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ABSTRACT 
Objective: To evaluate the effects of immersion solutions and polishing protocols on the surface roughness 
of different restorative materials. Material and Methods: Specimens from composite resin (CR) (Filtek Z350 
XT) and CAD-CAM blocks of resin nanoceramic (NC) (Lava Ultimate Restorative), hybrid ceramic (HC) 
(Enamic), and zirconia-reinforced lithium silicate (ZL) (Celtra Duo) were assigned to two protocols: only 
polishing rubbers (PR) (Ceramisté rubbers®) or PR + paste (Porcelize®) (PR+P). Surface roughness was 
measured before (T0), after 30 days (T1), and 60 days (T2) of immersion in solutions of artificial saliva (SA), 
coffee (CF), and Coca-Cola® (CO). Roughness changes were compared using ANOVA and Tukey test 
(α=0.05). Results: Time (p≤0.003) and the interaction of time and immersion solution (p≤0.03) significantly 
affected all materials. The interaction of time, immersion solution, and polishing significantly affected ZL 
(p=0.003) and NC (p=0.013). The highest surface roughness values were observed with CF solution at T2. 
Conclusion: Different polishing protocols did not significantly affect the restorative materials tested. The CF 
solution affected the surface roughness of composite resin and feldspathic-composite hybrid ceramic after 60 
days, regardless of the polishing protocol. The effects of immersion solutions and polishing protocols vary 
and depend on the properties of each restorative material. 
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n Introduction 

Ceramic prostheses fabricated by laboratory technicians require skills during condensation, the firing 

process, and the appropriate powder/liquid mixing ratio [1]. Problems in these processes can result in porosities, 

which may affect the ceramic structure's texture, surface roughness, and shade [2-4]. 

The current technology of computer-aided design/computer-aided manufacturing [CAD/CAM] not 

only leads to fast procedures and high-quality indirect restorations but also avoids problems associated with the 

materials due to the high pressure and temperature used to produce them in blocks [5,6]. Compared to ceramic 

materials, composite materials cause lesser wear of the natural antagonist teeth [5]. However, the problems with 

color stability and wear limit the use of composite resins [5]. Some CAD/CAM materials have been developed 

to balance the advantages and disadvantages of ceramic and composite materials. These materials are 

CAD/CAM blocks of composites and polymer-infiltrated ceramics that exhibit high flexural strength, low 

brittleness, and easy milling [7]. 

Regardless of their composition, restorations should have a smooth external surface for high esthetic 

quality and maintenance of periodontal health. Rough surfaces facilitate plaque formation and retention, 

resulting in gingivitis, periodontitis, and dental caries [8]. Other consequences of surface roughness include a 

decrease in the flexural strength of the restorative material, an increase in the wear of the antagonist tooth, and 

a decrease in the longevity of both the restored tooth and the antagonist tooth [9]. 

Adjustments may be necessary during laboratory procedures and intraorally in the dental clinics. This 

must be followed by polishing or re-glazing to avoid a decrease in the longevity of the restoration and wear of 

the antagonist tooth [9,10]. If an appropriate polishing procedure is not performed in ceramics, microcracks 

may also appear, leading to future catastrophic fractures [9]. Some materials do not need a two-step work 

process to reach the required strength, which includes design and machining as the first step and another step 

for additional heat treatment [10,11]. 

The materials that can be processed by one-step CAD/CAM are manually polished and performed in 

the same clinical session as the restorative treatment. Several polishing systems and protocols are recommended 

for ceramic and composite restorations [12,13]. However, it is unclear which polishing system and protocol 

should be used or if all systems have the same effect on every material. Polishing rubbers [PR], diamond discs, 

and polishing brushes used along with diamond pastes are the most prevalent clinical polishing techniques [14]. 

