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Abstract 

Title of Thesis: “The Effect of CAMBRA Recommended Anti-Caries Agents on Surface 
Roughness of Lithium Disilicate Ceramics” 
 
Dima Ghunaim, Masters of Science, 2014 
 
Thesis Directed by: Radi Masri, DDS, PhD, Assistant Professor, School of Dentistry 
Division of Prosthodontics 
 
 
Purpose: The purpose of this study was to explore the clinical importance of the effect of 

Prevident and chlorhexidine on the surface roughness of three commonly utilized lithium 

disilicate ceramics: pressed (Press), milled (CAD), milled and veneered with fluorapatite 

(CAD/CERAM).  

Methods and Materials: Seventy-six rectangular specimens in each group of Press, CAD, 

and CAD/CERAM were fabricated. A profilometer was used to measure the surface 

roughness prior to and after soaking. The samples were immersed in the assigned anti-

caries solution in an airtight plastic container. For the simulation of 2 years use the 

samples were soaked in chlorhexidine for 3 hours, Prevident, 6% alcohol and distilled 

water for 12 hours. Statistical analysis was completed using a two-way ANOVA 

followed by Tukey’s HSD test. A p value ≤.05 was considered significant.  

Results: The results demonstrated that Press samples became significantly rougher. In 

addition to that, the surface roughness of CAD and CAD/CERAM was significantly 

decreased. However, CAD was significantly less rough than CAD/CERAM. Water did 

not significantly change the surface roughness of ceramics, while 6% alcohol, Prevident, 

and chlorhexidine significantly decreased the roughness of the ceramics. There was no 

significant difference in the increase of surface smoothness among the three solutions. A 

significant interaction was found only with water, the control.   



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

chlorhexidine can change the surface roughness of lithium disilicate ceramics when used 

for a period of 2 years. The surface roughness of Press increased, while that of CAD and 

CAD/CERAM decreased.  
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INTRODUCTION 

CAMBRA 

Although the incidence of caries has decreased in the past few decades with the 

introduction of fluoride to water and topical use, especially fluoridated dentifrices and 

professional varnish, caries remains a widespread disease in adults and children. The 

Consensus of the California Dental Association in regards to caries management, 

prevention, and risk assessment established in 2002 was set to help clinicians understand 

and manage caries based on risk assessment. The guidelines were established to help in 

the treatment and management of children and adults. They were also designed to be used 

in community and clinical settings.   

Featherstone et al. stated in their 2003 report that caries is due to a balance or lack thereof 

between protective and pathologic factors.  They define the pathologic factors as 

cariogenic bacteria, specifically mutans streptococci and some of the lactobacillus 

species, frequency of ingestion of fermentable carbohydrates, and salivary dysfunction.  

On the other hand protective factors were defined as 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. At any time, the balance 

can be tipped towards the pathologic factors increasing the caries risk, or towards the 

protective factors decreasing the chances of surface cavitation. This shift in balance is the 

basis of the caries management by risk assessment concept (CAMBRA). [1] 

In order to manage caries properly Featherstone, et al, 2003, proposed a caries risk 

assessment guide. This guide is used to determine the level of caries risk of an individual 
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patient as low, moderate, high and extremely high. After determining the caries risk level, 

the clinician can follow the recommended CAMBRA guidelines to treat the level of 

bacteria present, source of the caries, rather than just simply excavating the caries without 

treating the source.  

The risk assessment is done using 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 is present or have 

been present recently. They are physical observations such as cavitation, 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 Featherstone’s et al 2003, article are as 

follows:  medium or high streptococci 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 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 
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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.  [8] 

Featherstone et al 2002, recommend the management of caries by decreasing the bacterial 

load, inhibiting demineralization and promoting remineralization, minimally invasive 

dentistry, and interfering with vertical transmission of bacteria from mother to child. 

Some of the CAMBRA recommended products to decrease bacterial levels and promote 

remineralization of caries, as discussed by Featherstone, et al 2002, include xylitol, 

chlorhexidine gluconate, sodium bicarbonate, iodine, and fluoride. Xylitol is sugar that 

cannot be fermented by cariogenic bacteria. Furthermore, it inhibits the attachment and 

transmission of the bacteria. [2] Chlorhexidine gluconate, a broad spectrum antiseptic, 

has been found to be effective in controlling or reducing the microbial challenge 

associated with dental caries.[4] It is typically delivered via prescription mouth rinse in a 

0.12% solution.  Sodium bicarbonate found in many oral products reduces the microbial 

challenge in saliva and plaque.[3] Iodine is an antibacterial agent that reduces levels of 

streptococci 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.[5] Fluoride 

administered via various topical products, dentifrices, professional applied varnish and 

over the counter or prescription strength mouth wash, has been shown to decrease 

demineralization, promote remineralization and inhibit bacterial activity. [1] 
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Young et al. discussed in November 2007 the treatment of advanced carious lesions using 

the CAMBRA approach and minimally invasive dentistry. The multifaceted approach to 

the treatment of caries was again emphasized. They stressed the need to assess the 

patient’s risk to caries and not only treat the caries by excavation and restoration. It is 

important to not only recognize the physical changes of the teeth but to recognize the risk 

factors of each patient.  The risk factors are defined as biological, behavioral, or 

socioeconomic contributors that can be modified.  Patients’ risk level can be categorized 

as being low, moderate, high or extreme risk for dental caries. Low risk individuals are 

thought to have balance between the pathologic and protective factors and are able to 

maintain a low caries index. However, this balance can be easily changed by the 

introduction of a medication that induces hypo-salivation. These patients should be 

maintained in the balance they currently have, and reassess their risk level if there are any 

changes.  Improving their remineralization therapy and reducing other risk factors 

manage moderate risk individuals. They should be monitored more closely and an effort 

should be made to reduce the risk factors.  It is recommended that high and extreme risk 

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

therapy.  Basic therapeutic guidelines for a high caries risk individual includes:  bacterial 

testing, fluoride therapy which includes topical 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.  [9]Extreme risk individuals are those that are classified as high risk 
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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.  [6]  

CAMBRA Recommended Therapeutic Regimen and their Effect on Surface 

Roughness of Restorative Materials 

CAMBRA guidelines recommend multiple therapeutic products in the management of 

caries. These products offer protective factors against caries; however, they do not 

interact with cementum and enamel only. Many of the patients assessed at a high caries 

risk level and in need of such therapeutic intervention, also present with multiple 

restorative materials such as porcelain, gold and titanium. These solutions can have an 

effect on surface characteristics of the restorative materials and therefore allow more 

bacterial adhesion and other detrimental effects such as change in color and texture. 

