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Abstract

Objective: The aim of this study was to evaluate the effect of finishing time and polishing time on surface roughness
and microhardness of nanofilled and hybrid resin composites. Materials and Methods: Hundred disk composite
specimens from micro hybrid composite and nanohybrid composite were prepared, 50 for each type of composite. The
specimens were divided into five groups according to the time of finishing and polishing (immediate, 15 min, 24 h
and dry). Composite under the Mylar strip without finishing and polishing was taken as the control group. Surface
roughness was measured with environmental scanning electronic microscope (ESEM) and microhardness was
determined using Vickers Microhardness Tester. Data collected were statistically analyzed by t-test and one-way
analysis of variance (ANOVA) followed by Turkey’s post hoc test. Results: Smooth surface with low hardness was
obtained for the group under Mylar strip without finishing and polishing. The highest roughness was recorded for
delayed finishing and polishing for both composites. Immediate finishing and polishing increased the surface hardness
more than that in the control group in both types of composites. Dry finishing reduced the hardness significantly for
micro hybrid composite, but resulted in the highest surface hardness for nanofilled composite. Conclusion: Immediate
finishing and polishing under coolant resulted in the best surface smoothness and hardness values in micro hybrid
composite; however, immediate dry finishing and polishing gave the best smoothness and hardness values in

nanohybrid composite.
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INTRODUCTION

In recent years, the usage of composite as a choice
of restoration has increased incredibly because of its
unique combination of aesthetics, affordability, and
conservation. The aesthetic appearance of the composite
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resin is based upon the shape, color, and gloss of
the restoration achieved by finishing and polishing
procedure.!"]

Finishing refers to the contouring, shaping, and
smoothing of the restoration to give anatomical
contours and to remove excess material at the interface.
Polishing is a step performed after finishing when the
surface gains a high luster and enamel-like texture.™

A smooth surface finish is clinically necessary because
the presence of surface irregularities from poor
finishing and polishing can lead to staining, plaque,
irritation, recurrent abrasiveness,

gingival caries,
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wear kinetics, and tactile perception by the
patient.”) Therefore, polishing procedures help to
maintain longevity of restoration”! and preserve good
oral health.™

Polishability of resin-based composites relies on the
filler particle size and morphology,””! the filler loading,
the type of filler, and on the polishing method and
instruments.l”! Therefore, the finishing and polishing
procedures are both affected by the technique and are
material sensitive.®’]

The softer surface resins may retain the scratches
created by the finishing procedures, which can affect
the fatigue strength of restoration leading to premature
failure.l"” Surface hardness is an important mechanical
property that can predict the wear resistance and its
ability to abrade or be abraded by opposing dental
structures or materials.""! The timing of polishing
might affect the physical properties of the composite
and might increase the risk of premature failures.!?!

As the resin composite is a bad conductor of
heat, it retains the heat produced by the polishing
procedures in the outer layer of material and
raises the temperature above the glass transition
temperature, making the surface hard such that it
can increase the mechanical properties of restoration
such as microhardness and abrasion resistance.!”!
Nevertheless, dry finishing and polishing may produce
considerable heat that affects the interface between the
tooth and adhesive bond; interestingly, it also affects
the bond between the particles and the surrounding
matrix. It is recommended to polish the resin under
water coolant to reduce the detrimental effects of dry
finishing and polishing;!" therefore, polishing dry
or with coolant affects the physical properties of the
composite.

In literature, polishing methods or procedures are
well documented,!™"® but the timing, i.e. immediate
or delayed finishing, and polishing under dry or wet
conditions affecting the physical properties of the resins
remain a controversial topic. In this light, this study was
conducted to investigate the best timing of polishing
and finishing and the best method of polishing, whether
dry or wet, affecting the surface hardness and surface
smoothness of two types of resin composite materials.

MATERIALS AND METHODS

Two different tooth-colored restorative materials were
used in the study: A hybrid resin composite Filtek Z250
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(3M ESPE, USA) and a nanohybrid resin composite
Filtek Z350 (3M ESPE, USA).