Acidic and staining beverages are consumed daily, exposing the teeth and restorative materials to this 

environment. Acidic environments can degrade the surfaces of some restorative materials, affecting their surface 

roughness [15]. The performance of restorative materials under such conditions depends on their physical 

properties [16]. Nanohybrid composites blend composite and ceramic resins' physical and mechanical properties; 

however, their performance when exposed to critical situations such as immersion solutions has not been studied 

[17]. There is limited evidence on the behavior of these hybrid materials - whether they are closer to ceramics 

or composite resins, especially regarding the most appropriate surface treatment protocol to prevent surface 

damage in these materials. 

Thus, this study investigated the effects of different immersion solutions and polishing protocols on the 

surface roughness of various CAD/CAM materials and a composite resin (RC) at different time points. The null 

hypotheses of this in vitro study were that the investigated CAD/CAM materials and composite resin do not 

show differences in surface roughness after immersion in different solutions (H1) and that the polishing protocols 

have no effect on the surface roughness of the CAD/CAM materials and composite resin evaluated (H2). 
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n Material and Methods 

Experimental Design 

The materials used were composite resin (CR) (Filtek Z350), resin nanoceramic (NC) (Lava Ultimate 

Restorative), feldspathic-composite hybrid ceramic (HC) (Enamic), and zirconia-reinforced lithium-silicate (ZL) 

(Celtra Duo). The description and composition of the restorative materials are shown in Table 1. 

 

Table 1. Materials and composition of the evaluated materials. 
Material and Manufacturer Type of Material Composition 

Filtek Z350 XT; 3M ESPE Dental 
Products, St. Paul, MN, USA 

Nanofilled composite Bis-GMA, Bis-EMA, UDMA, TEGDMA, PEGDMA, sílica 
filler, zirconia/sílica cluster filler 

Lava Ultimate; 3M ESPE Dental 
Products, St. Paul, MN, USA 

Resin nanoceramic CAD/CAM 
block 

Bis-GMA, UDMA, Bis-EMA, TEGDMA with 80%wt, 20-nm 
silica and 4- to 11-nm zirconia nanoparticles, and zirconia/silica 

nanoclusters 

Enamic; Vita Zahnfabrik, Germany Hybrid ceramic CAD/CAM 
block 

UDMA, TEGDMA, 86wt% Feldspar ceramic enriched with 
aluminum oxide 

Celtra Duo ZL; Dentsply Sirona Inc., 
Charlotte, NC, USA 

Zirconia-reinforced lithium 
silicate ceramic block 

CAD/CAM 

Lithium silicate with 10% ZrO2 

Ceramisté; Shofu Dental GmbH, 
Ratingen, Germany 

Silicon Rubber Silicon carbide-impregnated polishers 

Porcelize Paste; Cosmedent Inc., 
Chicago, USA 

Diamond paste Diamond particles 1µm 

CAD/CAM: Computer-Aided Design/Computer-Aided Manufacturing; Bis-GMA: Bisphenol A-Glycidyl Methacrylate; Bis-EMA: 
Bisphenol A Diglycidyl Methacrylate Ethoxylated; UDMA: Urethane Dimethacrylate; TEGDMA: Triethylene Glycol Dimethacrylate; 
PEGDMA: Polyethylene Glycol Dimethacrylate; ZrO2: Zirconia Dioxide. 
 

The sample size calculation was done using the G Power software, considering the Analysis of Variance 

test (ANOVA) two-way for repeated measures, effect size = 0.168 [18], alpha = 0.05, and power of 80%. The 

calculus indicated that nine samples/groups were minimally necessary. Considering other similar studies in the 

area, the size of 10 samples per group was defined. Thus, 60 specimens for each material were obtained. 

The NC, HC, and ZL specimens were obtained from CAD/CAM blocks, which were cut using a water-

cooled low-speed diamond saw (Isomet, Buehler Ltd, Lake Bluff, IL, USA) to obtain rectangular specimens that 

were 6 mm in length 6 mm in width, and 1.5 mm in thickness. The CR specimens of Filtek Z350 XT were created 

using a Zetalabor (Zhermack SpA, Badia Polesine, RO, Italy) condensation silicone matrix with dimensions of 6 

× 6 × 1.5 mm. The resin was inserted in a single increment into the silicon matrix, and a polyester strip and a 

weight of 1 kg were placed on it for surface standardization. 