When looking at the effect of fluoride on restorative materials, Butler et al. evaluated the 

effect of fluoride and bleaching solutions on surface roughness of dental porcelains. The 

porcelains, auto-glazed and polished surfaces of feldspathic, low fusing, and aluminous 

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

10% carbamide fluoride, and distilled water. Overall, the auto-glazed porcelain was the 

most affected by the solutions. The feldspathic and aluminous porcelain had an increase 

in roughness when compared to the controls. Low-fusing porcelain was mostly affected 

by the 1.23% acidulated phosphate fluoride. Therefore, it was concluded that the 

restorative material must be determined before treatment with fluoride to avoid alteration 

of surface roughness.[10] 
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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.[11] 

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

surface roughness.  The first study evaluated dental micro-topography and enamel loss of 

unpolished and polished teeth.  This study demonstrated 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. [13] The 

second 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.  [14] 

Wataha et al, looked at the effect of brushing on surface roughness of nickel-palladium, 

and gold-based casting alloys. Au-Pt, Au-Pd, Pd-Ag, Ni-CR and Ni-Cr-Be dental alloys 

were brushed with an electric tooth brush (Oral B Soft) and tooth paste (Ultrabrite) using 

a linear brushing machine. The surface roughness was measured before and after the 

brushing using profilometery. Results showed that Pd-Ag alloy was the most resistant to 
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brushing, while Ni-Cr-Be showed the most abrasion. All of the other alloys had a final 

surface roughness of between 0.1 and 0.25 microns. They concluded that although Ni-Cr-

Be alloy has excellent mechanical properties, it is prone to abrasion by brushing. [27] 

A recent study by Nogués et al, evaluated the effect of abrasivity of toothpastes on the 

surface roughness and mechanical properties of dental casting alloys. They used Ni-Cr, 

Co-Cr, commercially pure titanium, and one ceramic. The specimens were then brushed 

in artificial saliva, Hanks Balanced Solution, with or without one of the four different 

tooth pastes for 420 minutes. Then the mass loss was measured by difference in mass, 

and surface roughness and microhardness were also measured. Titanium exhibited the 

most mass loss, and ceramics had the most loss in volume. Dental casting alloys and 

ceramics were found to be susceptible to abrasion by brushing. The amount of mass loss 

is proportional to the RDA (Relative Dentin Abrasively) value of the toothpaste.  

Heintz et al, 2005, evaluated the effect of tooth brushing on the surface roughness of 

ideally polished resin composites, amalgam, and ceramics. These specimens were 

compared against a control of unpolished natural tooth structure. The results showed that 

there was a significant increase in surface roughness after tooth brushing. [24] 

Bacterial Adhesion to Restorative Materials 

A 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 
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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.  [12] 

Bacterial plaque provides bacteria with a niche to adhere to the tooth structure and, in the 

case of restored teeth, to restorations. This attachment can promote caries at margins and 

thus lead to the failure of restorations. Therefore, it can be safely assumed that by 

increasing the roughness of the restorative materials, the bacterial adherence to 

restorative material is enhanced leading to higher microbial plaque formation and 

recurrent decay.  

 In 1997, a literature review was published that evaluated the effect of surface roughness 

of oral hard tissue on the retention of bacterial plaque. A 0.2 Ra value was recommended 

as the threshold to maintain, below which no alteration in plaque retention is observed. 

Surface roughness higher than this value promotes higher plaque retention. Surface 

roughness and bacterial plaque retention on implant abutments were also 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.  [15] 

 Bollen et al. tested the 0.2-micron threshold by analyzing the supragingival plaque 

accumulation on two different implant abutments with different Ra values. They placed 

one titanium and one ceramic abutment, with Ra values at 0.2 micron and 0.06 micron, 

respectively, in six patients to support an overdenture. The supra and subgingival plaque 
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levels were then analyzed at 3 months and 12 months along with clinical periodontal 

parameters. At three months, subgingival spirochetes and motile organisms were found 

only on the titanium abutments. On the other hand, at 12 months, both abutment types 

harbored equal proportions of spirochetes and motile organisms, both supra- and 

subgingivally. There was 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.  [16] 

Quirynen et al. evaluated the bacterial adhesion on titanium abutments of varying 

roughness. Four titanium abutments of varying roughness were placed in six patients. 

Clinical periodontal evaluation and subgingival plaque analysis was completed at one 

month, and a supra- and subgingival analysis was completed at 3 months. The results 

obtained showed that at one month the roughest abutments had the highest accumulation 

of spirochetes. At three months the spirochetes were only seen at the roughest 

abatements; however, the overall composition of the microbial flora did not differ greatly 

between abutment types. It was found that the roughest abutments had a 0.2mm 

attachment gain over the three months. On the other hand, all the other abutments had an 

attachment loss of 0.8mm to greater than 1mm. Therefore, based on the results of this 

study, it can be concluded that the existence of a threshold roughness of 0.2 mm below 

which no greater impact on bacterial adhesion and colonization is expected. These results 

also indicate that a certain surface roughness is necessary for possible attachment 

gain.[17]  
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A second study by Quirynen et al. in 1993 looked at the relationship between surface 

roughness of titanium implant abutments and bacterial plaque accumulation. Two implant 

abutments were replaced in nine patients by a roughened titanium abutment and a 

standard abutment. The oral hygiene of the patients was not changed.  Plaque samples 

were collected after three months. The samples where then analyzed using phase-contrast 

microscopy, DNA probe analysis, and culturing. There were less coccoid organisms on 

rough abutments supragingivally. Subgingivally, rough abutments consisted of 25 times 

more bacteria and fewer coccoid organisms than did smooth abutments. The periodontal 

pathogens present were controlled by the dental status more than the roughness. This 

study again points to the need for ideal smoothness of surfaces of restorative materials 

when placed intra-orally.  [18] 

Li et al. tested the effect of surface roughness on bacterial adhesion of Streptococcus 

mutans and Actinomyces viscosus to commercially pure titanium and titanium alloys. 

