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Abstract

Introduction: Bacterial adhesion to composite resin and biofilm accumulation may cause gingivitis and secondary caries formation 
resulting in restoration failure.

Aim: The aims of the present study was to compare the effect of different finishing and polishing means on composite resin surface 
properties and bacterial adhesion.

Materials and Methods: Composite resin samples were assigned to four different finishing and polishing test groups: (i) no finishing 
(mylar strip control), (ii) finishing burs only, (iii) Finishing burs and polishing discs, and (iv) Finishing burs and polishing wheels. 
Following treatment samples were evaluated for surface roughness using SEM and non-contact profilometer, surface hydrophobicity 
using contact angle goniometer, salivary proteins adsorption using Bradford assay and bacterial adhesion using crystal violet assay 
and fluorescence microscopy.

Results: Polishing wheels use resulted in a significant increase in bacterial adhesion concomitant with a significant decrease in 
surface hydrophobicity and an increase in salivary proteins adsorption as compared with polishing discs. Whereas, no significant 
difference was observed in surface roughness between the two.

Conclusion: Results show that the use of polishing wheels may increase bacterial adhesion and that this might be associated with 
reduced surface hydrophobicity and increased salivary proteins adsorption rather than increased surface roughness.
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Introduction
Finishing and polishing techniques strongly effect the aesthetic appearance and surface properties of composite resin restorations [1]. 

Polishing gives the restoration ‘enamel-like’ appearance by providing their surface with shine and luster as well as decreasing the risk for 
discoloration and bacteria and debris retention [2-4]. 

Bacterial adhesion to composite resin restoration is the first step in biofilm formation [5]. Microbial biofilm may increase the risk of 
gingival inflammation and secondary caries formation resulting in restoration failure [6,7]. Bacteria adherence to dental and restorative 
surfaces is mediated by the adsorption of salivary proteins onto these surfaces. These adsorbed proteins form a layer known as the ac-
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quired pellicle and constitute the connecting layer between the surface and adhering bacteria [8]. The first adhering oral bacteria or early 
colonizers adhere to specific salivary proteins and allow other bacteria including oral pathogens to attach, thus forming the mature oral 
biofilm [9].

Whereas some studies showed significant correlations between surface roughness and bacterial adhesion [10,11], others reported 
only partial correlations between the two [12,13]. Other studies linked bacterial adhesion with different surface properties such as sali-
vary proteins adsorption [8]. 

Aim of the Study
The aim of the present study was to test the effect of polishing wheels on composite resin surface properties (hydrophobicity, rough-

ness and protein adsorption) and bacterial adhesion.

Materials and Methods
Tested materials

Nano-filled composite resin (Filtek Ultimate®, 3M-ESPE) discs were prepared using a fabricated Teflon mold (9 mm diameter and 2 
mm thickness) and covered with a Mylar strip. Discs were light cured for 20 seconds using LED curing light (Elipar S10, 3M-ESPE) with a 
curing light intensity of 1200 mW/cm2. Discs were divided into 4 treatment groups as follows: (i) no finishing (Hawe transparent strip) as 
control, (ii) finishing burs only (199-018 XF, MDT), (iii) Finishing burs followed by polishing discs system (Sof-Lex® extra thin, 3M-ESPE) 
and (iv) Finishing burs followed by polishing wheels (Sof-Lex® spiral, 3M-ESPE).

Discs preparation, finishing and polishing were carried out by a single operator. Finishing and polishing were applied to one side of the 
discs, using light pressure in a single direction. Burs were applied for 10 seconds using water cooled high speed hand-piece and replaced 
every 6 samples. Finishing discs and wheels were applied for 10 seconds using air cooled low speed hand-piece and replaced for each 
new sample. Following finishing and polishing discs were rinsed with water and allowed to dry for 24 hours before they were tested for 
surface properties and bacterial adhesion as described below. 

Surface morphology and roughness

Samples were mounted on aluminum stabs and sputter coated with gold. Surface morphology was examined using scanning electron 
microscopy (SEM, JSM-IT100, Jeol) in 2,000x magnification.

Surface roughness (Ra) was measured using a non-contact profilometer (µsurf explorer, Nanofocus) in 1,000x magnification.

Surface hydrophobicity

Contact angle test was performed to evaluate the hydrophobic properties of the tested discs. Contact angle was measured using a go-
niometer (model 100, Ramé-Hart) by placing a drop of deionized water (10 µL) on the leveled disc, measuring the contact angle on both 
sides of the drop and recording the mean result.