Subsequently, the specimens were included in a circular matrix with a diameter of 10 mm and a height 

of 1.5 mm filled with polyester resin, exposing the restorative material surface. After 24 hours of inclusion in the 

matrix with polyester resin, the specimens were standardized in a polishing machine (DP-10 Panambra, Struers 

ApS, Ballerup, Denmark) under refrigeration with silicon carbide abrasive papers (600 and 800 grit). The final 

thickness (1.5 mm) was measured using a digital caliper. 

 

Polishing Protocols 

Then, the specimens were washed in water, dried with a paper towel, and randomly allocated to two 

polishing protocols: 

1) Only polishing rubbers (PR): polishing rubbers (Ceramisté [Standard, Ultra, and Ultra II]) were used for 

20 seconds in both directions of movement at a low speed. 
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2) Polishing rubbers + paste (PR+P): polishing rubbers (Ceramisté [Standard, Ultra, and Ultra II]) were 

used for 20 seconds in both directions of movement at a low speed, followed by the application of a granulation 

paste (Porcelize 1 μm) using a felt disc (FlexiBuff, Cosmedent Inc., Chicago, IL, USA) for another 20 seconds. 

After polishing, the specimens were ultrasonically washed in distilled water for 2 minutes and stored in 

artificial saliva for 24 hours in an oven at 37 ± 1°C (EBC1, Odontobrás Equipamentos Médicos e Odontológicos, 

Ribeirão Preto, SP, Brazil) for rehydration before starting immersion in the pigment solutions. 

 

Immersion Solutions 

After rehydrating for 24 hours, all specimens were removed from the artificial saliva storage, 

ultrasonically washed with distilled water, and dried. They were then immersed in solutions of new artificial 

saliva (SA), Nespresso® Arpeggio coffee (CF), or Coca-Cola® (CO) and stored in an incubator at 37 ± 1°C for 60 

days, renewing the solutions every 5 days to avoid contamination. 

 

Surface Roughness Analysis 

Three readings of surface roughness were recorded using a digital profilometer SJ 400 (Mitutoyo 

Corporation, Tokyo, Japan), and the mean value was determined as the “Ra” (µm) value. The reading accuracy 

of the profilometer was 0.01 m, with a reading length of 2.4 mm, an active tip velocity of 0.5 mm/s, and a radius 

of the active tip of 5 m. The roughness readings were performed before (baseline - T0) the first immersion in the 

solutions, after 30 days (T1), and after 60 days (T2) of immersion. 

 

Scanning Electron Microscopy 

The samples were randomly selected to examine the surface topography using scanning electron 

microscope JEOL 6060 (JEOL Ltd., Tokyo, Japan) images at T0 and T2. Before the reading, the selected 

specimens were dried with air jets for 60 seconds, and an impression of the surface was taken with the additional 

silicone and replicated with epoxy resin. The identical specimens were placed in a desiccator with silica gel for 

24 hours before visualization under the SEM. The surface roughness was evaluated under 500x magnification 

using the SEM operating at 20 kV. 

 

Data Analysis 

The normality of data distribution and sphericity were verified using the Shapiro-Wilk (p=0.052–0.282) 

and Mauchly (p<0.001) tests, respectively. The Greenhouse-Geisser correction factor was used because the 

assumption of sphericity was not considered. Data were analyzed using PASW Statistics software version 25.0 

(SPSS Inc., Chicago, IL, USA), with a confidence interval set at 95%. Repeated measures analysis of variance 

(ANOVA) and Tukey’s test were used to evaluate the effect of the immersion solutions (SA, CF, and CO), 

polishing protocols (PR and PR+P), and evaluation times (T0, T1, and T2) on the dependent factor (surface 

roughness) for each material tested (ZL, HC, NC, and CR). 

