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ABSTRACT
Background: The purpose of dental education is to enable students to gain the knowledge and skills to provide the best service
to their patients upon graduation. In order to achieve this, students need to work with a sufficient number of cases and use
current materials throughout their education. Aim: The aim of this in vitro study, conducted in 2017, was to examine the
surface roughness of two types of composites prepared with different polishing systems, constructed by either undergraduate or
doctoral students. Methods: Bulk-fill (Filtek Bulk Fill Posterior) and nano-hybrid (Ceram.x One Universal) composites were
polished using single-step (OneGloss Set) and multi-step (Sof-Lex System) systems. The finishing and polishing procedures
were performed by ten dental undergraduate students and ten doctoral students. Average surface roughness values (R a, µm)
were measured using a profilometer. Data were analyzed using the Wilcoxon signed-rank test (α = 0.05). Results: No
statistically significant differences in Ra values were noted between operators with different levels of experience. Surface
roughness was higher in the samples prepared using the single-step system than in those prepared using the multi-step system
for both sample types tested in this study. Conclusion: Practitioner ability does not affect the performance of polishing
systems. Regardless of the composite type, the single-step polishing system produces rougher surfaces than the multi-step
system.
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D

ental education requires a minimum of five or six
years to complete and includes preclinical training
in the first few years and clinical training in the
last two or three years. The training of a dental student
should include working with a sufficient number of
patients and the most up-to-date materials to gain
equivalent technical precision and capability to that of a
graduated dentist. The aim of dental education is to
prepare students to fulfill the most appropriate conditions
for graduating as a dentist, and to provide technical
sensitivity required for dental practice.
The success of a dental restoration depends on a
variety of factors, including the experience of the operator,
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the material’s nanostructure, the usage method, and the
patient's oral hygiene habits [1]. Importantly, the
smoothness of the surface of a dental restoration is a key
factor for its longevity in the oral cavity. Previous studies
have revealed that intraoral hard surfaces with a roughness
greater than 0.2 µm have a significant role in initial
bacterial colonization and the maturation of plaque, which
increases the risk for periodontal infections, secondary
caries, and discoloration [2, 3]. Mei et al. [4] stated that
the adhesive force of streptococci is higher on rougher
surfaces than on smoother surfaces because of the high
surface energy; thus, streptococci are more difficult to
remove from such surfaces. The surface irregularities of
dental restorations can be removed with effective finishing
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and polishing. Proper finishing and polishing results in
suitable light reflection and optimal esthetics, and provides
acceptable oral soft tissue health, decreases wear, and
maintains the marginal integrity of the restorative
interface. Various materials are used for polishing, such as
carbide and diamond finishing mills with abrasive particles
and stones, abrasive-coated disks, polishing tires, abrasivecontaining polishing pastes, and abrasive-impregnated
brushes [5].
The polishability of a resin composite depends on the
inorganic filler particle content, size, shape, and loading,
the resin matrix composition, the use of a silane coupler,
the degree of conversion of the polymer matrix, and the
difference in hardness between the matrix and filler
particles [6]. Larger particles increase irregularity, and
increased irregularity leads to an increase in roughness [1,
7]. Filler size is approximately 0.04μm in micro-filled
composites, between 0.01 and 2.0μm in micro-hybrid
composites, and between five and 100nm in nano-filled
composites [8]. The new generation of nano-hybrid
composites contains high filler loading, which increases
surface hardness. With tight coupling between the small
pieces instead of less-integrated, large particles, smaller
particles detach from the surface during erosion [9]. In this
study, we used Filtek Bulk Fill and Ceram.x One, which
have average filler particle sizes of 0.004–0.1µm and 1.1–
1.5µm respectively.
Successful dental restoration, along with other dental
procedures, requires training and careful attention to detail.
This randomized, double-blind study aimed to measure
and compare the average surface roughness (Ra) values of
two different composite materials after dental treatment
was performed by undergraduate and doctoral students
who used single-step and multi-step polishing systems.
The null hypothesis was as follows: in composite
restoration applications, Ra values will differ according to
the operator’s skill level, the composite type, and the
polishing system used for restoration.
MATERIAL AND METHODS
This study received ethical approval from the
institutional Clinical Research Ethics Committee
(Approval #367). The properties of the resin composites
and polishing systems and their batch numbers are listed in
Tables 1 and 2. Two types of resin composites were used:
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Filtek Bulk Fill Posterior Restorative (Bulk-fill; 3M ESPE,
St. Paul, MN, USA) and Ceram.x One Universal (Nanohybrid; Dentsply, Surrey, UK). Additionally, two types of
polishing systems were used: OneGloss Set (Single Step;
Shofu, Japan) and Sof-Lex System (Multi-Step; 3M
ESPE). In total, eighty composite samples were used,
which were prepared in accordance with the
manufacturers’ instructions by a single operator. The first
group of samples (forty pieces of Filtek Bulk Fill Posterior
Restorative; 3M ESPE) were prepared using Teflon™
molds with a 10mm diameter and a 4mm thickness,
whereas the second group (Ceram.x One Universal;
Dentsply) was made using Teflon™ molds with a 10-mm
diameter and a 2mm thickness. To standardize the
samples, their upper surfaces were covered with a
transparent matrix and a glass plate. Light hand pressure
was applied to remove the excess material. Samples were
polymerized for 40s using a halogen light device (Optilux,
Orange, CA) with a 1mm (turbo) light tip from a distance
of 1mm. The samples were then removed from the
Teflon™ molds and divided into two main groups
according to their composite types (forty each). Each of
the two main groups were divided into two subgroups
according to the polishing system (twenty each).
After preparing each composite sample, finishing and
polishing were performed by twenty different operators
(10 male and 10 female) with different levels of
experience. Each operator was randomly selected from the
entire operator population via the random number method
from the undergraduate and doctoral student lists. Of these,
undergraduate students had one year of clinical experience,
and the postgraduates were doctoral students who had been
dentists for at least five years.
As shown in Table 3, the first and second groups of
samples were polished by undergraduate and postgraduate
students, respectively, using the one-step and multi-step
polishing systems, in accordance with the manufacturers’
instructions. Polishing was performed without water, the
polishing motion was constant, from the center to the
periphery, and each polishing material was used only once.
The polishability of the nano-hybrid and nano-filled
composites as well as the polishing performance of the
single-step and multi-step finishing and polishing systems
were evaluated.
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Table 1: Properties of the composite materials used

