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ABSTRACT 

 

The interaction between surface roughness of resin 

composites and Streptococcus mutans biofilms in various 

conditions of saliva and different carbohydrate sources 

 

Changwon Song, D.D.S 

Department of Dentistry, Graduate School, Yonsei University 

(Directed by Prof. Jeong-Won Park, D.D.S,., M.S., Ph.D.) 

 

I. Objectives   

The purpose of this study was to investigate the interaction between surface roughness of resin 

composites and biofilm formation by Streptococcus mutans with different carbohydrate sources 

under various conditions of saliva. 

II. Materials & Methods      

The composite resin disks (Filtek supreme Z350, 3M ESPE, USA) were made on the #400 or 

#800 grit SiC papers or glass slides used as a template and the surface roughness were measured 

by confocal laser microscopy. Adhesion assays were performed using Streptococcus mutans 

UA159 with each specimen in the presence of fluid-phase or surface-adsorbed unstimulated 

whole saliva (UWS) for 3 hours. For biofilm formation, S. mutans was grown with each specimen 

in a biofilm medium with either glucose or sucrose in the presence of fluid-phase or surface-

adsorbed UWS for 24 hours. The adherent bacteria were then detached by sonication and serial 
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diluted and plated on the BHI (Brain Heart Infusion) agar followed by incubation for 2 days. 

Colony forming unit per unit area (CFU/cm2) of S. mutans was counted. 

III. Results       

The results showed that the adhesion and biofilm formation of S. mutans were significantly 

influenced by the surface roughness of the composite resin in any condition of UWS 

(unstimulated whole saliva) and carbohydrate sources (P<0.05). There was no significant 

difference in the interaction effect between surface roughness and saliva treatment (P>0.05).  

IV. Conclusion    

This study suggests that the adhesion and biofilm developments by S. mutans are significantly 

influenced by the surface roughness of composite resins, irrespective of the condition of saliva 

and carbohydrate sources for less than 24 hours. 
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The interaction between surface roughness of resin 

composites and Streptococcus mutans biofilms in various 

conditions of saliva and different carbohydrate sources 

 

Changwon Song, D.D.S 

Department of Dentistry, Graduate School, Yonsei University 

(Directed by Prof. Jeong-Won Park, D.D.S,., M.S., Ph.D.) 

 

I. Introduction 

 

Although the use of composite resins in restorative dentistry became common procedures with 

the development of mechanical and physical properties of the composite resin, there are still 

several drawbacks one of which is susceptible to plaque accumulation and secondary caries 

(Bernardo, 2007). The major causative microorganism in the formation of dental plaque and the 

pathogenesis of the dental caries in humans is known to be Streptococcus mutans (Loesche , 

1986). It can produce extracellular polysaccharides (EPS, mostly glucan) from carbohydrate 

sources in the oral cavity to form a biofilm which acts as a barrier against oxygen, host immunity, 

antimicrobial agents and mechanical cleansing (Hojo, 2009). The formation of EPS can also 

enhance the virulence of the biofilm through increased total biomass and acidogenicity by 

different gene expressions from planktonic cells (Shemesh, 2007 and Duarte, 2008).  

Numerous researchers have studied the interaction between the biofilm formation and surface 

properties including surface free energy, surface roughness and the chemical composition of 
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dental materials. Some of those studies indicated that among the other surface properties, surface 

roughness seems to have the prominent role on the bacterial adhesion towards others (Teughels, 

2006). An in vivo study by Quirynen et al. showed that the rougher half of resin strips glued to 

the tooth surface of one patient resulted in more bacterial colonization than the smoother half after 

3 days. Various in vitro studies (Carlen, 2001 Ikeda, 2007 Aykent, 2010) also showed that a 

positive correlation was observed between surface roughness and the biofilm formation of S. 

mutans. The effect of surface roughness on the biofilm formation can be explained by which 

roughened surface can function as a shelter against shear force and increase the area available for 

adhesion (Quirynen, 1995). However, other studies have reported that there was no significant 

relationship between the surface roughness of dental materials and the biofilm formation 

(Yamamoto, 1996). They explained that original differences of surface properties between dental 

materials could be masked by the presence of the salivary pellicle (Hannig, 1999 and Li Mei, 

2009) or EPS coating layer produced by S. mutans (Shahal, 1998).  