Their study did not show a significant correlation between bacterial adhesion and surface 

roughness less than 0.4528 Ra value. Therefore, this study recommends maintaining a 

surface roughness of less than 0.4 microns. [19] 

A 2009 study looked at the adhesion of cariogenic bacteria, streptococcus mutans, on 

metal ceramic restorations polished by four different methods: polishing with a diamond 

bur, polishing with sandpaper, sandblasting, and glazing. The initial Ra values ranged 

from 0.005 to 0.025 microns. The samples were then inoculated with a streptococcus 

mutans bacterial suspension obtained from human saliva. The results showed a 
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significant positive correlation between surface roughness values and bacterial adhesion 

(r=0.813, p=0.003).  [20] 

An in vitro study conducted in 2009, evaluated the biofilms formed on different 

restorative materials. The restorative materials tested included: ceramic, resin composite, 

conventional glass ionomer, and resin modified glass ionomer, 15 disks of each were 

tested. The specimens were incubated for 30 days using  streptococcus mutans bacteria to 

form biofilms.  The results showed that the biofilm formed on ceramic and resin 

composites was 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.  [21] 

Kantorski et al looked at the affect of surface roughness of porcelains and composites on 

the adherence of Streptococcus mutans. Two porcelains and two composites were used: 

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.  [22] 

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

exception of glazed surfaces, there was a direct correlation between surface roughness 

and the amount of bacterial plaque accumulation. The glazed surfaces showed the 

greatest amount of bacterial plaque accumulation. The surface roughness of the glazed 

porcelain was clinically acceptable; however, the plaque accumulation was the highest on 

this surface. Therefore, it was concluded that diamond paste polishing produces the most 

clinically acceptable finish to minimize plaque adhesion. [23]  

Research conducted by Bolding et al., at the University of Maryland, looked at the effect 

of three CAMBRA recommended anti-caries agents: Prevident Dental Rinse, 

chlorhexidine, and ACT mouth wash, on the surface roughness of three restorative 

materials: porcelain, base metal, and titanium. Statistical analysis using ANOVA 

revealed that there was no significant difference in mean change in surface roughness 

between the three materials, porcelain, base metal, and titanium.  There were statistically 

significant differences within the anticaries agents group and also in the interaction 

between the materials and anticaries agents.  Post hoc analysis revealed that the 

significant difference in mean change in surface roughness was between Prevident Dental 

Rinse and chlorhexidine gluconate.  There was no significant difference between the 

effect of Prevident, water and ACT. Also, there was no significant difference between the 

effect of water, ACT and chlorhexidine on the surface roughness of the restorative 

materials. In addition to that, there was no interaction between the anti-caries agents and 

either the base metal or titanium. However, a significant interaction occurred with 

porcelain where Prevident Dental Rinse produced a negative change in surface 
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roughness, or a smoother surface, compared to chlorhexidine gluconate, which produced 

a positive change in surface roughness, or a rougher surface.   

The current study was conducted to expand on the results of Bolding et al. The aim of the 

study was to explore the clinical importance of the effect of Prevident and chlorhexidine 

on three commonly utilized lithium disilicate porcelains, pressed (Press), milled (CAD), 

and milled and veneered with fluroapatite (CAD/CERAM).  
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PURPOSE 

The purpose of this study was to evaluate changes in surface roughness of lithium 

disilicate ceramics following treatment with two of the recommended CAMBRA 

products, Prevident and chlorhexidine. Six percent alcohol and distilled water were used 

as controls.  
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HYPOTHESES 

Initial Surface Roughness 

Null Hypothesis 

There is no significant difference in initial surface roughness between the three lithium 

disilicate ceramics tested (Press, CAD, CAD/CERAM) 

Research Hypothesis 

CAD/CERAM initial surface roughness is significantly higher than Press and CAD.  

Final Surface Roughness  

Null Hypothesis 

There is no significant difference in final surface roughness between the three lithium 

disilicate ceramics (Press, CAD, CAD/CERAM) 

Research Hypothesis 

CAD/CERAM final surface roughness is significantly higher that Press and CAD.  

Change in Surface Roughness  

Null Hypotheses 

There is no significant difference in the change in surface roughness between the three 

lithium disilicate ceramics.  

There is no significant difference in the change in surface roughness of the lithium 

disilicate ceramics when treated with the soaking solutions and the controls. 

There is no significant interaction between the lithium disilicate ceramics and soaking 

solutions with respect to surface roughness.  

Research Hypotheses 
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CAD/CERAM (milled lithium disilicate with fluorapatite veneer) will have the greatest 

change in surface roughness compared to CAD (milled) and Press (pressed) porcelain  

Chlorhexidine will cause the greatest change in surface roughness as compared to 

prescription fluoride treatment, 6% alcohol, and distilled water.  

There is a significant interaction between the lithium disilicate ceramic and the soaking 

solutions with respect to surface roughness. 
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METHODS AND MATERIALS 

In this study, two CAMBRA recommended anti-caries products were used: 

Chlorhexidine and Prevident (Table1). Six percent alcohol was used to control for the 

alcohol content in Prevident. Water was used as a natural control. Three lithium disilicate 

ceramics were used for this study: pressed lithium disilicate (Press), milled lithium 

disilicate (CAD), and milled lithium disilicate veneered with fluoroapatite 

(CAD/CERAM), (Table 2).  

Table 1 Anti-Caries Agents Tested 

Anti-caries Agent Company, City, State 

Chlorhexidine Colgate Oral Pharmaceuticals, New York, NY 

Prevident Sunstar Americas, Inc, Chicago, IL 

6% alcohol (control) Henry Schein, Melville, NY 

Distilled water (control) University of Maryland, Baltimore, Baltimore, 
MD 

 

Table 2 Lithium Disilicate Ceramics Tested 

Lithium Disilicate  Company, City, State 

Pressed IPS e.max® Press 
Ivoclar Vivadent, e. max Amherst, NY 

Milled IPS e.max® CAD 
Ivoclar Vivadent, e. max Amherst, NY  

Milled and veneered with 
fluoroapatite 

IPS e.max® Ceram 
Ivoclar Vivadent, e. max Amherst, NY  
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Seventy-six rectangular specimens in each group of Press, CAD and CAD/CERAM were 

fabricated. To standardize the fabrication of the specimens, vinylpolysiloxane putty mold 

(Coltene Lab Putty, Coltene/WhaldentInc, Cuyahoga Fall, OH) was used (Figure1). The 

wax patterns were fabricated using the putty index and Pro-Art IPS Empress Wax beige 

(Figure2). The patterns were then sprued and invested in phosphate-bonded investment 

(IPS PressVest Speed) using a silicone ring (IPS Silicone Ring, Figure 3,4).  The 

specimens were then pressed using IPS e. max Press porcelain ( Ivoclar, Amherst, NY) in  

the Ivoclar Vivadent EP5000 press and ceramic furnace (figure 5).  The specimens were 

then divested, soaked in Invex Liquid ( Ivoclar, Amherst, NY)  and placed in the 

ultrasonic machine for ten minutes (Figure 6-8). They were then air-abraded (Basic 

Master, Renfert USA, Saint Charles, IL).  Finally, the specimens were sectioned off the 

sprue using a sintered diamond disc (Komet, Germany).  

