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Abstract

Objectives: Plaque and stains are removed by prophylaxis methods from tooth surfaces. Since prophylaxis methods can have a detrimental effect on the surface finish of restorations, the aim of this in vitro study was to investigate the effect of three prophylaxis methods, including pumice with rubber cup, pumice with brush, and
air-powder polishing device (APD) on the surface roughness of giomer.
Study design: Sixty four cylindrical giomer (Beautifil II, Shofu) samples with a diameter of 6 mm and a height
of 2 mm were used. Subsequent to a 3-month period of storage in distilled water at 37ºC, the samples were randomly divided into four groups of 16. In group 1 (control), no prophylaxis procedure was carried out. In groups
2 to 4 the samples were exposed to pumice with rubber cup, pumice with brush, and APD prophylaxis methods,
respectively. The surface roughness of the samples was measured using a profilometer and the effect of different
prophylaxis methods on surface topography was characterized by atomic force microscopy (AFM). All data were
analyzed by one-way ANOVA and Duncan’s post hoc test at a significance level of P < 0.05.
Results: There were statistically significant differences in surface roughness among the groups (P < 0.0005).
Furthermore, in pairwise comparisons there were statistically significant differences between all the groups (P <
0.05). The roughest surfaces, in descending order, were observed with the use of APD, pumice with brush, and
pumice with rubber cup.
Conclusions: The use of different prophylaxis methods resulted in an increased surface roughness of giomer compared with the control group. APD prophylaxis exerted the most detrimental effects on the surface of giomer.
Key words: Giomer, prophylaxis methods, surface roughness.
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Introduction

Sample preparation
Sixty four cylindrical giomer samples with a diameter
of 6 mm and a height of 2 mm were used. Giomer was
placed in a Teflon mold (with an internal diameter of
6 mm and a height of 2 mm) and covered with matrix
strips (Hawe Neos Dental, Bioggio, Switzerland). A
glass slide was placed over this and pressure was applied
to extrude excess material. Then giomer samples were
light-cured for 40 seconds through the glass slide with
a conventional quartz halogen light-curing unit (Astralis 7, Ivoclar Vivadent, FL-9494 Schaan, Liechtenstein).
An 8-mm-diameter probe was placed perpendicular to
the surface of the samples for curing. Subsequent to discarding the matrix strips and mold removal, the samples
were light-cured for another 80 seconds (20 seconds
from each side). The samples were stored in distilled
water at 37ºC for three months to simulate the recall
period for maintenance therapy in clinical settings (3).
Then they were randomly divided into four groups of
16. In group 1 no prophylaxis procedure was carried
out. In group 2 the surface of the samples was subjected
to pumice-water slurry (Kemdent, Swindon, Wiltshire,
UK) with a rotating rubber cup (Stoddard, Letchworth,
Hertfordshire, UK) for 12 seconds in a contra-angle
slow-speed handpiece at 2000 rpm. Prophylaxis agent
was replaced every 6 seconds and a new rubber cup was
used for each sample. In group 3 the same procedure,
as described for group 2, was carried out except for
the fact that instead of a rotating rubber cup, a rotating
brush (Vericom Dental, Anyang, Gyeonggi, South Korea) was used. The surfaces of the samples in group 4
were treated using an air-powder polishing device (AirFlow, Electronic Medical Systems, Nyon, Switzerland).
The jet tip was aligned perpendicular to the target area
at a distance of 10 mm. According to a previously described method (3,4), during the first 6 seconds regular
paste was used; then it was replaced with a fine paste
for the next 6 seconds of the treatment. In groups 2-4,
subsequent to the prophylaxis procedures the samples
were rinsed in running water and further cleaned in an
ultrasonic bath for 10 minutes (14).
Surface roughness measurement
The average surface roughness (Ra, µm) of each sample
was measured by a profilometer (MarSurf PS 1, Mahr
GmbH, Esslingen, Germany). Three readings were taken from each sample. Each giomer sample was rotated
120 º to record three readings per surface.
Surface topography characterization
The surface topography of giomer in the control group
and groups 2-4, subsequent to the use of different prophylaxis methods, was characterized by an atomic force
microscope [AFM] (NanoScope II, Digital Instruments,
Santa Barbara, CA, USA). Two additional specimens in
each group were prepared for AFM characterization.
Sample preparation was the same as described for pro-

