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Abstract

:

Resin infiltration is an effective method to mask vestibular white spots. If needed, external bleaching is usually recommended before infiltration, whilst in clinical practice, this sequence may not always be feasible. This in vitro study evaluated the effect of bleaching after resin infiltration regarding surface roughness and color using bovine incisors. Unlike for the untreated specimens (control, n = 25), artificial caries lesions were created within the test group (n = 25) using a demineralization solution at 37 °C for five days (pH = 4.95). The lesions were subsequently infiltrated using a resin infiltrant (Icon, DMG, Hamburg, Germany), followed by polishing. Afterwards, all specimens were bleached with a 10% carbamide peroxide gel (Opalescence, Ultradent, South Jordan, UT, USA) for 8 h/day over a ten-day period. Between bleaching treatments, specimens were stored in an opaque container with moistened paper tissues at 37 °C. Surface roughness was measured using a profilometer, and color in the L*a*b* space was assessed spectrophotometrically before and after bleaching. Bleaching increased the L*-values of both infiltrated (mean ± SD; ΔL* = 3.52 ± 1.98) and untreated (control) specimens (ΔL* = 3.53 ± 2.30) without any significant difference between the groups (p = 0.983). Bleaching also induced a significant increase in the mean surface roughness of both infiltrated (p < 0.001) and untreated (p = 0.0134) teeth. In terms of clinical relevance; it can be concluded that bleaching resin-infiltrated enamel is as effective as bleaching sound enamel.
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1. Introduction


In recent years, resin infiltration has emerged as a promising treatment option for various dental enamel conditions [1,2,3,4,5,6]. This micro-invasive approach involves the use of a low-viscosity resin to penetrate and fill sub-surface enamel defects, especially masking carious white spots, fluorosis, and hypomineralized lesions [1,4,7,8,9]. Due to the refractive index of the infiltrant (1.47), which is more similar to the refractive index of enamel (1.62) than to those of water (1.33) and air (1.0), which normally fill the microporosities, resin infiltration can enhance the overall esthetic outcome of anterior teeth, providing a conservative alternative to traditional restorative methods [1,3,4,9].



However, one limitation of resin infiltration is its inability to whiten the tooth surface. Studies have suggested that utilizing the synergistic effects of resin infiltration and bleaching can optimize treatment protocols for enhanced esthetic outcomes, ensuring the longevity and esthetic success of the combined approach for anterior teeth [7,10]. Moreover, the interaction between the bleaching agents and the resin-infiltrated lesions themselves is an area of interest. Research focusing on the specific impact of bleaching on resin infiltration, including the potential changes to the microstructure and mechanical properties, is therefore crucial to address these knowledge gaps.



Many studies have shown that bleaching can effectively whiten teeth by removing intrinsic and extrinsic stains [11,12]. In addition to its whitening effects, bleaching has been reported to have other impacts on different composite resins such as restoration materials [13]. For example, one study demonstrated that in-office bleaching can reduce the microhardness of nano-filled composites, while the surface roughness was not significantly altered [14]. Another study showed that in-office bleaching impairs the adhesive strength of composite orthodontic brackets due to oxygen free radicals formed during the treatment [15]. Although the potential effects of bleaching on composite resins were shown in several studies, their clinical relevance remained unclear [13]. Polydorou et al. compared the amount of monomer released from untreated and bleached composite resin specimens. It was shown that a lower amount of Bis-GMA (bisphenol A-glycidyl dimethacrylate) and less UDMA-2 (urethane dimethacrylate) were released from bleached composite resin restorations in comparison to unbleached control samples. In regard to the released concentration of TEGDMA (triethylene glycoldimethacrylate) molecules, there was no difference between the groups [16]. In light of the complexity surrounding the combined treatment of resin infiltration and bleaching, it is also imperative for clinicians to carefully consider the selection of appropriate bleaching agents and techniques, as well as the individual patient factors, before proceeding with such treatment.



Since resin infiltration enables the tooth to recover the natural shade of enamel surrounding the lesion, patients may desire a subsequent bleaching procedure to whiten their teeth. However, it was shown that infiltrated lesions are more susceptible to color alterations compared to different resin bonding agents [17], which raises the question of whether infiltrated lesions can be effectively bleached or not. Furthermore, an increased surface porosity after bleaching of different composite materials was observed, although this effect could only be observed with highly concentrated bleaching agents [18]. Accordingly, there is still a lack of evidence on the impact of low-concentration at-home bleaching agents on infiltrated, non-cavitated lesions.



