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This study evaluated the surface roughness and color alteration of an aged nanofilled composite exposed to different staining solutions and bleaching agents. Ninety nanofilled composite (Filtek Z350XT, 3M/Oral Care) specimens were submitted to 5,000 thermal cycles and immersed in (n = 30): red wine, coffee, and artificial saliva at 37°C for 48 h. Groups were subdivided according to the bleaching protocol (n = 10) with 20% carbamide peroxide, 38% hydrogen peroxide, or without bleaching - control. Mean surface roughness values (Ra - μm) and color parameters (L*, a*, b*) were measured at baseline (T0), after thermal cycling aging and staining (TS), and after bleaching (TB). Color (ΔE00) and whiteness index (ΔWID) changes were determined after aging and staining (Ts-T0) and after bleaching (TB-TS). The adopted perceptibility and acceptability thresholds of the nanofilled composite were 0.81 and 1.71 ΔE00 units and 0.61 and 2.90 ΔWID units, respectively. Ra was analyzed using mixed models for repeated measurements and L* by the Tukey-Kramer test. The a* and b* values were evaluated by generalized linear models for repeated measures. ΔE00 was tested using two-way ANOVA and Tukey tests, and ΔWID by Kruskal-Wallis and Dunn tests (α = 5%). Ra of all groups decreased after aging and staining (TS, p < 0.05), but increased after bleaching only for groups stained with red wine (TB). Aging and staining decreased the luminosity of the composites, but L* increased after bleaching (p < 0.05). Aging and staining increased a* and b* values, but after bleaching, b* values decreased (p < 0.05). After bleaching, ΔE00 and ΔWID were greater in stained groups at both time intervals, regardless of the bleaching protocol. Stained resin composites exhibited perceptible but unacceptable color (ΔE00 > 1.71) and whiteness (ΔWID > 2.90) changes, regardless of the bleaching treatment performed. Therefore, red wine affected the surface roughness of the aged nanofilled resin submitted to bleaching. Bleaching was unable to reverse the color changes promoted by red wine and coffee on the aged nanofilled composite.
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INTRODUCTION

Staining beverages and food, pH alterations, temperature oscillations, and the dynamic intra-oral environment incite a challenging condition that can lead to aging and degradation of the composite resin (1, 2). The clinical manifestation of the aging process could be translated into various phenomena including staining, micro gaps, wear, delamination, and fracture of composite resins, that eventually hasten the necessity for the composite restoration replacement (3, 4). Particularly, the staining of polymer materials may occur due to either intrinsic or extrinsic reasons. The intrinsic color change of resin is mostly determined by the quality of the resin matrix including the quality of the inorganic filler, coupling agent, inhibitor, and the quality of the light-curing (5, 6). Previous studies have reported that color shifts of the resin are prone to occur after light curing (7, 8) as well as after long-term service in the oral cavity (6).

On the other hand, extrinsic staining of resin composites presents multifactorial etiology, but it is a common consequence of the adsorption and absorption of stains from food and beverages (9). Coffee, tea, red wine, orange juice, some types of soda, and food colorings can change tooth or polymer-based restorations color, especially when frequently ingested (10, 11). Among these staining agents, red wine is reported to be the most potential color modifying solution (12), due to the concentration of the flavonoids, its low pH, and the presence of alcohol (13–15). These factors combined trigger the softening and degradation of the organic matrix (16). Therefore, along with color alteration promoted by extrinsic staining, the aging effect may lead to surface roughening of the composite (17–19). As a consequence, the increase in the composite surface roughness raises the possibility of biofilm formation and, consequently, the risk of recurrent caries development (20, 21).

Furthermore, dental bleaching using high-concentrated hydrogen peroxide (HP) or low-concentrated carbamide peroxide (CP) could promote alterations on the resin composite surface (22). According to observations, an increase in surface roughness, a decrease in surface microhardness and color change are likely to occur as a consequence of the composite surface exposure to the bleaching agent (23–25). It is suggested that these events may be the result of hydrogen peroxide's oxidative and caustic action on the resin organic matrix (23, 26, 27). Such alterations are possibly related to the bleaching agent concentration and the type of resin composite materials (28).

