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Abstract

Objectives: To investigate the effect of curing time on the degree of polymerization to bulk-fill resin composites,
and to investigate the effect of depth of cure on the degree of polymerization of bulk-fill resin composites. Methodology:
There were three types of bulk-fill resin composites used in this study which were Filtek™ Bulk Fill, Tetric® N-Ceram and
SureFil® SDR flow+. Each type of resin composites was prepared in 2, 4 and 5 mm. Then they were light-cured for 20, 40,
and 60 seconds which could be divided into 27 groups with different types of bulk-fill resin composites, depths of cure and
lengths of curing time. Each specimen was cured with light having intensity of 1,200 mW/cm? in conventional mode. All of
the specimens were kept in artificial saliva where they were incubated at 37°C for 24 hours. After the incubation, all of the
specimens were tested using Vickers microhardness tester on the top and bottom surfaces. Then the bottom-to-top-surface
microhardness ratio were used to analyze the degree of polymerization of each bulk-Fill resin composites. The data were
analyzed with One-way ANOVA and T-test. Results and Discussion: All types of bulk-fill resin composites in the study
could be significantly improved in degree of polymerization when increased curing time from 20 to 40 seconds and from 40
to 60 seconds. As the depth of cure increased, it became more statistically significantly decreased in degree of
polymerization. Therefore, the more curing time and less depth of cure, there was an improved degree of polymerization.
Conclusion: This study found a positive relationship between the level of bottom-to-top-surface microhardness ratio and
curing time. Moreover, there existed a strong negative relationship between bottom-to-top-surface microhardness ratio and
depth of cure. Last but not least, this study found an interaction effect of curing time and depth of cure.
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1. Introduction

Recently with increasing demand for esthetic, tooth colored restorations like resin-based composites
are used for posterior teeth restoration. Also, patient awareness toward the use of mercury restoration has
increased demand for resin-based composites even more. Resin composites are the type of materials which has
the broadest application in restorative dentistry due to its optical and physical properties being very similar to
natural dental tissue. The material presents as its principal characteristic adhesion to the dental structure,
avoiding further damage to dental tissue (Barros, Lins, & Martins, 2017). However, the conventional resin
composites require the maximum thickness of 2 mm depth of cure, which should be placed with incremental
techniques to achieve the appropriate polymerization in a deep cavity. The incremental technique requires more
clinical time and might produce voids due to the placing of multiple increments. In order to save the procedure
time, less pronounced void with low-polymerization contraction, there is an innovation created with a single
placement called bulk-fill resin composites.

Microhardness measurement is an indirect method to evaluate the degree of the polymerization of resin
composites (Lenug, Fan, & Jonston, 1983; Silva, & Dias, 2009). The level of hardness is referred to strength
and resistance against a compressive force. The surface hardness of the resin composites relates to its resistance
to deformation and the capability to remain stable. Many studies demonstrated significant positive correlation
between hardness and degree of conversion (Ferracane, 1985; Lombardini, Chiesa, Scribante, Colombo, &
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Poggio, 2012). In this study, we used the microhardness test to assess the degree of the polymerization of resin
composites by using Vickers hardness tester. This method has been successfully used for measurement of
microhardness by many previous studies (Ferracane, 1985; Lombardini, Chiesa, Scribante, Colombo, & Poggio,
2012; Ansari, Ghasemil, Vatandoust, & Motamedi, 2016). The bottom to top surface microhardness ratio can
be used as a simple method to assess for polymerization adequacy at a specific depth, which is independent to
resin composites composition. Ratios ranging from 80% to 90% are implied as having adequate conversion at
the specific specimen depth (Ferracane, 1985).

