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Abstract 
 

Title of Thesis:  “CAMBRA and its effect on surface roughness of  
various restorative materials” 
Lauren Bolding, DDS 

 
Thesis Directed by: Radi Masri, BDS, MS, PhD 
    Assistant Professor 
    Department of Endodontics, Prosthodontics and  

Operative Dentistry 
Baltimore College of Dental Surgery 
University of Maryland 

 
 
Purpose:  The purpose of this study was to investigate the effect of various 

anti-caries agents on the surface roughness of three different restorative 

materials. 

 
Materials and Methods:  Sixty-four specimens of each material (porcelain, 

base metal and titanium alloy) were prepared and separated into four groups 

for soaking in anti-caries agents (Prevident, ACT, chlorhexidine and water). 

A profilometer was used to measure surface roughness before and after 

soaking for two years simulated usage. The change in surface roughness for 

each specimen was calculated. Statistical analysis was completed using a 

factorial analysis of variance (two-way ANOVA) followed by Tukey’s HSD 

test. A p value ≤0.05 was considered significant.  

 
Results:  The results demonstrate that there was no significant difference in 

mean change in surface roughness between the three materials, porcelain, 

base metal, and titanium. The results further demonstrate that there was a 

significant difference in mean change in surface roughness between 

Prevident Dental Rinse and chlorhexidine gluconate. There was no 



 

significant difference between water, ACT, and chlorhexidine gluconate. 

There was also no significant difference between Prevident Dental Rinse, 

water, and ACT. There was a significant interaction between Prevident 

Dental Rinse and chlorhexidine within the porcelain samples. Prevident 

Dental Rinse produced a negative change in surface roughness while 

chlorhexidine gluconate produced a positive change in surface roughness.  

 
Conclusion:  Within the limitations of this study, it can be concluded that  

Prevident Dental Rinse and chlorhexidine gluconate may cause a change in 

surface roughness of porcelain when used for a period of two years. 

Prevident Dental Rinse may cause an increase in surface roughness of 

porcelain while chlorhexidine gluconate may cause a decrease in surface 

roughness of porcelain.  

 
 

 
 
 



 

 

 

 

 

 

 

CAMBRA and its effect on surface roughness  
of various restorative materials 

 
by 

Lauren Bolding 
 
 
 
 

Thesis submitted to the Faculty of the Graduate School of the  
University of Maryland, Baltimore in partial fulfillment  

of the requirements for the degree of  
Master of Science  

2012 
 
 

 

 

 

 

 

 



 

 

Copyright 

 

©Copyright 2012 by Lauren Bolding 
All rights Reserved 

 

 

 

 

 

 

 

 

 



iii 

 

 

Dedication 

 I would like to dedicate this Master of Science Thesis to my mother, 

for her constant love and support throughout my life. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

Acknowledgements 

 I would like to thank my research advisor, Dr. Radi Masri, and my 

program director, Dr. Carl F. Driscoll for their support throughout this entire 

project. I would also like to acknowledge the support of Dr. Elaine Romberg 

for the statistical analysis and Dr. Penwadee Limkangwalmongkol for her 

motivation and support.  

 I would also like to thank Mrs. Roseanna Morgan for her assistance in 

obtaining the materials for this research, and Dr. Dwayne Arola and Mr. Jose 

Viray for their assistance in accessing and utilizing the profilometer for 

measurements. A special thanks goes to Dr. Dima Ghunaim for her hard 

work and assistance in fabricating and polishing the specimens for this 

project. 

 

 

 

 

 

 
 
 
 



v 

Table of Contents 
 
Introduction……………………………...………………………...……………………1      
CAMBRA……..….…….…………………………………………………………………1 
Antimicrobial Agents Recommended in CAMBRA and their Effect on Surface 
            Roughness of Dental Materials……………………………………………………5 
Bacterial Adhesion to Restorative Surfaces…………….…………………………………8 
Other Factors in the Oral Environment that Affect Surface Roughness…...…...……..…12 
 
Purpose…………………………………………………………………………………15 
 
Hypotheses………………………………...…………………………………………..16 
Research Hypotheses…………………………………………………………………….16 
 
Materials and Methods………………………………………………………………17 
Anti-Caries Agents…….…………………………………………………………………17 
Restorative Materials….…...…………………………………………………….………17 
Surface Roughness – Initial Value….…….…...…………………………………………21 
Soaking Methods………………….……………………………………………………..24 
Surface Roughness – Final Value………………………………………………….…….25 
Statistical Analysis.…….………………………………………………………………...26 

 
Results……………………………….……………………………………………….…27 
 
Discussion……………………...………………………………………………………32 
Prevident Dental Rinse…………………………….………………………………….....33 
ACT Mouthrinse…………………………………….…………………………………...35 
Chlorhexidine Gluconate…………………….……………………………………...…...35 
Limitations…………………………………………….………………………….……...37 
Future Research………………………………………………………………………….40 
 
Conclusion..…………………...…………………………………………………….…41 
 
References……………………………………………………………………...………42 
    
 
 

 

 

 



vi 

List of Tables 

Table 1: Anti-caries agents tested……………………………………….……………….17 
 
Table 2: Restorative materials tested…………………………………….………………18 
 
Table 3: Immersion time………………………………………………….……………...25 
 
Table 4: Analysis of variance summary table examining anti-caries agents   and 

restorative materials…………………………………………………..………….28 
 
Table 5: Summary of results………………………………………………….………….29 
 
Table 6: Mean initial surface roughness values………………………….………………38 
 
Table 7: Mean final surface roughness values…………………………….……………..38 
 
Table 8: Mean change in surface roughness values……………………………….……..39 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 

 

 

 

 



vii 

List of Figures 

Figure 1: Porcelain specimens…………………………………………………………...20 

Figure 2: Base metal specimens……………………………………….…………………20 

Figure 3: Titanium specimens…………………………………………….……………...21 

Figure 4: Profilometer…………………………………………………………….……...21 

Figure 5: Specimen holding table and profilometer tip………………………………….22 

Figure 6: Porcelain specimen in position for first pass with profilometer tip…………...22 

Figure 7: Base metal specimen in position for first pass with profilometer tip………….22 

Figure 8: Titanium specimen in position for first pass with profilometer tip……………23 

Figure 9: Titanium specimen in position for second pass with profilometer tip………...23 

Figure 10: Profilometer tip……………………………………………………………….24 

Figure 11: Anti-caries agents in the plastic bottles used for soaking……………………24 

Figure 12: Specimens fully immersed in soaking solutions……………………………..25 

Figure 13: The interaction between restorative materials and anti-caries agents and their 
effect on change in surface roughness…………………………………………...28 

 
Figure 14: The effect of restorative materials on change in surface roughness………….30 

Figure 15: The effect of anti-caries agents on change in surface roughness…………….31 

 

 

    
 
 
 
 
 
 
 



1 

Introduction 

 

CAMBRA 

In April 2002, a consensus of a conference of the California Dental Association 

regarding caries management, prevention, and risk assessment was set forth to give 

clinicians mechanisms and guidelines for caries management based on risk assessment. 

These guidelines were developed for use in clinical as well as community settings, and 

for children as well as adults. In their 2003 report, Featherstone, et al. stated that dental 

caries are the result of a balance or imbalance of pathologic factors and protective factors. 