Objective


The aim of this study was to evaluate the effects of bleaching resin-infiltrated white spots compared to sound enamel. We aimed to assess the color differences induced by bleaching in infiltrated and non-infiltrated enamel, as well as surface roughness in vitro. We hypothesized that bleaching resin-infiltrated demineralized lesions is as effective as bleaching sound enamel and that there is no difference in the visual appearance between these groups. The null hypothesis was that bleaching resin-infiltrated lesions does not lead to significant color alterations.





2. Materials and Methods


2.1. Experimental Setup


The description of the experimental setup is shown in Figure 1. In short, bovine teeth were embedded, ground, polished and subsequently divided into three groups: control (n = 25), test (n = 25), and visual assessment (n = 22). Specimens in the control group were left untreated (stored in water at 10 °C), whereas in the test group, artificial lesions were created and subsequently infiltrated. The color and surface roughness were measured before and after bleaching of the specimens in both groups. Half of the exposed surface of the specimens belonging to the visual assessment group was covered with blue nail polish before the artificial lesions were created and subsequently infiltrated to visually compare a bleached infiltrated enamel surface and a bleached untreated enamel surface. For this purpose, the nail polish was removed by mechanical polishing before the bleaching treatment. A visual inspection was carried out to ensure that the nail polish had been completely removed before bleaching. The experimental procedures are further outlined in the following chapters.




2.2. Specimen Preparation


Bovine incisors (n = 72) were acquired already prepared (cleaned, root cut off, and pulp removed) from a local supplier of tooth samples (Rocholl GmbH, Eschelbronn, Germany; officially registered with the veterinary authorities for the preparation of bovine teeth). Cylindrical molds were used, which were sprayed with silicone (Weicon, Münster, Germany). Teeth were placed on their vestibular side in the middle of the mold and embedded in a 2-component cold-polymerizing resin (Technovit 4004, Kulzer, Wehrheim, Germany). For this, the liquid and powder of the embedding resin were mixed in a 1:1 ratio and poured into the cylindrical molds. After the resin had hardened, specimens were ground and polished.




2.3. Grinding and Polishing of the Specimens


For grinding the specimens, a grinding/polishing machine (TegraPol-21, Struers, Willich, Germany) with a sandpaper disk (SiC Paper #320, Struers, Willich, Germany) was used. A speed of 150 rpm and synchronous direction was set, with a force of 15 N, a duration of 10 s, and water flow, to expose a tooth enamel area of approx. 64 mm2.



With the grinding/polishing machine, the specimens were polished using the scheme in Table 1. After polishing, the prepared specimens were stored at 10 °C in water.




2.4. Color Measurement


The color parameters of the specimens were determined using a spectrophotometer (CM-36dGV, Konica Minolta, Tokyo, Japan) before and after bleaching. This was done via a reflection measurement in which the intensity of the reflected light was measured. The data were converted into the quantitative color specification system L*a*b*. The mean values and the color difference ΔE before and after bleaching were calculated using the following formula.


  ∆ E =        L     t   2     *   −   L     t   1     *       2   +       a     t   2     *   −   a     t   1     *       2   +       b     t   2     *   −   b     t   1     *       2     



(1)








2.5. Surface Roughness Measurement


A profilometer (Marsurf PS1, Mahr, Göttingen, Germany) was used to determine and evaluate the surface roughness of the specimens. The surface was scanned six times over a measuring length of 1.75 mm in the form of triangles to determine a larger area of the surface. The enamel surface is an aperiodic profile, which is why the arithmetic mean roughness value RA (≤0.1 µm) and the mean roughness depth RZ (≤0.5 µm) were considered for the assessment. This corresponds to an evaluation length of 1.25 mm and a sampling length of 0.25 mm.




2.6. Creation of Artificial Lesions


The creation of artificial lesions was performed based on the studies of Buskes et al. on lesion formation by demineralization [20]. All solutions were prepared in distilled water, and the compositions are shown in Table 2.