Although mechanical properties of nanofilled composites are well documented (29), little information is available regarding the behavior of the aged polymer-based material submitted to staining solutions and bleaching agents. Considering that the nanofilled composite resin is indicated to restore teeth that could be exposed to bleaching during its clinical service (up to premolars with the involvement of the buccal surface), modification in its properties could undermine the clinical satisfaction and longevity of restorations (3, 22). Besides, the final surface properties and color changes promoted by bleaching treatment on the aged and stained composite could guide a clinical decision to maintain or replace the preexisting restoration. In this scenario, recent studies have evaluated the impact of bleaching protocols on the enamel and restorative material surfaces employing the 50:50% perceptibility (PT) and acceptability (AT) threshold values (30–32). In other words, values of just-noticeable differences determined in previous multi-centric studies indicate whether colorimetric alterations in the surfaces are perceptible, and the acceptability threshold determine until what extent 50% of the lay observers consider that those visible changes would not compromise the color match between the evaluated material and the tooth (33, 34).

Given these facts, this study evaluated the surface roughness and the color of a nanofilled composite resin aged with thermal cycling and submitted to extrinsic staining (red wine and coffee) and bleaching with at-home and in-office peroxide agents. The null hypotheses tested were that bleaching would not change the surface roughness (1) and color (2) of the aged and stained nanofilled composite and (3) the nanofilled composite submitted to aging-staining and bleaching would not exhibit acceptable color and whiteness changes according to the perceptibility and acceptability thresholds.



MATERIALS AND METHODS


Experimental Design

Ninety specimens of nanofilled composite (Filtek Z350XT, 3M/Oral Care) were submitted to 5,000 thermal cycles and immersed in (n = 30): red wine (RW), coffee (CF), and artificial saliva (AS) at 37°C for 48 h. These groups were submitted to bleaching protocols (n = 10): 20% carbamide peroxide (CP), 38% hydrogen peroxide (HP), or no bleaching (Control, CT). The groups were evaluated at baseline (T0), after thermal cycling and staining (TS) and after bleaching protocols (TB). The variable responses evaluated were surface roughness according to the Ra parameter (roughness average, in μm), color (L*/a*/b* parameters), color alteration (ΔE00), and whiteness index (ΔWID) change.



Sample Preparation and Thermal Cycling

The nanofilled composite (Filtek Z350 XT, 3M Oral Care, São Paulo, Brazil) was placed in Teflon molds (6 mm diameter × 3 mm thickness). A Mylar strip was positioned over the composite and another glass slide was pressed on the top of the composite, with a 500 g - load for 30 s. The composite was light-cured for 40 s (Bluephase – Ivoclar Vivadent, Barueri, São Paulo, Brazil, 1,200 mW/cm2 of irradiance). The specimens were stored in distilled water for 24 h at 37°C, and the individual caps were covered with aluminum paper to simulate a dark environment. After 24 h, specimens were polished with descendent granulations of sandpaper disks (Sof-Lex, 3M Oral Care) for 10 s and discarded after five procedures. To age the composite, specimens were submitted to 5,000 thermal cycles with temperatures ranging from 5° to 55°C (±1°C) (MSCT-3 PLUS, Marcelo Nucci-ME, São Carlos, Brazil). Table 1 describes both the restorative material and bleaching agents used in the present study.


Table 1. Restorative and dental bleaching materials used.
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Extrinsic Staining Protocols

After thermal cycling, specimens (n = 30) were immersed in red wine (Susana Balbo – Gran Reserva – 2012 – Red Blend – Mendonza, Argentina, 13.9%, pH 3.6), coffee (Nescafé Original Extra-forte, powder dissolved in 200 mL water, pH 5.1), and artificial saliva [1.5 mM CaCl2, 0.9 mM Na3PO4, 0.15 mM KCl – (35), pH = 7.0]. Specimens were kept in a container and immersed with the corresponding staining solution (200 mL) for 48 h at 37°C (36). After staining, specimens were washed thoroughly with distilled water and stored at 37°C in relative humidity for 24 h before the bleaching protocols.



