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ABSTRACT

Background: Adequate finishing and polishing of resin composites is a prerequisite for high-quality esthetics and
enhanced longevity of resin-based restorations. Finishing and polishing of resin composites are important procedures
in restorative dentistry. Finishing refers to gross contouring of a restoration to obtain the desired contour. However,
polishing refers to smoothness as well as to reduction of the scratches created by the finishing instruments.

Materials and methods: Four types of composite materials where used in this study, FiltekP90 (3M ESPE, St.paul, U.S.A),
Tetric Evoceram (Vivadent, Schaan, Liechtenstein), Filtekz250 (3M ESPE, St.paul, U.S.A), FiltekP60 (3M ESPE, St.paul,
U.S.A), also two polishing systems which are: Optrapol (lvoclar Vivadent) and Enhance (Dentsply) and one Silicone
carbide finishing paper. A total number of 160 disc shaped specimens were produced in a circular steel molds with a
circular hole in its center , with a diameter of (10x3mm), specimens where divided into four groups of 40 specimens
each (10 samples from each composite type) according to the finishing/ polishing protocol used as follows Group A:
control without finishing and polishing. Group B: polishing using optrapol polishing system. Group C: polishing with
Enhance polishing system. Group D: finishing only with silicone carbide finishing paper(600 grit). Except for the control
group Specimens first are finished using silicone carbide paper 600 grit for obtaining a baseline surface roughness
before the application of polishing systems, the At the completion of the finishing and polishing instrumentation, the
specimens were ultrasonically cleaned in an ultrasonic unit with distilled water for two minute. The surface roughness
was measured by using a portable surface roughness tester (SRT 6210).

Results: The result showed that all the composite materials under control group that cured using mylar strip exhibited
the least surface roughness values (best smoothness). All the composite materials produced smoother surface when
polished with optrapol system than with Enhance system. For the silicone carbide finishing paper we found that all
the materials produced high surface roughness values than with other finishing and polishing systems and there was
no significant difference between the composite materials.

Conclusion: FiltekP90 exhibited the smoothest surface finish compared to the other composite materials used in this
study while FiltekP60 exhibited the roughest surface finish compared to the other composite materials used in this
study.

Key words: Finishing and/or polishing of composite, Surface roughness, Roughness tester, diamond polishers. (J Bagh
Coll Dentistry 2013; 25(2):24-30).

INTRODUCTION

Finishing and polishing of resin composites Roughness has aso a magjor impact on the
are important procedures in restorative dentistry. aesthetic appearance and discoloration  of
Finishing refers to gross contouring of a restorations ¥, Secondary caries, gingiva
restoration to obtain the desired contour. irritation and wear of opposing and adjacent teeth
However, polishing refers to smoothness as well ®
as to reduction of the scratches created by the In patients with less than adequate oral
finishing instruments . hygiene, variations in surface roughness of

Survival of bacteria in the ora cavity is provisional restorations may be associated with
dependent upon adhesion to hard surfaces, such onset of subclinical or even clinical inflammation
as those of teeth, filling materials, dental ©® On the other hand, a smoother surface of
implants, or prostheses . intraoral structures ensures patient comfort and

It is widely accepted that the surface facilitates oral hygiene ©.
roughness of intraoral hard surfaces has a major Adeguate finishing and polishing of resin
impact on the initial adhesion and the retention composites is a prerequisite for high-quality
of oral microorganisms. in detail rougher esthetics and enhanced longevity of resin-based
surfaces (crowns, implant abutments, and denture restorations.
bases) retain more plague than smoother ones . A survey of published studies indicated that

smooth, highly polished restorations present a
host of advantages ranging from esthetics to

(1) M.Sc. student, Department of Conservative Dentistry, survival: more esthetically appealing and easier
College of Dentistry, University of Baghdad. to maintain than restorations with a more
(2) Professor, Department of Conservative Dentistry, College of @ .