 

n Results 

For composite resin, a significant difference was noted for the factor of time (p<0.001) and the 

interactions of time and solution (p=0.030) and of time and polishing (p=0.030). However, no significant 

difference was identified for the interaction of time, solution, and polishing (p=0.128). A significant difference 

was also observed for the factor of solution (p=0.002) but not for polishing (p=0.848) or the interaction of 
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solution and polishing (p=0.492). The specimens of CR immersed in CF showed the highest roughness values at 

T2, independent of the polishing protocol, with no statistically significant difference between them. However, 

the interaction of immersion in the CF solution and PR+P protocol did not show an important difference when 

compared with the other immersion solutions and polishing protocols at the other evaluated times. Moreover, 

the roughness values were similar for all the conditions, without any effect of the type of treatment. The Ra 

values according to the solution/polishing and evaluation times are shown in Figure 1. 

 

 
a-bIdentical superscript lowercase letters indicate no significant difference among the groups (α=0.05). 

Figure 1. Mean and standard deviation of roughness (Ra) according to solution/polishing and 
evaluation times for composite resin (RC). 

 

Regarding nanoceramic resin, the repeated measures ANOVA revealed significant differences for the 

factor of time (p=0.003) and the interactions of time and solution (p=0.014) and of time, solution, and polishing 

(p=0.013). No significant difference was observed between time and polishing (p=0.16). A significant difference 

was observed for the factor of solution (p=0.001) but not for polishing (p=0.209) or the interaction of solution 

and polishing (p=0.962). All solutions elicited similar roughness values for the different evaluation times, 

regardless of the polishing protocol. At T2, the highest roughness values were observed for specimens immersed 

in the CF solution. However, the roughness values of the specimens did not show a significant difference for 

different immersion solutions, regardless of the protocol used. Notably, SA associated with the PR+P protocol 

at T1 showed the lowest roughness value, statistically different from CF associated with the PR+P protocol at 

T2. The Ra values according to the solution/polishing and evaluation times are shown in Figure 2. 

 

 
a-bIdentical superscript lowercase letters indicate no significant difference among the groups (α=0.05). 

Figure 2. Mean and standard deviation of roughness (Ra) according to solution/polishing and resin 
nanoceramic (NC) evaluation times. 

 

Regarding hybrid ceramic, a significant difference was found for the factor of time (p<0.001) and the 

interaction of time and solution (p<0.001). There was no significant difference between the interaction of time 
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and polishing (p=0.675) and time, solution, and polishing (p=0.425). Additionally, the ANOVA revealed a 

significant difference for the factor of solution (p<0.001) but not for the factors of polishing (p=0.207) or the 

interaction of solution and polishing (p=0.879). Regardless of the polishing protocol, the specimens immersed in 

CF showed the highest roughness values at T2. The values for immersion in CF at T2 were statistically different 

from those of all other conditions, which showed similar roughness values without any effect of the type of 

treatment. The Ra values according to the solution/polishing and evaluation times are shown in Figure 3. 

 

 
a-bIdentical superscript lowercase letters indicate no significant difference among the groups (α=0.05). 

Figure 3. Mean and standard deviation of roughness (Ra) according to solution/polishing and 
evaluation times for hybrid ceramic (HC). 

 

Finally, for zirconia-reinforced lithium-silicate a significant difference was noted for the factor of time 

(p<0.001) and the interactions of time and solution (p=0.001) and of time, solution, and polishing (p=0.003); 

however, repeated measures ANOVA did not show a difference for the interaction of time and polishing 

(p=0.969). Furthermore, no significant difference was observed for solution (p=0.050) and polishing (p=0.895), 

but there was a substantial difference for the interaction of solution and polishing (p=0.021). Specimens immersed 

in SA had the highest increase in roughness values at T1 and T2 when associated with PR protocol, and it 

showed a statistical significance when compared to the baseline. There was a significant difference between the 

immersion in the CF solution associated with the PR protocol at T2 and immersion in the same solution related 

to the PR+P protocol at T1. The roughness values for ZL specimens immersed in CO associated with the PR+P 

protocol were lower than those of ZL specimens immersed in CF associated with the same polishing protocol at 

T1. Immersion in SA solution associated with PR protocol showed significantly higher roughness values at T2 

when compared with immersions in CF and CO solutions related to the same polishing protocol. The Ra values 

according to the solution/polishing and evaluation times are shown in Figure 4. 