Bleaching Protocols

After thermal cycling aging and staining, each group was subdivided and submitted to one of the three bleaching protocols (n = 10). The first protocol was a negative control, because the corresponding specimens were left unbleached and stored in AS throughout the experiment. The at-home bleaching protocol was performed using 20% CP (Opalescence PF 20%, Ultradent, Salt Lake City, UT, United States). The CP gel application regimen simulated a 15-day clinical treatment, but the interval times between each session was reduced in this in vitro study. Therefore, three 4-h applications were performed in a day, at 4-h intervals, for 5 days. The in-office bleaching procedures used 38% HP gel (Opalescence Boost, Ultradent). Four sessions were repeated at 24-h intervals, in which the gel was applied for 45-min, but the gel was refreshed every 15 min. The bleaching gels (0.01 g) were applied only on the top surface of the specimens, which was identified because the bottom was marked. The lateral area of the cylindric specimens was left unbleached. At the intervals, the specimens were stored in AS, renewed every 2 days. At the end of bleaching, specimens were stored for 24 h in AS before roughness measurements and colorimetric evaluation.



Surface Roughness Measurements

Surface roughness average was measured (Surf-Corder – SE 1700 - Kosakalab, Tokyo, Japan) at T0, TS, and TB in three different directions (every 45° angle rotation) in each specimen. The Ra (μm) of each specimen was obtained, with a 0.25 mm cut-off and 0.2 mm/s speed (18).



Colorimetric Evaluation

A hand spectrophotometer (Vita Easyshade, Vita-Zahnfabrik, Germany) measured the color of the specimens at T0, Ts, and TB. The tip of the device was standardized and placed on the center of each specimen. Three readings per specimen were performed and the average of the parameters L* (0: black and 100: white), a* (+a*: reed; –a*: green), and b* (+b*: yellow and –b*: blue) were obtained. ΔE00 was determined according to the formula ΔE00 = [(ΔL'/KLSL)2 + (ΔC'/KCSC)2 + (ΔH'/KHSH)2 + [image: image](ΔC'/KCSC)*(ΔH'/KHSH)]1/2, in which H represents hue and C, chroma (37). ΔWID was calculated based on the whiteness index for dentistry (WID) = 0.511L* – 2.324a* – 1.100b* (38). Delta values were calculated considering the time interval: (1) T0 and TS; (2) TS and TB. ΔE00 values of 0.81 and 1.77 units were adopted as 50:50% perceptibility and acceptability thresholds, respectively. ΔWID thresholds were 0.61 (PT) and 2.90 units (AT). These thresholds for changes in the color of restorative materials were previously determined in the literature (33, 34).



Statistical Analysis

The obtained data were submitted to exploratory analysis of normality (Shapiro-Wilk, p > 0.05), and Ra and ΔE00 values were transformed to Log10 and square root, respectively. Ra and L* values were analyzed using general mixed model repeated measures and Tukey-Kramer tests. ΔE00 was submitted to two-way ANOVA and Tukey tests. The values of a* and b* parameters did not attend the normality even after transformation and were tested using a general linear model for repeated measures. Data obtained were submitted to Tukey-Kramer, except for ΔWID, which was analyzed by Kruskal-Wallis and Dunn's tests. The significance level was set at 5%.




RESULTS


Surface Roughness

Table 2 illustrates the Ra average of the nanofilled composite at different evaluation times. No statistical differences were detected among the groups (p > 0.05) at T0, but a significant decrease in Ra was observed for all groups (p < 0.05) at TS. Bleaching with 20% CP or 38% HP significantly increased the roughness of the composites that were aged and stained with RW (p < 0.05) but did not change the roughness of the composite previously aged and stained with CF or immersed in AS (p > 0.05). The surface roughness of the unbleached nanofilled composite aged and stained with RW increased at TB (p < 0.05). Besides, the surface roughness of the RW stained composite at TB was statistically similar to T0 (p > 0.05).


Table 2. Means and standard deviations of surface roughness (Ra, μm) and color parameters (L*, a*, b*) of the nanofilled composite at baseline (T0), after thermal cycling and staining (TS) and after bleaching (TB).
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Colorimetric Evaluation
 
L*, a*, b* Parameters

The luminosity (Table 2) of all groups significantly decreased after aging and staining (p < 0.05), except for unbleached composite immersed in AS or AS-group submitted to 20% CP. Bleaching with 20% CP or 38% HP significantly increased the luminosity of RW and CF stained composites (p < 0. 05). RW and CF stained composites exhibited lower luminosity values compared to the composite that remained immersed in AS, regardless of the bleaching treatment performed (p < 0.05). None of the groups were able to reach the baseline luminosity values, except for the composite that remained in AS and was submitted to 38% HP bleaching.