The dental plaque is considered a complex bacterial ecosystem that undergoes evolution, maturation and development, leading to odontogenic infections (1). Prophylaxis methods are used to mechanically remove plaque and
stain from tooth surfaces; such methods give rise to loss
of superficial structure and roughen surfaces as a result of
their abrasive action, depending on the method used and
the time spent (2,3). It has been reported that prophylaxis
methods have a detrimental effect on the surface finish of
restorations (3,4). Since stains and plaque deposit more in
the cervical area of teeth near the gingival tissue, cervical
restorations are the most influenced ones by prophylaxis
methods (3). Rough restoration surfaces favor staining,
plaque retention and gingival irritation (4,5).
One of the most common prophylaxis procedures is
the use of pumice along with carriers, such as rotating
rubber cups or brushes (2,3). The air-powder polishing
device (APD) is the alternative method and it has been
reported that the use of APD is more efficacious and
time-saving compared to rubber cup with pumice (6-8).
However, APD is more aggressive and dentin structure
loss might occur when this method is used (2). With APD,
sodium bicarbonate particles are propelled by air jet to
combine with a small stream of water; as a result, slurry
is created, which is directed onto the tooth surface (4).
In previous studies influence of different prophylaxis
procedures on surface roughness of different types of
composite resins and glass-ionomers has been investigated and it has been reported that the effect of prophylaxis treatments depends on the material (3,4). Recently
a new group of hybrid aesthetic restorative materials
known as giomers has been introduced. Giomers can
be acceptable restorative materials for cervical restorations. They use pre-reacted glass-ionomer (PRG) technology to produce a stable phase of glass-ionomer in the
restorative material. The fluoroalumina silicate glass reacts with polyalkenoic acid in water before being incorporated into the silica-filled urethane resin (9-11). These
materials have the fluoride release and recharge properties of glass-ionomer cements; other advantages include
excellent aesthetics, easy polishability and strength of
the resin composites (10). Long-term clinical studies
have reported satisfactory visual texture and surface
roughness of giomer restorations (12,13). There is little
information available about the influence of prophylaxis
procedures on giomers. The aim of the present study
was to evaluate the effect of three prophylaxis methods,
including pumice with rubber cup, pumice with brush,
and APD on giomer surface roughness.

Materials and Methods

A giomer restorative material (A3 shade, Beautifil II,
Shofu Dental Corporation, Osaka, Japan) was investigated in this in vitro study.
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filometry. In groups 2-4, subsequent to the prophylaxis
procedures the samples were rinsed in running water
and further cleaned in an ultrasonic bath for 10 minutes.
AFM was used in contact mode using silicon nitride tip
(with nominal radius of 50 nm and apex angle of 45°),
which was connected to a fixed substrate on a cantilever. The images were recorded with a scan rate of 1.9
Hz and a resolution of 256 × 256 pixels per image. For
each specimen, two scans were carried out at each specimen surface quadrant at a scanning area of 10 µm × 10
µm. The collected 3D topographical data was analyzed
with a data analysis software (NanoScope III, Version
5.12r2, Digital Instruments, Santa Barbara, CA, USA).
For each group, the surface roughness was defined as
the root mean square (rms) value of surface departures
within the sampling area, calculated in nm. Moreover,
the surface area difference was calculated in percent
[%] (the difference between surface area following different treatments and the smoothest condition).
Statistical analysis
All the data for surface roughness and surface area difference were analyzed with one-way ANOVA and pairwise comparisons were performed by Duncan’s post
hoc test. In this study statistical significance was set at
P < 0.05.

Table 1. Means of Ra values (µm) and standard deviations
(SD) for study groups; values followed by different letters
were significantly different by Duncan test.