A volume of 120 mL of demineralization solution per 64 mm2 of exposed enamel surface was determined. Test specimens were placed in opaque containers with the corresponding volume of demineralization solution. The pH value of the solution was set to 4.95, and the specimens were incubated at 37 °C for 5 days. The pH value was measured daily and adjusted with hydrochloric acid or potassium hydroxide if necessary.




2.7. Resin Infiltration Treatment


Artificial lesions were infiltrated with a low-viscosity resin (Icon, DMG, Hamburg, Germany) using a modified protocol compared to the manufacturer’s instructions. While the manufacturer recommends 2 min of etching with 15% HCl (Icon-Etch, DMG, Hamburg, Germany) to remove the pseudo-intact surface in a clinical setting, etching with 37% phosphoric acid is recommended for artificial lesions in bovine teeth as no hypermineralized surface is present that must be removed [21]. The surfaces of the specimens were thus etched with 37% phosphoric acid (Etching Gel, DMG, Hamburg, Germany) for 5 s. Following the removal of the etching gel, the surface was rinsed with water for 30 s. Next, the surface was dried using Icon Dry (DMG, Hamburg, Germany) for 30 s before applying the resin infiltrant for 3 min. After light curing, the resin infiltrant was applied a second time for 1 min and subsequently light cured. Specimens were polished with polishing discs (Flexipol-Set, NTI-Kahla, Kahla, Germany) using the following parameters: a bur speed of 12,000 rpm, a motor speed of 2400 rpm, and a gear ratio of 1:5, aiming to show an optical gloss on the enamel surface in the operating light.




2.8. Bleaching Treatment


The specimens of the control and test group were whitened with a 10% carbamide peroxide gel (Opalescence, Ultradent, Cologne, Germany), which was applied with an application brush to the exposed enamel surface. The specimens were then stored in an opaque container with moistened cloths at 37 °C for eight hours. After the incubation period, the containers were removed from the cabinet and the specimens were cleaned with a toothbrush and water. The cleaned specimens were then stored in the containers with moistened cloths at 37 °C for 16 h until the next bleaching treatment. The bleaching treatment was repeated for ten days according to the manufacturer’s instructions.




2.9. Visual Assessment


In order to directly compare the bleached infiltrated and untreated enamel surfaces, a visual assessment was carried out by one experienced operator according to Figure 1. This was done by a visual assessment of the difference between the treated surface areas using an analog scale ranging from 1 to 7: no difference (1, 2); little difference (3); medium difference (4, 5); noticeable difference (6, 7). Bleaching was then carried out, and the specimens were evaluated again.




2.10. Statistical Analysis


We tested for a normal distribution using the Kolmogorov–Smirnov test and applied pairwise and independent two-sided t-tests for comparing groups (Excel 2021, Microsoft Corporation, Redmond, WA, USA). The significance level was set at 5% (p = 0.05).





3. Results


3.1. Evaluation of the Color Measurement


The luminance L* in the CIE-Lab system represents the brightness value of a color and indicates the dimension from darkness (0) to brightness (100). As bleaching results in tooth brightening, ΔL* and ΔE are primarily considered when analyzing the shade differences. Table 3 shows that there was a significant brightening (difference in L*) of the control teeth after the bleaching treatment (p < 0.001). In addition, the mean color difference ΔE between before and after bleaching exceeded the clinical acceptable thresholds found in the literature for color differences perceptible to the human eye [22,23].



Bleaching of the test specimens significantly increased the luminance (L*) values of the test group (p < 0.001) and thus resulted in successful whitening. The color difference ΔE between before and after bleaching also exceeded the clinical acceptable threshold. The changes in brightness (ΔL*) for the control and test groups did not significantly differ from each other after bleaching (p = 0.983); thus, comparable whitening was achieved. However, the data show that the color difference for the untreated specimens after bleaching was greater than that for the resin-infiltrated specimens, but again, this difference was not significant (p = 0.679).




3.2. Evaluation of the Surface Roughness Measurement


Table 4 shows the arithmetic mean roughness value RA and the average roughness depth RZ of the control and test group before and after bleaching.



Bleaching significantly increased the RZ value of the control group (p = 0.0134). The RA value also increased after bleaching, but not statistically significantly (p = 0.0975). Bleaching of the resin-infiltrated specimens in the test group led to a significant increase in both the arithmetic mean roughness RA and the average roughness depth RZ (p < 0.001).



