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Abstract
Aims: To evaluate surface roughness of different glass ionomer cements using two different methods of smoothening techniques.
Methods and Material: Four different types of Glass Ionomer Cements (Conventional GIC, Resin modified GIC (RMGIC), Silver reinforced GIC
and Nanofiller GIC) 15 samples of each material, so total =60. Then sub group has been divided as following: 5 controls, 5 finishing with Soflex and 5 swabs with alcohol. The surface roughness measured by Profilometer machine (Fig.1), all samples have been measured before and
after polishing with Sof-lex discs and swabbed with alcohol swab, then Scanning Electronic microscope (SEM) has been used to measure and
exam surface area.
Statistical analysis used: Two-way ANOVA in surface roughness, using spss20. analysis of variance to see the effect of materials and finishing.
Results: All tested GICs showed lower surface roughness values after finishing with soflex disc, which give smoother surface than alcohol
swabbed surface. When compared between the materials by using Sof-lex disc, Silver GIC give smooth surface but not significantly different
than others. Conventional and RMGICs give smooth surfaces with significantly different. The smoothest surface was the Nanofiller GIC with
significantly different than other materials.
Conclusions: We compared the effectiveness of Sof-Lex disc polishing and alcohol swab treatment to achieve surface smoothing. Use of SofLex discs resulted in smoother surfaces than those of the control group and the alcohol swab group, with fewer cracks and voids observed
on SEM, although these results were not significant. Both conventional GIC and nanofiller GIC had higher surface roughness values after
alcohol swabbing; use of this method is not recommended.
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Introduction:

Many materials are used for dental restoration, including amalgam,
composites, and glass ionomers. Glass ionomer cements (GICs) are
being used for a wide range of applications in dentistry to replace lost
or damaged tissue [1, 2]. Several types of GIC have been introduced since
they were first produced by Wilson and Kent in 1969–1970, including
conventional GICs, resin-modified GIC (RMGICs), metal (silver)reinforced GICs, and nanofiller GICs [3]. The main advantages of GICs
are fluoride release, good color matching capability, translucency,
radioopacity, ability to set quickly, and early resistance to water
uptake [4].
Conventional GICs set via an acid-base reaction between the polyacrylic
acid and the fluoroaluminosilicate glass particles [5]. Advantages
include a coefficient of thermal expansion close to that of the tooth
structure and biocompatibility[6]. Disadvantages include long setting
time, high surface roughness, poor wear resistance, shrinkage, and
difficulties in improving the mechanical properties [7].
RMGICs were introduced in 1990 to overcome the limitations of
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conventional GICs. Key modifications include the combination of GICs
with autocured or photocured resin systems [8]. Setting of the cement
starts when an acid-base reaction is completed, and polishing should
be performed after curing [9].
Metal-reinforced GICs were introduced into the dental market in
1977. The first product, marketed under the name Miracle Mix (GC
Corporation, Tokyo, Japan), combined amalgam alloy powders with
conventional cement material to improve the physical properties and
strength [10]. Metal-reinforced GICs can be used to restore deciduous
teeth and core build up; however, poor aesthetics limit their use [11].
Nanofiller GIC materials range in size from 1–100 nm. Nanotechnology
involves the use of systems of matter [12]. Studies have suggested
that incorporation of nano-sized particles can improve mechanical
properties, including improved aesthetics and smooth surface. Similar
approaches have been used in attempts to improve the mechanical
properties of GICs using nanotechnology [3, 13].

GICs have been used for multiple purposes in dentistry, and it is crucial
to have knowledge of the physical and mechanical properties of
different brands and new products when choosing a GIC for a particular
restoration. Surface roughness may result in the accumulation of
different types of bacteria, so some dental practitioners use alcohol
swabs to both smooth the GIC surface and kill bacteria. The alcohol
swab is a small cotton pad that has been impregnated with medical
alcohol, usually used to clean an area of a patient’s skin prior to
injection or to clean around a wound prior to applying a dressing. The
amount of alcohol present in the swab may affect the swabbed surface
The aim of this study was to compare the effectiveness of alcohol
swabs and Sof-Lex discs (3M ESPE, St Paul, MN, USA) as smoothing
techniques.

Materials and Methods:

GIC materials used in this experimental in vitro study are presented in
Table 1.