 

 
a-bIdentical superscript lowercase letters indicate no significant difference among the groups (α=0.05). 

Figure 4. Mean and standard deviation of roughness (Ra) according to solution/polishing and 
evaluation times for zirconia-reinforced lithium-silicate (ZL). 
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The SEM images of the surface roughness of each material immersed in the control solution, i.e., SA, 

and the solution showing the highest roughness values, i.e., CF, are shown in Figures 5 to 8 for T0 and T2 

evaluation times. 

 

 
Figure 5. Scanning electron microscope images (500x) of composite resin (Filtek Z350 XT) surfaces 
immersed in artificial saliva solution at baseline (A) and after 60 days (B) and in coffee solution at 

baseline (C) and after 60 days (D). 
 

 
Figure 6. Scanning electron microscope images (500x) of resin nanoceramic (Lava Ultimate 

Restorative) surfaces immersed in artificial saliva at baseline (A) and after 60 days (B) and in coffee 
solution at baseline (C) and after 60 days (D). 
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Figure 7. Scanning electron microscope images (500x) of hybrid ceramic (Enamic) surfaces immersed in 

artificial saliva at baseline (A) and after 60 days (B) and in coffee solution at baseline (C) and after 60 
days (D). 

 

 

 
Figure 8. Scanning electron microscope images (500x) of zirconia-reinforced lithium-silicate (Celtra 

Duo) surfaces immersed in artificial saliva at baseline (A) and after 60 days (B) and in coffee solution at 
baseline (C) and after 60 days (D). 

 

n Discussion 

This in vitro study compared the surface roughness of a composite resin and different CAD-CAM 

restorative dental materials that were polished with various protocols and exposed to different immersion 
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solutions. The CR and HC specimens immersed in CF solution showed the highest roughness values in the 

evaluation at T2 when compared with the other solutions, regardless of the polishing protocol used. Thus, the 

H1 hypothesis was rejected. 

Resin-based materials show water diffusion through the polymer chains and, consequently, a hydrolytic 

deterioration of these chains [19,20]. Therefore, this material shows a structural decline after aging in solutions, 

which can justify the significant difference observed only at T2 with immersion in CF solution. CF immersion 

showed the highest surface roughness values, exhibiting a considerable difference between RC and HC at T2. 

The most significant changes in roughness after immersion in CF compared with the other solutions could be 

attributed to the low pH and high temperature. 

In ceramics and hybrid materials, the silica content is directly proportional to the polishing ability; 

hence, a higher crystalline phase content decreases the smoothness and polishing capacity of the restorations 

[21-23]. In this study, where the specimens were immersed in CF solution immediately after preparation, the 

high temperature may have caused silica to dissolve partially, degraded the surface, and increased roughness. 

NC has mechanical and surface properties that are more similar to composite resins than ceramic materials [23], 

with some zirconium dioxide fillers, which can reduce the maximum surface roughness [12]. This may justify 

the non-significant effect of the polishing procedures evaluated in the NC roughness changes. 