Dentistry, University of Baghdad. roughened surface ', less susceptible to plaque

accumulation and extrinsic discoloration and
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improved mechanical propertie ®. For resin
composite restorations polymerized under a
matrix strip, they tend to exhibit the smoothest
surface; none the less, the marginal areas would
still require finishing and polishing. On the latter
procedure, several investigations have shown
that removal of the polymer-rich, outermost resin
layer is essential to achieving a stain-resistant,
more esthetically stable surface ©.

On the other hand, Park et a, @ found no
differences in surface discoloration between
celluloid strip-finished and the polished surfaces
of microhybrid composites. Finishing and
polishing requires sequential use of at least
two—but generally more—instruments with
gradually smaller abrasive particles. Apart from
polyurethane-based finishing and polishing disks,
fine diamond burs, rubberized resin- or silicon-
impregnated abrasives, and polishing pastes are
the most frequently used abrasives to obtain the
desired glossy and smooth surface Y. The final
polishing result depends on the filler size, shape,
and loading in the resin composite. The larger the
filler particles, the rougher the surface would be
after polishing 2.

MATERIALSAND METHODS

A total number of 160 disc shaped specimens
were produced in circular steel molds with a
circular hole in its center, with a diameter of
(10x3mm).The composite resin was loaded by
injecting it directly from the tube in to the holein
order to reduce air voids. The material was
condensed into the mold by Ash no.6 until it
become intentionally overfilled.

The surface of the material was covered with
aMatrix strip and covered with aglass dide. The
molds were bulk-filled to slight excess, in order
to produce a flat smooth surface and to prevent
the formation of oxyg?en-inhibited layer on the
surface of the samples *2.

A (200 gm) pressure has been applied for
1min. to expel excess material from the mold and
to reduce void P each specimen was
thoroughly light-cured through the application of
the emitting tip of light curing unit directly on
the top of the glass dide at a distance of about
1.2mm, which is the thickness of the glass dide
and celluloid strip.

The resin composites were exposed by using
an Adtrdis light-curing unit (lvoclar Vivadent,
AG, Schaan, Liechtenstein) at 560 mW/cm2 for
40 seconds. The polymerization of the disk was
carried out on the top and bottom sides against
the strip and glass plate and then for another
similar amount of exposure but without the glass
plates .
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The hardened specimens were then removed
from the mold and lightly finished manually at
the periphery carefully using a steel cutter after
24 hours from the preparation ™.
Finishing/Polishing protocols and group
organization

The composite specimens where divided into

four groups of 40 specimens each (10 samples
from each composite type) according to the
finishing/ polishing protocol used as follows:
Group A: Control without finishing and/or
paolishing. In this group the samples where
prepared and cured under transparent matrix strip
only then stored for one week in ionized distilled
water before surface roughness measurement.
Group B Finishing using Optrapol polishing
system (IvoclarVivadent) (figure 1). This system
consist of diamond impregnated polishers (cups,
discs and flames) , the polishing procedure
should be performed wet under running water
from a disposable syringe intermittently for 20
seconds to avoid heat generation .
The polishing is done using the polishing discs
attached to a straight hand —piece at a speed of
10000 rpm, according to the manufacturer
instructions.

Figure 1: Optrapol polishing system.

The hand-piece was attached to a surveyor for
standardization and the sample was placed inside
an acrylic mold for stabilization which is
attached to an electronic balance plate by using
super glue for standardization of pressure applied
by the hand-piece on the sample, the polishing
disk was brought into touch with the sampletill it
records a pressure range of (190-210) gm ,and
the polishing was done under water spray from
air triple syringe of dental unit, the polishing was
made for 5 seconds with two second rest, then
repeating the procedure to obtain a total of 20
seconds polishing time. The specimens were



thoroughly cleaned with distal water for 5
seconds then placed in an ultrasonic cleaner for
two minutes removing detritus formed by
polishing before measurement. 2.