These controversial results seem to come from using various methods of saliva conditioning for 

the surface of substrates and supplying different nutritional sources for bacterial growth. Most of 

above studies conditioned the surface only by saliva coating (surface-adsorbed saliva). However, 

other studies showed that fluid phase saliva which was present in growth medium resulted in 

different pattern of the adhesion and biofilm formation compared with surface-adsorbed saliva 

(Ahn, 2008). And this situation seems to be closer to the clinical situation in which surfaces of the 

substrate and bacteria are simultaneously conditioned by salivary components (Pecharki, 2005). 

In addition, the initial adhesion of S. mutans as the first step of the biofilm formation is mediated 

by sucrose dependent and sucrose independent mechanism. In the absence of sucrose, S. mutans 

binds to salivary components such as salivary agglutinin glycoprotein via several surface proteins 

expressed on the surface of the S. mutans. In the presence of sucrose, glucans produced by cell 



3 

associated glucosyltrasnferase (GTF) enzymes interacts with surface associated glucan binding 

proteins and promotes cell to cell aggregation (Koga, 1986 and Mitchell, 2003).  

 

Therefore, the method of salivary conditioning and carbohydrate sources may have an impact 

on the results of biofilm formation study. However, there were few studies about the influence of 

surface roughness on the biofilm formation in various conditions of saliva and carbohydrate 

sources.  

The purpose of this study was to investigate the interaction between surface roughness of resin 

composites and biofilm formation of S. mutans with different carbohydrate sources under 

different conditions of saliva. 
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II. MATERIALS AND METHODS 

 

Preparation of materials and surface roughness analysis 

Nanofilled resin composite, Filtek Z350 (A2 shade, 3M ESPE, St. Paul, USA) was used in this 

study. The specimens were divided into three groups according to the following procedures. To 

obtain regular surface roughness, the Teflon molds (9.0mm diameter and 1.0mm thickness) were 

placed on (1) #400 or (2) #800 grit silicon carbide (SiC) papers or (3) glass slide. Experimental 

material was inserted into each mold, respectively and covered immediately by another glass slide 

and then light-cured using a LED light curing unit under manual pressure for 30 seconds.  

Surface roughness (SR) of each sample was measured using a confocal laser scanning 

microscopy (Axiovert 200M, Carl Zeiss, Thornwood, NY, USA). The multi-argon laser emits 

light with a wavelength of 633 nm and it allows the calculation of the arithmetic mean SR from a 

mean plane within the sampling area (245 × 245 × 60 μm). Five readings were randomly 

measured for each surface of three groups (‘400’, ‘800’ and ‘glass’).  

 

Preparation of saliva 

Unstimulated whole saliva (UWS) was collected by the spitting method from three healthy 

volunteers who had no acute dental caries or periodontal lesions. Saliva collection was routinely 

performed between 9:00 A.M. and 11:00 A.M. to minimize the effects of diurnal variability on 

salivary composition. The saliva sample was centrifuged at 3,500 × g for 10 minutes to remove 

any cellular debris and the resulting supernatant was used after filter-sterilization through a 

Stericup & Streitop (Millipore, Billerica, MA, USA). 
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Adhesion and biofilm assays  

Streptococcus mutans UA159 was grown in brain heart infusion (BHI) medium. Cells from 

exponential-phase cultures (OD600 = 0.5) were washed 2 times with phosphate-buffered saline 