These pathologic factors are defined as cariogenic bacteria, namely streptococcus mutans 

and some of the lactobacillus species, frequency of ingestion of fermentable 

carbohydrates, and salivary dysfunction. The protective factors include salivary flow and 

components, topical fluoride, antibacterial agents, salivary proteins and lipids that form 

the pellicle, calcium and phosphate from the saliva or from dietary sources (Featherstone, 

Adair et al. 2003). 

 Featherstone, et al., a group of clinicians from the California Dental Association, 

included a caries risk assessment form in order to guide clinicians in classifying their 

patients into caries risk groups. This would further aid clinicians in determining how to 

treat their patients’ existing caries as well as prevention of future caries. By classifying a 

patient into a caries risk group, and following the CAMBRA (caries management by risk 

assessment) guidelines, there will be a shift to treating the bacteria involved in the 

development of dental caries, rather than just excavating caries and restoring cavities.  

 Some antibacterial therapeutics are recommended for patient use to remineralize 
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incipient lesions and prevent future caries. Xylitol is a sweetener similar in taste to 

sucrose, but is not fermented by cariogenic bacteria. In fact, it actually prevents bacteria 

from attaching to the tooth surface and is thus used as an anti-caries agent and is often 

placed in chewing gum or lozenges (Milgrom, Ly et al. 2009). Sodium bicarbonate 

(baking soda), used in high concentrations in oral healthcare products, has been shown to 

decrease levels of cariogenic Streptococcus mutans in saliva and plaque (Drake 1996). 

Chlorhexidine gluconate is a broad spectrum antiseptic and has been found to be effective 

in controlling or reducing the microbial challenge associated with dental caries 

(Anderson 2003). It is typically delivered via prescription mouth rinse in a 0.12% 

solution. Iodine is an antibacterial agent that reduces levels of streptococcus mutans as 

well as lactobacillus. Its delivery form is as a 10% solution of povidone iodine that is 

swabbed onto the teeth by a dental professional (El-Housseiny and Farsi 2005). Lastly, 

topical fluoride is recommended due to its capability to inhibit demineralization, enhance 

remineralization, and inhibit bacterial activity. The methods of topical fluoride delivery 

include dentifrices and mouth rinses, both of which come in over the counter strength and 

prescription strength, and professionally applied varnishes, foams, and gels 

(Featherstone, Adair et al. 2003). 

 In November 2007, Young et al. discussed the CAMBRA approach to treating 

early and advanced carious lesions by minimally invasive dentistry. Dental caries is 

approached as a multifactorial disease and the risk assessment analysis is deemed an 

integral factor in treating dental caries. It is important to not only recognize the physical 

changes of the teeth but to recognize the risk factors of each patient. They describe risk 

factors as biological, behavioral, or socioeconomic contributors that can be modified. 
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Patients can be categorized as low, moderate, high or extreme risk for dental caries. 

Moderate risk individuals are managed by improving their remineralization therapy and 

reducing other risk factors. It is recommended that high and extreme risk individuals 

receive antibacterial therapy, reduction of risk factors, and remineralization therapy. 

Extreme risk individuals are those that are classified as high risk but also exhibit hypo 

salivation or other special needs. These individuals are recommended to receive therapy 

utilizing buffering agents and calcium and phosphate supplementation in addition to 

high-risk protocol (Young, Featherstone et al. 2007). 

 To further stress the importance of CAMBRA, Berkowitz summarized in his 2003 

publication that transmission of organisms that cause dental caries, namely streptococcus 

mutans and lactobacillus species, are transmitted horizontally, between members of the 

same species, as well as vertically from mother to infant. This enforces the need for 

caries management before caries develop considering that infants can harbor bacteria that 

form dental caries before ever developing dentition (Berkowitz 2003). 

 The first step in CAMBRA is to assign a patient to a caries risk level. This is done 

through a checklist provided in Featherstone’s 2007 article. The risk assessment form is 

comprised of a list of disease indicators, risk factors, and protective factors. Caries 

indicators are clinical signs that dental caries are present or have been present recently. 

They are physical observations such as cavitations, white spots, radiolucencies, and 

restorations placed within the last three years. One of these four indicators will result in 

the patient being placed in a high-risk category.  

 Caries risk factors are biological in nature and contribute to future caries or to the 

progression of existing caries. The nine risk factors listed in this article are as follows:  
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medium or high streptococcus mutans and lactobacilli counts, visible heavy plaque, 

frequent snacking between meals, deep pits and fissures, recreational drug use, 

inadequate salivary flow, saliva reducing factors, exposed roots, and orthodontic 

appliances. Without any caries indicators present, the sum of these risk factors will 

determine the caries risk of the patient. 

 Caries protective factors are biological or therapeutic in nature and can offset the 

aforementioned risk factors. A protective factor must be as strong as a risk factor to 

maintain balance. The protective factors listed in Featherstone’s 2007 article are as 

follows:  lives, works, or attends school in a fluoridated community, fluoride toothpaste 

at least once daily, fluoride toothpaste at least twice daily, fluoride mouth rinse daily, 

5,000 ppm fluoride toothpaste daily, fluoride varnish within the last 6 months, xylitol 

gum or lozenges four times daily for the past 6 months, and adequate saliva flow. Unless 

at least one caries indicator is present, clinical judgment is made based on the patient’s 

balance of risk factors and protective factors as to which risk group this patient is 

assigned (Featherstone, Domejean-Orliaguet et al. 2007). 

 Basic therapeutic guidelines are as follows for a high caries risk individual:  

bacterial testing, fluoride therapy which includes topical fluoride delivered at a dental 

office in addition to a higher concentration home use, chlorhexidine therapy which is 

0.12 percent chlorhexidine gluconate for two weeks daily every three months, and regular 

recall at three month intervals to monitor lesion progression or arrestment and success of 

antibacterial therapy (Featherstone 2003). 
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Antimicrobial Agents Recommended in CAMBRA and Their Effect on Surface 

Roughness of Dental Materials 

 CAMBRA guidelines recommend various therapeutic regimens for individuals in 

all caries risk categories. It is well known that these different modalities, such as fluoride, 

chlorhexidine, sodium bicarbonate, etc. are protective factors in the caries process; 

however, these solutions are not always delivered to enamel and cementum alone. Some 

patients that fall into higher caries risk categories present with multiple restorative 

materials in their mouths, namely porcelain, gold, and titanium. These solutions can have 

an effect on surface roughness of the restorative materials and can therefore allow more 

bacterial adhesion.  

Fluoride is a very well known anti-caries agent and can be delivered in many 

forms to prevent tooth demineralization, which leads to caries, and to promote tooth 

remineralization. In 2004, Butler et al. evaluated the effect of fluoride solutions as well as 

bleaching solutions on the surface roughness of dental porcelains. An auto-glazed and a 

polished surface of feldspathic porcelain, low-fusing porcelain, and an aluminous 

porcelain were tested in vitro in 1.23% acidulated phosphate fluoride, 0.4% stannous 

fluoride, 10% carbamide peroxide, and distilled water. The results of the study showed 

that only the auto-glazed surface of all three porcelains was significantly affected by the 

solutions. The feldspathic and aluminous porcelain exhibited a significant increase in 

surface roughness when compared to the control in each solution. The low-fusing 

porcelain showed a significant increase in surface roughness only after immersion in 

1.23% acidulated phosphate fluoride when compared with the control. Based on this 

study, it was recommended that clinicians determine which restorative material is present 
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before treatment with fluoride or bleaching solutions in order to prevent an increase in 

surface roughness of the material (Butler, Masri et al. 2004).  

