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            Abstract
          
        

        
          This study aimed to evaluate the effect of different remineralization agents on the shear bond strength (SBS) on enamel and to confirm remineralization capacity through quantitative light-induced fluorescence (QLF). Sixty non-carious human third molars were divided into eight groups based on remineralization agents agents (control, Tooth Mousse plusTM, Apapro, BGS-7 bioglass) and application time (24 h, 2 weeks). Enamel surfaces were prepared and treated with agents, followed by demineralization and remineralization. Quantitative Light-induced Fluorescence (QLF) assessed fluorescence loss and recovery. After adhesive application and composite restoration, shear bond strength (SBS) was measured. Statistical analysis included Shapiro-Wilk, ANOVA, Kruskal-Wallis, paired t-tests, Wilcoxon rank tests, and multiple comparison tests. SBS values did not show a significant difference between the groups according to the type and application time of the remineralization agents. QLF measurement, in the 24 h groups, showed no significant difference in the recovery amount between the groups. In the 2 week groups, a statistically significant difference was observed and the value was significantly higher in the BG group than that in the control group. There were no significant differences in the values based on the application time. Within the limitations of this study, bioactive glass showed higher remineralization ability than all the other experimental agents. The SBS was not affected by the remineralizing agent.

        

        
          
            초록
          
        

        
          본 연구의 목적은 다양한 재광화제가 법랑질의 전단결합강도(SBS)에 미치는 영향을 평가하고 정량 광유도 형광법(QLF)을 통하여 재광화 능력을 확인하는 것이다. 총 60개의 우식이 없는 인간 제3대구치의 치근을 제거한 후 근원심 방향으로 이등분하고 법랑질 표면이 노출되게 포매한 뒤 법랑질 표면을 사포로 연마하였다. 총 120개의 시편들을 재광화제 종류 [대조군. Tooth Mousse plusTM (TM), Apapro (AP), BGS-7 bioglass (BG)]와 도포 시간(24시간, 2주)에 따라 임의로 8개의 군으로 나누었다. 모든 시편들은 탈회 용액에 37 ℃에서 48시간 동안 담가 탈회시켰고, 그 후 재광화제를 적용하여 simulated body fluid (SBF)에 37 ℃에서 보관하였다. QLF 시험으로 탈회 및 재광화 후의 형광 소실도를 정량적으로 측정하였으며, 측정된 값으로부터 회복량을 계산하였다. 이후 레진 수복하여 법랑질의 전단결합강도(SBS)를 측정하였다. 자료는 Shapiro-Wilk test, 일원 변량 분석, Kruskal-Wallis test, 대응표본 t 검정, Wilcoxon rank test, Scheffe test, Dunn test, Bonferroni 검정으로 분석되었다. 전단결합강도는 적용된 재광화제 종류와 시간에 따라 군 간에 유의한 차이를 보이지 않았다. QLF 측정 결과, 24시간 적용한 경우, 회복량은 실험군 간에 유의한 차이가 없었으나, 2주 적용시에는 통계적으로 유의한 차이가 있었으며, 대조군보다 BG 군에서 더 높은 값을 보였다 (p<0.05). 적용 시간에 따른 값의 유의한 차이는 보이지 않았다. 본 연구의 한계 내에서, bioactive glass는 실험된 다른 재광화제에 비해 높은 재광화능을 보였으며, 전단결합강도는 도포된 재광화제 종류에 영향을 받지 않았다.
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      Introduction
      Demineralization of enamel before the formation of carious cavities that can later develop into advanced carious lesions are early carious lesions. These early carious lesions can be remineralized in several ways. These treatments include active oral health education, dietary control, and application of topical agents (1) containing fluoride, casein phosphopeptide-amorphous calcium phosphate (CPP-ACP), nano-hydroxyapatite (nHA), or bioactive glass (BAG).

      CPP-ACP, sourced from casein, a milk protein, has the ability to stabilize calcium phosphate and sustain a state of supersaturation of these ions in the mouth. This leads to increased levels of calcium phosphate in the biofilm, thereby promoting tooth structure improvement and facilitating remineralization (2). Hydroxyapatite (HA), the primary mineral in human bones and teeth, is the most stable calcium-phosphate compound in normal bodily conditions. Nano-hydroxyapatite (nHA) has the capacity to improve remineralization by facilitating the spread of mineral ions deeper into the lesion (3). BAG, an inorganic amorphous, calcium, sodium phospho-silicate material. BAG induces apatite formation on the external enamel surface, thereby leading to enamel remineralization (4).