Materials used were of A2 shades. Teflon molds (4 mm
in diameter and 2 mm thickness) were used to prepare
50 specimens from each of the restorative materials.
To prepare each specimen, the mold was placed on a
Mpylar strip covered with glass slide and the uncured
resin composites were packed inside the molds.
Another Mylar strip was then placed over the mold and
the material was compressed with a glass slide. The
specimens tested were exposed to a load of 200 g for
extrusion of any excess resin composite and forming a
flat surface. The specimens were polymerized with a
tungsten halogen light (Hilux, Benlioglu, Turkey) for
40 s at both sides of the specimen at a light intensity of
550 mW/cm?.

A total of 100 specimens of the composite resin were

prepared and divided into two groups, 50 specimens

for each type of composite. Each group was subdivided

into five subgroups, each of which had 10 specimens,

according to the type and time of finishing and

polishing as follows:

* Group 1: Control group; no finishing and polishing
procedures were applied

*  Group 2: The specimens were immediately finished
and polished

*  Group 3: The specimens were finished and polished
after 15 min

*  Group 4: The specimens were finished and polished
after 24 h

*  Group 5: The specimens were dry finished.

Finishing was performed with 30 wm diamond finishing
burs (Diatech, Diatech Dental AC, Switzerland) with
a high-speed hand-piece at 40,000 rpm under water
cooling. The application time was limited to 10 s. A
new finishing bur was used for every five specimens.
In group 5, the specimens were finished without water
cooling.

Medium to super-fine aluminum oxide disks (sof-lex
3M ESPE, USA) were used for polishing. The
aluminum oxide disks were discarded after each use.
Each disk was used in a circular motion applying light
pressure for 20 s with a slow-speed hand piece (NSK
Ti-Max electric hand piece, Japan). The revolutions
per minute were set to 5000. To control the variability,
one investigator, blinded to which material was being
processed, performed all the finishing sand polishing
procedures in a randomized order. All groups were
stored in saline at 37°C before analysis.
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Measurement of surface roughness

The surface roughness of each specimen was
recorded using the environmental scanning electronic
microscope (ESEM) (Quanta 200, the Netherlands)
by a second operator who was also blinded to the
restorative materials and finishing/polishing procedures.

The average surface roughness (Ra, wm) was measured
using XT document software which has the ability to
convert the 2D captured image by ESEM into 3D image
with a magnification of 1000x. Each peak of the images
was marked and then the peak height (z-axis), the
peak length (x-axis), and the peak width (y-axis) were
measured. All the measurements were recorded in an
Excel data sheet in micrometers [Figure 1].

Measurement of surface microhardness

Surface  microhardness of the specimens was
determined  using  Digital  Display  Vickers
Microhardness Tester (Model HVS-50; Laizhou Huayin
Testing Instrument, China) with a Vickers diamond
indenter and a 20x objective lens. A load of 200 g was
applied to the surface of the specimens for 15 s. Three
indentations were equally placed over a circle of 1 mm
diameter at the middle third of the specimens. The
diagonal length of each indentation was measured by
a built-in scaled microscope and three Vickers values
were taken for each specimen. The average of three
Vickers values was calculated and taken as Vickers
hardness number for each specimen.

Statistical analysis

Means and standard deviations were calculated for
surface roughness and surface hardness. Data were
analyzed by f-test to compare the means of two different
composites and by one-way analysis of variance
(ANOVA) to know the difference between different
finish protocols for each composite, followed by Tukey’s
post hoc test. All statistical analyses were conducted at a
significance level of o0 =0.05.

RESULTS
Surface roughness

The surface roughness results for both

(wm)

composite groups after different finish protocols
are summarized in Table 1 and Figure 2. Among the
nano-composite groups, it was found that the dry finish
group recorded the highest surface roughness mean
value (183.9 um). The results of other groups were:
156.6 um, 148.5 um, and 142.9 pum for 24 h finish
group, 15 min finish group, and immediate finish
group, respectively. The non-finished group recorded
the lowest surface roughness mean value (126.7 um).
This difference was statistically significant (P < 0.05).