A recent study compared the effect of 5-years of simulated mouth rinsing with 

NaF 1500 ppm content at two pHs on the corrosion resistance of three commercially pure 

titanium-based dental implant brands. The surfaces were tested with scanning electron 

microscopy and energy dispersive spectroscopy. This particular study did not find any 

decrease in corrosion resistance when subjected to fluoride ions; therefore, the conclusion 

states that the fluoride concentration and the pH of the solutions did not influence implant 

corrosion resistance (Sartori, Correa et al. 2009). 

Another recent publication studied the adhesion of streptococcus mutans to 

commercially pure titanium implant component surfaces when subjected to fatigue 

simulating five years in the oral cavity and fluoride. Nobel implants (Nobel Biocare 

USA, LLC, Yorba Linda, CA) and Neodent implants (Neodent, Curitiba, Brazil) were 

used (30 of each) and were divided into three groups, control, fatigue, and fluoride. The 

implants were then contaminated with Streptococcus mutans and later analyzed by 

scanning electron microscopy and counting colony-forming units. The fluoride group had 

significantly higher levels of bacterial adherence than either of the other groups (Correa, 

Pires et al. 2009). 

 In 2003, Anderson et al. published a review in which a meta-analysis was 

performed on literature from the past ten years about chlorhexidine usage and its effect 

on dental caries. This publication was from the Journal of the California Dental 

Association along with the original articles on CAMBRA guidelines. Chlorhexidine is an 

antimicrobial agent and has been used to treat periodontal disease and dental caries for 
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decades. The authors reviewed papers that were associated with clinical trials and dental 

caries. With respect to antimicrobial effects, chlorhexidine concentrations within a range 

of 0.12 percent to 40 percent were examined. Multiple delivery methods were examined, 

as well as ages ranging from infancy to adulthood. Chlorhexidine was found to be 

effective in controlling or reducing the microbes involved in dental caries, namely 

streptococcus mutans. As far as chlorhexidine actually reducing the incidence of dental 

caries in a population, ten clinical trials were reviewed. The meta-analysis, based on 26 

relevant papers, showed that chlorhexidine was indeed effective in reducing the incidence 

of dental caries in tested populations (Anderson 2003).  

 A review of the meta-analyses that have been published to examine the 

effectiveness of chlorhexidine showed varying results. Van Rijkom reported, in his 1996 

publication, that chlorhexidine is 46% effective in preventing caries (van Rijkom, Truin 

et al. 1996). Bader et al. found that in preventing caries in caries-active or high-risk 

individuals, the strength of the evidence was fair for fluoride varnishes and insufficient 

for all other anti-caries solutions (Bader, Shugars et al. 2001). Kanellis, based on his 

review of the literature, recommended chlorhexidine for use in women, infants, and 

children as a more comprehensive caries control program (Kanellis 2000). This paper 

concluded that chlorhexidine can be considered moderately effective in reducing 

cariogenic pathogens, and can also be considered capable of reducing dental caries when 

used in a specific regimen (Anderson 2003).  

 Currently in the United States, products containing chlorhexidine are limited to a 

0.12 percent chlorhexidine gluconate solution. It is generally recommended only for 

adults due to poor compliance in children. The suggested protocol is 30 second rinsing 
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before bed for one week, every three months. This is recommended to limit the amount of 

staining and calculus deposition caused by chlorhexidine (Anderson 2003). 

 In 1990, Kuliralo published two studies on the effect of a sodium bicarbonate 

spray on surface roughness. One study evaluated dental micro-topography and enamel 

loss of unpolished and polished teeth. It was shown through this study that unpolished 

surfaces of enamel have a significant increase in enamel loss and surface irregularities 

after an abrasive sodium bicarbonate spray when compared with polished enamel 

(Kuliralo and Dourov 1990). The other study evaluated the same abrasive sodium 

bicarbonate spray used on polished surfaces of composite resin, amalgam, gold alloy, 

non-precious alloy, and ceramic. A significant increase in surface roughness was found 

for composite resin, amalgam, and gold alloy after sodium bicarbonate spray while non-

precious alloy and ceramic remained the same (Kuliralo and Dourov 1990). 

Bacterial Adhesion to Restorative Surfaces 

 In order for dental plaque to form, thus resulting in dental caries, the bacteria have 

to first adhere to the tooth surface. In the case of a restored tooth, the bacteria can adhere 

to the restorative surface and form plaque, which can affect the tooth structure at the 

margin of the restoration. It only makes sense that these bacteria will adhere best to a 

roughened surface and colonize to form dental plaque. 

 A literature review published in 1997 evaluated how surface roughness of oral 

hard surfaces affected bacterial plaque retention. A threshold of 0.2 microns Ra value is 

suggested, below which there is no change in bacterial plaque retention. Above this 

threshold, there is a positive correlation between surface roughness and bacterial plaque 

retention. Surface roughness and bacterial plaque retention on implant abutments are 
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reviewed, and it was suggested that caution should be exercised when using agents such 

as fluoride gels because these can significantly increase the surface roughness. When 

roughened abutments of 0.81 microns were compared to smooth abutments of 0.35 

microns, there were 20 times more bacteria present on the rough abutments (Bollen, 

Lambrechts et al. 1997). 

 This threshold of 0.2 microns was previously tested by Bollen et al. in a study in 

which two implant abutments of different materials, one titanium and one ceramic, and 

different Ra values, 0.2 microns and 0.06 microns, respectively, were compared. Six 

patients, each with one of each type of implant abutment supporting an overdenture were 

evaluated. At 3 months and at 12 months, supra- and subgingival plaque was analyzed 

along with clinical periodontal parameters. At three months, subgingival spirochetes and 

motile organisms were found only on the titanium abutments; however, at 12 months, 

both abutment types harbored equal proportions of spirochetes and motile organisms, 

both supra- and subgingivally and no large difference in any evaluated areas between the 

two abutments. The aerobic culture data showed a higher proportion of Gram-negative 

organisms in the sub-gingival flora of the rougher abutments. No statistical analysis was 

completed in this study (Bollen, Papaioanno et al. 1996). 

 Quirynen, the author of a 1997 literature review, also evaluated bacterial adhesion 

onto titanium surfaces of varying roughness. Six partially edentulous individuals had four 

titanium abutments of varying surface roughness placed. Subgingival plaque analysis was 

performed at one month and sub- and supragingival plaque analysis was performed at 

three months, as well as clinical periodontal parameters. The results of this study showed 

that after one month, the two roughest abutments contained spirochetes in their culture. 
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After three months, the evaluation showed that spirochetes were still only noticed around 

the roughest abutments; however, the overall composition of the microbial flora did not 

differ greatly between abutment types. As for the clinical periodontal parameters, the 

roughest abutment showed 0.2 mm attachment gain over three months, while all other 

abutments resulted in attachment loss of 0.8 to greater than 1mm. In accordance with the 

aforementioned study, these results indicate the existence of a threshold roughness of 0.2 

microns below which no greater impact on bacterial adhesion and colonization is 

expected. Clinically, these results indicate that a certain surface roughness is necessary 

for possible attachment gain (Quirynen, Bollen et al. 1996). 

