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Abstract
Objectives: Surface attributes of a restoration play an important role in adherence of plaque bacteria. Prophylaxis 
methods may be involved in modification of or damaging the restoration surface. The aim of the present study 
was to evaluate the effect of two prophylaxis methods on adherence of Streptococcus mutans to the surface of two 
restorative materials. Study design: A total of 60 specimens were prepared from each material; a microfilled com-
posite resin (HelioProgress) and a giomer (Beautifil II). For each material, the specimens were randomly divided 
into three groups (n=20). Group 1: no prophylaxis treatment (control); Group 2:  prophylaxis with pumice and 
rubber cup; Group 3:  prophylaxis with air-powder polishing device (APD). The surfaces of selected specimens 
from each group were evaluated under a scanning electron microscope (SEM), and the surface topography formed 
by the two prophylaxis methods was determined by atomic force microscopy (AFM). Adherence of Streptococ-
cus mutans to the surface of specimens was determined by the plate counting method following immersion in a 
bacterial innoculum for 4 hours, rinsing and sonication. Data were analyzed by two-way ANOVA and post hoc 
Tukey test for multiple comparisons. Statistical significance was set at P<0.05. Results: Bacterial adherence was 
significantly affected by both factors: restorative material type and prophylaxis method (P<0.0005). Mean bacte-
rial adhesion was significantly higher in composite groups compared to corresponding giomer groups. Within 
each material, bacterial adherence was significantly lower in the control group compared to prophylaxis groups. 
Prophylaxis with pumice and rubber cup resulted in a significantly lower bacterial adherence compared to pro-
phylaxis with APD. Conclusions: Based on the results of the present study, giomer specimens demonstrated lower 
bacterial adherence compared to composite resin specimens. In both materials, the highest bacterial adherence 
was observed with prophylaxis with APD, pumice and rubber cup and the control group, respectively.
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Introduction
Streptococcus mutans (S. mutans) is one of the most im-
portant cariogenic bacteria in the dental plaque. Adher-
ence of the bacteria to the surface of dental restorations 
is a contributing factor to recurrent caries (1,2). The sur-
face topography of a restoration plays an important role 
in the adherence of bacteria present in the dental plaque 
(3-5); it has been reported that an increase in the sur-
face roughness of restorations beyond a threshold (0.2 
µm) results in increased plaque retention, caries risk 
and gingival inflammation (6). Prophylaxis methods 
are aimed at mechanical removal of stains and plaque 
from tooth surfaces, especially in the vicinity of gin-
gival tissues (7). These methods are factors involved in 
damaging and even destroying the surface of cervical 
restorations (8).
Use of pumice and rubber cup is the most common 
method to remove plaque and stains (7). Recently, the 
use of air-powder polishing device (APD) has gained 
popularity among dentists. APD is more effective in re-
moval of plaque and stains, and a shorter time is need-
ed compared to pumice and rubber cup technique (7). 
However, previous studies on various types of compos-
ite resins and glass-ionomer have reported that the APD 
produces a rougher surface compared to the pumice and 
rubber cup technique (3,8).
Microfilled composite resins are among the choice re-
storative materials for cervical cavities, because of their 
low modulus of elasticity and low stress induction (9). 
Recently, a new generation of resin materials, namely 
“giomers”, has been introduced for cervical restorations. 
These light-cured materials incorporate glass-ionomer 
fillers into the resin matrix. Giomers bear the advan-
tages of both composite resins and glass-ionomers; they 
have excellent esthetics, good polishability, and bio-
compatibility and also render glass-ionomer properties, 
including fluoride release and fluoride recharge poten-
tial (10). Proper seal against bacterial microleakage and 
minimal mechanical and chemical irritation of the pulp 
are other advantages of giomers (11).
To date, few studies have evaluated the effect of prophy-
laxis methods on the adherence of S. mutans to the sur-
face of restorations; therefore the aim of this study was 
to evaluate the effect of two prophylaxis methods on 
the adherence of S. mutans to the surface of microfilled 
composite resin and giomer. Two null hypotheses were 
tested: (1) Different prophylaxis methods do not affect 
the adherence of S. mutans to the surface of microfilled 
composite resin and giomer; and (2) S. mutans adheres 
to the surfaces of giomer and the microfilled composite 
resin in a similar manner.