It is widely known that both curing time and depth of cure play an important role in affecting
polymerization. According to the recommendation from 3M ESPE, Dentsply and Ivoclar Vivadent which are
the three manufacturers producing bulk-fill resin composites used in this study, 20 second curing time is
required at 4 mm depth. Moreover, all of these 3 manufacturers recommend that light intensity be greater than
1000 mW/cm? during curing process to achieve adequate polymerization (3M ESPE, 2015) (Dentsply Sirona,
2016) (Ivoclar Vivadent). It is important to choose the most optimal curing time and depth of cure so that
patients would benefit from the best degree of polymerization of resin composites.

2. Objectives

1. To investigate the effect of curing time on the degree of polymerization of bulk-fill resin
composites

2. To investigate the effect of depth of cure on the degree of polymerization of bulk-fill resin
composites

3. Materials and Methodology
The following materials were used to conduct the research.

1. Cylindrical stainless-steel mold with 4 mm diameter which allows us to adjust the depth of cure to 2,

4and 5 mm

2. Light curing unit (Bluephase®N) with the light intensity of 1,200 mW/cm?
. Mylar strip
. Glass slab
. Filtek™ Bulk Fill Restoratives Shade A3
. Tetric® N-Ceram Bulk Fill Shade IVA
. SureFil® SDR flow+ Shade A3
. Vickers microhardness tester

9. Silicone jig

Composites were placed in a 4 mm diameters cylindrical stainless-steel mold in order to block the light
source from the external environment. The mold was adjustable in different depths of cure which were 2, 4 and
5 mm. The specimens were prepared from 3 types of bulk-fill resin composites which were conventional bulk-
fill resin composites (Filtek™ Bulk Fill), conventional bulk-fill resin composites (Tetric® N-Ceram Bulk Fill)
and flowable bulk-fill resin composites (SureFil® SDR flow+). Each type of bulk-fill resin composites was
prepared in 2, 4 and 5 mm depths of cure. Then they were light-cured for 20, 40, and 60 seconds. Therefore, the
specimens in the study could be divided into 27 groups with different types of bulk-fill resin composites, depths
of cure and lengths of curing time.

After placing composites into the mold, the top surface of each specimen was covered by a piece of
mylar strip. The tip of light curing unit was placed on each piece of mylar strip on each specimen. We fixed the
position of each specimen which was adjacent to the tip of the light curing unit throughout the study.

Each specimen was cured with light having intensity of 1,200 mW/cm?in conventional mode. Then, all
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of the specimens were kept in artificial saliva where they were incubated at 37°C for 24 hours. After the
incubation, we measured microhardness of each specimen using the Vickers microhardness test. For each
specimen, we defined 5 testing points on the top surface and 5 testing points on the bottom surface. Then, we
used the average level of microhardness that we had measured from 5 testing points to calculate the bottom-to-
top-surface microhardness ratio.

In short, the microhardness ratio is the average level of microhardness on the bottom surface divided
by the average level of microhardness on the top surface. It was used to measure the degree of polymerization
of each specimen. We used One-way ANOVA and T-test to check whether the degree of polymerization was
affected by curing time and depth of cure which are the independent variables in our study.

Filtek™ Tetric® N-Ceram SureFil® SDR flow+
2mm 4mm 5mm
l | | | | I
20s 40s 60s 20s 40s 60s 20s 40s 60s

Figure 1 The diagram shows how specimens were divided.
4. Results and Discussion

Table 1 Means and standard deviations of the bottom-to-top-surface microhardness ratio of each type of bulk-fill resin
composites at different periods of curing time and depths of cure. The numbers below are in percentage points

Type of resin Curing Depth of cure

composites time 2 mm 4 mm 5 mm
20s 7454 £1.97 pa 51.11+1.36 ap 30.19+0.79 o
Filtek™ 40s 9559 +1.02 5, 75.62 £1.95 5459 +1.79 5,
60s 96.24 +0.75 5, 82.19 +1.42 ¢ 7478 +1.49 ¢,
20s 84.15+1.01 p, 78.39+2.85 pp 2318 +1.49 o
Tetric® N-Ceram 40s 8745+1823, 83.27 148, 4246 £1.695,
60s 80.48+0.85¢, 76.56 + 0.36 ¢ 5440 +1.10 ¢,
20s 91.71+1.65 p, 56.94 +3.51 27.86+1.13 o
SureFil ® SDR flow+ 40s 93.64 +2.56 p, 73.85+1.45¢g), 48.34+1.33 g,
60s 89.45+1.495, 7494 +1.74 ) 69.34 +2.26 ¢