Material

Composition

Filtek Bulk Fill
Posterior
(Nano-Hybrid)

Resin Matrix: AUDMA, UDMA, 1,12-dodecane-DMA
Filler Type: non-agglomerated/ non-aggregated silicaa, nonagglomerated/non-aggregated
zirconiab,
aggregated
c
zirconia/silica cluster, ytterbium trifluoride.d
Filler Content: 76.5% (wt), 58.4% (vol)

3M ESPE,
St. Paul, MN, USA

4864TK

Ceram.x
One
Universal
(Nano-Ceramic)

Resin Matrix: methacrylate modified ceramic particles with
polysiloxane backbone
Filler Type: barium alumino-borosilicate
Filler content: up to 77% (wt) / up to 55% (vol)

Dentsply, Surrey, UK

60701532

a

Manufacturer

Batch No.

20-nm particles; b 4- to 11-nm particles; c 20-nm silica, 4- to 11-nm zirconia particles; d agglomerate 100-nm particles.

Table 2: Properties of the polishing materials
Material

Composition

Manufacturer

OneGloss Set
(One-Step)

Synthetic rubber (polyvinyl siloxane), abrasive grain (aluminum oxide [Al 2O3]), and
silicon oxide (SiO2)

Shofu, Japan

Sof-Lex System
(Multi-Step)

XT Discs: polyester film, aluminum oxide grit and binder
Diamond PS: thermo plastic abrasive wheel, aluminum oxide or diamond abrasive