Materials and Methods
The restorative materials used in this in vitro study were 
a microfilled composite resin (shade A3, HelioProgress; 

Ivoclar Vivadent, Schaan, Liechtenstein) and a giomer 
(shade A3, Beautifil II; Shofu Dental Corporation, Osa-
ka, Japan). A total of 60 specimens were prepared from 
each material. The specimens were cylindrical in shape 
with a diameter of 6 mm and a height of 2 mm.
-Preparation of the specimens
A Teflon mold, with an inner diameter of 6 mm and a 
height of 2 mm, was placed on a glass slab. Then, the 
restorative material was packed into the Teflon mold. A 
transparent matrix strip (Hawe Neos Dental, Bioggio, 
Switzerland) was placed on the surface of the restora-
tive material to produce a smooth and uniform surface 
in all the specimens; a glass slide was then pressed on 
the Teflon mold containing the restorative material. 
Subsequently, the specimens were light-cured using 
Astralis 7 light-curing unit (Ivoclar Vivadent, FL-9494 
Schaan, Liechtenstein) at a light intensity of 400 mW/
cm2, with the light tip held perpendicular to the surface 
of the specimens for 40 seconds. The specimens were 
removed from the molds and were again light-cured 
from four directions (top, bottom and two sides) for 20 
seconds each, to ensure proper polymerization.
-Prophylaxis treatments 
After preparing 60 specimens from each material, they 
were randomly divided into three groups (n=20); com-
posite specimens were distributed in groups A, B and C 
and giomer specimens in groups D, E and F.
In the first groups of each material (groups A and D), no 
prophylaxis method was used.
In the second groups (groups B and E), the specimens 
underwent a prophylaxis procedure with pumice slur-
ry containing a mixture of pumice powder (Kemdent, 
Swindon, Wiltshire, UK) and water; and a rubber cup  
(Stoddard, Letchworth, Hertfordshire, UK) for 12 sec-
onds (8) using a slow-speed (2000 rpm) handpiece. A 
new rubber cup was used for each specimen and the 
pumice slurry was replaced every 6 seconds (8). Subse-
quent to the prophylaxis procedure, the specimens were 
rinsed and placed in an ultrasonic bath for 10 minutes to 
clean the surfaces (12).
In the third groups (groups C and F), the specimens un-
derwent a prophylaxis procedure with APD (Air-Flow, 
Electronic Medical Systems, Nyon, Switzerland) for 12 
seconds (8) at a distance of 10 mm from the surface and 
perpendicular to the surface, with regular powder in the 
first 6 seconds and with fine powder in the following 6 
seconds. Subsequent to the prophylaxis procedure, the 
specimens were rinsed and placed in an ultrasonic bath 
for 10 minutes to clean the surfaces (12).
-Surface topography characterization and surface 
roughness
The specimens in the experimental groups underwent 
a surface topography characterization procedure un-
der an atomic force microscope (AFM) (NanoScope 
II, Digital Instruments, Santa Barbara, CA, USA). Two 
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additional specimens from each group were prepared 
for AFM characterization procedure. A silica nitride 
tip (with nominal radius of 50 nm and an apex angel 
of 45˚) connected to a fixed substrate on a cantilever, 
was used for the AFM procedure. The images were re-
corded at a resolution of 256×256 pixels with a scan rate 
of 1.9 Hz. Scans were carried out at surface quadrants 
of each specimen, consisting of areas of 10 µm×10 µm. 
Three-dimensional data were analyzed with a data-
analysis software (NanoScope III, Version 5.12r2, Dig-
ital Instruments, Santa Barbara, CA, USA). The surface 
roughness for each group was reported in nm by the 
root mean square (rms) of the values of the surface de-
partures of the sampling area.
-Scanning electron microscope (SEM) observations
Two additional specimens from the six experimen-
tal groups were prepared for surface evaluation under 
a scanning electron microscope. The specimens were 
gold-splutter coated and viewed under a SEM (Tescan, 
Vega II XMU, Brno, Czech Republic). In addition, the 
atomic composition of the uppermost surface of giomer 
and composite resin specimens in the experimental 
groups was determined using an energy dispersive X-
ray analyzer (Rontec GmbH, Berlin, Germany) con-
nected to the SEM. 
All the specimens were prepared by one operator. In 
order to control microbial contamination, all the speci-
mens were placed in microbial lamina under UV before 
bacterial adherence assay.
-Bacterial adherence assay 
The standard S. mutans strains (PTCC 1683) used in the 
present study were purchased in lyophilized form from 
a commercial source. They were activated by culturing 
in sterile trypticase soy broth (Liofilchem s.r.l., Roseto 
degli Abruzzi, Teramo, Italy) supplemented with yeast 
extract (Difco Laboratories, Detroit, MI, USA); and then 
incubated for 48 hours at 37°C. Single colonies from the 
plate were transferred into 4 mL of fluid trypticase soy 
broth supplemented with yeast external and incubated 
overnight at 37°C. A centrifugation procedure at 3000 
rpm was used for 15 minutes to harvest the cells. Then 
the cells were rinsed twice and re-suspended in Ringer 
solution to reach an optical density of approximately 0.3 
at 540 nm with a spectrophotometer (Coleman Junior 
II, Coleman Instruments. Inc., Maywood, IL, USA) or 
bacterial concentrations of approximately 108 CFU/mL. 
The prepared innoculum was used for the in vitro adher-
ence test according to the method used by Montanaro et 
al (13) with some modifications: The specimens were 
immersed, under aseptic conditions, in the bacterial 
suspension for 4 hours. Then the samples were retrieved 
from the suspension and rinsed three times with 5 mL 
of 0.9% normal saline to eliminate un-attached bacte-
ria. Each sample was placed in a 15-mL tube containing 
1 mL of normal saline. The tubes were transferred to 