(PBS, pH = 7.2) and resuspended to an OD600 = 0.5 (approximately 6.5 X 107 CFU per ml) for 

assays. For adhesion assay, three disks of each group were placed to polystyrene 24-well (flat-

bottom) cell culture clusters (Corning Inc., Corning, NY, USA). Adhesion assays were performed 

in three different saliva conditions (Fig. 1a).  
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Figure 1. Procedures of saliva conditioning for adhesion (a) and biofilm assays (b)  

Resin composite samples included three groups of ‘400’, ‘800’ and ‘glass’ differentiated by 

surface roughness values. RC : Resin composite samples SM : Streptococcus mutans suspension, 

UWS : Unstimulated Whole Saliva, 2H UWS : 2hr incubation with UWS at 37oC, Glu : BM 

glucose medium, Suc : BM sucrose medium 
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Each disk was coated with UWS followed by inoculation with cell suspensions (surface-

adsorbed) or added with UWS concurrently with the cell suspensions (fluid-phase), or no saliva 

treatment (control). For the experiments with surface-adsorbed group, each disk was conditioned 

with 1.0 mL of UWS by incubating the plates with UWS at 37oC for 2 hours with gentle shaking, 

followed by two times washing with PBS. And the saliva coated disks were inoculated by 2.0 mL 

of S. mutans cell suspension (OD600 = 0.5). For experiments with fluid-phase group, each disk was 

inoculated by 2.0 mL of the cell suspension concurrently with 200 μL of UWS. In the case of 

control, 2.0 mL of the cell suspension was inoculated into wells containing each disk without any 

saliva treatment. All specimens containing the cell suspensions were incubated for bacterial 

adhesion at room temperature in the dark place for 3 hours. 

Then the disks were washed twice with 2.0 mL of sterile PBS to remove planktonic and loosely 

bound cells and transferred to a conical tube containing 3.0 mL of PBS. The adherent bacteria 

were then detached by sonication using 30-sec pulses at 25 W twice with intermediate cooling 

stages in a chilled ice box. The cell suspensions in the conical tube were serially diluted, plated on 

BHI agar and incubated at 37oC for 2 days before colonies were counted. Colony counts were 

expressed as a colony forming unit (CFU) per unit area (cm2). All adhesion assays were 

performed in duplicate and repeated five times. 

For biofilm assays, three disks of each group were placed to polystyrene 24-well cell culture 

clusters. Overnight cultures of S. mutans were transferred to pre-warmed BHI and grown at 37oC 

in a 5% CO2 to OD600 = 0.5. The cultures were then diluted 1:100 in pre-warmed biofilm medium 

(BM) with either 20 mM glucose (BM-glucose) or 20 mM sucrose (BM-sucrose) as a 

carbohydrate source as previously described (Loo, 2000). Biofilm assays were also performed in 

three different saliva conditions as described above (Fig. 1b) Each disk was coated with UWS 

followed by inoculation with the cell suspensions diluted in BM-glucose or BM-sucrose (surface-
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adsorbed) or added with UWS concurrently with the cell suspensions (fluid-phase), or no saliva 

treatment (control). All specimens containing the cell suspensions were incubated for biofilm 

formation at 37oC in a 5% CO2 for 24 hours. Then all specimens were washed, detached and 

counted same as above. All biofilm assays were performed in duplicate and repeated five times. 

 

Scanning Electron Microscopy (SEM) Analysis 

Biofilms grown as described above in BM glucose and sucrose for 24 hours were analyzed by 

SEM using a S-4700 microscopy (Hitachi, Tokyo, JAPAN) with a magnification set at X 1000 and 

X 3000. 

 

Statistics 

The differences in surface roughness were analyzed using one-way analysis of variance 

(ANOVA) followed by Tukey Honestly Significantly Difference (HSD) tests. Two-way ANOVA 

was used to analyze the amount of adhesion and biofilm formation with respect to surface 

roughness and saliva treatment. Multiple comparisons were done with t-tests using the Bonferroni 

correction. All values were considered significant at P<0.05. 
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III. RESULTS 

 

Surface roughness analysis 

The mean values and standard deviations of surface roughness of each group are presented in 

Table 1. The highest value of surface roughness was obtained in the group of ‘400’ (1.27 ± 0.06) 

followed by ‘800’ (0.80 ± 0.08) and ‘glass’ (0.29 ± 0.05). The results of one-way ANOVA 

indicated that surface roughness values varied significantly depending on the grit number of SiC 

paper or glass slide where the specimen was placed and adapted (P<0.05). 