Salivary proteins adsorption

A drop (40 µL) of filtered saliva (0.22 mm, stericup, Millipore) was placed on each of the polished or control discs for 3 minutes at room 
temperature. Discs were washed three times with saline to remove any non-adhered salivary proteins. Discs were placed on the bottom 
of a 48 wells plate and the wells were added with 250 µL of Bradford reagent [14]. The reagent was allowed to react for 10 minutes and 
transferred to a 96 well plate that was read at 600 nm. 
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Figure 1: SEM images of the various treated surfaces: (A) Mylar strip control, (B) Finishing burs only, (C) Finishing burs  
and polishing discs set, (D) Finishing burs and polishing wheels set.
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Bacterial adhesion 

Bacterial adhesion was tested using the early colonizer bacterium Streptococcus salivarius (NS1). Discs were treated with filtered sa-
liva as stated above. Following salivary proteins adsorption the discs were placed at the bottom of a 48 wells plate that were filled with 
500 µL of test bacterium suspension (1OD) and incubated for 4 hours at 37oC. Following incubation the discs were washed three times 
with saline to remove any non-adhered bacteria. Bacterial adhesion was evaluated by fluorescence microscopy and quantified using crys-
tal violet assay. Fluorescent microscopy was done by staining the adhered bacteria with a Rose Bengal solution (0.1% w/v) covering the 
discs with a cover slip and using immersion oil magnification (1,000x). Crystal violet (100 µL) drop was placed on the discs for 1 minute 
and the discs were washed three times with saline to remove any non-cell-bound stain. The stain was extracted using a distaining solution 
that was transferred to a 96 well plate and read at 600 nm.

Statistical analysis

To compare the effect of the different polishing measures on surface properties and bacterial adhesion ANOVA was applied with 
post-hoc pairwise comparisons according to Dunnet and Scheffe. Tests applied were two-tailed and p ≤ 0.05 was considered statistically 
significant. Experiments were conducted in six replicates.

Results
Results of the composite resin surface morphology and roughness following the various treatments are presented in figure 1 and 2. 

Results show that the surface roughness (Ra) of the composite resin was slightly lower in the samples polished using polishing discs as 
compared with the polishing wheels. However, these differences were not statistically significant.
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Figure 2: Mean results (± SD) of surface roughness (Ra) for the various treated surfaces measured using a non-contact profilometer. 

Figure 3: Mean results (± SD) of surface hydrophobicity for the various treated surfaces measured using a contact angle goniometer.
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Results of the composite resin surface hydrophobicity following the various treatments are presented in figure 3. Results show that the 
surface hydrophobicity (contact angle) of the composite resin was significantly lower in the samples polished using polishing wheels as 
compared with the polishing discs (p < 0.001) and the mylar strip and finishing burs controls.
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Results of the salivary proteins adsorption to composite resin surface following the various treatments are presented in figure 4. 
Results show that salivary proteins adsorption onto the composite resin surface was significantly higher in the samples polished using 
polishing wheels as compared with the polishing discs (p < 0.001) as well as the mylar strip and finishing burs controls.

Figure 4: Mean results (± SD) of salivary proteins adsorption onto the various treated surfaces measured using Bradford assay.

Results of the bacterial adhesion to composite resin surface following the various treatments are presented in figure 5 and 6. Results 
show that bacterial adhesion to the composite resin surface was significantly increased in the samples polished using polishing wheels as 
compared with the polishing discs (p < 0.001) as well as the mylar strip and finishing burs controls.

Discussion
Finishing and polishing procedures have a strong effect on the outcome of a composite resin restoration both aesthetically and biologi-

cally. Composite resin restorations are prone to biofilm accumulation and the risk of secondary caries formation [15]. Surface properties 
that favors bacterial adhesion such as increased surface roughness was shown to increase the risk for gingival inflammation and staining 
[2,16]. 

Results of the present in vitro study showed that the use of polishing wheels significantly increased bacterial adhesion to the treated 
composite resin surface as compared with polishing discs. However, unlike some previous studies in the present study bacterial adhesion 
was not associated with a significant increase in surface roughness but rather with an increase in salivary proteins adsorption. Increased 
salivary proteins adsorption promotes the formation of the acquired pellicle on dental and restorative surfaces. These proteins enables 
the adhesion of early colonizing bacteria such as oral streptococci, which in turn initiates the formation of the dental biofilm [9]. 

Previously we suggested the incorporation of antibacterial nanoparticles in the composite resin matrix as a safety measure against 
secondary caries formation [17]. However, killing or inactivating the adhered bacteria will not solve this problem since residual non-vital 
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Figure 5: Fluorescence microscopy images of Streptococcus salivarius adhered to the various treated surfaces: (A) Mylar strip  
control, (B) Finishing burs only, (C) Finishing burs and polishing discs set, (D) Finishing burs and polishing wheels set.

Figure 6: Mean results (±SD) of bacterial adhesion to the various treated surfaces measured using crystal violet assay.
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biofilm structure has been shown to facilitate and promote secondary bacterial adhesion [18]. Therefore, it was suggested that the reduc-
tion of bacterial adhesion might be a better strategy [19].

Previous studies reported that initial salivary proteins adsorption and acquired pellicle formation was a rapid, reproducible and highly 
selective process [20] and that the pattern of adhered proteins varied between different surfaces [21]. It was further claimed that the 
adsorption of specific salivary proteins onto dental materials surfaces was imperative to the adhesion of early colonizing bacteria [8]. 

 Conclusion
Salivary proteins adsorption is mediated through electrostatic and hydrophobic reactions. Taken together results of the present study 

suggest that the use of polishing wheels may increase salivary proteins adsorption and bacterial adhesion by significantly reducing sur-
face hydrophobicity. The mechanism trough which this mode of treatment affects the composite resin surface’s hydrophobicity is yet 
unclear and warrants further studies.
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