The difference in capital letters in the above table indicates statistical significance of difference in
bottom-to-top-surface microhardness ratio at a fixed depth of cure, and varying periods of curing time (p-value
<0.05). On the other hand, the difference in the lowercase letters represents statistical significance of the
difference in bottom-to-top-surface microhardness ratio at a fixed period of curing time, and varying depths of
cure (p-value <0.05).
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Table 2 Means and standard deviations of the level of microhardness measured on the bottom surface of each type of bulk-
fill resin composites at different periods of curing time and depths of cure. The numbers below are in percentage points

Type of resin Curing Depth of cure

composites time 2mm 4 mm 5mm
20s 43.67 £0.77 p,4 29.92+£1.01 5p 1721 £0.54 .
Filtek™ 40s 5512 +2.03 5, 4568 +0.98 5, 32.77+1.22 g,
60s 57.40+1.19;, 49.96 + 0.65 ¢, 45.02+1.04 ¢,
20s 51.28+0.92 5, 46.64 +1.49 5y 13.89 £1.01 ¢
Tetric® N-Ceram 40s 5440+ 1.17 5, 5152 +0.63 g 26.82+0.88 5
60s 56.19+0.92 ¢, 50.03 £0.47 5 37.58 £0.57 ¢
20s 30.32£0.91 5, 17.37£0.78 pp 8.58 £0.38 A,
SureFil ® SDR flow+ 40s 30.74£1.03 a, 23.30+£0.46 16.09 £0.58 5
60s 31.75+0.47 5, 2439+0.37 ¢ 23.20£0.94 ¢,

The difference in capital letters in the above table indicates statistical significance of difference in level
of microhardness measured on the bottom surface of each specimen at a fixed depth of cure, and varying
periods of curing time (p-value <0.05). On the other hand, the difference in lowercase letters represents
statistical significance of difference in the level of microhardness measured on the bottom surfaces of each
specimen at a fixed period of curing time, and varying depths of cure (p-value <0.05).

First of all, we could observe a positive relationship between the level of bottom-to-top-surface
microhardness ratio and curing time even though some of the improvement of the degree of polymerization as
curing time increased was not statistically significant. In other words, more curing time generally improved the
degree of polymerization. Nonetheless, we observed 3 exceptional cases where the bottom-to-top-surface
microhardness ratio decreased while we increased the curing time. Specifically, the bottom-to-top-surface
microhardness ratio of Tetric® N-Ceram significantly decreased when we increased the curing time from 40 to
60 seconds at 2 and 4 mm depths of cure. Also, the bottom-to-top-surface microhardness ratio of SureFil® SDR
flow+ significantly decreased when we increased the curing time from 40 to 60 seconds at 2 mm depth of cure.
In spite of these 3 exceptional results, we could still conclude that in general more curing time improved the
degree of polymerization. The reason was because the reduction of the bottom-to-top-surface microhardness
ratio in these 3 exceptional cases was due merely to the rate of increase of the average level of microhardness
on the bottom surface was less than the rate of increase of the average level of microhardness on the top surface
as curing time increased. Recall that the microhardness ratio is the average level of microhardness on the
bottom surface divided by the average level of microhardness on the top surface. When the rate of increase in
the numerator is less than the rate of increase in the denominator, the value of the whole ratio drops. According
to Table 2, the level of microhardness measured on the bottom surface of Tetric® N-Ceram did not significantly
decrease when we increased curing time from 40 to 60 seconds at 2 and 4 mm depths of cure. In fact, the level
of microhardness measured on the bottom surface of Tetric® N-Ceram actually increased when we increased
the curing time from 40 to 60 seconds at 2 mm depth of cure. Also, the level of microhardness measured on the
bottom surface of SureFil® SDR flow+ significantly increased when we increased curing time from 40 to 60
seconds at 2 mm depth of cure. Hence, we concluded that there existed a positive relationship between the level
of bottom-to-top-surface microhardness ratio and curing time in our study.