 Quirynen et al. also published an article in 1993 in which an in vivo evaluation 

was performed to relate surface roughness of titanium implant abutments and bacterial 

plaque accumulation. Either a standard abutment or a roughened titanium abutment 

replaced two implant abutments in each of nine patients. The participants’ hygiene 

practices were not modified, and after three months, plaque specimens were taken. After 

evaluation with differential phase-contrast microscopy, DNA probe analysis, and 

culturing, the results showed that supragingivally, there was a lesser presence of coccoid 

organisms on rough abutments. Subgingivally, rough abutments consisted of 25 times 

more bacteria and fewer coccoid organisms than did smooth abutments. Periodontal 

pathogens were more affected by the patient’s dental status than by the surface roughness 

of the abutments. This study again points to the need for ideal smoothness of surfaces of 

restorative materials when placed intra-orally (Quirynen, van der Mei et al. 1993). 

 Li et al. tested surface roughness and bacterial adhesion of Streptococcus mutans 

and Actinomyces viscosus to commercially pure titanium and titanium alloys. The 
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authors of this study failed to find a significant correlation between the amount of 

bacterial adherence and surface roughness when the Ra value was less than 0.4528; 

therefore, it is recommended that implant abutments have a surface roughness of less than 

0.4 microns (Li, Yang et al. 2001). 

 A study in 2009 tested metal ceramic restorations to evaluate the effect of surface 

roughness of porcelain on the adhesion of oral cariogenic bacteria, namely streptococcus 

mutans. One type of porcelain was tested with four different methods of surface 

finishing:  polishing with a diamond rotary cutting instrument, polishing with sandpaper, 

sandblasting, and glazing. The groups produced initial Ra values for surface roughness 

ranging from 0.005 to 0.025 µm. Surface roughness values were obtained for all 

specimens and each specimen was inoculated in a test tube containing a bacterial 

suspension of Streptococcus mutans isolated from human saliva. The results showed a 

significant positive correlation between surface roughness values and bacterial adhesion 

(r=0.813, p=0.003; p<0.05) (Al-Marzok and Al-Azzawi 2009). 

 In a 2009 in vitro study, biofilms on different restorative materials (ceramic, resin 

composite, conventional glass ionomer, and resin modified glass ionomer) were 

evaluated. Fifteen disks of each material were tested. Streptococcus mutans was used to 

form a biofilm on the materials and the disks were then incubated for 30 days. The only 

significant difference found in this study was that the biofilm thickness on ceramic and 

resin composite were larger than both glass ionomers. Bio-volume, roughness coefficient 

(Ra), and surface to volume ratio of the biofilm were not significantly different between 

the materials (de Fucio, Puppin-Rontani et al. 2009). 
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 Kantorski et al. tested four groups of restorative materials to evaluate how surface 

roughness affected the adherence of Streptococcus mutans. The materials tested were 

microparticulate feldspathic porcelain, leucite-reinforced feldspathic ceramic, 

microhybrid resin composite, and microfilled resin composite. Between the two ceramics, 

a rougher surface and greater bacterial adherence was found on the leucite-reinforced 

feldspathic ceramic when compared with the microparticulate feldspathic ceramic. There 

was no significant difference between the composites when evaluated for surface 

roughness and bacterial adherence. No comparison between porcelain and composite was 

made in this study (Kantorski, Scotti et al. 2009). 

 Kawai, Urano, and Ebisu published an article in 2000 that evaluated the amount 

of plaque accumulation on porcelain with different surface finishing techniques and 

therefore different surface roughness values. Glazed porcelain surfaces as well as 

refinished porcelain surfaces were tested. Amongst all refinished porcelain surfaces, with 

the exception of glazed surfaces, there was a direct significant correlation (p < 0.05, r = 

.99) between surface roughness and the amount of bacterial plaque accumulation. The 

glazed surfaces, which were the smoothest, showed the greatest amount of bacterial 

plaque accumulation (Kawai, Urano et al. 2000).  

Other Factors in the Oral Environment that Affect Surface Roughness 

 A study in 2005 measured the effect of tooth brushing on the surface roughness of 

different dental materials. Resin composites, amalgam, and ceramics, all of which were 

ideally polished, were compared against a control of unpolished enamel and dentin of 

extracted teeth. Resin composites, amalgam, and some of the ceramics did not show a 

significant increase in surface roughness after tooth brushing; however, Empress ceramic 
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and unpolished natural tooth structure showed a significant increase in surface roughness 

after tooth brushing (Heintze and Forjanic 2005). 

In 2007, Ma et al. found that the corrosion resistance of titanium was greater than 

both Co-Cr alloy and Ni-Cr alloy when immersed in artificial saliva of two different pH 

values. Titanium was found to be stable in both the acidic environment as well as the 

neutral environment (Ma, Liu et al. 2007). 

Another study was published in 2009 in which multiple titanium alloys were 

tested for corrosion resistance in artificial saliva with different pH, lactic acid, and 

fluoride content. The corrosion resistance decreased for all titanium alloys tested when 

immersed in acidified fluoridated artificial saliva, with the Ti-6Al-7Nb alloy having the 

largest decrease. A significant interaction effect was found between acid lactic and 

fluoride ion contents versus fluoridated acidified saliva; therefore negating the 

significance of the decrease in corrosion resistance. In conclusion, all of the tested alloys 

had the same or better corrosion resistance in each type of salivary environment than the 

Ti-6Al-7Nb alloy and all can be considered for dental usage (Mareci, Chelariu et al. 

2009). 

 A 2008 study evaluated the effect tooth brushing has on surface roughness of 

various types of nickel-based alloys which are used for dental prostheses and compared 

them to gold- and palladium-based alloys. The different alloys tested were as follows:  

Au-Pt, Au-Pd, Pd-Ag, Ni-Cr, and Ni-Cr-Be. All specimens were brushed with the same 

type of toothbrush and toothpaste in a linear motion. Profilometry was then used to 

measure surface roughness. The results of this study were that the Pd-Ag alloy was most 

resistant to brushing related corrosion and the Ni-Cr-Be was the most susceptible. All of 
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the other alloys had a final surface roughness of between 0.1 and 0.25 microns. This 

study concludes that Ni-Cr-Be alloys should be carefully selected due to their possible 

likelihood of degradation due to tooth brushing (Wataha, Lockwood et al. 2008).   

The reviewed literature mentions a few of these anti-caries agents and their effects 

on dental materials. It is important to know what effect a medicament is going to have on 

the restorative material because certain effects can lead to potential problems in the oral 

environment such as surface roughening. Many of the current studies focus on the effects 

of fluoride and sodium bicarbonate on restorative materials such as composite resin and 

amalgam. Some studies focus on the surface roughness of porcelain and titanium and 

how it affects bacterial adhesion. Various studies have tested the threshold of surface 

roughness below which there is no greater bacterial adhesion. This study will examine the 

effect of surface roughening of anti-caries agents including prescription strength fluoride, 

over the counter strength fluoride, chlorhexidine gluconate and distilled water on 

restorative materials including feldspathic porcelain, base metal alloy, and titanium alloy.  
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PURPOSE 

  

The purpose of this study was to investigate the effect of various anti-caries 

agents on the surface roughness of three different restorative materials.  