  

Figure 1 Putty matrix  

  

Figure 2 IPS Empress wax for fabrication of wax patterns of the Press samples 
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Figure 3 Wax Patterns sprued 

   

Figure 4 Silcone investment ring 

  

Figure 5 Press ceramic ingots    
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Figure 6 Pressed samples after divesting 

 

 

Figure 7 Invex Liquid  

 

Figure 8 Press specimens in the Invex Liquid prior to placement in the ultrasonic 

machine 
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The CAD and Ceram specimens were prepared by sectioning the CAD ingots into 2 mm 

thick sections (Figure 9). After sectioning and polishing with sand paper, the specimens 

were sintered in Ivoclar Vivadent EP5000 Press and Ceramic furnace (Figure 10). 

Assigned groups where then veneered with the CERAM (Figure 11,12).  

    

Figure 9 Sectioned CAD specimens prior to sintering 

   

Figure 10 Sintered CAD specimens 

 

      

Figure 11 CAD/CERAM specimens prior to sintering 
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Figure 12 CAD/CERAM after sintering 

IPS e. max Ceram and IPS e. max Press were polished with the ZR™ Flash Polishers  

(Komet Dental, Lemgo Germany), followed with a two-step diamond paste (Komet, 

Lemgo Germany). All specimens were glazed with Ivoclar natural glaze ( Ivoclar, 

Amherst, NY) (Figure 13).  

 

Figure 13 Final specimens Press, CAD/CERMA, CAD, in order from left to right 

Measurement of Surface Roughness: Initial Value (Rai)   

The specimens were placed in the ultrasonic prior to the initial measurement.  A 

profilometer at the University of Maryland, Baltimore County campus (T8000 Hommel 

America, New Britain, CT) was used to determine the initial surface roughness of each 

disc (Figure 14). The specimens were subjected to a 50-micron tip radius diamond stylus 

under a constant measuring force of 3.9 mN   (Figure 15).  Each specimens was analyzed 
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by two passes of the profilometer, with one pass at 90° and one pass at 180° to the 

surface of the sample. The profilometer was calibrated with a standard reference 

specimen and set to travel at 0.15 mm/s with a range of 4.8 mm during testing and an 

amplitude transmittance set at 50%. To ensure that the surface roughness was measure 

within the same area when obtaining the initial and final values, two marks, 6mm apart, 

were made on the vertical and horizontal side of the specimens to demarcate the portion 

to be tested. These marks were then notched into the side using a sintered diamond disc 

to ensure that they are not lost after soaking (Figure 16).  The initial surface roughness 

was determined by calculating the average of the two Ra values obtained, one in the 

vertical direction and one in the horizontal, for each specimen.  

 

Figure 14 Marking of the testing area on a ceramic specimens 
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Figure 15 Hommel werke profilometer  

 

Figure 16 Profilometer tip  

 

Immersion Procedure 

The specimens were divided randomly into four groups: water, 6% alcohol, Prevident and 

chlorhexidine. The the specimens were then immersed in the assigned anti-caries solution 

in an airtight plastic container. To determine the immersion time, the manufacturer’s 

recommendations for use were followed. For the simulation of 2 years use of 

chlorhexidine at a rate of 1 minute per day for one week per month, the specimens were 

soaked in chlorhexidine for a total of 3 hours. The specimens were soaked in Prevident 

for a total of 12 hours. This simulated the use of Prevident for 2 years at a rate of one 

minute per day. The same time was used for the distilled water and 6% alcohol samples 

to simulate 2-year use at a rate of one minute per day. The solutions were replaced every 

30 minutes to replenish the active ingredients. Distilled water was not changed. (Figure 

17) 
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After soaking the ceramics in anti-caries solutions for the times indicated, the specimens 

were rinsed with distilled water, ultrasonicated and dried.  

 

 

Figure 17 Samples soaking in solutions water, 6% alcohol, Prevident, and chlorhexidine, 
in order from left to right.  
 

Table 3 Immersion Times  

Soaking Solutions Immersion time 
(Two years 
equivalent) 

6% alcohol 12 hours 

Prevident  12 hours 

Chlorhexidine 3 hours 

Distilled water 12 hours 

 

Measurement of Surface Roughness: Final Value (Raf) 

After completing the soaking procedure, rinsing the specimens in distilled water, 

ultrasonication and drying; final Ra value was measured again for each sample. Two 
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measurements were recorded one in the vertical and one in the horizontal direction.  The 

average Ra was used as the final measurement for each specimen.  
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DATA ANALYSIS  

The equation used for change in surface roughness was: 

Rachange = Raf - Rai 
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STATISTICAL ANAYLSIS  

Assuming that a medium effect size (.25) would be important in showing differences 

between the three lithium disilicate ceramics, a power analysis showed that with an effect 

size of .25, a p≤.05, an n=76, and a two-tailed test, power was equal to .92. In addition, a 

medium effect size (.25) would be important in showing differences between the four 

soaking solutions. This second power analysis was completed and showed that with an 

effect size of .25, a p≤ .05, an n=57, and a two-tailed test, power was equal to .88. With 

the same effect size, power for the interaction was .80.  

One- way ANOVA and Tukey’s Honestly Significant Difference (HSD) test were used to 

test for significant differences between the three ceramics in both the initial and final 

surface roughness values.  

Results were also analyzed by two-way ANOVA. If significant differences were 

confirmed, Tukey’s Honestly Significant Difference (HSD) test was used. A p of ≤.05 

was considered significant.  
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RESULTS 
 
In this study the effect of two CAMBRA recommended treatments (Prevident and 

chlorhexidine), and controls (6% alcohol and water), on change in surface roughness of 

three lithium disilicate ceramics (Press, CAD, and CAD/CERAM) was evaluated. The 

ceramics were soaked in the rinses for specified times to simulate 2 years of use, Table 3.  

Difference in Initial Surface Roughness 

Prior to the soaking protocol, a significant difference was found between the initial 

surface roughness of the three ceramics (F= 217.913, p= .0005). The surface roughness of 

Press ceramics was significantly lower than CAD and CAD/CERAM ceramics. The 

surface roughness of CAD was significantly lower than CAD/CERAM. (Figure 18, Table 

4 and Appendix Table 7)  

Table 4 Differences in Initial Surface Roughness of the Ceramics  

 n Mean (µm) SD F p 

Press 76 .45a* .11 217.913 .0005 

CAD 76 .73b .40   

CAD/CERAM 76       2.35c .97   

* Means with different letters are significantly different 
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* Ceramics under different bars are significantly different. 
 