3M ESPE, St. Paul,
MN, USA

The one-step system (OneGloss Set) uses an inverted
cone shape in which aluminum oxide polishers were
applied for 15 s to each composite sample; this procedure
was performed in a single step. The multi-step system
(Sof-Lex System) consisted of the following steps: first,
for finishing, Sof-Lex™ XT Discs (dark, light, and
medium orange) with different grit sizes were used for 15 s
each; second, for polishing, the Sof-Lex™ Diamond
Polishing System that includes a pre-polishing spiral
followed by a diamond polishing spiral was used for 15s
each. During each material exchange, samples were rinsed
and dried.

evaluation lengths of the device were set at 0.25 mm and 2
mm, respectively. Measurements were recorded at three
different points on the surface of each sample, and the
average value of these three measurements was regarded
as the average surface roughness value. Statistical analyses
were performed using SPSS 23.0 software (IBM Corp.,
Armonk, NY, USA). The results were analyzed by
calculating the mean and standard deviation for each
group. Data were analyzed using the Wilcoxon signedrank test. P < 0.05 was considered statistically significant
and the corresponding confidence level was 95%.
RESULTS

After polishing, the samples were kept in separate,
labeled tubes in distilled water for 24 h at 37°C. These
were then removed from water and dried for 10s using an
air-water syringe, and their average surface roughness
values (Ra, µm) were measured by a single-blinded
operator using a profilometer (Surtronic 25; TaylorHobson, Leicester, UK). The instrument was calibrated
after placing it in a non-vibrating location. The cutoff and
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The mean values of the surface roughness for the
composite materials according to the operator and the
polishing system are shown in Table 3. The Wilcoxon
signed-rank test showed that the surface roughness values
of the Ceram.x One composites were significantly
different between the polishing systems used by the group
of undergraduate students (P < 0.05). There was no
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significant difference in the surface roughness values of
the Filtek bulk fill composites polished by doctoral versus
undergraduate students or of the Ceram.x One composites
polished by doctoral students regarding the polishing
systems (P > 0.05).

One composites polished with the multi-step polishing
system used by undergraduate students (Ra = 0.16μm)
(Table 3). The highest surface roughness values were
found for the Ceram.x One composites polished with the
single-step system by undergraduate students (Ra =
0.27μm) (Table 3).

The lowest Ra values were obtained for the Ceram.x
Table 3: Surface roughness in the two training groups
Average Surface Roughness (Ra, μm)
Composite Types

Tested Configurations
#

1

2

Training Groups

Undergraduate
Students

Postgraduate
Students

Polishing Systems

Filtek Bulk Fill Posterior

Ceram.x One

Single Stage
(OneGloss, Shofu, Japan)

0.26 (0.09)

0.27 (0.11)

Multi-Stage
(Soflex, 3M ESPE, St. Paul, MN, USA)

0.18 (0.07)

0.16 (0.06)

Single Stage
(OneGloss)

0.22 (0.08)

0.25 (0.09)

Multi-Stage
(Soflex, 3M ESPE)

0.20 (0.05)

0.18 (0.06)

Ra, average surface roughness values are presented as the mean (standard deviation).