 

Table I. Surface roughness (μm) of three groups used in this study 

 400 
(Mean±SD) 

800 
(Mean±SD) 

Glass 
(Mean±SD) Significance* 

Surface 
roughness 1.27 ± 0.06 0.80 ± 0.08 0.29 ± 0.05 400 > 800 > Glass 

400, #400 grit SiC paper 

800, #800 grit SiC paper 

Glass, Slide glass 

*One way ANOVA with Tukey HSD tests was used to analyze the difference between the three 

groups at a significance level of α = 0.05. 

 

Adhesion and biofilm assays 

The results of the adhesion of S. mutans to various surfaces were presented in Table II. The 

results showed that the adhesion of S. mutans was significantly influenced by surface roughness 
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and saliva treatment (P<0.05), and there was no significant difference in the interaction effects 

between surface roughness and saliva treatment (P>0.05). The highest CFU score was obtained in 

the group of ‘400’ followed by ‘800’ and ‘glass’ in any condition of saliva treatment. Both fluid-

phase and surface-adsorbed groups showed significant inhibition of bacterial adhesion compared 

to control, while this phenomenon was prominent in fluid-phase group (Fig. 2A). 

 

Table II. Adhesion of Streptococcus mutans to various surfaces for 3 hours. The 

amounts of adherent bacteria were expressed as a colony forming unit per unit area 

(X107 CFU/cm2) 

Saliva treatment 

Surface type (X107 CFU/cm2) 

Significance* 

400 
(Mean±SD) 

800 
(Mean±SD)

Glass 
(Mean±SD)

No treatment 1.99±0.47 1.44±0.68 1.12±0.40 
400 > 800 > Glass 

 

Control 

> Surface-adsorbed 

> Fluid-phase 

Surface-adsorbed 1.52±0.59 1.04±0.21 0.59±0.12 

Fluid-Phase 0.76±0.36 0.56±0.39 0.34±0.24 

400, #400 grit SiC paper 

800, #800 grit SiC paper 

Glass, Slide glass 

*Multiple comparisons were performed by t tests using the Bonferroni correction at a  

significant level of α = 0.05. 
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Figure 2. Mean and standard deviation of Colony Forming Unit per unit area 

(CFU/cm2) of  S. mutans for adhesion assay (A), and biofilm assay in BM glucose 

(B) and BM sucrose (C) 

 

The results of the biofilm formation by S. mutans in BM glucose and BM sucrose were 

presented in Tables III and IV, respectively. Two way ANOVA demonstrated that CFU scores of S. 

mutans in both assays were significantly influenced by surface roughness and saliva treatment 

(P<0.05), and there was no interaction effect between surface roughness and saliva treatment 

(P=0.56 and 0.67, respectively). The highest CFU score was obtained in the group of ‘400’ 

followed by ‘800’ and ‘glass’ same as adhesion assay, but there was no significant difference 

between ‘800’ and ‘glass’ in BM glucose and between ‘400’ and ‘glass’ in BM sucrose. There was 

C 
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a difference in the effect of saliva treatment on the biofilm formation in between BM glucose and 

BM sucrose. In BM glucose, both of saliva treatment showed the significant inhibition of biofilm 

development compared to control, while this phenomenon was prominent in surface-adsorbed 

group in contrast to the adhesion assay (Fig. 2B). In BM sucrose, the effect of saliva treatment 

showed different pattern from former assays. In the fluid-phase group biofilm formation of S. 

mutans was significantly increased compared to control while there was no significant difference 

between the surface-adsorbed group and control (Fig. 2C). There was also significant difference 

in biofilm formation in between different carbohydrate sources. The highest mean CFU score was 

obtained when the biofilm were developed in BM sucrose followed by BM glucose. 