Figure 18 Initial Surface Roughness of the Ceramics 
 
Difference in Final Surface Roughness 

After the soaking protocol, the final surface roughness of each of the three ceramics was 

significantly different (F= 141.575, p= .0005). The surface roughness of CAD was 

significantly lower than Press and CAD/CERAM. The surface roughness of Press was 

significantly lower than CAD/CERAM. (Figure 19, Table 5 and Appendix Table 10) 

Table 5 Differences in the Final Surface Roughness of the Three Ceramics 

 n 
Mean 

(µm) 
SD F p 

CAD 76 .40a* .12 141.575 .0005 

PRESS 76 .80b .45   

CAD/CERAM 76       1.47c .50   

* Means with different letters are significantly different 
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* Ceramics under different bars are significantly different.  
 
Figure 19 Final Surface Roughness of the Ceramics 
 
Change in Surface Roughness 

The change in surface roughness was measured using the following formula: Rachange = 

Raf - Rai .  Press samples became significantly rougher (F=135.480, p= .005) while the 

surface roughness of CAD and CAD/CERAM was significantly decreased. However, 

CAD/CERAM remained significantly rougher than CAD and Press. The greatest change 

in surface roughness was seen in the CAD/CERAM group. These findings are shown in 

Figure 20 (see also Table 6 and Table 13 in the Appendix).  

Water did not significantly change the surface roughness of any of the ceramics, while 

6% alcohol, Prevident, and chlorhexidine reduced the surface roughness of all the 

ceramics significantly (F= 6.385, p= .0005). However, there was no significant difference 

in the change in surface roughness among alcohol, Prevident and chlorhexidine as 

illustrated in Figure 21 (see also Table 6 and Table 13 in the Appendix).  



"
"

32"

A significant interaction was found between ceramic material tested and the effect of the 

rinse. The surface roughness of Press ceramic increased with soaking in  6% alcohol, 

Prevident and chlorhexidine, while the surface roughness of CAD and CAD/CERAM 

decreased when soaked in the same solutions.  Water did not significantly change the 

surface roughness of the ceramics.(Figure 22 and Tables 6 and Table 13 in the 

Appendix).  

 
Table 6 Results Found when Examining Materials, Solutions, and their Interaction 
 

 n Mean 
(µm) 

SD F p 

Material       
       CAD/Ceram 76 -.89a* .76 135.480 .0005 
       CAD 76 -.33b .34   
       Press 76 .36c .40   
      
Solution       
      Water 57 -.05a* .18 6.385 .0005 
      Alcohol 57 -.40b .92   
     Prevident 57 -.35b .79   
     Chlorhexidine 57 -.34b .80   
      
Material * 
Solution  

    10.383 .0005 

*Groups with same letters are not significantly different.  
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* Ceramics under different bars are significantly different.  
 
Figure 20 Changes in Surface Roughness of the Ceramics 
 

 
* Solutions under different bars are significantly difference. 
 
Figure 21 Changes in Surface Roughness Depending on Solution 
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Figure 22 Interactions between the Ceramics and Solutions 
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DISCUSSION 
 
Caries management is one of the most important tasks we have in dentistry. Featherstone 

et al. introduced a management protocol that addresses caries by identifying the risk level 

of the patient, thus enabling the individualized treatment of patients. CAMBRA 

recommends several products to be used in caries management including Prevident and 

chlorhexidine. These products provide protective factors to the cementum and enamel 

against caries; however, they do not simply affect the dentinal complex, they also affect 

the restorative materials.  

A study conducted by Bolding et al. demonstrated that Prevident and chlorhexidine 

produced statistically significant changes in the surface roughness of porcelain [32]. The 

present study was conducted to expand on the results from Bolding et al. The clinical 

importance of the effect of Prevident and chlorhexidine on three commonly utilized 

lithium disilicate ceramics was explored. Based on the results obtained in this study, the 

null hypotheses were rejected.  

Difference in Initial Surface Roughness  

A significant difference in initial surface roughness was found among the three ceramics 

tested. Press ceramics had the lowest initial surface roughness and CAD/CERAM had the 

highest.  

The difference in initial surface roughness between CAD/CERAM, Press, and CAD 

could be due to the difference in crystal size and in fabrication technique.  

CAD consists of a fine grain lithium disilicate in a glassy matrix. Press consists of larger 

needle- like crystals with a size range of 3-6 µm in length. As for CAD/CERAM, this 
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ceramic contains fluroapatite crystals in addition to lithium disilicate, in a glassy matrix, 

with crystals ranging in size from 2-5 µm. In CAD/CERAM, the crystal saturation is 

lower than that of CAD or Press. It would be expected that the CAD would have the 

lowest initial surface roughness due to the smaller crystal size; however, in this study 

Press had the least initial surface roughness. This could be due to the fabrication method; 

a sectioning diamond disc was used to fabricate the CAD specimens. Clinically, carbide 

burs would mill the crowns, thus reducing the surface roughness. In this study,the 

specimens were polished with sand paper prior to sintering to remove any markings 

produced by the sectioning disc.  

In both CAD and Press, the fabrication technique allows for a more dense and uniform 

surface of the samples. The Press specimens were fabricated by waxing up a pattern, 

spruing, investing, and then pressing the molten ceramic into the heated phosphate 

investment, under vacuum and constant pressure. The specimens were then devested, 

cleaned, polished and finally glazed.  

The CAD specimens were fabricated by sectioning the pre-sintered, blue, CAD blocks 

into 2 mm thick specimens. These specimens were then sintered and finally glazed. In 

both groups, the surface produced is flat. Visual inspection of the specimens revealed no 

porosities in the CAD groups and minimal to no porosities were found on the Press 

surfaces. CAD/CERAM is stacked and thus the surface topography will depend on the 

density of the stacked porcelain as it is condensed and dried in segments then sintered. 

While stacking, after sintering, any visible porosity was removed with a diamond bur and 

more CERAM was added. The specimens were then polished with the polishing wheels 
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and glazed. This provides a more variable surface porosity compared to Press or CAD 

surfaces. The large standard deviation found for the initial surface roughness of the 

CAD/CERAM, when compared to Press and CAD, shows that there is greater variability 

in the surface roughness in these specimens. This could account for the significantly 

higher initial CAD/Ceram surface roughness measured. 