Group C: Polishing with Enhance polishing
system (Dentsply) (figure 2). This system is a
three steps polishing system which involves a
finishing foam wheel impregnated UDMA
(Urethane dimethacrylate) with two polishing
paste systems (Aluminum oxide—silicone
dioxide finishing wheel-impregnated UDMA (40
um), Prisma gloss polishing paste (fine and x-
fine)). According to the manufacturer instruction
no water spray was used, and every one of the
three steps should be done intermittently for 20
second. The first step is polishing with the disc
only without using of polishing paste, the next
polishing step involved the placement of
polishing paste of prisma gloss (fine) on the
surface of the sample and proceeding with the
same polishing time as mentioned above.

Figure 2: Enhance polishing system

The third step involved the placement of x-

fine polishing paste according to the
manufacturer  instructions. We wused glass
ionomer cement spoon with one spoon volume
for each application for standardization of paste
volume.
After each step the sample was thoroughly rinsed
with distilled water for 5 seconds and dried with
air for 5 seconds before proceeding to the next
polishing step 2.

Surface roughness of specimens ground on
600-grit SIC paper, specimens surfaces were
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manually ground for 10 seconds on wet 600-grit
SiC paper under dight pressure with range of
(190-210 gm) and in varying directions. After
rinsing for 5 seconds and air-drying for 5
seconds using air jet. The samples are ready for
surface roughness measurement .

Group D: Finishing with Silicone carbide
finishing paper

The silicone paper is attached to an electronic
balance to standardize pressure on the specimen.
The pressure range was between 190 -210 gram.
Storage of the specimens

Each ten samples of each group were stored
in a dark plastic container containing distilled
water at room temperature for one week. The
samples were covered by the water before
starting the surface roughness measurement
procedures 2.

Experimental Surface
M easurement Procedures

At the completion of the finishing and
polishing instrumentation, the specimens were
ultrasonically cleaned in an ultrasonic unit with
distilled water for two minutes.

The surface roughness was measured by
using a portable surface roughness tester (SRT
6210) figure 3. The stylus traversed the surface
of the specimen at a constant speed of 0.5
mm/second with a force of 4 mN and automatic
return. Each specimen was traced in four line
locations across the center of the finished and/or
polished surface with an evaluation length of 4
mm.

All  preparation of specimens and
finishing/polishing procedures were performed
by only one operator to minimize the bias. A
calibration block was used periodically to check
the performance of the profilometer.

Roughness

Surfacs roughness tester

|

Composite specimen
Figure 3: Portable surfaceroughness tester.



The surface roughness parameter values were
monitored on a computer. The overall roughness
of the surface, which is called roughness avarage
(Ra), was measured. It is defined as the
arithmetical average height surface component
irregularities (the absolute distance of the
roughness profile) from the mean line within the
measuring length and the a critical roughness
valueis0.2 um %2,

RESULTS

The descriptive statistics which represent the
mean, standard deviation (xSD) with the
maximum (Max) and minimum (Min) values of
the surface roughness of unpolished and polished
samples (Ra) in micrometer (um) are shown in
Table 1.
The comparison between the four groups of
control and polishing systems in surface
roughness measur ement.

One-way ANOVA test showed that there was
a highly significant difference among all groups
of control and finishing and/or polishing systems
(P< 0.01). By performing the least significant
difference (LSD) test, was performed for al the
subgroups and the result showed that there was
high significant difference of the control group
and both the polishing systems groups and there
was no significant difference among subgroups
of the silicone carbide finishing group.

Table 1. Thedescriptive statistics (M eans,
standard deviations (SD) of roughness
valuesin um for all groups

Subgroups | N Mean +SD
Al 10 .2098 .06617
A2 10 2792 .06137
A3 10 2718 07312
A4 10 .3291 .11558
Bl 10 2726 .06292
B2 10 .3549 .09261
B3 10 .3968 .08243
B4 10 4792 .09176
C1 10 5910 | .05109
Cc2 10 6374 | .06308
C3 10 7349 .07000
C4 10 .7538 05271
D1 10 .8686 12933
D2 10 .8315 .10188
D3 10 .8323 07222
D4 10 .8328 .08668
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Figure 4: Bar chart showing mean values of
surface roughness Ra of all subgroups.