All groups exhibited a significant increase in the a* values (Table 2) after aging and staining. The a* mean values of RW- stained composites increased after 38% HP bleaching or remained unaltered after 20% CP bleaching. The a* values of CF stained composite decreased after 20% CP or remained unaltered after 38% HP bleaching.

The b* mean values of groups (Table 2) significantly increased after aging and staining with either RW or CF (p < 0.05). After bleaching with 20% CP or 38% HP, the b* values of the stained groups decreased compared to TS and were statistically lower than the stained groups not submitted to bleaching. The composite stored in artificial saliva and bleached exhibited no changes in the b* values, regardless of the thermal cycling aging or bleaching treatment. The unbleached stained composites exhibited higher b* values than the unbleached AS group (p < 0.05).



Color Change

Figure 1 illustrates the ΔE00 of the nanofilled composite at different evaluation times. Overall, after aging and staining (TS – T0) and after bleaching (TB – TS), RW and CF exhibited higher color change than immersion in AS (p < 0.05). After bleaching, RW stained composites still displayed the highest ΔE00 followed by CF and AS (p < 0.05). The thermal cycling aging and staining of the composites induced color changes that were above the PT and AT thresholds, regardless of the staining protocols. Yet, the color changes promoted by bleaching (20% CP and 38% HP) of the stained composites (RW and CF) were above the PT and AT thresholds.


[image: Figure 1]
FIGURE 1. Mean values and standard deviations of ΔE00 of the two time-intervals (T0 and TS /TS and TB). Bars connected by the bracket did not differ statistically within the same level of bleaching agent factor (x-axis). Asterisk symbol differs, at a 5% significance level, within the same staining types between different bleaching agents. PT and AT lines represent the perceptibility (0.81) and acceptability (1.77) thresholds, respectively.




Whiteness Change

All groups presented negative ΔWID values after aging and staining (TS - T0), which were below PT and AT thresholds (Figure 2). The composite submitted to RW and CF-staining exhibited significantly lower ΔWID than AS, but bleaching with 20% CP or 38% HP was able to reverse the negative values and the whiteness index differences (TB - TS) were above the PT and AT thresholds. Also, RW and CF-bleached composites exhibited significantly higher ΔWID than the unbleached composites (p < .05).


[image: Figure 2]
FIGURE 2. Median and minimum/maximum values of ΔWID between the two time-intervals (T0 and TS /TS and TB). Bars connected by the bracket, or the underline above the error bar, did not differ statistically within the same level of bleaching agent factor (x-axis). Asterisk symbol differs, at a 5% significance level, within the same staining types between different bleaching agents. WPT and WAT lines represent the perceptibility (0.61) and acceptability (2.90) thresholds, respectively.






DISCUSSION

This study performed thermal cycling to age the composite, simulating a preexisting restoration in the oral cavity, in which the aged polymer-based material could be more susceptible to staining and the effects of bleaching agents. The findings showed that thermal cycling aging decreased the Ra parameter of the nanofilled resin composite, regardless of the staining protocol used. However, bleaching increased surface roughness of the RW stained nanofilled composite, and changed the color of the aged and stained composites, therefore, rejecting the first and the second null hypotheses.

The surface roughness decrease occurred due to the 5,000 thermal cycles that all specimens were submitted to, regardless of exposing the composite to artificial staining. Contrarily to our results, Santos et al. (18) observed that 3,000 thermal cycles increased the roughness of microhybrid, microfilled, and nanofilled composites at different extents. However, compared to our results, after 10,000 thermal cycles, the surface roughness of the nanofilled composite decreased (18). The surface roughness increase observed after 3,000 thermal cycles were possibly due to the inorganic fillers dislodgment promoted by the thermal stress that may lead to microfractures and pores in the organic matrix or at the filler interface and the matrix (39). Additionally, water exposure triggers the hydrolytic degradation of the silane or causes swelling of the organic compound (18). As a consequence of the degradation process, inorganic fillers are exposed and surface roughness may increase. This process is also influenced by the presence of hydrophilic monomers as TEGDMA/TEGMA, which are more susceptible to degradation as water could penetrate more easily due to the hydrophobicity of the organic matrix (18).