an ultrasonic bath cleaner (ModStar Sonic 1835, Italy) 
operating at 34 kHz and 180 W, and sonicated for 6 
minutes to detach bacteria adhering to the surfaces of 
the specimens and to release them into the suspension. 
Finally the specimens were removed from the tubes and 
100 µL of the suspension containing detached bacteria 
was transferred onto a sterile plate for bacterial count 
via a standard pour plate technique. All the experiments 
were performed in triplicates.  
-Statistical analysis                                               
Two-way ANOVA was used for the statistical analysis 
of bacterial adherence and surface roughness data. A 
post hoc Tukey test was used for multiple comparisons. 
Statistical significance was set at P<0.05.

Results
-Bacterial adherence
The results of adherence of S. mutans to composite res-
in and giomer surfaces are presented in Table 1. Signifi-
cant differences were observed in bacterial adherence 
based on the type of material (F1,114=113.53, P<0.0005) 
and prophylaxis method (F2, 114=483.59, P<0.0005). The 
interaction between these two factors was also statis-
tically significant (F2,114=10.98, P<0.0005). Tukey test 
demonstrated statistically significant differences be-
tween groups (P<0.0005). In the giomer groups bac-
terial adherence was significantly lower than the cor-
responding composite resin groups. In the giomer and 
composite resin groups the highest bacterial adherence 
was observed with prophylaxis with APD, pumice and 
rubber cup and the control group, respectively.
-Surface topography characterization and surface 
roughness
Selected AFM images of the specimens from the six 
tested groups are shown in Figure 1 (A-F). The control 
group specimens revealed smooth surfaces in AFM im-
ages (Figs. 1, A, D), while specimens from other groups 
showed rough surfaces with macro- and micro-irregu-
larities. Surface roughness values (mean ± SD) for all 
the groups are presented in Table 1. The results of sur-
face roughness test did not reveal any significant differ-
ences in relation to the type of the material (F1,42=1.92, 
P=0.173); however, there were significant differences 
in surface roughness in relation to the prophylaxis 
method used, regardless of the type of the material (F2, 

42=2763.58, P<0.0005). Multiple comparisons by Tukey 
test among subgroups within each material revealed 
significant differences between the prophylaxis meth-
ods employed (P<0.0005). There was no statistically 
significant interaction between the two factors involved 
(type of the material and type of the prophylaxis meth-
ods) (F2,42= 0.314, P=0.732).
-SEM observation and surface composition  
SEM images of the specimens in the tested groups are 
shown in Figure 2 (×1000). Table 2 presents the atomic 
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Fig. 1. AFM 3D topographical images of the surfaces of composite resin and giomer in the tested groups: A (composite, control), B (com-
posite, pumice with rubber cup), C (composite, APD), D (giomer, control), E (giomer, pumice with rubber cup) and F (giomer, APD).