 

The anti-caries agents tested were:  

1. Prescription strength fluoride mouth rinse  

2. Over the counter strength fluoride mouth rinse  

3. Chlorhexidine gluconate rinse  

4. Distilled water 

 

The restorative materials tested were: 

1. Feldspathic porcelain  

2. Titanium alloy 

3. Nickel chromium base metal alloy  

 

 

 

 

 

 

 

 



16 

HYPOTHESES 

 

Null Hypotheses (H0) 

 

1. There is no significant difference between restorative materials in change in 

surface roughness.  

2. There is no significant difference in change in surface roughness when 

immersed in the three different anti-caries agents and the control (water).  

3. There is no significant interaction between restorative materials and anti-

caries agents with respect to surface roughness. 

 

Research Hypotheses (H1) 

 

1. Porcelain will have the greatest change in surface roughness when compared 

to titanium alloy and base metal alloy.  

2. Prescription strength fluoride mouth rinse will cause the greatest change in 

surface roughness when compared to over the counter strength fluoride mouth 

rinse, chlorhexidine gluconate rinse, and water. 

3. There is a significant interaction between the restorative materials and the 

anti-caries agents with respect to change in surface roughness.  
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MATERIALS AND METHODS 

 

Anti-caries Agents 

 Three different anti-caries agents recommended in the CAMBRA guidelines were 

used in this study (Table 1). Prevident Dental Rinse (Colgate Oral Pharmaceuticals, New 

York, NY) was used as the prescription strength fluoride mouthwash. ACT mouthwash 

(Chattem Inc, Chattanooga, TN) was used as the over the counter fluoride mouthwash. A 

solution of 0.12% chlorhexidine gluconate (Sunstar Americas, Inc, Chicago, IL) was also 

used. Distilled water served as the control for this study.  

Table 1: Anti-caries agents tested 

Anti-caries Agent Company, City, State 

Prevident Dental Rinse  

(.2% neutral sodium fluoride) 

Colgate Oral Pharmaceuticals, New 

York, NY 

ACT mouthwash   

(.05% neutral sodium fluoride) 

Chattem Inc., Chattanooga, TN 

Chlorhexidine gluconate (.12%) Sunstar Americas, Inc., Chicago, IL 

Distilled water University of Maryland, Baltimore, 

Baltimore, MD 

 

Restorative Materials 

 Three different materials were used for fabrication of testing discs (Table 2). 

Sixty-four discs of each material were made. To fabricate the disks, porcelain powder 

(Ceramco 3, DENTSPLY, Ceramco, York, PA) was mixed with sculpting liquid 
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(Ceramco 3) and stacked onto a glass slab (Henry Schein Inc., Melville, NY) to form a 

wide area of porcelain with approximately 3 mm thickness, measured with a periodontal 

probe (Henry Schein Inc., Melville, NY). Excess moisture was absorbed with tissue 

(Kleenex, Kimberly-Clark, Neenah, WI). A copper band (12 mm diameter) (Henry 

Schein Inc., Melville, NY) was used to cut the porcelain into discs. The porcelain discs 

were then transferred from the glass slab directly to the muffle of the porcelain oven 

(Jelfire VPF, Jelenko, Armonk, NY). The discs were then sintered according to the 

manufacturers’ recommendations (1724° F) and self-glazed. After the porcelain was fully 

cooled, any remaining porosities on the surface of the discs were filled with porcelain and 

the discs were sintered for a second bake (1714° F). The discs were then hand polished 

using rubber polishing wheels (DiaLite, Brasseler USA Inc., Savannah, GA), with the 

sequence of bulk reduction, pre-polish, and high-shine, allowing twenty seconds of 

polishing time with each wheel as done in previous studies (Butler, Masri et al. 2004). 

After hand polishing was completed, the discs were then placed back onto the porcelain 

oven for an autoglaze cycle (1690° F). 

Table 2: Restorative materials tested 

Restorative Material Company, City, State 

Dental porcelain DENTSPLY, Ceramco, York, PA 

Nickel chromium base metal alloy  Core Dental Labs, Shen Zhen, China 

Ti6Al4V titanium alloy  Biomet 3i, Warsaw, IN 

 

To fabricate the base metal alloy discs, a mold (10 mm in diameter and 2 mm in 

thickness) was made using vinyl polysiloxane putty (Coltene Lab-Putty, 
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Coltene/Whaledent Inc, Cuyahoga Falls, OH). Casting wax (ProArt Wax, Ivoclar 

Vivadent, Inc, Amherst, NJ) was melted into the mold to form discs. Once the wax 

hardened, it was removed from the mold, sprued at a 45° angle from the edge of the disc, 

and was then positioned in a casting ring (Whip Mix Corporation, Louisville, KY). 

Phosphate-bonded investment (Ceramigold, Whip Mix Corporation, Louisville, KY) was 

mixed according to manufacturer’s instructions and used to invest the wax discs. The 

investment was allowed to bench set for 90 minutes, and then placed in a burnout oven 

(Infinity L30, Jelrus, Whip Mix Corporation, Louisville, KY) at the manufacturer’s 

recommended time and temperature. Once burnout was complete, the discs were casted 

using a base metal alloy (Rexillium iii, Core Dental Labs, Shen Zhen, China). Once 

cooled, the investment was broken away from the metal discs and the remaining 

investment was air-particle abraded (Basic Master, Renfert USA, Saint Charles, IL) until 

the discs were free of investment. The discs were separated from the sprue using a 

carborundum disc (Renfert USA, Saint Charles, IL) at 40 rpm. The area of the sprue was 

contoured with a heatless stone (Renfert USA, Saint Charles, IL) to match the contour of 

the disc. The discs were then mounted in a mound of plaster (Modern Materials, Heraeus, 

Hanau, Germany) and the plaster was allowed to bench set. After the plaster was 

completely set, the block of discs were polished on a diamond model trimmer (Whip Mix 

Corporation, Louisville, KY). The diamond model trimmer allowed all of the discs to be 

polished initially in the same direction. The discs were then hand polished using the 

following sequence: heatless stone (Mizzy Inc., Cherry Hill, NJ), coarse pink stone, 

medium pink stone, fine white stone (Axis Dental Corp, Coppell, TX), brownie wheel, 
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greenie wheel (Shofu Dental Corp, San Marcos, CA), and polishing compound (Renfert 

USA, Saint Charles, IL). Each step was performed for twenty seconds for each disc.  

Pre-fabricated titanium alloy (Ti6Al4V) bars (100mm x 10mm x 10mm) were 

obtained from the Biomet 3i implant company (Warsaw, IN). Ten millimeter segments 

were marked on each bar and the bars were sectioned utilizing a carbide rotary cutting 

instrument (Great White, SS White, Lakewood, NJ) (Daulat 2000) with an electric hand-

piece (Bien Air Surgery, Switzerland) at 40 rpm under copious water irrigation. 

Porcelain, base metal, and titanium specimens are shown in figures 1, 2, and 3, 

respectively. 

Figure 1:  Porcelain specimens 

 

Figure 2:  Base metal specimens 
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Figure 3:  Titanium specimens 

 

Surface Roughness – Initial value 

The initial surface roughness (Rai) was measured for each disc using a 

profilometer (T8000 Hommel America, New Britain, CT) located at the University of 

Maryland, Baltimore County campus (Figure 4 and 5). A line was drawn perpendicular to 

the specimen surface on the side of each disc with a permanent marker (Sharpie, Sanford 

L.P., Oakville, Ontario) (Figure 6, 7, 8).  