Groups

Prophylaxis method

Mean ± SD

1

None

0.05 ± 0.02a

2

Pumice with rubber cup

0.59 ± 0.21b

3

Pumice with brush

1.90 ± 0.50c

4

APD

2.35 ± 0.42d

Fig. 1. AFM 3D topographical images of
the surfaces of non-treated specimens (A)
and specimens with pumice with rubber
cup (B), pumice with brush (C) and APD
(D) prophylaxis treatments.

Results

Surface roughness
Surface roughness (Ra means and standard deviations)
for the groups are shown in Table 1. There were statistically significant differences in surface roughness
among the groups (F3, 60 = 155.92, P < 0.0005). Duncan
pairwise comparisons showed that there were significant differences in surface roughness between all the
groups (P < 0.05).
Surface topography characterization
Selected AFM images of the surfaces of the non-treated
group and specimens with prophylaxis treatments are
presented in (Fig. 1. A-D). AFM images show a relatively smooth natural surface in Group 1 (Fig. 1A). In-

creased surface irregularities are observed in the AFM
images of other groups (Fig. 1B-D).
The results of statistical analysis of the surface roughness (rms) and surface area difference (%) from the
AFM images are presented in Table 2.
There were statistically significant differences in surface roughness and surface area difference among the
groups (P < 0.0005). Moreover, according to Duncan
test the differences in surface roughness and surface
area difference between all the groups were statistically
significant (P < 0.05).

Table 2. Results of statistical analysis of the surface roughness [Rms (nm)] and surface area difference [%] obtained from the
AFM images; mean values with dissimilar letters in the same column are statistically significant at P < 0.05.

Groups

Prophylaxis method

Rms (nm), Mean ± SD

Surface area difference (%), Mean ± SD

1

None

15.36 ± 1.97a

1.06 ± 0.34a

2

Pumice with rubber cup

135.72 ± 8.33b

16.03 ± 2.41b

3

Pumice with brush

221.15 ± 5.47c

24.20 ± 2.09c

4

APD

330.82 ± 7.09d

31.47 ± 0.42d
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measurements are used in a different formula. The Ra
roughness is calculated along a line as in Eq. (1):
(1)
where L is the evaluation length and Z(x) = the profile
height function, on the other hand Rms is calculated on
a surface as in Eq. (2):
(2)
Mathematically the calculations lead to Rms being
higher than Ra. It can be inferred from the definitions
that a single large peak or flaw within the microscopic
surface texture will positively affect (increase) the Rms
value more than the Ra value. These could explain the
higher values obtained from AFM, when compared to
the profilometry.
Moreover, AFM analysis revealed that three prophylaxis methods significantly increased the surface area in
comparison with the control group and the highest surface area, in descending order, was observed with APD,
pumice with brush, pumice with rubber cup and control
group. The results of the current study indicated that the
more the surface roughness was, the more surface area
was resulted. It seems that this is because of increased
macro and micro irregularities which have been produced subsequent to different prophylaxis treatments.
Yap et al. (3) reported that in flowable, minifill and
polyacid modified composites, the control group (untreated) showed the lowest surface roughness compared
to the groups with different prophylaxis methods. Furthermore, previous studies have shown that the surface
roughness of restorative materials significantly increases following the use of prophylactic polishing pastes,
tooth brushing and sonic and ultrasonic periodontal
instruments (14,16,17). Giomer is a biphasic restorative
material and each of the phases differs in hardness values with no uniform abrasion (19). The matrix phase
in resin-based composite materials is preferentially removed during prophylaxis procedures since the abrasives in prophylactic agents are harder than the matrix.
Therefore, the fillers are exposed and left unsupported.
Subsequently, displacement of fillers will lead to an
increased surface roughness (3,19). The results of this
study revealed that the use of pumice with brush resulted in significant giomer surface roughening compared
to pumice with rubber cup. These results coincide with
the results of studies conducted on conventional glassionomer and polyacid modified composites (3,4). The
higher surface roughness values in the pumice-withbrush group might be attributed to the abrasive feature
of rotating brush (4). The combined effect of two-body
abrasive wear due to brush bristles and slurry wear by
pumice might be considered a reason for increased surface roughness (3). On the contrary, in previous studies
on resin-modified glass-ionomers, highly viscous glass-

Fig. 2. The graph of surface roughness values obtained from profilometry and AFM in study groups.