 

Table III. Biofilm formation by Streptococcus mutans on various surfaces in BM 

glucose for 24 hours. The amounts of adherent bacteria were expressed as a colony 

forming unit per unit area (X107 CFU/cm2) 

Saliva treatment 

Surface type (X107 CFU/cm2) 

Significance* 

400 
(Mean±SD) 

800 
(Mean±SD)

Glass 
(Mean±SD)

No treatment 10.65±3.4 8.09±3.01 7.56±1.82 
400 > 800, Glass 

 

Control 

> Fluid-phase 

> Surface-adsorbed 

Surface-adsorbed 3.37±1.57 2.03±0.63 1.42±0.75 

Fluid-Phase 5.04±1.27 4.35±1.50 2.72±0.65 
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400, #400 grit SiC paper 

800, #800 grit SiC paper 

Glass, Slide glass 

*Multiple comparisons were performed by t tests using the Bonferroni correction at a 

significant level of α = 0.05. 

 

Table IV. Biofilm formation by Streptococcus mutans on various surfaces in BM 

sucrose for 24 hours. The amounts of adherent bacteria were expressed as a colony 

forming unit per unit area (X108 CFU/cm2) 

Saliva treatment 

Surface type (X108 CFU/cm2) 

Significance* 

400 
(Mean±SD) 

800 
(Mean±SD)

Glass 
(Mean±SD)  

No treatment 6.01±2.17 5.15±1.86 4.08±1.23  

400 , 800 > Glass 

 

Fluid-phase > Control,  

 Surface-adsorbed  

Surface-adsorbed 5.59±2.08 4.32±1.10 3.97±1.24  

Fluid-Phase 8.65±1.64 8.36±1.89 6.40±1.52  

400, #400 grit SiC paper 

800, #800 grit SiC paper 

Glass, Slide glass 

*Multiple comparisons were performed by t tests using the Bonferroni correction at a 

significant level of α = 0.05. 
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Figure 3. SEM photographs of biofilm formation by S. mutans with no saliva 

treatment in BM glucose. (A) (C) (E) are group of ‘400’, ‘800’ and ‘glass’, 

respectively (X 1,000) and (B) (D) (F) are also group of ‘400’, ‘800’ and ‘glass’, 

repectively (X 3000). 

F 

D 

E 

B A 

C 
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Figure 4. SEM photographs of biofilm formation by S. mutans of surface-adsorbed 

group in BM glucose. (A) (C) (E) are group of ‘400’, ‘800’ and ‘glass’, respectively 

(X 1,000) and (B) (D) (F) are also group of ‘400’, ‘800’ and ‘glass’, repectively (X 

3000). 

F 

D C 

E 

B A 
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Figure 5. SEM photographs of biofilm formation by S. mutans of fluid-phase group 

in BM glucose. (A) (C) (E) are group of ‘400’, ‘800’ and ‘glass’, respectively (X 

1,000) and (B) (D) (F) are also group of ‘400’, ‘800’ and ‘glass’, repectively (X 3000). 

 

F 

D C 

E 
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Figure 6. SEM photographs of biofilm formation by S. mutans with no saliva 

treatment in BM sucrose. (A) (C) (E) are group of ‘400’, ‘800’ and ‘glass’, 

respectively (X 1,000) and (B) (D) (F) are also group of ‘400’, ‘800’ and ‘glass’, 

repectively (X 3000). 

