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ABSTRACT

The present work investigates the friction coefficient, wear resistance and voltage
generated from the sliding of resin composite made by bulk-fill and incremental
layering by continuous and pulsed light curing modes on abrasive paper as the
counter surface to compare the performance of the tested specimens. The experiments
have been carried out at reciprocating motion of low velocity to simulate the oral
masticatory condition.

It was found that test specimens prepared by continuous curing light of two layers
showed the highest friction values at dry sliding. Friction coefficient decreased by
increasing applied load. At water wet sliding, test specimens of layers displayed higher
friction values than bulk fill ones. In addition, voltage increased as the applied load
increased, where specimens of bulk fill displayed the highest voltage, while specimens
of layers showed the lowest voltage values. Water wet sliding decreased the voltage
due to the presence of water. Specimens prepared by pulsed curing light showed lower
friction than that determined for continuously cured ones. At water wet sliding,
pulsed light cured test specimens displayed higher friction than that show in dry
sliding. Specimens treated by pulsed light showed higher voltage values that that
observed for that treated by continuous light curing. Finally, water wet sliding caused
higher wear values that dry sliding for continuously light cured specimens, while the
lowest wear was shown for three layers specimens. Besides, bulk fill specimens
displayed the lowest wear in water wet sliding.
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INTRODUCTION

Recently, it was found that application of the pulsed light curing mode showed lower
fiction and wear compared to continuous curing, [1]. Besides, composites consisting
of two and three layers continuously cured displayed lower wear rather than bulk fill.
It was observed that incremental layering improved the degree of polymerization. In
other study, it was revealed that bulk fill composite resins have higher microhardness.
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Therefore, bulk fill could be applied in a single layer without capping, [2]. Composite
resin is extensively applied to restore teeth, [3 - 5]. It was approved that fatigue can
be initiated from internal cracks inside the restorations, [6]. Thus, to get higher
strength, composite resin needs exposure of light-curing unit, [7, 8]. Processing of
composite resin requires incremental thickness of 2 mm, [9, 10]. The shrinkage
polymerization shrinkage can be mitigated by filling materials in the resin, [11]. The
increase of elastic modulus causes significant shrinking and enamel cracking, [12]. It
was found that composite shrinkage was not affected by the light curing modes, [13].
As the tip of the curing light gets closer to the composite surface, the less the
polymerization shrinkage. It is necessary to increase the light curing time to increase
the degree of polymerization of the composite resin in the deep cavities to increase the
hardness and compressive strength, [14].

The disadvantage of the polymerization of the resin matrix is the volumetric
shrinkage, [15, 16]. Volumetric shrinkage induced polymerization stress and
influenced the elastic modulus, [17 - 23]. It was revealed that preheating of composite
resins enhanced the mechanical properties by increasing the monomer mobility and
the degree of polymerization, [24 - 26]. Besides, increasing the time of light exposure,
[27, 28], increases the hardness of the composite resin.

It is known that perfect polymerization of resin composites is essential to get a long
last dental restoration of better mechanical properties. Polymerization process
contains activation, [29 - 35], where the free radicals initiate polymerization. Then,
free radicals are linked to the other monomers to form polymer chains. Increasing
the number of monomers in the chain increases the degree of polymerization, [36 -
39]. Good polymerization is essential for a good composite restoration.

Polymerization with light curing controls of the working time, [40]. It is affected by
the thickness of the composite resin. The thickness of 2.0 mm is recommended. The
increase of the thickness reduces the intensity of the light at the bottom surface and
drastically affects the mechanical properties, [41 - 43].

The present study aims to compare the wear resistance, friction coefficient and
voltage of resin composite restorations using bulk-fill and incremental layering by
continuous and pulsed light curing modes.

EXPERIMENTAL

The resin composite used in the study was treated by light curing using the 3D Star
LED device utilizing continuous and pulsed light curing modes. The counter surface
was P1000-grade abrasive paper of silicon carbide adhered to the reciprocating table
of the wear tester. The sliding velocity was approximately 0.1 m/s to simulate the
massification process, Fig. 1. An electronic balance of £ 0.1 mg accuracy was used to
evaluate the wear by weight loss after test.
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Fig. Details of the wear tester.

The tested specimens were prepared as bulk-fill, two layers, three layers and four
layers treated by continuous and pulsed curing modes. The test specimen was in form
of cylindrical pin of approximately 12 mm and 6 mm diameter. The bulk fill
specimens, the specimen was molded in a single increment, while in layered
specimens, composite with two, three and four layers was applied incrementally.
Light curing was applied for 60 seconds on the top surface for bulk fill specimens,
while every layer was cured for 60 seconds after filling for layered specimens. The test
specimens were loaded on the counter surface at 6.0 N load. They slid at 0.1 m/s and
stroke of 40 mm. The total sliding was 2.0 m. Friction coefficient (u) was evaluated by
the ratio between friction force and applied load where friction force was measured
by load cell. The composite resin pin was assembled in steel representing one terminal
while the steel substrate represented the second terminal for voltage measurement.
The voltage generated from the sliding of composite resin on abrasive paper was
measured by digital voltmeter of £ 0.1 mV accuracy.