The graph of surface roughness values obtained from
profilometry and AFM in study groups is shown in Fig.
2.

Discussion

Surface finish quality of tooth-colored restorations is a
determinant factor in the esthetics and longevity of such
restorations (4,15). Restorations with rough surfaces
enhance plaque accumulation and stain retention and
may cause gingival irritation and dental caries (3,16).
The results of the present study indicated that all the
prophylaxis treatments of giomer resulted in significant
increase in surface roughness in comparison with the
control group, and APD group showed a dramatic increase in surface roughness followed by pumice with
brush, and pumice with rubber cup.
Stylus profilometry is an established technique for evaluation of the most commonly reported surface roughness parameter, Ra (17). AFM has several advantages
for surface analysis, including higher resolution and the
ability to provide 3D topographic images of the surface
and suitability for qualitative and quantitative comparison of surface texture and roughness (18). In the current
study, the surface roughness data obtained from AFM
images confirmed the results obtained from profilometry and there was a strong agreement between the two
techniques. As it can be observed in figure 2, the surface roughness has the same trend in both methods. The
highest surface roughness values, in descending order,
were observed with APD, pumice with brush, pumice
with rubber cup and control group. The slight difference observed can be attributed to the small difference
between the samples, higher resolution of AFM, stylus
tip size limitation of the profilometry and the fact that
the two variables are calculated differently; while Ra
and Rms are both representations of roughness in terms
of height measurements on the peaks and valleys, the
e113
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ionomers, flowable composites and minifill composites
there were no significant differences in surface roughness between groups treated by pumice with brush and
those treated by pumice with rubber cup (3,4). Even in
resin-modified glass-ionomer and highly-viscous glassionomer materials the surface roughness values following the two above-mentioned treatments were not significantly different from those of the untreated group
(4). The differences in the results might be attributed to
different abrasives used in the current study and those
studies (3,4) since the type of abrasives and their particle size can influence the abrasive action (16). Moreover, the differences in the substrate can be considered
another reason for different results. It has been reported
that the hardness, the initial surface roughness, filler
size, filler content and water absorption of the substrate
affect wear resistance (2,3,11,16,19). The specimens in
the current study were stored in water for three months
before polishing. Water absorption gives rise to resin
matrix swelling and stress formation. Therefore, partial
or complete debonding of the fillers in the surface layer
can result in surface roughening (19).
In the present study, the use of APD resulted in the
roughest surface in giomer samples, which confirms the
results of previous studies conducted on composite resins and glass-ionomers (3,4). It seems that high pressure
of air and water in APD is strong enough to degrade the
filler-resin bond joined together through silane. Therefore, the fillers from the superficial layer are debonded.
Furthermore, the possibility of the abrasion of filler
phase of resin materials by powder components of APD
has been reported (3). The surface roughness of the giomer specimens treated with all prophylaxis methods
was greater than 0.2 µm, which is a threshold value for
bacterial adherence (14). Therefore, re-polishing of giomer restorations subsequent to the prophylaxis treatments tested might be necessary. In addition, according
to the results of the present study, the use of pumice
with rubber cup results in the least increase in surface
roughness. It is suggested that this method should be
preferred over the two other techniques investigated
for dental prophylaxis, where giomer restorations are
present. Given the results of the current study, further
investigations on the surface roughness and abrasion resistance of giomer restorative materials are warranted.
Within the limitations of this study it was concluded
that the use of different prophylaxis methods, including pumice with rubber cup, pumice with brush and
APD resulted in a significant increase in giomer surface
roughness compared to untreated group. The roughest
surface of giomer, in descending order, was achieved
subsequent to the use of APD, pumice with brush, and
pumice with rubber cup.
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