The initial surface roughness found for CAD and Press is similar to initial surface 

roughness reported in the literature [30, 31]. However, the CAD/CERAM initial surface 

roughness is higher than that reported by Osmir et al. The surface roughness reported by 

this group for glazed CAD/CERAM using the Ivoclar natural glaze is 1.4 µm; in this 

study the initial surface roughness of CAD/CERAM was 2.35 µm. The final surface 

roughness after soaking was found to be 1.47 µm, which is closer to that found by Osmir 

et al [30]. The higher initial surface roughness of CAD/CERAM could explain the greater 

change in surface roughness observed in this study. The specimens might have been 

rougher due to the stacking and polishing techniques. The specimens were polished with 

ZR ™ Flash Polishers, followed with a two-step diamond paste, and then finally glazed 

with Ivoclar natural glaze. In this study these steps were completed manually; however, 

in the Osmir et al. study the specimens were polished using a polishing machine. This 

could be the cause of discrepancy in the surface roughness obtained in the two studies. 

Difference in Final Surface Roughness 

The change in surface roughness of the ceramics could be due to chemical degradation. 

Degradation of the ceramics can occur in one of two mechanisms: selective leaching of 

the alkali ions (e.g. K2O, Mg2O) or dissolution of the silicate network. To maintain 
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electric neutrality, hydrogen ions diffuse from the solution into the ceramic and alkali 

ions are lost from the ceramic into the solution. This would increase the surface 

roughness of the ceramics. [28,29] 

The difference in microstructure among the three ceramics contributes to the difference in 

surface roughness. CAD consists of a fine grain lithium disilicate in a glassy matrix, 

while Press consists of larger needle-like crystals with a size range of 3-6 µm in length. 

As for the CAD/CERAM, this ceramic contains fluroapatite crystals, in addition to 

lithium disilicate, in a glassy matrix with crystals ranging in size from 2-5 µm. In 

CAD/CERAM the crystal saturation is lower than that of CAD or Press. The larger, 

glassy matrix present in CAD/CERAM could be more susceptible to the effect of the 

soaking solutions. The decrease in surface roughness of the CAD/CERAM could be due 

to an erosive effect of the soaking solutions. Thus, it could be an indication of greater 

wear of these restorations; therefore, a reduction in the surface roughness does not 

necessarily indicate a more favorable change.  

Change in surface Roughness 
 
The null hypothesis regarding the effect of soaking solution on surface roughness of the 

lithium disilicate ceramics was rejected. Press samples became significantly rougher after 

soaking in Prevident, chlorhexidine and 6% alcohol, while the surface roughness of CAD 

and CAD/CERAM was significantly reduced. Although both CAD and CAD/CERAM 

samples demonstrated a reduction in roughness, the reduction in CAD/CERAM surface 

roughness was significantly higher. Even though CAD/CERAM exhibited the greatest 

reduction in surface roughness, CAD samples had the least final surface roughness, 
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followed by Press. The changes induced by Prevident and chlorhexidine, whether it is the 

increase of surface roughness of Press or decrease of surface roughness of CAD and 

CAD/CERAM, could be due to their alcohol content; both Prevident and chlorhexidine 

contain alcohol.  These two solutions produced similar changes in surface roughness as 

the 6% alcohol; also the changes produced by all three solutions were not significantly 

different from each other, yet significantly different than water. It remains to be seen if 

the active ingredients in these solutions (fluoride, chlorhexidine gluconate) have a 

significant effect on the ceramics.  

There are several studies looking at the relation between surface roughness and bacterial 

adhesion. Most studies looked at surface roughness of titanium abutments, ceramics and 

composites. A systemic review conducted in 1997 assessed the surface roughness of 

several dental materials including gold, resin, titanium, amalgam and dentin. It was found 

that a .2 µm surface roughness is a point below which there is no change in bacterial 

adhesion and above which bacterial adhesion significantly increased. The review found 

that increasing the surface roughness of implant abutments from .35 µm to .81 µm, after 

treatment with fluoride, increased the bacterial adhesion by 20 fold [15]. In another study, 

Li et al reported bacterial adhesion to titanium abutments significantly increased when 

the surface roughness was higher than .40 µm [19]. 

The literature is lacking in studies relating surface roughness of lithium disilicate to 

bacterial adhesion, and even though the same threshold cannot be applied to porcelains as 

that has been found for titanium and other dental restorative materials, it can be inferred 

that an increase in surface roughness would increase bacterial adhesion. In this study, 
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CAD/CERAM would be expected to have greater bacterial adhesion than CAD or Press. 

Also, Press would have higher bacterial adherence than the CAD. An in vivo study 

conducted by Bremer et al. looked at bacterial adherence to four different ceramics: 

veneering glass ceramic ( ImagineReflex) , lithium disilicate ( E. max Press), yttrium-

stabalized zirconia ( E. max CAD), hot isostatically pressed zirconia ( DC-Zirkon). The 

surface roughness of the ceramics was determined by the researchers to be .04 µm. They 

found that DC-Zirkon had the least amount of bacterial adherence and lithium disilicate 

had the highest bacterial adherence. [30] The surface roughness reported by this group 

was less rough than those in other studies, 0.12-.54 µm [23,30-31].  It is also lower than 

the .2 µm reported threshold above which bacterial adhesion is increased, as reported by 

Bollen et al. However, despite the decrease in surface roughness, there was an increase in 

bacterial adhesion to lithium disilicate. Based on this, it could be expected that 

CAD/CERAM would have higher bacterial adhesion than Press, CAD, and other 

ceramics such as Zirconia.  
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LIMITATIONS 
 
The surface roughness of the three ceramics was significantly different. CAD/CERAM 

surface roughness was significantly higher than that of CAD and Press prior to and after 

treatment. This difference could be due to the difference in fabrication. The veneering 

fluorapatite is stacked, condensed and sintered rather than milled or pressed. Thus the 

surface porosity and discrepancy in topography is higher. In addition to that, the surface 

of the samples were not as flat as the one prepared for the CAD and Press. This was 

inspected visually; however, examination of the specimens under scanning electron 

microscopy would provide more information on the differences between the ceramics in 

surface topography.  These discrepancies could have caused the large difference in the 

surface roughness between the CAD/CERAM and the other two lithium disilicates.  

Another limitation in this study was that it did not account for other variables that the 

ceramic restorations would typically be subjected to in the oral environment and can 

possibly affect their surface roughness. The restorations are subjected to the oral 

microflora, to forces of mastication, and manual manipulations through brushing. 

In this study, the specimens were soaked continuously for 12 hours to simulate 2-year 

use.  Clinically, the patients rinse with the solutions for 30 seconds a day. Thus the 

continuous soaking does not represent the clinical use of these solutions. This could 

increase the effects of the solutions on the surface roughness of the specimens. Studies on 

the dissolution of ceramics, especially silicate and zirconia ceramics, show that there is a 

difference in the effect of static versus flowing solution, soaking versus rinsing. Ceramic 

dissolution is due to the dissolution of the alkali compounds and disilicate networks [32]. 
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This dissolution is affected by the pH of the environment, increasing the pH would 

increase the dissolution [32]. Thus, as the ceramic is soaked in a static solution, the alkali 

compounds dissolve increasing the pH and increasing the dissolution of the silica matrix. 