Figure 4:  Profilometer 
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Figure 5:  Specimen holding table and profilometer tip 

 

Figure 6:  Porcelain specimen in position for first pass with profilometer tip    

 

Figure 7:  Base metal specimen in position for first pass with profilometer tip 
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Figure 8:  Titanium specimen in position for first pass with profilometer tip 

 

Each disc was placed on the profilometer table with the mark at a right angle to 

the line drawn by the profilometer tip during the testing (Figure 9). The starting point for 

each reading was approximately two millimeters from the edge of the testing surface and 

the line traced by the profilometer tip was through the middle of the disc surface. The 

discs were subjected to a 5 micron tip radius diamond stylus (Figure 10) under a constant 

measuring force of 3.9 mN. Each disc was analyzed by two passes of the profilometer, 

the second pass being perpendicular to the first. Each individual value for Ra was used 

for statistical analysis. The profilometer was calibrated with a standard reference 

specimen and set to travel at .1 mm/s with a range of 600 microns during testing and an 

amplitude transmittance set at 50%. 

Figure 9:  Titanium specimen in position for second pass with profilometer tip 
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Figure 10:  Profilometer tip 

 

Soaking Methods 

 Before the discs were subjected to soaking, a diamond rotary cutting instrument 

(Brasseler USA Inc., Savannah, GA) was used to make a mark where the original line 

was drawn with a marker. One of each restorative material disk was placed in each of the 

testing solutions in a closed plastic container (Figure 11) and allowed to soak for varying 

times according to manufacturer’s instructions equaling two years of simulated use. The 

soaking time for each solution is listed in table 3. The materials were soaked in Prevident 

Dental Rinse and ACT mouthwash for 12 hours, simulating two years of rinsing two 

times per day for thirty seconds each session. The materials were placed in .12% 

chlorhexidine solution for 3 hours, simulating two years of rinsing for one minute per day 

for one week each month. Each solution was changed every 30 minutes. The specimens 

were soaked in distilled water for 12 hours with no solution change. 

Figure 11:  Anti-caries agents in the plastic bottles used for soaking (Chlorhexidine, 
Prevident Dental Rinse, ACT) 
 

 



25 

Table 3: Immersion time 

Anti-caries agent Immersion time 
(two years 
equivalent) 

Prevident Dental Rinse 12 hours 

ACT Mouthwash 12 hours 

Chlorhexidine gluconate 3 hours 

Distilled water 12 hours 

 

 After each disk was immersed in its solution for the designated amount of time 

(Figure 12), it was rinsed with distilled water and air-dried. The discs were placed into 

individual containers marked to identify the solution in which it was immersed and its 

initial Ra value.  

Figure 12:  Specimens fully immersed in soaking solution 

 

Surface Roughness – Final value 

Each specimen was placed on the table of the profilometer with the indicator line 

in the same direction as it was for the initial reading. The starting point for each reading 
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was about two millimeters from the edge of the disc, making a line through the center of 

the disc. The final surface roughness values (Raf) for surface roughness of each material 

were again measured with a profilometer and recorded.  

Statistical Analysis 

A power analysis was completed to determine sample size. With n=16, a p level 

of ≤0.05, an effect size of .25, and three different anti-caries agents plus water as a 

control, the power was .81. For comparison of surface roughness of the three restorative 

materials, with n=16, a p level of ≤ 0.05, and an effect size of .25, the power was .89.  

The difference between the initial and final values of surface roughness was 

analyzed using factorial ANOVA. The equation used for change in surface roughness 

was: 

Rachange = Raf - Rai 

Significant differences for the anti-caries agents and the restorative materials were further 

analyzed by Tukey’s Honestly Significant Difference (HSD) test. A p value of 0.05 was 

considered significant. 
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RESULTS 

 

In this study, the effect of various anticaries agents on the surface roughness of 

porcelain, titanium, and base metal was examined. In the experimental group, soaking of 

the various materials in each solution was carried out to simulate two years of usage. The 

total number of specimens in each restorative materials group was 64 and the total 

number of specimens in each anticaries agents group, plus the control, was 48. The 

difference in surface roughness before and after soaking was measured in two different 

directions for each specimen and both values were included in the statistical analysis, 

doubling the number of readings to 128 for each restorative materials group and to 96 for 

each anticaries agents group. 

 Statistical analysis using factorial ANOVA (Table 4) revealed that there was no 

significant difference in mean change in surface roughness between the three materials 

(F=.47, p=.62), porcelain (.038±.64 microns), base metal (.001 ±.07 microns), and 

titanium (-.003 ±.06 microns). There were statistically significant differences within the 

anticaries agents group (F=3.31, p=.02) and also in the interaction between the materials 

and anticaries agents (F=2.64, p=.02). Because there was a significant interaction (Figure 

1), the main effect difference found for the anticaries agents was negated statistically.  

The reason for this, which can be seen in Figure 13, is that the significant difference 

between Prevident and Chlorhexidine only occurred within the porcelain specimens.  It 

did not occur for titanium or base metal, as can be seen in Figure 13. 
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Table 4:  Analysis of variance summary table examining anti-caries agents and 
restorative materials 
 
Source df Mean Square F P 
Material 2 .06 .474 .62 
Anticaries 3 .45 3.313 .02 
Materials*Anticaries 6 .36 2.640 .02 
Error 372 .14   
Total 383    
 

Figure 13:  The interaction between restorative materials and anti-caries agents and 
their effect on change in surface roughness 
 

  
 

Post hoc analysis (Table 5) revealed that the significant difference in mean change 

in surface roughness was between Prevident Dental Rinse (-.072 ±.35 microns) and 

chlorhexidine gluconate (.094 ±.42 microns). Prevident Dental Rinse produced a negative 

change in surface roughness, or a smoother surface, compared to chlorhexidine gluconate 

which produced a positive change in surface roughness, or a rougher surface. There was 

no significant difference between the Prevident Dental Rinse (-.072 ±.35 microns)  
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distilled water (.001 ±.43 microns), and ACT (.026 ±.28 microns). There was also no 

significant difference between water, ACT, and chlorhexidine gluconate.  

Table 5: Summary of results 
 
Variable N Ra mean±SD µ F p 
Restorative Materials   .474 .62 
       Titanium 128 -.003±.06 a*   
       Base Metal 128 .001±.07 a   
       Porcelain 128 .038±.64 a   
Anti-Caries Agents   3.313 .02 
       Prevident 96 -.072±.35 a*   
       Water 96 .001±.43 ab   
       ACT 96 .026±.28 ab   
       Chlorhexidine 96 .094±.42 b   
  
       *  groups with the same letter are not significantly different 
 

Figure 13 demonstrates that there was a significant interaction between the 

anticaries agents and the restorative materials (F=2.64, p=.02). The significant interaction 

occurred when the porcelain specimens were subjected to Prevident Dental Rinse and to 

chlorhexidine gluconate. Prevident Dental Rinse produced a nonsignificant negative 

change in surface roughness of titanium and base metal, but a significant negative change 

in surface roughness of porcelain. Chlorhexidine gluconate produced a nonsignificant 

negative change in surface roughness of titanium and a nonsignificant positive change in 

surface roughness of base metal, but a significant positive change in surface roughness of 

porcelain when soaked in chlorhexidine gluconate. ACT mouthrinse produced 

nonsignificant positive changes in surface roughness of titanium and base metal, and a 

nonsignificant negative change when used with porcelain. Figure 14 demonstrates no 

significant difference between the restorative materials with respect to change in surface 
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roughness.  Figure 15 demonstrates a significant difference between chlorhexidine 

gluconate and Prevident Dental Rinse with respect to change in surface roughness. 