The specimens in the test group showed a higher surface roughness after infiltration compared to the untreated specimens in the control (p < 0.001). A significant difference between the groups was also observed after bleaching (p < 0.001).




3.3. Evaluation of the Visual Assessment


Based on the visual assessment of the specimens before and after bleaching, the results show that infiltration of the uncovered side led to a small but still visible difference compared to the untreated side of the specimen. After bleaching, no visible difference was seen between the untreated and infiltrated areas, meaning that a significant change (p = 0.0239) was achieved through bleaching of the infiltrated side of the specimen (Figure 2).





4. Discussion


Based on the results and considering the limitations, such as the use of bovine teeth, the treatment of artificial lesions, and the use of phosphoric acid instead of hydrochloric acid etching gel, bleaching after a resin infiltration treatment proved to be promising. The infiltrated and untreated specimens achieved comparable whitening after bleaching. By infiltrating the microporosities of the demineralized enamel, the lesions were penetrated with a low-viscosity resin. Although resin-based materials are widely used in restorative dentistry, they are subject to color change over time [24,25]. In particular, TEGDMA, the main component of the infiltrant used in this study, tends to increase water absorption and potential changes in color over time [26,27]. However, recent studies showed that infiltrated and stained enamel lesions can be satisfactorily bleached, indicating that the visual appearance can be recovered [27,28,29].



Furthermore, the present study found that the color of the infiltrated surface matched that of the untreated enamel surface following the bleaching treatment, resulting in no significant difference being visible. These results are in accordance with those from Jacob et al. [19]. Since a numerically small ΔE does not necessarily correspond to visual perception, as the eye does not react uniformly to differences in hue, color value, and chroma [30], an additional visual assessment was carried out in this study, which was able to confirm the results of the spectrophotometric measurements. Bleaching also allows the color of the infiltrant to adapt to the color of the enamel for a better esthetic appearance. These findings are in accordance with those from Rocha et al., who illustrated a positive bleaching effect on infiltrated teeth [31]. As the masking effect after resin infiltration of non-cavitated lesions is well known and the aim of this study was to evaluate only the effect of bleaching infiltrated lesions compared to sound enamel, it was decided that data on the untreated condition in the test group were not necessary for evaluating the hypothesis of this study. While an increase in the L* value was observed after bleaching, indicating greater brightness, the a* and b* values of the untreated and infiltrated samples tended to decrease, indicating lower color intensity. These results are consistent with those from previous studies in which similar color changes were observed in bovine and human teeth after bleaching treatments [32,33,34]. A regression of the a* and b* values towards zero indicates a change towards an achromatic shade, which improves the visual perception of the tooth to a “whiter” shade after bleaching.



Regarding the surface roughness of the groups, it was shown that resin infiltration increases both the average roughness depth and the arithmetic mean roughness value when compared to an untreated polished enamel surface. However, this increase might also be attributed to the demineralization process that is assumed to alter the surface structure of the specimen. In contrast to the untreated samples, which were subjected to machine polishing, the infiltrated samples were manually polished to better mimic the clinical situation. This may have also affected the surface roughness of the specimens. Bleaching led to a further increase in surface roughness. This effect was also observed by Jacob et al., where bleaching led to moderate and irregular morphological changes [19]. The findings of this study also align with those of a split-tooth, in vitro study that used bovine incisors and a similar study design [33]. Their results showed no clinically significant difference in ΔE between bleached resin-infiltrated teeth and bleached sound enamel. Additionally, the study found an increase in surface roughness when bleaching followed resin infiltration, which is consistent with the results of this study. However, it is important to note that an in-office bleaching system with 40% hydrogen peroxide was used instead of the 10% carbamide peroxide gel that was used in this study. Since bovine enamel was used instead of human enamel in this study, the etching protocol had to be changed. An etching procedure with phosphoric acid for 5 s was chosen, as this protocol had already been tested in previous studies with bovine teeth [8,21,28]. Previous studies stated that inconsistent data exist regarding whether bovine teeth can be considered an appropriate substitute for human teeth [35]. However, it was found that bovine and human enamel substrates behave similarly in terms of staining and bleaching effects [36].