F 

D C 

E 

B A 
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Figure 7. SEM photographs of biofilm formation by S. mutans of surface-adsorbed 

group in BM sucrose. (A) (C) (E) are group of ‘400’, ‘800’ and ‘glass’, respectively 

(X 1,000) and (B) (D) (F) are also group of ‘400’, ‘800’ and ‘glass’, repectively (X 

3000). 
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Figure 8. SEM photographs of biofilm formation by S. mutans of fluid-phase group 

in BM sucrose. (A) (C) (E) are group of ‘400’, ‘800’ and ‘glass’, respectively (X 

1,000) and (B) (D) (F) are also group of ‘400’, ‘800’ and ‘glass’, repectively (X 3000). 
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SEM analysis 

In the presence of glucose (Fig. 3, 4, 5), the specimens of ‘glass’ group showed very smooth 

appearances without any defect on their surface. In contrast to ‘glass’ group, other groups showed 

rough surfaces with various sizes of depressions that were deeper and wider in ‘400’ group than 

‘800’ group. As shown in SEM photographs, there were abundant cell aggregations found in and 

around depressions of rough surfaces and sporadic single cell chains or small cell aggregations 

found on smooth surfaces. According to saliva conditions, there were also differences in the 

number of cell aggregations and the largest number of cells was observed in control group. These 

findings are highly consistent with our surface roughness and CFU data.  

In the presence of sucrose (Fig. 6, 7, 8), all specimens were heavily covered with thick 

extracellular matrix considered as glucan synthesized by GTF with sucrose. In the findings of a 

magnification set at X 3,000, thick cell aggregations could be observed being surrounded by thick 

extracellular matrix. We could not clearly distinguish differences of the number of cells or 

thickness of biofilms between each specimen but there were some uncovered surfaces seen in 

‘glass’ group more often than other groups.  
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IV. DISCUSSION 

 

A number of studies have investigated the rate or amount of biofilm formation on various 

materials with different surface roughness. In most of those studies, surface of dental materials 

were subjected to various polishing technique using rotating burs or sandpapers for making a 

difference of surface roughness between each group (Yamamoto, 1996 and Ikeda, 2007 and 

Aykent, 2010). However, despite using same polishing tools it could result in heterogeneous 

surfaces in specimens themselves and among same group if the time and manual pressure required 

to polish the surface were not controlled. In contrast to other studies, we didn’t polish or grind the 

specimens but adapted the composite resin material using manual pressure to glass slides or SiC 

papers (#400 and #800 grit) which had been manufactured with relatively homogeneous abrasives, 

thereby we could obtain relatively uniform surfaces similar with their templates. As a result, we 

could distinctly divide the specimen into 3 groups which were differentiated each other by surface 

roughness value of 0.4~0.5 μm regularly. 

In the present study, focus was set on the influence of the surface roughness of composite resin 

on the adhesion and biofilm formation of S. mutans in two types of UWS treatments and different 

carbohydrate sources. Bacterial adhesion to biomaterials is known to be mediated with non-

specific physicochemical mechanisms influenced by the characteristics of a material itself 

including surface free energy, chemical composition and surface roughness (Quirynen, 1995). 

Therefore, we used only one composite resin material (Nanofilled resin composite, Filtek Z350) 

so as to standardize the other surface properties in each group except the surface roughness of 

specimens, and then we were trying to focus the sole effect of the surface roughness.  

In the absence of sucrose, our findings showed that the initial adhesion and biofilm formation 

by S. mutans were affected by surface roughness of the composite resin material in any condition 
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of saliva treatment but total amount of adherent cells was significantly decreased in both of 

surface-adsorbed and fluid-phase groups, irrespective of surface roughness. Reduced bacterial 

adhesion and biofilm formation after UWS treatment may be explained by the interaction between 

salivary components and bacterial surface. First, salivary components which have an affinity for 

the surface of S. mutans are associated with the disturbance of bacterial adhesion by blocking the 

affinity sites of bacterial surface to the substrates (Yamaguchi, 2004). Second, it has been 

reported that the gene expression of surface protein antigen I/II which binds to salivary agglutinin 

might be down regulated in the presence of saliva, thereby the less adhesion and biofilm 

formation could be made (Pecharki, 2005). 