The nanofilled composite herein used (Filtek Z350 XT) is composed of minor amounts of TEGDMA, which might be challenging to hydrolytic degradation and inorganic fillers exposure compared to composites with higher amounts of TEGDMA/TEGMA. Yet, the nanometric size (4–20 nm) and elevated inorganic fillers volume (82%), spherical shape, and distribution of the fillers in non-agglomerated, non-aggregated, and aggregated clusters of silica and zirconia particles (4–20 nm) could have contributed for the roughness surface decrease after thermal cycling. Although the artificial staining protocols did not influence the surface roughness of the composite at TS, it has probably accelerated the degradation since the roughness decrease was observed after 5,000 thermal cycles instead of 10,000, as reported by those authors (18).

The bleaching protocols increased the surface roughness of the composite stained with RW, regardless of the bleaching agent concentration (20% CP or 38% HP). Acidic solutions such as red wine (pH = 3.6) generate hydrolysis of the ester group present in the resin matrix and this hydrolysis, in turn, forms carboxylic groups, which are acid and decrease the pH inside the polymeric matrix (40). The speed of the degradation, influenced by the pH, changes the microstructure of the composite resin, creating pores in the resin mass. Therefore, if the thermal cycling initiated degradation, red wine probably exacerbated due to the wine acidity. Besides pH, the presence of ethanol in the RW will soften the polymer matrix (15). The consequence of the RW exposure could be observed in the nanofilled groups that remained unbleached, as this group exhibited a significant surface roughness increase at TB.

This study used a red wine containing 13.9% volume concentration of ethanol. The ethanol acts as a plasticizing of the polymeric matrix, smoothing, and dislodging filler particles, increasing considerably roughness and erosion of the composite (16). The susceptibility of the BIS-GMA and UDMA-based polymers to ethanol elution (41) could contribute to the softening effect of ethanol on the composite surface, and its concentration also influenced the surface integrity of the material. Tanthanuch et al. (15) observed that red wine promoted higher surface roughness and composite erosion than white wine, probably due to the higher ethanol concentration in red - 13.5% vol - than in the white whine - 12.5% vol. These results agree with previous observations on the effect the RW in microhybrid and nanofilled composites (9, 17, 42).

The composite submitted to red wine or coffee exhibited lower luminosity values (L*) than groups immersed in artificial saliva, compromising the composite luminosity after staining. According to Tan et al. (43), red wine, coffee, and tea cause more staining in the nanofilled composite than soft drink (Coke), orange juice, vodka, or distilled water. Red wine can stain due to the presence of flavonoids, and staining is possibly aggravated by the ethanol presence (36), as elution enables staining (44).

Carbamide or hydrogen peroxide bleaching procedures were effective in increasing the composite luminosity (L*) of RW and CF-groups, indicating that the reactive oxygen species could oxidize the staining molecules and this action was sufficient to increase luminosity even after extrinsic staining exposure (45). However, it should be noted that bleaching with 20% CP and 38% HP was unable to reach the baseline L* values of the stained composites. At baseline, the nanofilled composite exhibited negative a* values (–a* = green), however, shifted to positive (+a* = red), particularly after staining, matching the reddish stain of the protocol used. The b* parameter remained positive (+b* = yellow), but RW and CF - staining increased the yellow appearance, which was later decreased by bleaching. Additionally, the composite submitted to the staining protocols exhibited higher yellow appearance than the composite immersed in artificial saliva. Although the yellow (b*) appearance of the stained composite decreased after bleaching, reaching the baseline values, the same was not noticed for the L* values, which might compromise the composite final color outcome. These results agree with those of Poggio et al. (46) who detected significant changes in L*, a*, and b* coordinates and demonstrated the susceptibility of nanofilled composites to staining with red wine and coffee.

Color changes according to the CIEDE 2000 equation were evaluated instead of the CIELAB formula, due to significant corrections made on hue and chroma (37), while the whiteness index for dentistry is formulated based in the L*, a*, b* parameters and provides accurate and reliable data to inform the whiteness level of tooth and restorative-related materials (38). The 50:50% perceptibility and acceptability thresholds adopted in this study are based on perception and acceptance of color and whiteness changes by nonprofessional or professional volunteers investigated in multicenter prospective studies (33, 47).