Apart from the positive relationship between the level of bottom-to-top-surface microhardness ratio
and curing time in our study, we could also observe a strong negative relationship between the bottom-to-top-
surface microhardness ratio and depth of the cure. In other words, less depth of cure generally improved the
quality of polymerization.

Furthermore, it is worth to point out that we could observe an interaction effect of curing time and
depth of cure. Even though we used One-way ANOVA and T-test to check whether the quality of
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polymerization was affected by curing time and depth of cure and these 2 independent variables were treated
independently, evidence of the interaction effect of curing time and depth of cure could be briefly seen in Table
1 and 2. It was noticeable from these tables that as depth of cure increased, we could see more statistically
significant improvement of the degree of the polymerization as we increased curing time. To be more specific,
for 2 mm depth of cure, Tetric ® N-Ceram was the only type of bulk-fill resin composites that we could observe
constant statistically significant improvement of the degree of polymerization when we increased curing time
from 20 to 40 seconds and from 40 to 60 seconds. For 4 mm depth of cure, Filtek™ and SureFil ® SDR flow+
were the two types of bulk-fill resin composites that we could observe constant statistically significant
improvement of the degree of polymerization when we increased curing time from 20 to 40 seconds and from
40 to 60 seconds. For 5 mm depth of cure, all types of bulk-fill resin composites in the study could be
significantly improved in degree of polymerization when we increased curing time from 20 to 40 seconds and
from 40 to 60 seconds. Therefore, it could be inferred from the result there existed a higher degree of effect of
curing time on the bottom-to-top-surface microhardness ratio as depth of cure increased.

The findings in our study coincide with many previous studies where they reported positive
relationships between level of bottom-to-top-surface microhardness ratio and curing time (David, Gomes,
Gomes, & Loguercio, 2007; Alpdz et al., 2008; Mousavinasab, & Meyers, 2009). However, there are some
preceding studies where they reported that there existed no relationship between level of bottom-to-top-surface
microhardness ratio and curing time (Okte, Villalta, Garcia-Godoy, Garcia-Godoy, & Murray, 2005; Flury,
Hayoz, Peutzfeldt, Husler, & Lussi, 2012; Catelan et al., 2014). This is contradicting to the findings in our
study.

Recall that ratios ranging from 80% to 90% are implied as having adequate conversion at the specific
specimen depth of cure (Ferracane, 1985). Also, according to the recommendation from 3M ESPE, Dentsply
and lvoclar Vivadent which are the three manufacturers producing bulk-fill resin composites used in this study,
20 second curing time is required at 4 mm depth of cure. However, the results in our study show that 20 second
curing time at 4 mm depth of cure was not enough to achieve the acceptable range of the ratio. The results in
our study coincide with many previous studies where they also reported that some bulk-fill resin composites had
adequate degree of polymerization when depths of cure were only up to 2 or 3 mm (Yap, Pandya, Toh, 2016;
Gracia, Yaman, Dennison, Neiva, 2014).

5. Conclusion

We investigated a relationship between the degree of polymerization and curing time. We also
investigated the relationship between the degree of polymerization and depth of cure. This study found a
positive relationship between level of bottom-to-top-surface microhardness ratio and curing time. Moreover,
there existed a strong negative relationship between bottom-to-top-surface microhardness ratio and depth of
cure. Last but not least, this study found an interaction effect of curing time and depth of cure.
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