Table 1: Glass ionomer cements used in the study
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Specimen preparation

All specimen preparation was conducted according to instructions
from the manufacturer in order to reduce variability. Specimens
were prepared using plastic bounding molds (8 mm diameter × 2 mm
thickness). The uncured glass ionomers were inserted into molds
and intentionally overfilled. Light pressure with glass was applied to
expel excess material from the mold. Each specimen was light cured
(CICADA dental LED curing light radiometer, Foshan CICADA Dental
Instruments Co, Ltd, Foshan City, China) through the top and bottom
for the 20-s period recommended by the manufacturers. The intensity
(200–400 mW/cm2) of the light-curing unit was checked before each
sample. The specimens were stored in distilled water at 37°C for 24
hours.

Experimental design

Fifteen specimens of each of four types of glass ionomer materials
were constructed: conventional GIC (Ketac Molar Quick Aplicap),
resin modified GIC (Fuji II LC Capsule), nanofiller GIC (Ketac Nano), and
silver reinforced GIC (Miracle Mix Capsule). There was a total of 60
specimens.
The 15 specimens for each material type were divided into three
groups as follows: five control samples, five Sof-Lex disc samples,
and five alcohol swab samples. Sof-Lex samples were polished using
an air-driven slow-low handpiece (CA111, Bien Air Dental, Bienne,
Switzerland) rotating at approximately 20000 rpm. Alcohol swab
samples were wiped with alcohol swabs. Each step of the finishingpolishing process was applied for 20 s. Each procedure was conducted
using light pressure in one direction.

height (Sa). Sa is a three-dimensional (3D) parameter derived from the
roughness (two-dimensional) parameter Ra. It expresses the average
of the absolute values of Z (x, y) in the measured area. Sa is equivalent
to the arithmetic mean of the measured region on the 3D display
diagram when valleys have been changed to peaks by conversion to
absolute values and surface profile tracing. Each sample was rotated
120°, relative to the center, for each of three readings and averaged to
generate average roughness value.

Scanning electron microscope

A scanning electronic microscope (SEM) (JEOL JSM-6360 LV, JEOL
USA, Inc., Peabody, MA, USA) was used in this study to examine
surface characteristics, including cracks and voids. Magnifications of
2000x and 1000x were used, with voltage set at 20 k 100. Samples
were coated with gold to a thickness of approximately 60 nm. Three
images were taken of each sample in different positions.

Statistical analysis

Two-way analysis of variance (ANOVA) was conducted. A Tukey post
hoc multiple-range test was used to determine whether there were
significant differences in surface roughness among the materials in
each test group. Significance was set at p<0.05. SPSS version 20 (SPSS
Inc., Chicago, IL, USA) statistical software was used for analyses

Measurement of surface roughness

The surface was evaluated using a profilometer (Contour GT and Vision
64 software; Bruker Company, Billerica, MA). Parameters of the system
were as follows: measurement type, vertical scan interferometry
(VSI); objective, 5x; measurement area, x=1.261 mm and y=0.946 mm;
height (amplitude mean in the height direction), and arithmetic mean

Results And Discussion:

Means and standard deviations (SDs) of surface roughness (presented as Sa) are presented in Table 2.

Table 2: Surface roughness measurements (Sa), by treatment and material
All tested GICs exhibited lower surface roughness values after
smoothing. When surface roughness values for each GIC materials were
compared before and after polishing with Sof-Lex discs, conventional
GIC, RMGIC, silver-reinforced GIC, and nanofiller GIC all demonstrated