There are currently not enough studies that have investigated the surface properties of bleached resin-infiltrated teeth. However, studies that have examined the surfaces of resin composites show that roughening can be expected after bleaching [37,38]. Further investigations will examine the effects of bleaching-induced surface roughening on the accumulation of biofilm or additional deposits.




5. Conclusions


The results of this study suggest that bleaching resin-infiltrated enamel with a low-concentration bleaching agent is just as effective as bleaching sound enamel. It can therefore be concluded that resin infiltration is not a limiting factor for patients who desire tooth whitening. However, bleaching also led to a significant increase in the average surface roughness of both infiltrated and untreated samples. The clinical relevance of this will be investigated in future studies based on biofilm accumulation.







Author Contributions


Conceptualization: M.S. and P.M.-H., Methodology: M.S., P.M.-H. and A.L.S. Validation: P.M.-H., S.E. and F.S., Formal Analysis: A.L.S. and P.M.-H. Investigation: A.L.S. and P.M.-H. Resources: S.E., Data curation. S.E., P.M.-H. and F.S. Writing—original draft preparation: A.L.S. and P.M.-H., Writing—review and editing: S.E. and F.S. Supervision: S.E. and P.M.-H. Project administration: S.E. and P.M.-H. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author upon reasonable request.




Acknowledgments


The work was supported by DMG Dental-Material Gesellschaft mbH and Charité University, Department of Oral Diagnostics, Digital Health and Health Services Research.




Conflicts of Interest


F.S. is a consultant for DMG Dental-Material Gesellschaft mbH but did not receive any payment or personal benefits for this study. A.L., P.M.-H., M.S. and S.E. are employees of DMG Dental-Material Gesellschaft mbH but did not receive any personal benefit from the sales of the product used in this study.




References


	



Athayde, G.D.S.; Reis, P.; Jorge, R.C.; Americano, G.C.A.; Fidalgo, T.; Soviero, V.M. Impact of masking hypomineralization opacities in anterior teeth on the esthetic perception of children and parents: A randomized controlled clinical trial. J. Dent. 2022, 123, 104168. [Google Scholar] [CrossRef]

	



Cebula, M.; Göstemeyer, G.; Krois, J.; Pitchika, V.; Paris, S.; Schwendicke, F.; Effenberger, S. Resin Infiltration of Non-Cavitated Proximal Caries Lesions in Primary and Permanent Teeth: A Systematic Review and Scenario Analysis of Randomized Controlled Trials. J. Clin. Med. 2023, 12, 727. [Google Scholar] [CrossRef] [PubMed]

	



Kim, S.; Kim, E.Y.; Jeong, T.S.; Kim, J.W. The evaluation of resin infiltration for masking labial enamel white spot lesions. Int. J. Paediatr. Dent. 2011, 21, 241–248. [Google Scholar] [CrossRef]

	



Marouane, O.; Manton, D.J. The influence of lesion characteristics on application time of an infiltrate applied to MIH lesions on anterior teeth: An exploratory in vivo pilot study. J. Dent. 2021, 115, 103814. [Google Scholar] [CrossRef]

	



Borges, A.B. The concept of resin infiltration technique and its multiple applications. J. Contemp. Dent. Pract. 2014, 15, i. [Google Scholar] [CrossRef]

	



Paris, S.; Meyer-Lueckel, H.; Kielbassa, A.M. Resin infiltration of natural caries lesions. J. Dent. Res. 2007, 86, 662–666. [Google Scholar] [CrossRef]

	



Schoppmeier, C.M.; Derman, S.H.M.; Noack, M.J.; Wicht, M.J. Power bleaching enhances resin infiltration masking effect of dental fluorosis. A randomized clinical trial. J. Dent. 2018, 79, 77–84. [Google Scholar] [CrossRef]

	



Paris, S.; Schwendicke, F.; Keltsch, J.; Dörfer, C.; Meyer-Lueckel, H. Masking of white spot lesions by resin infiltration in vitro. J. Dent. 2013, 41 (Suppl. S5), e28–e34. [Google Scholar] [CrossRef]

	



Knösel, M.; Eckstein, A.; Helms, H.J. Durability of esthetic improvement following Icon resin infiltration of multibracket-induced white spot lesions compared with no therapy over 6 months: A single-center, split-mouth, randomized clinical trial. Am. J. Orthod. Dentofac. Orthop. 2013, 144, 86–96. [Google Scholar] [CrossRef] [PubMed]