The polishing protocols evaluated in this study did not significantly affect the surface roughness; thus, 

the H2 hypothesis was accepted. Although there was no difference between the polishing protocols evaluated, 

polishing is necessary [24,25]. Unpolished specimens of HC caused wear of severe enamel owing to the exposure 

of the feldspathic ceramic network [10], suggesting that appropriate polishing is essential. The surface 

smoothness achieved with a polishing procedure using a sequence of three PR cannot be superior to that of a 

simplified polishing system using a sequence of two PR [26]. Furthermore, mechanical polishing is preferred to 

glazing for some specific materials, such as ZL [27]. As for lithium disilicate or feldspar ceramic, glazing and 

chair-side polishing promote similar smoothness, with a preference for the latter due to low cost and limited 

clinical time [26]. Our results did not show a significant difference in the use and non-use of the diamond paste. 

However, these polishing pastes provide efficient surface polishing [28]; thus, although there is no evidence 

using diamond paste guarantees better surface polishing, the absence of reported deleterious effects justifies the 

professional's preference for this procedure. 

ZL Celtra Duo is a ceramic that provides two processing pathways: cementation after milling and 

polishing, which is a faster procedure, or cementation after milling, glazing, and firing, which is a slower 

procedure but offers additional strength [29]. This study showed a significant increase in the surface roughness 

of ZL after aging in the SA immersion solution. This finding suggests that because the firing step was not used, 

it may have affected the surface roughness, which probably would have shown better behavior after the additional 

step. During the grinding process, the strength of ceramic materials may be reduced by 50%, whereas resin-

based materials are less susceptible to such effects [30]. These failures may affect the material structure reported 

by these studies, thus explaining the increase in the surface roughness of ZL even in the control group (SA) in 

our study. 

Obtaining polished surfaces in restorations is associated with patient comfort and prevention of biofilm 

retention. Surfaces with Ra greater than 0.80 µm are more likely to retain biofilm. Moreover, Ra of 0.20 µm is 

recommended as the minimum limit for the perception of roughness by the patient with their tongue, as well as 

the minimum threshold for debris accumulation [31]. Our findings demonstrated that the mean Ra values 

remained below these critical values regardless of the material, immersion solution, polishing protocol, and 
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evaluation time. Patients’ perception of roughness by their tongues can also be possible when there is an increase 

of 0.25–0.5 µm in the Ra [32]. This suggests that in our findings, even in the groups showing a significant 

increase in roughness, this would not be clinically perceptible by the patients, nor would it reach the threshold 

favoring biofilm retention. 

Incorporating very hard filler particles in a soft resin matrix makes it challenging to choose the 

appropriate materials and polishing techniques for today's hybrid restorative materials [17,22]. Materials with 

a high percentage of filler particles and heat-pressed have a lower polishing ability [23]. Moreover, wearing 

teeth related to non-carious processes has gained importance, affecting approximately 46.7% of the global 

population [33]. Among the conditions associated with this wear and tear, changes in eating habits can be 

attributed to the increased intake of acidic drinks [34]. Two systematic reviews showed no difference in the 

clinical longevity of direct and indirect resin restorations [35], while ceramic restorations have a longevity rate 

greater than 90% [36]. 

Fractures/chipping, secondary caries, and marginal discoloration are factors associated with 

impairment of the longevity restorations and can also result from incomplete finishing of the restorative 

procedures [36]. Thus, considering the literature remains inconclusive on the recommended protocols for 

different types of materials, our findings could help clinicians obtain greater longevity in their treatments. This 

study's limitations include using only one surface roughness parameter [Ra], and the evaluation of flat specimens 

cannot closely reproduce what transpires in the oral cavity. Further studies are needed to investigate polishing 

protocols that could be appropriate for each material and carry out color and gloss analysis. This can help analyze 

the roughness of these materials after immersion in different solutions and avoid the deleterious effects of 

pigment and/or acidic solutions in these materials more efficiently. 

 

n Conclusion 

Overall, the surface roughness of each restorative material evaluated was not affected by the polishing 

protocols and different evaluation times. Immersion in coffee showed the highest roughness values, with a 

significant difference between the composite resin and feldspathic-composite hybrid ceramic surfaces at 60 days 

(T2). Using diamond paste with polishing rubbers did not affect the roughness of the materials. 
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