In comparison with surface adsorbed group, fluid-phase group resulted in significantly more 

inhibition of bacterial adhesion in adhesion assay whereas more biofilm was formed in BM 

glucose assay. This result is opposed to other biofilm studies in which they assumed that fluid-

phase UWS may significantly inhibit cell-to-cell interaction during biofilm formation rather than 

cell-to-surface interaction during the adhesion process (Ahn, 2008). However, the influence of 

salivary components on bacterial adhesion seem to be altered according to underlying substrate 

and they are associated with not only the promotion of bacterial adhesion and aggregation but also 

the elimination of bacteria from the oral cavity (Yamaguchi, 2004). 

Although the total amounts of adherent cells was decreased, the effect of surface roughness on 

the adhesion and biofilm formation by S. mutans was not influenced by any UWS treatment as 

shown in statistical results; interaction between surface roughness and saliva (P>0.05). Generally, 

it has been expected that saliva coating, corresponding to the surface-adsorbed group in this study, 

could mask original properties and change the characteristics of bacterial adhesion. Sipahi et al. 

reported that the total surface free energies of various denture base materials were decreased after 

saliva coating and also the original differences between various materials were reduced. Li Mei et 
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al. also verified the similar homogenizing effect in terms of surface free energy of dental 

materials after saliva coating and indicated that the adhesion force measured by the atomic force 

microscopy became similar with each other along with altered surface free energy of each 

material. However, in accordance with our results, many studies dealing with the adherence of 

bacteria to dental materials indicated that the surface free energy modified after saliva coating 

didn’t have major role in the characteristics of bacterial adhesion (Quirynen, 1990 and Hahnel, 

2008). And they stated that despite changed surface free energy by saliva coating, adhesive 

properties were still influenced by the original substrate (Sipahi, 2001). Therefore, it can be 

assumed that saliva conditioning might have changed the surface free energy but not the surface 

roughness which could influence predominantly on the bacterial adhesion and biofilm formation. 

It was also confirmed with our SEM photographs that more cell aggregations were accumulated in 

and around irregular surfaces irrespective of any saliva treatment. So we confirmed that the rough 

surface could play a role as a shelter against shear force during PBS washing procedure and 

provide more surface available for cell adhesion and aggregation. 

In the presence of sucrose, our results indicated that there was also the correlation between 

surface roughness and biofilm formation of S. mutans in any condition of saliva treatment. 

However, in contrast to adhesion assay and biofilm formation assay in BM glucose, the 

negative effects of salivary components on biofilm formation of S. mutans could not be found. 

It can be explained that in the presence of sucrose, a linkage between salivary components 

and bacterial surface protein has less significance in the bacterial adhesion because S. mutans 

adhere to the surface preferentially via interaction between glucan synthesized by GTF with 

sucrose and glucan binding protein (Cross, 2007). In addition, biofilm formation was rather 

increased in fluid-phase group compared to surface-adsorbed group and control. These results 

may be caused by the effect of enzymatically active GTF normally present in UWS which 
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might be able to assist glucan synthesis of cell associated GTF derived from S. mutans 

(Scheie, 1986).  

Our finding is contrary to the results of Shahal et al. who assessed no differences of 

biofilm formation among the materials with different surface roughness. However, they 

incubated the GTF coated specimens in sucrose solution for 1 hour allowing them to 

synthesize thick glucan layers on the surface, which may be enough to mask the underlying 

surface. And then they inoculated the bacterial suspension and incubated it for only 2 hours. 