	



Marouane, O.; Douki, N.; Chtioui, F. A Combined Approach for the Aesthetic Management of Stained Enamel Opacities: External Bleaching Followed by Resin Infiltration. Case Rep. Dent. 2018, 2018, 1605842. [Google Scholar] [CrossRef] [PubMed]

	



Costa, M.J.; Araújo, I.D.; Assunçío, I.V.; Lima, R.B.E.; Borges, B.C. A systematic scoping review of color evaluation methods of recently published tooth bleaching clinical trials. Am. J. Dent. 2023, 36, 44–52. [Google Scholar] [PubMed]

	



Joiner, A.; Luo, W. Tooth colour and whiteness: A review. J. Dent. 2017, 67, S3–S10. [Google Scholar] [CrossRef]

	



El-Murr, J.; Ruel, D.; St-Georges, A.J. Effects of external bleaching on restorative materials: A review. J. Can. Dent. Assoc. 2011, 77, b59. [Google Scholar] [PubMed]

	



Chakraborty, A.; Purayil, T.; Ginjupalli, K.; Pentapati, K.C.; Shenoy, N. Effect of in-office bleaching agent on the surface roughness and microhardness of nanofilled and nanohybrid composite resins. F1000Research 2023, 12, 129. [Google Scholar] [CrossRef]

	



Rahul, M.; Kumar, P.A.; Nair, A.S.; Mathew, S.; Amaladas, A.S.; Ommen, A. Effects of at-home and in-office bleaching agents on the shear bond strength of metal, ceramic, and composite brackets to enamel. Indian J. Dent. Res. 2017, 28, 566–573. [Google Scholar] [CrossRef]

	



Polydorou, O.; Beiter, J.; König, A.; Hellwig, E.; Kümmerer, K. Effect of bleaching on the elution of monomers from modern dental composite materials. Dent. Mater. 2009, 25, 254–260. [Google Scholar] [CrossRef]

	



Rey, N.; Benbachir, N.; Bortolotto, T.; Krejci, I. Evaluation of the staining potential of a caries infiltrant in comparison to other products. Dent. Mater. J. 2014, 33, 86–91. [Google Scholar] [CrossRef] [PubMed]

	



Moraes, R.R.; Marimon, J.L.; Schneider, L.F.; Correr Sobrinho, L.; Camacho, G.B.; Bueno, M. Carbamide peroxide bleaching agents: Effects on surface roughness of enamel, composite and porcelain. Clin. Oral Investig. 2006, 10, 23–28. [Google Scholar] [CrossRef]

	



Jacob, S.E.; Varghese, J.O.; Singh, S.; Natarajan, S.; Thomas, M.S. Effect of bleaching on color and surface topography of teeth with enamel caries treated with resin infiltration (ICON(®)) and remineralization (casein phosphopeptide-amorphous calcium phosphate). J. Conserv. Dent. Endod. 2023, 26, 377–382. [Google Scholar]

	



Buskes, J.A.; Christoffersen, J.; Arends, J. Lesion formation and lesion remineralization in enamel under constant composition conditions. A new technique with applications. Caries Res. 1985, 19, 490–496. [Google Scholar] [CrossRef]

	



Gray, G.B.; Shellis, P. Infiltration of resin into white spot caries-like lesions of enamel: An in vitro study. Eur. J. Prosthodont. Restor. Dent. 2002, 10, 27–32. [Google Scholar] [PubMed]

	



Paravina, R.D.; Ghinea, R.; Herrera, L.J.; Bona, A.D.; Igiel, C.; Linninger, M.; Sakai, M.; Takahashi, H.; Tashkandi, E.; Perez Mdel, M. Color difference thresholds in dentistry. J. Esthet. Restor. Dent. 2015, 27 (Suppl. S1), S1–S9. [Google Scholar] [CrossRef] [PubMed]

	



Johnston, W.M.; Kao, E.C. Assessment of appearance match by visual observation and clinical colorimetry. J. Dent. Res. 1989, 68, 819–822. [Google Scholar] [CrossRef] [PubMed]

	