Among the hybrid composite groups, it was found
that 24 h finish recorded the highest surface roughness
mean value (188.8 um), followed by dry finish

Figure 1: Scanned 3D image of surface roughness
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Figure 2: The mean values of surface roughness (um) for both
composite groups after different finishing protocols

Table 1: Surface roughness (mean*SD) for both composite types under different finishing protocols

Dry finishing No finishing Immediate 15 min finishing 24 h finishing
Nano-composite 183.9121.3 126.7£3.6 142.9%14.5 148.5£8.6 156.61£6.7
Hybrid composite 181.2+15.4 1563.6+17.7 157.0+8.5 177.2420.2 188.8418.4

SD=Standard deviation
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(181.2 um), 15 min finish (177.2 um), and immediate
finish (157.7 wm) groups; however, non-finished group
recorded the lowest surface roughness mean value
(153.6 um). Statistical analysis of the mean surface
roughness revealed that the difference between different
finish protocols for the hybrid composite group was
significant (P < 0.05).

All the finish protocols in hybrid composite
recorded a higher surface roughness mean value
than in nano-composite (except dry finish) group
(P < 0.05). No statistically significant difference in
surface roughness was found between dry and 15 min
finish groups (P > 0.05).

Vickers microhardness

Vickers microhardness (HV) results for both composite
groups after different finish protocols are summarized
in Table 2 and Figure 3.

Among the nano-composite groups, it was found that
dry finish group recorded the highest microhardness
mean value (69.04), followed by non-finished group,
immediate finish group, and 24 h finish group (67.7 HV,
67.1 HV, and 65.9 HV, respectively), while 15 min finish
group recorded the lowest microhardness mean value
(61.3 HV). This difference was statistically significant
(P < 0.05).
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Figure 3: The mean values of microhardness for both composite
groups after different finishing protocols

Among the hybrid composite groups, it was found
that immediate finish group recorded the highest
microhardness mean value (77.6 HV), followed by dry
finish group, 15 min finish group, and non-finished
group (65.4 HV, 63.6 HV, and 61.1 HV, respectively).
However, 24 h finish group recorded the lowest
microhardness mean value (59.8 HV). Statistical analysis
of the mean microhardness by ANOVA revealed that
the difference between different finish protocols for
hybrid composite group was significant (P < 0. 05).

All the finish protocols in the nano-composite group
recorded a higher surface microhardness mean value
than in the hybrid composite group (except dry finish)
and the differences between both composite groups
were statistically not significant (P > 0.05) except
for non-finished and 24 h finish groups where the
differences were statistically significant (P < 0.05).

DISCUSSION

It is the clinician’s responsibility to deliver realistic
restorations that closely mimic natural tooth structure.
The finishing and polishing step is most important
to maintain natural surface luster and contour."! It
is recommended to perform finishing and polishing
procedures immediately after curing.*! This statement
is based on the fact that hygroscopic expansion will
improve marginal adaptation by closing the gap formed
by polymerization shrinkage and finishing/polishing
procedures.[! Therefore, most dentists prefer to do the
tinishing and polishing step immediately after the light
curing of the resin restoration, which is more acceptable
and cost eftective for the patient.