According to Kawai and Takaoka, there were no significant differences of biofilm 

formation among the restorative materials for less than 24 hours incubation with sucrose 

medium. Eick et al. also reported that the amount of plaque correlated with surface 

roughness after 48 hours incubation in sucrose medium. It can be supported by the study of 

Xiao and Koo showing that the glucan formed on the surface serve as a matrix holding 

bacterial cells on the surface allowing for the initial adhesion and further development into 

bacterial colonies. They also observed using CLSM that glucan accumulation preceded 

bacterial colonization before 20 hours incubation and then biofilm formation was developing 

along with glucan accumulation. In our SEM photographs, we also observed that cell 

aggregations were surrounded and protected by thick extracellular matrix considered as 

glucan but could not evaluate the number of cells or thickness of biofilms because of 

limitation of SEM with 2 dimensional images. In summary, S. mutans does not adhere 

directly the surface in the presence of sucrose but to the glucan synthesized by GTF derived 

from both of cell and saliva. And it can be speculated that surface irregularities provide 

greater area available for glucan accumulation which drives initial adhesion and further 

development of bacterial colonization and protects bacteria against shear forces during their 

initial reversible binding to allow them irreversible and stronger attachment. 
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In conclusion, our results showed that surface roughness of the composite resin correlated with 

the adhesion and biofilm formation by S. mutans in any saliva treatment and carbohydrate sources 

for less than 24 hours, although the mechanisms of bacterial adhesion and accumulation can differ 

in between various condition of saliva and carbohydrate sources. However, it should be noted that 

in the human oral cavity, complex interactions of a variety of species of oral bacteria with 

different adhesive and physiologic capacities influence the formation of biofilms on various 

surfaces. Further investigation of interaction of biofilm formation between multi species will 

allow us to understand the biomechanism of natural biofilm formation in human oral cavity. 
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국문요약 

 

다양한 타액과 탄수화물 조건 하에서 복합레진의 

표면거칠기와 Streptoccus mutans 바이오 필름의 

형성에 관한 연구 

 

연세대학교 대학원 치의학과 

(지도 교수 박정원) 

송 창 원 

 

I. 목적   

  다양한 타액과 탄수화물 조건 하에서 복합레진의 표면거칠기와 Streptoccus 

mutans 바이오 필름 형성 사이의 상호작용을 알아보고자 하였다. 

II. 재료 및 방법      

#400, #800 grit 사포와 슬라이드 글라스를 주형으로 하여 콤포짓 레진 디스크 (Filtek 

supreme Z350, 3M ESPE, USA) 를 제작하였으며 공초점레이저현미경을 이용하여 표면 

거칠기를 측정하였다. 표면흡착 또는 용액상의 무자극성 총타액 조건 하에 

Streptococcus mutans UA159 를 각각의 시편 위에서 3시간 동안 배양하여 부착분석을 

시행하였다. 또한 바이오필름 형성 분석을 위해서 표면흡착 또는 용액상의 무자극성 

총타액 조건 하에 S. mutans 를 glucose 또는 sucrose 가 포함된 biofilm medium 에서 
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24시간 동안 시편 위에서 배양하였다. 부착된 박테리아들을 음파처리를 통해 시편으

로부터 탈락시킨 뒤 계단희석을 시행 후 Brain Heart Infusion 아가에 도말 한 후 2일 

간 배양하였다. 이후 S. mutans 의 단위면적당 집락형성단위를 측정하였다. 

III. 결과 

  S. mutans 의 부착 및 바이오필름 형성은 어떠한 타액 및 탄수화물 조건 하에서도 

콤포짓 레진의 표면거칠기에 의해서 통계학적으로 유의할 만한 수준으로 영향을 

받았다 (P<0.05). 또한 표면 거칠기와 타액 처리간에는 유의할 만한 상호 작용 효과는 

보이지 않았다 (P>0.05). 

IV. 결론 

  이 연구에서 어떠한 타액 및 탄수화물 조건에서도 최소한 24시간 이내에서는 콤포

짓 레진의 표면 거칠기가 S. mutans 의 부착 및 바이오 필름 형성에 영향을 미치는 

것으로 나타났다.  

 

 

 

 

 

 

 

 

핵심되는 말  :  표면거칠기, Streptococcus mutans, 콤포짓 레진, 바이오필름, 부착, 

 탄수화물 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