Figure 14:  The effect of restorative materials on change in surface roughness 
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Figure 15:  The effect of anti-caries agents on change in surface roughness 
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DISCUSSION 

 

 Since the development of CAMBRA guidelines in 2002, “minimally invasive 

dentistry” has become very common practice and an emphasis has been placed on 

preventive therapy with topical anticaries agents. With this has come the application of 

many more anti-caries regimens by dentists and their patients, such as fluoride in the 

form of gels, pastes, and rinses, xylitol in the form of rinses, lozenges, and gum, 

chlorhexidine rinses, sodium bicarbonate pastes and rinses, and so forth (Peltier, 

Weinstein et al. 2007).  

 With these topical products increasingly being used by patients to prevent caries, 

it is important to know how they will affect the restorations existing in the mouth. 

Strength of a material is limited by the size of the cracks or defects during fabrication, 

polishing, and handling (Mecholsky 1995). Surface roughness of a dental material can be 

indicative of porosity, potential for fracture, and contamination of the material (Quinn, 

Hoffman et al. 2012). Studies recommend optimal surface polishing for porcelain 

restorations for optimal clinical survivability due to a decrease in flexural strength in the 

material with increased surface roughness (Lohbauer, Muller et al. 2008; Nakamura, 

Hojo et al. 2010). The present study evaluated the effects of three CAMBRA 

recommended anti-caries agents on three commonly used dental materials. The results of 

this study reject one of the three null hypotheses as there was a significant interaction 

between restorative materials and anti-caries agents with respect to surface roughness. 

The results support two of the null hypotheses as there was no significant difference 

between restorative materials or anticaries agents on change in surface roughness.  
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Prevident Dental Rinse 

Prevident Dental Rinse showed no significant changes when used with base metal 

or titanium, but showed a negative change in surface roughness when used with 

porcelain. This suggests that the porcelain surface became significantly smoother overall 

when soaked in the Prevident Dental Rinse. Prevident Dental Rinse contains .2% neutral 

sodium fluoride. This finding is not consistent with previous studies utilizing the same 

type of porcelain as the present study. It has been shown that acidulated phosphate 

fluoride have a greater ability to increase surface roughness of porcelain when compared 

to neutral sodium fluoride, and that neutral sodium fluoride produces no significant 

change in surface roughness of porcelain surfaces when compared with controls (Jones 

1985; Sposetti, Shen et al. 1986; Wunderlich and Yaman 1986). One study subjected the 

porcelain specimens for periods from 5 minutes to 96 hours and found that the etching 

effects of acidulated phosphate fluoride increased with longer immersion times; however, 

the authors deemed immersion time nonsignificant clinically because the typical 

application time of the tested solutions was 5 minutes (Sposetti, Shen et al. 1986). 

Another study utilized .05%, .2%, and 2% concentrations of neutral sodium fluoride and 

there was still no significant difference between the solutions; however, the specimens 

were only subjected to the treatments for 4-64 minutes (Wunderlich and Yaman 1986).  

Another component of Prevident Dental Rinse is benzoic acid, (concentration 

unknown due to proprietary concerns) which also serves as a preservative in many foods. 

There is a lack of literature to support a direct association between change in surface 

roughness of dental restorative materials and benzoic acid; however, there are studies that 

demonstrate potentially deleterious effects of acidic mouthwashes, organic acids, and 
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acidic food and drinks on natural teeth by removing all or part of the dentin smear layer, 

thus leading to dentin hypersensitivity (Addy, Absi et al. 1987; Addy, Loyn et al. 1991). 

One study evaluated the permeability of dentin after a single exposure to acidic soft 

drinks with different acid compositions, one of which contained benzoic acid. All of the 

drinks tested increased dentin permeability by removing the smear layer (Prati, 

Montebugnoli et al. 2003). Aside from these studies being performed on dentin as 

opposed to porcelain, the effect demonstrated is one that would be expected to increase 

surface roughness if the initial surface was very smooth. On the other hand, if the initial 

surface of a material was rough, and a solution had an etching effect on it, it may actually 

produce a smoother surface, which could explain the results of the current study. Further 

studies would need to be performed to indicate benzoic acid as a factor affecting surface 

roughness of porcelain. 

Prevident Dental Rinse also contains 6% alcohol. There is a lack of literature to 

support an effect of alcohol on porcelain surface; however, there is evidence to support 

an increase in surface roughness of composite resin when introduced to alcohol 

containing mouthwash (Soares, Cortez et al. 2012). These findings do not support the 

findings in the current study, as Prevident was shown to decrease surface roughness of 

porcelain. Further studies would need to be performed to indicate alcohol content as a 

factor affecting surface roughness of porcelain.  

Prevident Dental Rinse produced no significant changes in surface roughness of 

base metal or titanium alloy. These results correlate with previous literature which show a 

lack of effect of neutral sodium fluoride on surface roughness of dental metal restorations 

(Sartori, Correa et al. 2009). One study showed a direct association between fluoride 



35 

concentration and surface roughness of pure titanium and cobalt-chrome alloys (Cheng, 

Yu et al. 2012), which are not the same alloys tested in this study. Another study showed 

a negative effect of increased fluoride content on corrosion resistance of titanium alloys; 

however, the fluoride solutions were acidic artificial saliva with different concentrations 

of sodium fluoride (Cao and Chen 2010).  

ACT Mouthrinse 

ACT mouthrinse produced no significant changes in surface roughness of all three 

restorative materials. ACT mouthrinse contains .05% neutral sodium fluoride and is 

alcohol-free. Based on previous literature, the difference in effect between ACT 

mouthrinse and Prevident Dental Rinse on porcelain cannot be explained by the different 

concentrations of fluoride in the solution nor alcohol content of the solution (Wunderlich 

and Yaman 1986; Soares, Cortez et al. 2012). The pH of each rinse cannot be an 

explanation since each solution contains neutral sodium fluoride and has a pH of 

approximately 7.0. The pH of a solution usually comes into play when acidulated 

phosphate fluoride is used with dental restorations. Studies show that acidulated 

phosphate fluoride is associated with an increase in surface roughness of feldspathic 

porcelain due to its lower pH and increased etching potential (Rawson, Bowers et al. 

1984; Butler, Masri et al. 2004).  

Chlorhexidine Gluconate 

 Chlorhexidine gluconate mouthrinse produced no significant changes in 

surface roughness of base metal or titanium, but did produce a significant positive, and 

clinically important, change in surface roughness of porcelain. This is indicative of an 

overall rougher surface of the specimens after soaking in chlorhexidine gluconate 
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mouthrinse. One explanation for the rougher surface could be the well-known staining of 

porcelain that chlorhexidine gluconate produces. The etiology of this staining is not fully 

understood, but it is extrinsic and various mechanisms for its formation have been 

proposed, such as non-enzymatic browning reactions, formation of pigmented metal 

(Fe,Sn)-sulfides, and reaction of food and beverage products with chlorhexidine 

gluconate solution (Eriksen, Nordbo et al. 1985; Watts and Addy 2001). The amount of 

characteristic staining formed by a chlorhexidine gluconate solution increases with 

greater concentration of chlorhexidine in the solution. A study by Jenkins et al. showed 

some staining with a 0.1% solution, but a significantly greater amount with .2% solution 

(Jenkins, Addy et al. 1989). Various studies evaluate the amount of staining caused by 

chlorhexidine gluconate rinse related to the solution’s concentration, oral hygiene 

practices of the subjects, and dietary factors involved. The majority of these studies are in 

vivo and evaluate staining by visual measures only (Addy and Moran 1985; Jenkins, 

Addy et al. 1989; Zanatta, Antoniazzi et al. 2010). The in vitro studies have relatively the 

same method in which multiple concentrations of chlorhexidine are used as well as the 

incorporation of dietary factors, such as tea. These studies also conclude that staining is 

increased with increased concentration of chlorhexidine as well as with the addition of 

dietary factors (Addy, Wade et al. 1989; Carpenter, Pramanik et al. 2005).  