This could indicate that continuous soaking enhances the effect of the solutions, and does 

not necessarily mimic the clinical use of these rinses.  
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FUTURE RESEARCH 
 
This study shows that there is a change in surface roughness of the ceramics after soaking 

in anti-caries solutions. However, it does not look at changes in bacterial adherence or 

change in mechanical properties of these ceramics after treatment. Future studies should 

look at bacterial adhesion to these specimens to determine if the change in surface 

roughness would lead to increased bacterial adhesion. Specimens should also be tested to 

evaluate changes in fractures resistance. The proposed theory of ceramic dissolution 

leading to change in surface roughness could also affect other mechanical properties of 

ceramics.  

In this study, alcohol produced a smoother surface for CAD and CAD/CERAM, and a 

rougher surface for Press. Research regarding the effect of acidic fluoride gel has long 

shown to increase the surface roughness of porcelains; however, there is a lack in the 

literature regarding the effect of alcohol on ceramics. Alcohol is found in several rinses 

utilized by patients, not only the anti-caries rinses recommended by CAMBRA. Future 

studies should look at the effect of the active ingredients in chlorhexidine, chlorhexidine 

glucocante, and Prevident, fluoride.  
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Clinical Implications 
 
Within the limitations of this study, it was shown that the prescribed anti-caries agents 

affect the ceramics used in restoring patients’ oral function. Also, different ceramics will 

be affected differently. Surface roughness of the ceramics can be increased or decreased 

by these rinses, such as chlorhexidine and Prevident. These changes might induce change 

in bacterial adhesion, fracture resistance, and strength of the ceramics. Further studies are 

needed to demonstrate if the alcohol content of these solutions is the source of the surface 

roughness change. However, alcohol free solutions could be used to help limit these 

surface changes.  
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CONCLUSION 
 
This study investigated the effect of CAMBRA recommended products, chlorhexidine 

and Prevident, on surface roughness of the lithium disilicates, Press, CAD, and 

CAD/CERAM. A significant interaction was found between the solutions and the lithium 

disilicate ceramics. Six percent alcohol, chlorhexidine, and Prevident increased the 

surface roughness of Press, and decreased the surface roughness of CAD and 

CAD/CERAM.  Initial and final surface roughness of Press and CAD were significantly 

lower than that of CAD/CERAM. Within the limitations of this study, it can be concluded 

that both Press and CAD present better restorative options than CAD/CERAM. In 

addition to that, CAD restorations might be a better restorative option for patients with 

high caries risk who are prescribed alcohol containing anti-caries solutions.  
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APPENDIX 
 
Difference in Initial Surface Roughness 
 
Table 7 One-Way ANOVA for Initial Surface Roughness for the Ceramics 

Source Type III 
Sums of 
Squares 

df 
Mean 

Square 
F Sig 

Between 
Ceramics 

160.73 2       80.36     217.910 .0005 

Within 
Ceramics 

  82.98 225    .37   

Total 243.71 227    

 

Table 8 Tukey HSD Multiple Comparisons for Initial Surface for the Ceramics 
 

Material (I) Material (J) 

Mean Difference 

(I-J) 

Std. 

Error Significance 

Press CAD -.28* .10 .0005 

 CAD/CERAM -1.91*   

CAD Press .28*   

 CAD/CERAM -1.62*   

CAD/CERAM Press 1.90*   

 CAD 1.62*   

*Mean difference is significant at the .05 level 
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Table 9 Tukey HSD Homogenous Subsets for Initial Surface Roughness of the Ceramics 

  Subset of alpha= .05 

Material N 1 2 3 

Press 76 .45   

CAD 76  .73  

CAD/CERAM 76   2.35 

Sig 1.00 1.00 1.00 1.00 

 

Difference in Final Surface Roughness 

Table 10 One-Way ANOVA for the Final Surface Roughness of the Three Ceramics 

Source Type III 
Sums of 
Squares 

df 
Mean 

Square 
F Sig 

Between 
Ceramics 

      44.19 2      22.09     141.58 .0005 

Within 
Ceramics 

      35.11 225  .16   

Total       79.30 227    
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Table 11 Tukey HSD Multiple Comparisons for Final Surface for the Ceramics 

 

Material (I) Material (J) 

Mean 

Difference (I-

J) 

Std. 

Error Significance 

Press CAD .41* .06 .0005 

 CAD/CERAM -.66*   

CAD Press -.41*   

 CAD/CERAM -1.07*   

CAD/CERAM Press .66*   

 CAD 1.07*   

* The mean difference is significant at the .05 level 

Table 12 Tukey HSD Homogenous Subsets for Final Surface Roughness of the Ceramics 

  Subset of alpha= .05 

Material N 1 2 3 

Press 76 .40   

CAD 76  .80  

CAD/CERAM 76   1.46 

Sig 1.00 1.00 1.00 1.00 
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Change in Surface Roughness 
Table 13 Two-Way ANOVA Summary Table 
 

Source 
Type III 
Sums of 
Squares 

df Mean 
Square F Sig 

Material  59.00 2       29.50    135.48 .0005 
Solution    4.11 3 1.39        6.39 .0005 
Material 
*Solution   13.57 6 2.26      10.38 .0005 

Error 47.04 216   .22   
Total       142.44 228    

 

Table 14 Tukey HSD Multiple Comparisons Test for the Soaking Solutions 

Solution (I) Solution (J) 
Mean 

Difference (I-J) 
Std. Error Sig. 