Thermal cycling aging promoted ΔE00 on nanofilled composites that would be perceptible to patients (above 50:50% PT > 0.81, Figure 1), but not clinically acceptable (AT > 1.77), because thermal cycling and staining darkened the composite, regardless of the staining protocol, as shown by the negative whiteness index values (Figure 2). Therefore, the last null hypothesis was accepted. On the other hand, bleaching was able to reverse darkening of the RW and CF stained composite (as shown by the positive ΔWID values, Figure 2) which would be clinically perceptible to patients (above 50:50% PT > 0.81 and WPT > 0.61), but still not clinically acceptable (above 50:50% AT > 1.44, WAT > 2.90). Therefore, the analysis of the thresholds could be translated into the possible necessity of restoration replacement after bleaching, to overcome the unacceptable color match. Also, a further study could investigate the polishing of the restorations as an alternative to their replacement. A previous study by Rodrigues et al. (48) demonstrated that immediate repolishing after the last bleaching session improved the color stability of micro- and nanohybrid composite resins prior to immersion in red wine solution.

The composite not stained and submitted to 20% CP presented ΔE00 and ΔWID above the 50:50% PT and WPT, but below the 50:50% AT and WAT. The same scenario was observed for composite left unstained and unbleached. This means that color changes of unstained, unbleached resin or submitted to at-home bleaching, were clinically perceptible but acceptable to patients. Della Bona et al. (31) showed that bleaching an aged nanofilled composite (Filtek Z350XT) led to perceptible and acceptable ΔE00 and ΔWID, considering the corresponding 50:50% thresholds. However, this conclusion was drawn for both at-home and in-office bleaching. In this study, 38%HP bleaching of unstained composite still exhibited unacceptable ΔE00 and ΔWID. The higher frequency of exposure and the prolonged contact of the 20% CP agent on the composite surface rendered a more acceptable final color result (49). Based on the colorimetric evaluation, bleaching was able to change the color of aged-stained composites, however, it was unable to reverse all the color parameters (L*, a*, b*) back to the baseline values. Therefore, although the color change was perceptible, it was not clinically acceptable.

The unstained and unbleached resin (control group) also exhibited colorimetric changes (ΔE00 and ΔWID), even when not submitted to any staining or bleaching protocol. Recent studies showed that polymer-based materials stored in distilled water for either 10 or 30 days exhibited perceptible color changes (50, 51). According to the authors, this outcome could be the result of intrinsic changes of the materials probably due to water sorption. Moreover, since the illumination conditions were standardized (room luminosity, background, calibration of the spectrophotometer and measurements at the same direction), such alterations could be a result from the specimens' hydration promoted by the storing solution.

This study presents the inherent limitation of an in vitro evaluation, as other factors could clinically induce surface roughness or color changes of the aged nanofilled composite. As an example, thermal alterations and staining exposure in an oral environment could be influenced by factors such as the presence of saliva and individual oral hygiene habits (such as toothbrushing). However, it should be noted that the surface roughness increase in the composite resin could clinically lead to biofilm formation (20, 21). In this context, further studies could evaluate the impact of toothbrushing on color change and surface roughness, since brushing could influence the deposition of extrinsic stains on the restoration surface (4).

Also, it is important to highlight that the intervals of bleaching applications must follow the manufacturer's instructions and the literature evidence. This is particularly important when bleaching is performed clinically, on the dental surface (not isolated on the composite surface, as it was in this in vitro study), to avoid adverse effects such as exacerbated tooth sensitivity and possible consequences to the pulpal tissues, especially in the presence of adhesive restorations (22, 52).

In the present study, the surface roughness of the nanofilled composite was influenced by thermal cycling aging and staining, combined or not with bleaching. However, the surface roughness decreased after thermal cycling minimizing the deleterious effect of the bleaching agents, as surface roughness after bleaching as similar to baseline. On the other hand, bleaching was not able to reverse the staining promoted by red wine and coffee on the nanofilled composite, which could suggest the need for replacement of a preexisting restoration. Future studies are required to properly access the prolonged thermal cycling aging effect on the nanofilled composite and explore different bleaching protocols and their effects on stained composites.

Within the limitations of the present study, it can be concluded that at-home and in-office bleaching increased the surface roughness of aged nanofilled composite stained with red wine. Besides, although at-home and in-office bleaching changed the color of the aged and stained composite, bleaching was not able to reverse the staining promoted by red wine and coffee on the nanofilled composite.
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