Korać, S.; Ajanović, M.; Džanković, A.; Konjhodžić, A.; Hasić-Branković, L.; Gavranović-Glamoč, A.; Tahmiščija, I. Color Stability of Dental Composites after Immersion in Beverages and Performed Whitening Procedures. Acta Stomatol. Croat. 2022, 56, 22–32. [Google Scholar] [CrossRef] [PubMed]

	



Malekipour, M.R.; Sharafi, A.; Kazemi, S.; Khazaei, S.; Shirani, F. Comparison of color stability of a composite resin in different color media. Dent. Res. J. (Isfahan) 2012, 9, 441–446. [Google Scholar] [PubMed]

	



Paolone, G.; Mandurino, M.; Scotti, N.; Cantatore, G.; Blatz, M.B. Color stability of bulk-fill compared to conventional resin-based composites: A scoping review. J. Esthet. Restor. Dent. 2023, 35, 657–676. [Google Scholar] [CrossRef] [PubMed]

	



Araújo, G.S.; Naufel, F.S.; Alonso, R.C.; Lima, D.A.; Puppin-Rontani, R.M. Influence of Staining Solution and Bleaching on Color Stability of Resin Used for Caries Infiltration. Oper. Dent. 2015, 40, E250–E256. [Google Scholar] [CrossRef]

	



Jansen, E.E.; Meyer-Lueckel, H.; Esteves-Oliveira, M.; Wierichs, R.J. Do bleaching gels affect the stability of the masking and caries-arresting effects of caries infiltration-in vitro. Clin. Oral Investig. 2021, 25, 4011–4021. [Google Scholar] [CrossRef] [PubMed]

	



Yeslam, H.E.; AlZahrani, S.J. Time-dependent effect of intense capsule-coffee and bleaching on the color of resin-infiltrated enamel white spot lesions: An in vitro study. PeerJ 2022, 10, e14135. [Google Scholar] [CrossRef]

	



Chu, S.J.; Trushkowsky, R.D.; Paravina, R.D. Dental color matching instruments and systems. Review of clinical and research aspects. J. Dent. 2010, 38 (Suppl. S2), e2–e16. [Google Scholar] [CrossRef]

	



Rocha, R.S.; Souza, M.Y.; Meirelles, L.C.F.; Scarense, C.G.T.; Diniz, M.B.; Caneppele, T.M.F.; Bresciani, E. Effectiveness of Home Bleaching Treatment after Resin Infiltrant Application. Oral Health Prev. Dent. 2020, 18, 549–554. [Google Scholar] [CrossRef]

	



Caneppele, T.M.; Borges, A.B.; Torres, C.R. Effects of dental bleaching on the color, translucency and fluorescence properties of enamel and dentin. Eur. J. Esthet. Dent. 2013, 8, 200–212. [Google Scholar] [PubMed]

	



Youssef, A.S.; Covell, D.A., Jr.; Makowka, S.; Gailey, A.; Dunford, R.G.; Al-Jewair, T.; Haraszthy, V.I. Comparison of bleaching effects when applied to white-spot lesions before or after resin infiltration: An in vitro study. J. Am. Dent. Assoc. 2022, 153, 39–49. [Google Scholar] [CrossRef] [PubMed]

	



Vieira, I.; Vieira-Junior, W.F.; Pauli, M.C.; Theobaldo, J.D.; Aguiar, F.H.; Lima, D.A.; Leonardi, G.R. Effect of in-office bleaching gels with calcium or fluoride on color, roughness, and enamel microhardness. J. Clin. Exp. Dent. 2020, 12, e116–e122. [Google Scholar] [CrossRef] [PubMed]

	



Yassen, G.H.; Platt, J.A.; Hara, A.T. Bovine teeth as substitute for human teeth in dental research: A review of literature. J. Oral Sci. 2011, 53, 273–282. [Google Scholar] [CrossRef] [PubMed]

	



Attia, M.L.; Aguiar, F.H.; Mathias, P.; Ambrosano, G.M.; Fontes, C.M.; Liporoni, P.C. The effect of coffee solution on tooth color during home bleaching applications. Am. J. Dent. 2009, 22, 175–179. [Google Scholar] [PubMed]

	



Popescu, A.D.; Tuculina, M.J.; Diaconu, O.A.; Gheorghiță, L.M.; Nicolicescu, C.; Cumpătă, C.N.; Petcu, C.; Abdul-Razzak, J.; Rîcă, A.M.; Voinea-Georgescu, R