

Clinical Significance

In order to obtain efficient polymerization of all the resin composite layers and achieve the best physical proper-
ties, clinicians in their daily clinical work should polymerize the resin composite from as short a distance as
possible.
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