DISCUSSION
Finishing and polishing of resin composite

Finishing and polishing of resin composite
restorations are steps critical to enhance the
esthetics and longevity of restored teeth ©.

As for the surface quality of resin composite
restorations, it has been established that it is
closely related to both the polishing procedure
and inherent material characteristics such as size,
hardness, amount of filler particles, and structure
of the resin matrix ™.

The four types of composites used in this
study:

Filtek p90; Filtek p60; Filtek Z250 and Tetric
EvoCeram, were selected because they have
different filler and resin matrix compositions as
well as superior properties, as clamed by
manufacturers, to be used as low-shrinking
posterior restoratives.

They mainly differ in their inorganic
component, the type of inorganic filler, the size
of the particles and the extent of the filler loading
vary widely among these materials in addition to
difference in the resin matrix. These factors
influence their polish-ability &9,

Two different types of polishing systems
were used in this study; Optrapol polishing
system and Enhance polishing system.

They were selected because they differ in
their abrasives; the first one has an aluminum
oxide-silicone oxide abrasives, and the second
one has diamond abrasives, so as to compare
between the two components.

Purified distilled water was used as a storage
medium because it simulates the wet oral
environment provided by salivaand water. Saliva
is a diluted fluid comprising of 99% water and
the concentration of dissolved solids (organic
and inorganic) are characterized by wide
variations, both between individuals and within a



single individual. Due to these variations, water
was used as the storage medium ©?

One week water aging was performed in the
present study, because the dimensional changes
in composite resins were the result of the
shrinkage of the resin monomer during
polymerization in the first week.

In the present study, pretreatment of resin
composite surfaces was either as cured under a
Mylar strip or “finished” with wet, 600-grit SIC
paper. Finishing cured specimens with SiIC paper
of 600-grit (average particle size: 30 um) was a
reasonable procedure, since dental finishing
instruments are often loaded with abrasive
particles of this size or a similar grain size.
Further, grinding on wet SIC paper bore the
additional advantage of a finishing process that
was easier to standardize than with rotating
instruments .

Surface roughness of the control
(without finishing and polishing)

According to the study in comparison
between the four main groups we found that al
the composite materials under control group that
cured using mylar strip exhibited the least
surface roughness values (best smoothness). The
surface roughness of polished composites was
higher than unpolished controls, suggesting that
polishing determines by itself as a surface
damage factor. This may be due to the surface
finish that was obtained by the mylar strip is a
resin —polymer rich layer containing less fillers
giving more smooth surface. This finding is in
agreement with #3%%222)_On the other hand this
finding is in disagreement with ® . This could be
due to the difference in the type of method and
polishing system used in the study.

Surface roughness of Finishing and polishing
groups of composite

For the polishing systems there was a high
significant difference between them for al the
materials used, various surface defects can
appear in materials, such as micro-cracks and
irregularities, because of the removal of some of
the surface particles during polishing, increasing
the surface roughness of the restoration,
composite surface roughness is basically dictated
by the size, hardness, and amount of filler which
influences the mechanical properties of the resin
composites 9.

All  the composite materials produced
smoother surface when polished with optrapol
system than with Enhance system. This system
has diamond abrasives whereas Enhance utilizes
aluminum oxide- silicone dioxide as abrasive
particles.  Diamond is aways harder than
aumina so it cuts evenly both the matrix and the

group
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filler parts of the composite giving less
irregularities and more smooth surface, thereby,
in this study, optrapol produces the smoothest
surface on most of the materials . This could be
attributed to the fact that diamond discs are less
flexible as compared to the extremely flexible
aluminum oxide discs. Another reason for the
diamond discs giving better surface smoothness
in the study over Aluminum oxide-silicone
dioxide could be due to the non displacement of
part of the composite fillers particles by
Enhance. The diamond discs performed better
because the fillers in composite are so their
malleability promotes a homogeneous abrasion
of the fillers and the resin matrix ¥ Study by
Mitra et al ® also supported the concept of
homogeneous abrasion. This finding is in
disagreement with others because of different
methods and materials used. %