Water Alcohol .34* .09 .001 

 Chlorhexidine .29*  .006 

 Prevident .30*  .004 

Alcohol Water -.34*  .001 

 Chlorhexidine -.05  .93 

 Prevident -.04  .96 

Chlorhexidine Water -.29*  .006 

 Alcohol .05  .93 

 Prevident .01  1.00 

Prevident Water -.30*  .004 

 Alcohol .04  .960 

 Chlorhexidine -.01  1.00 

* The mean difference is significant at .05 level 
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Table 15 Tukey HSD Homgenous Subsets for the Soaking Solutions  

  Subset 

Solution N 1 2 

Alcohol 57 -.40  

Prevident 57 -.35  

Chlorhexidine 57 -.34  

Water 57  -.05 

Sig  .93 1.00 

 

Table 16 Tukey HSD Multiple Comparisons Test for the Ceramics 

Material  

(I) 

Material (J) Mean 

Difference (I-

J) 

Std. Error Sig 

Press CAD .69* .08 .0005 

 CAD/CERAM 1.23*   

CAD Press -.685*   

 CAD/CERAM .56*   

CAD/CERAM Press -1.24*   

 CAD -.56*   

* The mean difference is significant at the .05 level.  
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Table 17 Tukey HSD Homogenous Subsets for the Ceramics 

  Subset 
Material N 1 2 3 

CAD/CERAM 76 -.90   
CAD 76  -.33  
Press 76   .36 
Sig  1.00 1.00 1.00 
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 Raw Data  
 

Material/Solution Initial Surface 
Roughness 

Final Surface 
Roughness 

Pressed/Water 0.32 0.48 
 0.36 0.535 
 0.47 0.475 
 0.5 0.55 
 0.49 0.5 
 0.48 0.41 
 0.515 0.57 
 0.365 0.39 
 0.39 0.45 
 0.63 0.785 
 0.48 0.6 
 0.5 0.625 
 0.42 0.55 
 0.48 0.5 
 0.38 0.44 
 0.49 0.475 
 0.635 0.75 
 0.295 0.425 
 0.315 0.335 

Press/Alcohol 0.48 1.565 
 0.515 0.45 
 0.555 1.235 
 0.375 1.12 
 0.385 0.925 
 0.475 0.89 
 0.575 0.785 
 0.625 2.275 
 0.335 0.67 
 0.555 1.645 
 0.385 0.555 
 0.54 0.715 
 0.29 0.28 
 0.49 0.79 
 0.33 0.48 
 0.32 0.725 
 0.465 1.07 
 0.525 0.82 
 0.655 1.86 

Press/Prevident 0.51 0.56 
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 0.4 0.675 
 0.35 0.51 
 0.645 0.64 
 0.53 0.905 
 0.445 0.84 
 0.325 0.355 
 0.66 0.905 
 0.425 1.17 
 0.355 1.115 
 0.435 0.59 
 0.23 0.28 
 0.52 0.84 
 0.285 0.25 
 0.385 0.895 
 0.29 0.285 
 0.52 1.745 
 0.315 0.67 
 0.52 1.56 

Press/Chlorhexidine 0.625 1.285 
 0.505 1.1 
 0.635 2.475 
 0.44 0.325 
 0.32 1 
 0.595 1.8 
 0.435 0.81 
 0.4 0.95 
 0.365 0.36 
 0.33 0.45 
 0.37 0.625 
 0.355 0.585 
 0.37 0.845 
 0.255 0.54 
 0.42 0.655 
 0.49 1.01 
 0.41 0.995 
 0.37 0.625 
 0.645 1.125 

CAD/Water 0.375 0.305 
 0.36 0.27 
 0.365 0.345 
 0.275 0.31 
 0.4 0.315 
 0.46 0.24 
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 0.34 0.19 
 0.335 0.29 
 0.325 0.44 
 0.575 0.36 
 0.305 0.24 
 0.355 0.295 
 0.315 0.22 
 0.63 0.52 
 0.365 0.395 
 0.41 0.505 
 0.415 0.4 
 0.445 0.51 
 0.505 0.565 

CAD/Alcohol 1.93 0.465 
 1.005 0.5 
 0.57 0.385 
 0.405 0.3 
 1.08 0.52 
 0.625 0.36 
 0.495 0.42 
 0.59 0.34 
 0.395 0.325 
 0.385 0.335 
 0.565 0.465 
 0.85 0.475 
 0.945 0.51 
 1.625 0.72 
 0.785 0.25 
 1.465 0.47 
 1.025 0.58 
 1.35 0.615 
 0.465 0.295 

CAD/Prevident 1.865 0.48 
 1.1 0.45 
 1.245 0.4 
 0.79 0.375 
 0.38 0.325 
 0.335 0.245 
 0.51 0.41 
 1.03 0.475 
 0.685 0.305 
 0.895 0.495 
 0.81 0.29 
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 0.65 0.295 
 0.455 0.33 
 1.19 0.45 
 0.905 0.48 
 0.605 0.31 
 0.895 0.33 
 0.785 0.25 
 0.3 0.42 

CAD/Chlorhexidine 0.775 0.37 
 0.565 0.265 
 0.465 0.43 
 0.42 0.27 
 0.375 0.33 
 0.65 0.345 
 0.93 0.36 
 0.385 0.32 
 1.5 0.925 
 0.53 0.465 
 0.72 0.365 
 1.08 0.465 
 0.535 0.23 
 1.82 0.445 
 1.195 0.415 
 0.71 0.335 
 1.24 0.505 
 0.995 0.615 
 1.03 0.535 

CAD-CERAM/Water 1 0.775 
 0.79 0.84 
 1.25 1.11 
 0.89 0.815 
 1.395 1 
 1.25 0.8 
 1.165 1.16 
 1.35 1.25 
 1.085 0.905 
 1.38 0.935 
 1.15 1.015 
 1.97 1.615 
 1.285 0.965 
 1.47 1.5 
 1.61 1.395 
 1.59 1.79 
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 1.045 0.87 
 1.615 0.905 
 0.785 0.845 

CAD-CERAM/Alcohol 2.515 1.51 
 2.77 1.11 
 2.47 1.525 
 2.705 1.205 
 1.36 0.915 
 2.35 1.38 
 2.715 1.905 
 3.265 1.51 
 1.96 1 
 3.215 1.255 
 1.94 2.545 
 2.57 1.375 
 4.035 1.35 
 2.895 1.24 
 1.205 0.635 
 3.05 1.685 
 4.12 1.495 
 2.54 1.135 
 2.53 1.51 

CAD-
CERAM/Prevident 3.38 3.38 

 2.245 2.245 
 2.795 2.795 
 2.19 2.19 
 4.13 4.13 
 2.42 2.42 
 1.61 1.61 
 5.175 5.175 
 3.27 3.27 
 1.105 1.105 
 2.685 2.685 
 3.565 3.565 
 3.32 3.32 
 1.07 1.07 
 3.42 3.42 
 3.345 3.345 
 3.33 3.33 
 3.075 3.075 
 2.17 2.17 

CAD- 2.165 1.115 
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CERAM/Chlorhexidine 
 2.58 1.845 
 2.68 1.915 
 2.65 0.97 
 1.355 1.13 
 1.93 0.975 
 3.22 1.16 
 2.385 1.71 
 2.425 1.675 
 4.015 2.665 
 3.215 1.575 
 1.96 1.12 
 1.94 1.255 
 2.78 2.22 
 1.94 1.335 
 4.06 2.16 
 3.675 1.65 
 2.71 1.055 
 2.46 1.46 
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