RESULTS AND DISCUSSION

The friction behavior of test specimen prepared by continuous curing light is
illustrated in Fig. 2. Test specimens prepared by two layers, slid on the abrasive paper,
displayed the highest friction values. Generally, friction coefficient gradually
decreased by increasing applied load due to the heat generated during sliding at
higher loads. The heat rise formed a polymeric layer of low shear strength on the
sliding surface that was responsible for reducing the friction coefficient. At water wet
sliding, test specimens prepared in layers showed higher friction values than the bulk
fill ones, Fig. 3. The values of friction coefficient were higher than that observed in
dry sliding. It seems that water removed the worn particles adhered to the abrasive
paper facilitating the abrasion process.

The voltage generated from the dry sliding of the test specimens continuously light
cured is shown in Fig. 4. Bulk fill specimens displayed the highest voltage, while
specimens of two, three and four layers showed relatively lower values. Voltage values
increased with increasing the applied load due to the increase of the contact area,
where the highest value reached 150 mV at 10 N load. At water wet sliding, Fig. 5,
voltage values drastically decreased due to the presence of water that conducted the
voltage between the two sliding surfaces. The highest voltage value did not exceed 12
mV.
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Fig. 2 Friction coefficient displayed by the dry sliding of test specimen prepared by

continuous curing light.
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Fig. 3 Friction coefficient displayed by the water wet sliding of test specimen
prepared by continuous curing light.
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Fig. 4 Voltage generated from the dry sliding of the test specimens prepared by
continuous curing light on abrasive paper.
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Fig. 5 Voltage generated from the water wet sliding of the test specimens prepared
by continuous curing light on abrasive paper.
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The results of experiments carried out to investigate the friction coefficient and
voltage generated from dry sliding on abrasive paper are shown in Figs. 6 - 9. Test
specimens prepared by pulsed curing light and dry slid on abrasive paper displayed
relatively lower values than that determined for continuously cured ones, Fig. 6. Bulk
fill test specimens displayed the highest friction values, while specimens prepared in
four layers showed the lowest friction. Water wet sliding of pulsed light cured test
specimens displayed higher friction than that observed in dry sliding, Fig. 7. This
behavior can be explained on the bases of the function of water to remove the worn
from the surface of abrasive paper. Specimens of multilayers showed higher friction
than bulk fill specimens.

Pulsed light cured test specimens dry slid on abrasive paper showed higher voltage
values compared to prepared by prepared by continuous light curing, Fig. 8. The
highest voltage value was 25 mV displayed by tree layers test specimens at 10 N load.
Voltage generated from water wet sliding showed drastic reduction, Fig. 9. The
highest voltage value did not exceed 15 mV.
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Fig. 6 Friction coefficient displayed by the dry sliding of test specimens prepared by
pulsed curing light.
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Fig. 7 Friction coefficient displayed by the water wet sliding of test specimens
prepared by pulsed curing light.
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Fig. 8 Voltage generated from the dry sliding of the test specimens prepared by
pulsed curing light on abrasive paper.
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Fig. 10 Wear displayed by the dry and water wet sliding of the test specimens
prepared by continuous curing light on abrasive paper.
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Fig. 11 Wear displayed by the dry and water wet sliding of test specimens prepared
by pulsed curing light on abrasive paper.

Figure 10 illustrates the wear of the test specimens prepared by continuous curing
light and slid on abrasive paper at dry and water wet sliding conditions. It was
observed that wet sliding caused higher wear values that dry sliding. Besides, three
layers specimens showed the lowest wear. The presence of water removed the
composite resin particles adhered in abrasive paper and made the silicon carbide
particles more abrasive. In water wet sliding, Fig. 12, bulk fill specimens displayed
the lowest wear values.

CONCLUSIONS

1. Test specimen prepared by continuous curing light of two layers displayed the
highest friction values at dry sliding.

2. Friction coefficient decreased by increasing applied load.

3. Test specimens prepared in layers showed higher friction values than the bulk fill
ones at water wet sliding, where friction coefficient values were higher than that
observed in dry sliding.

4. Voltage values increased as the applied load increased. Bulk fill specimens showed
the highest voltage values, while specimens of two, three and four layers showed lower
voltage. At water wet sliding, voltage decreased due to the action of water that
conducted the current between the two sliding surfaces.

6. Specimens prepared by pulsed curing light displayed lower friction values than that
determined for continuously cured ones. At water wet sliding, test specimens
displayed higher friction than that observed in dry sliding.
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7. Specimens treated by pulsed light showed higher voltage values that that observed
for that prepared by continuous light curing, while voltage generated from water wet
sliding showed drastic decrease.

9. Water wet sliding caused higher wear values than dry sliding for continuously light
cured specimens, while the lowest wear was shown for three layers specimens. Bulk
fill specimens showed the lowest wear in water wet sliding.
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