Fig. 2. SEM images of the surfaces of the un-treated composite specimen (A); composite specimen with pumice with rubber 
cup (B); composite specimen with APD (C); un-treated giomer specimen (D); giomer specimen with pumice with rubber cup 
(E); and giomer specimen with APD (F).
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composition of giomer and composite resin surfaces in 
the tested groups; the giomer specimens revealed higher 
amount of fluoride in the surface layer compared to 
composite resin specimens.

Discussion
Adherence of S. mutans to restoration surfaces results in 
bacterial plaque formation and recurrent caries (4). The 
results of the present study showed that in both giomers 
and composite resins, S. mutans adherence in the groups 
undergoing prophylaxis methods was higher than that in 
the controls. It was also revealed that the application of 
APD significantly increased bacterial adherence com-
pared to pumice and rubber cup (Table 1). This finding 
might be attributed to the increased surface roughness 
of the tested materials. In the same context, the results 
of AFM analysis in this study confirmed those of the 
previous studies conducted on glass-ionomers and com-
posite resins (3,8); the surface roughness of both giomer 
and composite resin was significantly higher subsequent 
to prophylaxis with APD compared to prophylaxis with 
pumice/rubber cup. Moreover, surface roughness was 
higher subsequent to prophylaxis with pumice/rubber 
cup compared to the control group (Table 1). This finding 
might be attributed to the high pressure of air and water 
in APD, which results in the disintegration of filler-resin 
interface and debonding of fillers from the surface. It has 
also been reported that powder particles in APD can wear 
out the filler phase of composite resins (8).
Surface roughness of restorative materials has been re-
ported as a factor contributing to bacterial adherence 
in several studies (4,5,14-17). In a study carried out by 
Ikeda et al, it was reported that smooth resin compos-
ite surfaces exhibit lower bacterial adherence and ac-
cumulation in comparison to rougher resin composite 
surfaces (17). Moreover, Ono et al demonstrated that 
smooth resin composite surfaces have an important role 
in retarding the biofilm adherence and growth (15).
Contrary to the results of the present study, in a study 
carried out by Meier et al surface roughness of various 
ceramics did not influence bacterial adherence (4). This 
discrepancy might be attributed to the fact that in that 
study the initial surface roughness of various ceram-
ics had been quantified and no roughening procedures 
had been carried out, resulting in a smaller range of 
roughness values investigated. However, in the present 
study the surface of the specimens underwent prophy-
laxis procedures. Bacterial adherence is probably under 
the influence of increased surface roughness because 
greater surface area and protective sites are provided 
for bacterial colonization (15). 
In addition, physico-chemical properties and free 
surface energy of the substrate can influence bacte-
rial adherence (4,5). Meanwhile, the effect of surface 
roughness on bacterial adherence has been reported to 