Contrary to the above recommendation, there are
studies that recommend delayed polishing keeping
in view that immediate polishing may lead to plastic
deformation of resin which is cured 75% after
10 min.? It is also proposed to delay any finishing
procedures until after hygroscopic expansion occurs
because of the risk of fracture of the unsupported
enamel surrounding the marginal gap.[*]

It is reported that the benefits of delayed versus immediate
finishing were material and tooth structure dependent. "

Table 2: Vickers microhardness (mean+SD) for both composite groups after different finishing protocols

Dry finishing No finishing Immediate 15 min finishing 24 h finishing
Nano-composite 69.0£7.1 67.714.5 67.1£3.5 61.313.2 65.9%5.6
Hybrid COnlpOSite 65.4£7.8 61.1£5.4 77.6%£7.5 63.6%5.1 59.8%5.7

SD=Standard deviation
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In this study, two types of composite restorations were
tested. The results showed that nanofilled composites
had smoother surface under all conditions of finishing
and polishing timings than micro hybrid composite.
These results are in accordance with the study of Rai
and Gupta.”?! It may be because of the combination of
nanosized particles and the nanocluster formulations for
nanofilled composite. The nanocluster filler particles
consist of loosely bound agglomerates of nanosized
filler particles. During abrasion, the primary particles
(nanomer sized), and not the clusters themselves,
can be worn away, rather than be plucked out; thus,
smooth finish and higher gloss is retained over time.
In the micro hybrid, the particle size is larger, leaving
the surface rough due to pluck out of filler particles
after wearing out of resin matrix during polishing.?"
Contrary to our study, Silikas et al.®?* compared the
surface roughness of micro hybrid and nanohybrid and
found no difference in surface roughness.

Smoothest surface was obtained under Mylar strip
because of the resin layer at the surface.® In the
current study, delayed finishing and polishing showed
rougher surface on both types of composite restoration
than immediate polishing and finishing. This may
be related to the stress produced during the delayed
polishing. These results are in accordance with the
study conducted by Yazici et al."® and contrary to the
study of Yap et al.['**1 which concluded that the delayed
finishing and polishing of polyacid-modified resins
resulted in smoother surface. The authors attributed this
result to the maturity of resin at the time of finishing
and polishing.

In the present study, surface hardness was decreased
in delayed finishing and polishing when compared
to control, whereas hardness increased in immediate
finishing and polishing for both resin groups. The
decrease of hardness in delayed finishing was not
significant in nanofilled composite, but it was
significant in micro hybrid composite. This difference
in the two resins may be because of the difference in
matrix and filler component of resin.These results
are in coincidence with the study of Cenci et al.l'”]
They attributed the decrease in hardness to the loss of
surface properties after polymerization using a delayed
polishing procedure.

On the other hand, another investigation proved that
delayed finishing and polishing generally results in
surface similar to or even harder than that obtained with
immediate finishing and polishing.!
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The dry finishing groups showed significant increase
in the surface hardness of the nano-composite resin
material and a non-significant increase of hardness
of the surfaces of hybrid composite material. This
result was expected due to the maturation of the resin
matrix by the heat generated with no cooling system;
however, this uncontrolled heat can create a lot of
cracks and excessive roughness of the surface of the
resin restoration,!'#?”! which was clearly presented in the
study.

CONCLUSION

* Smoother finish (nanohybrid- 126.7 wm and micro
hybrid- 153.6 wm) was obtained under Mylar strip
in all conditions

* Surface roughness was increased in delayed polishing
procedures for both types of composites (nanohybrid-
156.6 um and micro hybrid- 188.8 pm)

*  Dry finish resulted in highest surface roughness in
nanofilled (183.9 um) and considerably high values
in micro hybrid (181.2 um) groups compared to the
control group

* Surface hardness was decreased in delayed polishing
procedure of both types of resin (nanohybrid-
65.9 VH, micro hybrid- 59.8 VHN) than the
control group (67.7 VHN- nanohybrid and
61.1 VHN- micro hybrid)

* Immediate polishing and finishing increased the
surface hardness than the control group in both
types of composites (nanohybrid- 67.1 VHN,
77.6 VHN)

* Dry finish resulted in highest surface hardness for
nanofilled composite (69 VHN).

Immediate finish under coolant resulted in highest
surface hardness for micro hybrid resin (77.6 VHN).

Immediate polishing under coolant for micro hybrid
resin composite is highly recommended. Dry and
immediate finishing and polishing is also advised for
nanohybrid resin composite to achieve the best physical
properties.
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