statistically significant decreases (p<0.05). There were no statistically
significant differences in surface roughness values before and after
polishing for nanofiller GIC or conventional GIC (p>0.005). Nanofiller
GIC had the smoothest surface before polishing.
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Figure 1: Surface roughness (Sa) of materials tested, by treatment and material
RMGIC there is significant difference p value of finishing was less than
the other p=0.040. There were significance differences in surface
roughness within the control group (p=0.010). Silver GIC had the
highest Sa measurement, and the surface roughness of silver GIC was
significantly higher than those of both conventional GIC and MRGIC.
After polishing with Sof-Lex discs, nanofiller GIC exhibited the lowest
surface roughness at 1.366±0.355. This value was not significantly
different from those of others in the Sof-Lex group (p=0.132). The SEM
photomicrographs obtained in this study showed that, regardless of
commercial brand, all conventional GICs presented voids and cracks on
their surfaces. SEM photomicrographs were obtained for each sample.
Alcohol swabbing did not appear to promote significant changes in
surface roughness when compared with controls, although alcohol
swabbed surfaces were the roughest of those examined. The lines
and cracks in GICs appeared to increase after swabbing with alcohol.
Conversely, polishing with Sof-Lex discs appeared to decreased voids
and cracks, with polished materials exhibiting the smoothest surfaces
on SEM. Conventional GICs appeared to have more voids and cracks
than other surfaces, and silver GICs appeared to have smoother
surfaces after Sof-Lex polishing. Our results suggest that alcohol
swabs should not be used to achieve smooth GIC material surfaces.
Use of alcohol swabs is popular in clinical practice, but there is no
literature addressing this procedure. Surface features play a key role in
the clinical longevity of restorative materials [14]. High surface roughness
can increase bacterial adhesion, dental plaque accumulation, and
acidity, thus increasing risk of caries [11]. Therefore, this study evaluated
the surface roughness of conventional GICs, metal-reinforces GICs,
RMGICs, and nanofiller GICs after use of two different smoothing
techniques. In vitro investigations have employed profilometers to
measure surface roughness. The results of the present investigation
showed significant differences in surface roughness among different
groups. Bollen et al. reported surface values for all GICs before and
after polishing, and suggested that materials compositions may be
responsible for the differences observed [15].
Surface roughness of GIC specimens can be affected by the storage
media. In the present study, the prepared GIC specimens were
stored in distilled water at 37°C for 24 h to mimic clinic conditions.
The chemical dissolution process can produce an increase in surface
roughness [16]. One study evaluated the effects of storage media upon

the surface micromorphology of resin-based materials and revealed
no statistically significant differences in surface roughness between
specimens exposed to distilled deionized water and those exposed to
artificial saliva [17].
Several techniques can be used for finishing and polishing. The
literature suggests that the surface characteristics of GICs can be
improved through polishing with aluminum-oxide discs (Sof-Lex) [18, 19].
Therefore, the present study compared the effectiveness of polishing
various GICs with aluminum oxide discs to smoothing using an alcohol
swab.
Differences in particle sizes of GICs influence physical properties such
as fracture toughness, compressive strength, abrasion resistance,
and surface microhardness [20]. Moreover, the surface roughness of
GICs is partially dependent on their particle size ranges [21]. According
to Gladys and van Meerbeek [22], conventional GICs have larger mean
particle sizes than other types of GIC. In this study, conventional GICs
were shown to have a higher surface roughness than other materials
tested. There was no significant difference in surface roughness
between conventional GICs in the control group and those treated
with alcohol swabs. Polishing the conventional GICs with Sof-Lex discs
resulted in a smoother surface than controls, but the difference was
not significant.
In comparing RMGICs with conventional GICs, some studies have
reported that the surface roughness of conventional GICs is higher
than the surface roughness of RMGICs +. In this study, the surface
roughness of the RMGIC tested was significantly lower than that of
silver, but it was not significantly different from that of the conventional
GIC tested. This finding suggests that the insertion of resin particles
in Fuji II LC or insertion of nanoparticles into the nanofiller GIC Ketac
did not significantly improve the surface roughness of these materials.
In evaluating the effectiveness of the two smoothing technique on
RMGICs, we found that a significant difference after polishing with
Sof-Lex discs (p=0.040). The resulting surface was smoother than
those of either control or swabbed alcohol surfaces.
Silver-reinforced GIC had the highest surface roughness value
(4.264±1.287), followed by nanofiller GIC. There was a significant
difference (p=0.074) between the surface roughness values of RMGIC
and conventional GIC. Some investigators have reported significant
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differences between the strengths of conventional GICs and RMGICs
due to the effects of adding metal to the glass ionomer [25, 26]. In using
two different smoothing techniques on silver-reinforced GIC, we
observed no significant difference in surface roughness between
polishing with Sof-Lex discs and smoothing with an alcohol swab.
In the present study, materials with smaller average particle sizes
(e.g., nanofiller GIC Ketac) had lower surface roughness median values
after polishing with Sof-Lex discs than did other materials. Some in
vitro studies have shown that the addition of nanofillers provides
enhanced polish and surface wear relative to some other available

dental materials [27]. This study showed that polishing with Sof-Lex
discs resulted in nanofiller GIC having the smoothest surface, although
the surface roughness values for all materials after polishing were not
significantly different. After alcohol swabbing, nanofiller GIC had the
highest surface roughness value among materials tested; the nanofiller
GIC Sa value was significantly higher than that of conventional GIC
after alcohol swabbing (p=0.021). Silver GIC had the highest surface
roughness value in the control group at 4.264±1.287; this value was
significantly higher than those of both conventional GIC and RMGIC
(p=0.043).

Figure 2: Surface roughness of material by scanning electronic microscope (SEM)

Conclusion
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