be greater than that of free surface energy (4). In the 
present study, surface analysis under SEM revealed that 
prophylaxis of the specimens resulted in alterations in 
surface elements and increased the ratio of minerals (Al 
+ Si) (which have a positive charge) on the surface (Ta-
ble 2). It has been reported that an increase in the polar-
ity of substrate surface can increase free surface energy 
leading to an increase in bacterial adherence (5). 
The results of the present study showed that bacterial ad-
herence in all the giomer groups was significantly lower 
than that in the corresponding composite resin groups. 
According to the results of AFM analysis both giomer 
and composite resin demonstrated similar wear resist-
ance values in prophylaxis procedures, and there were 
no significant differences in surface roughness between 
corresponding giomer and composite resin specimens 
(Table 1 and Fig. 1). Differences in bacterial adherence 
might also be attributed to different chemical composi-
tions of the two materials. Previous studies have dem-
onstrated the effect of chemical composition of mate-
rials on bacterial adherence (4,5). The composite resin 
used in the present study (HelioProgress) is devoid of 
fluoride according to the manufacturer, whereas giomer 
(Beautifil II) is a fluoride-releasing material which con-
tains PRG (pre-reacted glass) fillers with surface reac-
tion (S-PRG) (10). It has even been reported that this 
giomer releases more fluoride compared to giomers 
containing PRG fillers with full reaction (F-PRG) (14). 
In the same context, surface analysis by SEM showed 
that giomer specimens have a much higher content of 
fluoride compared to composite resin specimens (Table 
2). Antibacterial effects of fluoride have already been 
reported (18). It has been demonstrated that the water 
insoluble glucan in S. mutans biofilm is affected by the 
fluoride released from giomer (15). In addition, Palenik 
et al have reported the inhibitory effect of glass-ionomer 
on bacterial growth and adherence as a result of fluoride 
release from this material (19). Giomer contains fluori-
dated glass fillers with glass-ionomer matrix. This ma-
trix has a high content of fluoride complex, and water 
easily penetrates into it, which results in the release of 
large quantities of fluoride (20). Previous studies have 
reported greater fluoride release from giomers in com-
parison to composite resins (20,21).
Based on the results of this study, re-polishing of gi-
omer and composite resin restorations subsequent to the 
prophylaxis treatments investigated might be necessary 
to resist bacterial adherence in clinical settings. Mean-
while, it seems that maintaining a well-polished surface 
to reduce the bacterial adherence is more crucial for 
composite resin restorations compared to giomer res-
torations, due to fluoride release property in giomer re-
storative materials. It is proposed that the released fluo-
ride might postpone the initial bacterial adherence and 
further plaque formation.
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The present study investigated bacterial adherence 
of giomer in the short term. While a high fluoride re-
charge capacity has been suggested for the giomer (20), 
the long-term release of fluoride from giomer is ques-
tionable (22). Moreover, in a previous study it has been 
demonstrated that S. mutans growth on aged composite 
resins increases surface roughness, further accelerating 
biofilm accumulation (23). Early bacterial adherence 
(first 48 hours) and prolonged biofilm formation might 
be affected differently by surfaces texture of restorative 

Prophylaxis

treatment

Number of bacteria (Mean ± 

SD)

Surface roughness (Mean ± SD) 

Material Material 

Composite Giomer Composite Giomer 

None
209.20 ± 

47.25*

128.80 ± 

32.45* 18.66 ± 1.12a 17.37 ± 1.38a

Pumice with 

rubber cup 

425.95 ± 

65.47*

264.45 ± 

41.93* 134.39 ± 11.21b 130.75 ± 6.39b

APD
557.10 ± 

46.80*

498.05 ± 

66.57* 275.58 ± 10.62c 268.88 ± 16.74c

Table 1. Number of bacteria adhering to the surface of composite resin and giomer in the tested groups 
(mean ± standard deviations) and surface roughness obtained from the AFM images for the tested 
groups.

Asterisk (*) indicates significant differences in pairwise comparisons in bacterial adherence be-
tween all the groups (P<0.001). Mean values of surface roughness with dissimilar letters are sta-
tistically significant at P<0.05.

Groups
Surface elements

C O F Al Si Na K Ca Si +Al 

Group A 65.81 30.59 0.50 0.01 3.09 - - - 3.10 

Group B 70.07 25.41 1.30 0.13 3.09 - - - 3.22 

Group C 61.45 33.49 0.00 - 5.06 - - - 5.06 

Group D 67.37 24.26 5.02 0.76 2.60 - - - 3.36 

Group E 57.34 21.23 8.58 3.43 7.65 1.05 0.37 0.34 11.08 

Group F 58.14 25.52 7.80 2.22 5.26 0.77 0.15 0.14 7.48 

Table 2. Surface composition (at %) of composite resin and giomer in the tested groups.

materials. Therefore, further long-term investigations 
using more clinically relevant biofilm formation mecha-
nisims [such as artificial mouth system (15,17)] are war-
ranted to evaluate bacterial adherence to giomers.

Conclusion
Considering the limitations of the present study it can 
be concluded that:
Both prophylaxis methods (pumice and rubber cup vs. 
APD) resulted in an increase in bacterial adherence to 
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giomer and composite resin in comparison to the con-
trol group.
Prophylaxis with APD resulted in greater bacterial ad-
herence compared to prophylaxis with pumice and rub-
ber cup.
Bacterial adherence in giomer groups was lower com-
pared to corresponding composite resin groups regard-
less of the prophylaxis technique and the generated sur-
face roughness.
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