There is a lack of literature evaluating chlorhexidine staining of porcelain or 

metals; however, since the nature of this staining is proposed to be extrinsic, it is likely 

that similar findings would result. If the increase in surface roughness of porcelain 

produced by chlorhexidine gluconate is not due to staining and reversible, this could have 

clinical relevance over time if the resultant surface roughness is brought above the 
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threshold value for increased bacterial accumulation which varies in the literature from 

.2-.4 microns (Quirynen, van der Mei et al. 1993; Bollen, Papaioanno et al. 1996; 

Quirynen, Bollen et al. 1996; Bollen, Lambrechts et al. 1997; Li, Yang et al. 2001). 

Limitations 

The difference in effect on surface roughness of the various materials can best be 

explained by specimen preparation and the nature of the material. The titanium bars were 

obtained polished from the manufacturer and were simply cut into segments. Therefore, 

the initial surface roughness was very consistent between specimens. The base metal 

disks were embedded in groups into a plaster mound and polished first on a diamond 

wheel trimmer, followed by the remaining rubber polishers and polishing compound. 

Using the diamond trimmer allowed the disks to be polished in the same direction 

initially, also allowing for consistency in initial surface roughness between specimens.  

The porcelain polishing had to be done completely by hand with rubber disks 

because using the diamond wheel trimmer could have fractured the porcelain specimens. 

Porosities after the initial bake were filled with porcelain, the specimens were then 

polished with rubber wheels, and were finally placed back in the oven to autoglaze. The 

standard deviations for the surface roughness values of the porcelain specimens were 

greater than those of the titanium and base metal specimens. This likely reflects the 

polishing and finishing method for the porcelain specimens which may have resulted in 

remaining porosity in the specimens. The initial values (mean ± sd) for surface roughness 

of each group of specimens are listed in Table 6. These results demonstrate that the 

porcelain specimens in all groups were rougher than both the base metal and titanium 

specimens. Table 7 shows the final values (mean ± sd) for surface roughness for each 
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group of specimens.  Table 8 shows the change in surface roughness (mean ± sd) for each 

group of specimens, which demonstrates negligible changes in surface roughness in all 

groups except the porcelain samples subjected to Prevident and Chlorhexidine gluconate. 

Table 6:  Mean initial surface roughness values 
 
Material Anticaries agent Mean Initial Ra µ 
Porcelain Prevident .75±.60 
 ACT .62±.28 
 Chlorhexidine .66±.44 
 Water .84±.62 
Base metal Prevident .26±.09 
 ACT .28±.14 
 Chlorhexidine .22±.08 
 Water .34±.09 
Titanium Prevident .35±.11 
 ACT .31±.08 
 Chlorhexidine .39±.14 
 Water .39±.11 
 
 
Table 7:  Mean final surface roughness values 
 
Material Anticaries agent Mean Final Ra µ 
Porcelain Prevident .56±.20 
 ACT .69±.45 
 Chlorhexidine .93±.83 
 Water .84±.44 
Base metal Prevident .24±.06 
 ACT .27±.10 
 Chlorhexidine .23±.08 
 Water .35±.09 
Titanium Prevident .34±.13 
 ACT .33±.07 
 Chlorhexidine .38±.15 
 Water .38±.10 
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Table 8:  Mean change in surface roughness values 
 
Material Anticaries agent Mean Change in Ra ± 

SD µ 
Porcelain Prevident -.19±.58 
 ACT .07±.47 
 Chlorhexidine .27±.69 
 Water 0±.74 
Base metal Prevident -.01±.09 
 ACT .02±.08 
 Chlorhexidine -.01±.04 
 Water -.01±.06 
Titanium Prevident -.02±.07 
 ACT -.01±.04 
 Chlorhexidine .02±.04 
 Water .01±.07 

 

Although each specimen was marked to maintain the same positioning in the 

profilometer for initial and final readings, it was not guaranteed that the exact same line 

would be traced in its entirety by the tip. The standard deviations for each material are 

shown in Table 5. The standard deviation of porcelain over all anticaries agents (±.64) 

was nine times larger than that for base metal and more than ten times larger than for 

titanium. This reflects the lack of uniformity in the polishing process of the porcelain 

specimens. 

Other limitations to this study include the sole use of the profilometer for 

evaluation of surface roughness of the materials. Using a scanning electron microscope 

before and after soaking the solutions may have given more information regarding the 

nature of the surface change in the specimens. Also, the specimens were only soaked in 

the mouthrinses and no mechanical stimulation was applied. Oral hygiene regimens 

include mechanical stimulation with a toothbrush and toothpaste before rinsing. This can 

have an effect on surface roughness of a restorative material depending on the 
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components of the toothpaste, hardness of the bristles, or brushing technique (Mc Connell 

and Conroy 1967; Tanoue, Matsumura et al. 2000; Wiegand, Schwerzmann et al. 2008; 

Hilgenberg, Pinto et al. 2011; Tellefsen, Liljeborg et al. 2011). The changes in surface 

roughness found in this study, although nonsignificant with some materials, could be 

greater when the mouthrinses are used in combination with toothbrushing.  

Future Research 

 To gain a better understanding of the effect of anti-caries agents on surface 

roughness of restorative materials, additional research is recommended.  Alternate 

directions include utilizing mechanical stimulation before soaking the specimens in the 

solutions, for example, using a toothbrush as a mechanical stimulator.  Soaking the 

specimens for an extended period of time, for instance, five years as opposed to two 

years, would gain insight into whether the porcelain surfaces do indeed become rougher 

after an extended period of time.  Also, with improved technology, all-ceramic 

restorations are being used more frequently by clinicians. Therefore, it would be helpful 

to test anti-caries agents on different types of porcelain to see if the effects on surface 

roughness are similar or different. 
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CONCLUSION 

 

This study evaluated the effect of three anti-caries mouthrinses on the change in 

surface roughness of three commonly used restorative dental materials. Significant 

differences were found for the porcelain group when subjected to Prevident Dental Rinse 

and chlorhexidine gluconate. Within the limitations of this study, it can be concluded that 

Prevident Dental Rinse and chlorhexidine gluconate may cause a change in surface 

roughness of porcelain when used for a period of two years.  

Prevident Dental Rinse may cause an increase in surface roughness of porcelain 

while chlorhexidine gluconate may cause a decrease in surface roughness of porcelain. 

Further studies are recommended to investigate the effect of Prevident Dental Rinse and 

chlorhexidine gluconate on feldspathic porcelain with more controlled polishing and 

other methods of surface evaluation.  
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