DISCUSSION
The hypothesis in this study was partially accepted
because the surface roughness values of the nano-hybrid
composite significantly differed according to the polishing
system used; however, contrary to our hypothesis, the
operator’s skill level and composite type did not
significantly impact the surface roughness values. The
smoothest polished surfaces were achieved by
undergraduate students with the multi-step system, but the
difference was not statistically significant.
The finishing and polishing processes, as well as the
brightness and esthetic properties of the composite
materials, are very important for the success of dental
restoration [10]. Polishing increases hydrophobicity and
reduces plaque accumulation [11]. Additionally, a poor
polishing process creates roughness and increases surface
energy [12]. The depth of the rough surface can also
provide space and shelter for bacteria to survive; this
promotes adhesion of surface bacteria, thereby increasing
colonization and biofilm accumulation [13]. In resin
composites, unreacted monomers (e.g., triethylene glycol
dimethacrylate and thromboelastography) and other
composite degradation products promote the development
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of various bacterial strains, such as Streptococcus mutans,
Lactobacillus acidophilus, and Streptococcus sobrinus
[14]. Bacteria are detrimental to the composites; in
particular, S. mutans increases surface roughness by
degrading the resin material through its esterase activities
[15].
The polishing procedures in our study produced
smooth surfaces similar to those observed in previous
studies [16, 17]. However, in clinical conditions,
restorations require final contouring, removal of excess
material, and elimination of the oxygen inhibition layer.
Some studies [7,18,19] have reported no significant
differences in the surface roughness between one-step and
multi-step polishing systems and between multi-stage
polishing systems using different types of composite
materials, whereas other studies [15, 16, 20] have reported
that the surface roughness values after the finishing and
polishing processes depend on the quantity of filler
particles, polishing material used, and whether the
polishing system was a one-step or multi-step system. The
hardness of the aluminum oxide abrasives in the Sof-Lex
System (multi-step system) is higher than that of the
silicon oxide in the OneGloss Set (one-step system).
Previous studies have shown that the Sof-Lex System,
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with aluminum oxide abrasive disks, provides a slightly
smoother surface on a rigid matrix because the disks
flatten the filler particles and abrade the resin matrix at an
equal rate [21, 22]. Compared with one-step polishers,
multi-step polishers have been found to provide a superior
surface geometry for resin composites [23].
The release of unreacted monomers impacts the
material’s mechanical features [24]. It has been shown that
elution from Filtek Bulk-Fill is higher than that from the
other bulk-fill composites, and that it may contribute to the
increase of surface roughness [25]. Bulk-fill composites
have more acceptable threshold values of surface
properties and color stability than do incrementally filled
materials after toothbrush abrasion.
In a previous study [26], the abilities of undergraduate
students have been evaluated or compared with those of
postgraduates, but more research is needed regarding skills
in the finishing and polishing of restorative composite
materials. Zimmerli et al. [27] found no correlation
between the clinical experiences of the operators and their
finishing-polishing performance. Jones et al. [28] stated
that clinical instructions, with respect to the use of the
finishing and polishing systems for operators, must include
how to use the instruments with the optimal load, speed,
and time, in order to prevent any damage to the restoration
in the finishing stage.
In our study, the smoothest surfaces were achieved
for nano-hybrid (Ceram.x One Universal) composites, but
the difference in smoothness between nano-hybrid and
bulk-fill (Filtek Bulk Fill Posterior) composites was not
statistically significant. Composite resins prepared based
on nanotechnology have smoother surfaces after finishing
and polishing than do conventional composite resins[29].
Composite materials with large particle sizes could
increase surface roughness due to detachment from the
matrix that leads to the formation of grooves on the
composite surface [30]. In this study, we used
nanocomposites and found acceptable surface roughness
values. Within the limitations of this in vitro study, surface
roughness values were not affected by the operator's
experience. Therefore, performance of dental clinic
materials may be appropriately evaluated by undergraduate
students, in future clinical follow-up studies.
In our study, the distribution of female and male
operators was random. Gender was not considered as a

Vol 4|Issue 3| Jul-Sept 2019

Polishing by Undergraduates and Postgraduates

separate parameter because the aim of the study was to
evaluate polishing performance specifically with regard to
the level of experience. A limited number of studies have
been performed regarding the effects of gender on dental
education; thus, further studies on this subject should be
performed, because dental tendencies of male or female
students may be different. For example, because female
students’ interest in esthetics is higher than that of males’
their interest in esthetic dentistry and their success in
finishing and polishing procedures may be higher than that
of male students [31].
CONCLUSION
In our study, dentistry students were not under any
directive, and the materials were applied in accordance
with the manufacturer’s instructions. Using a multi-step
polishing system, undergraduate students achieved results
that were equal to those of doctoral students. However,
roughness values of the dental composite material were
affected by the type of polishing system. These findings
reveal the importance of using the right material to ensure
the quality of dental education provided to the student.
This study showed that students could successfully
implement complex systems, even when they were only
supplied the user instructions; moreover, it is necessary to
encourage undergraduates to work with more complicated
systems, rather than with simple systems, in order to gain
technical sensitivity.
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