Surface roughness after finishing with
silicone car bide finishing paper

For the silicone carbide finishing paper we
found that all the materials produced high surface
roughness values than with other finishing and
polishing systems and there was no significant
difference between the composite materias. This
may be due to the size of the abrasives (average
particle size: 30 um), so it cut the composite
surface unevenly producing high irregularities
(alrsl)(j roughness, this finding is in agreement with
Differences in surface roughness values of the
different composite materials

According to this study, for the composite
filling materials there was a high significant
difference in (Ra) values this may be attributed
to the differences in composition among the
materials.

The occurrence of in vitro surface abrasion
(wear and wear resistance) of resin based
composites has been identified to be influenced
b¥) the filler size, morphology and distribution
" Following the loss of the resin matrix at the
surface of resin based composite restorations,
protruding filler particles remain. Subsequently,
the rate of wear was initialy dow as the
protruding filler acts as a ‘ protective shoulder’ to
the remaining resin matrix, whilst continued loss
of the resin causes filler ‘plucking’ and surface
void formation “® The presence of larger fillers,
such as those in traditional RBCs exhibit stress-
induced ‘tilting’ and subsequent remova of
protruding particles, resulting in increased
surface roughness due to large pores and defects.

According to the findings of this study, for
al the four main groups, Filtek P90 yielded the
lowest Ra values among al composite materias



except D1 dfter the finishing/polishing
procedures. The lower surface roughness of these
materials may be attributed to its composition.
Among the materials investigated, this
composites comprises low filler content by
weight (76—-77%), also it is characterized by a
special resin matrix made up of silorane, whichis
polymerized cationically by a ring-opening
expansion mechanism ¥ This expanded network
is based on oxirane and siloxane backbones.
Siloxane exhibits a more stable chemical
structure, as it is conjugated with a silicone atom
Furthermore, it has a relatively smaller filler
particle size (0.47 pum) that may also contribute
to the low surface roughness value 2.

The posterior packable hybrid composite
(Filtek P60), expressed the highest surface
roughness among the materials examined. This
material exhibited an average particle size of 0.6
um with a range of 1 to 3.5 um and a filler
loading of 83% wt. It has been noted that the
largest particles present in the composites
contribute more to the surface roughness than do
the average particle size 2 Additionally, it
comprises UDMA and high molecular weight
BisEMA (Ethoxylated bisphenol A glycoal
dimethacrylate) that form fewer double bonds
resulting in aslightly softer matrix ®2.

Another possible explanation could be
related to the deficiency of coherence between
the matrix and the fillers yielded from non-
silanization of the latter. This may cause
exfoliation of some filler particles as the weak
resin matrix is worn away during finishing and
polishing procedures. Dislodgment of larger
filler particles is usually associated with
preferentia loss of the resin, which is unable to
adequately stabilize these particles, causing
detectable  surface  irregularities  thereby
increasing the Ra vaue “®This was in
agreement with others ©°.

The Filtek 2250 and Tetri Evoceram have
intermediate roughness values: for
TetricEvoCeram which is a Nano-hybrid RBCs,
showed lower post-polishing (Ra) mean value
than Filtekp60. This may be attributed to that, it
contain amixture of colloidal silica particles with
a size distribution of 0.01-0.07um in addition to
micron-sized filler particles of 0.1-2.5um, such
as boroslicate, admixed with a methacrylate-
based resin matrix ®».The inclusion of smaller
filler particles as nano-size in the find
formulation of the composites results in reduc-
tion of composite’s shrinkage and improving
their total mechanical properties 2 Additionally,
materials reinforced with nano-sized filler
particles and agglomerations exhibit distinct
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properties compared with conventional filler
types 3

The Filtek 2250 which is microhybrid has
amost the same composition of the Filtek p60
but it differs in that it has a silinated filler with
less filler loading this lead to less (Ra) mean
value than p60 .
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