      Early caries with a possibility of remineralization can be treated at the time of maintenance or recall visits using various remineralization agents, and the loss of tooth structure can be minimized. When a cavitation lesion progresses, restoration with a resin composite may be necessary, potentially requiring bonding to the remineralized enamel. Regarding the bond strength after application of remineralization agent, some studies have reported that remineralization agent increases the resistance of enamel to acid and decreases the bond strength (5, 6). However, some studies have demonstrated that remineralization agents do not affect the bond strength to enamel (7-9), while others reported that they increase the bond strength (10-12). Those results might be varied depending on the kind of remineralizing agents and the application time or methods. In this study, we investigated the several remineralizing agents that can be supplier of Ca and P on demineralized enamel. Additionally, this is the first try to apply BGS-7 (CGBIO, Seoul, South Korea), a new bioactive glass, as reminerlizing agent on the tooth.

      The purpose of this study was to evaluate the effect of different remineralization agents on the shear bond strength (SBS) of resin composite (Filtek Z350 XT Universal, 3M ESPE, St. Paul, MN, USA) to enamel and to confirm the remineralization capacity through quantitative light-induced fluorescence (QLF).

    

    

  
    
      Materials and Methods
      
        1. Preparation of specimens
        This study was approved by the Institutional Review Board of Wonkwang Dental Hospital, Wonkwang University, Iksan, Korea (WKDIRB202403-01). Sixty extracted non-carious human third molars were selected for this study. The extracted teeth were washed to remove debris and immersed in distilled water until further use. The roots of the teeth were removed at the cementoenamel junction and the crown was sectioned mesiodistally into two parts. By cutting the crown mesiodistally, it was possible to obtain two specimens from one tooth. A total of 120 specimens were fabricated using 60 teeth. The sections were placed in cylindrical molds and embedded in acrylic resin (Ortho-Jet, Lang Dental Manufacturing Co., Wheeling, IL, USA) showing the exposed enamel surface. The enamel surface was ground flat and polished with water-cooled 200-, 400-, 600-, 800-, and 1000-grit silicon carbide papers (DEERFOS Co., Seoul, Korea).

      

      
        2. Demineralization and remineralization protocol
        Demineralization was performed by immersing teeth in demineralization solution composed of 2.2 mM calcium chloride (CaCl2·2H2O), 2.2 mM potassium phosphate monobasic (KH2PO4), and 50 mM acetic acid (pH=4.4) (Biosesang, Seongnam, Korea) at 37 ℃ for 48 h (13).

        For the remineralization protocol, sufficient amount of each remineralizing agent were spread onto the enamel and applied for 5 minutes by a rubbing motion with a micro brush. For the TM and AP groups, the paste were used, and for the BG group, BG was applied as 10 wt% suspension (One-tenth of a gram of BG powder with 0.9 g distilled deionized water). At the end of the application, the agents were removed by brushing with a toothbrush for 15 s. The remineralization procedure was conducted once a day for 1 time to 14 times along the groups.

        All specimens were stored in simulated body fluid (SBF) (pH 7.4, composed of BACl, K2HPO4·3H2O, MgCl2·6H2O, CaCl2, Na2SO4, and NH2C(CH2OH)3) at 37 ℃. The SBF was renewed daily until adhesion was achieved.

      

      
        3. Experimental groups
        The prepared one hundred and twenty specimens were randomly divided into eight groups based on the remineralizing agent and application time (n=15).

        (1) Control (C). no treatment for 24 hours; (2) C for 2 weeks; (3) Tooth Mousse plusTM (TM; Recaldent, GC Corp., Tokyo, Japan) for 24 hours; (4) TM for 2 weeks; (5) Apapro (AP; SANGI Co., Tokyo, Japan) for 24 hours; (6) AP for 2 weeks; (7) BGS-7 bioglass (BG; CGBIO, Seoul, South Korea) for 24 hours; (8) BG for 2 weeks.

      

      
        4. QLF measurement
        Five specimens from each group were used for QLF to measure the demineralized areas of the specimens after demineralization and remineralization. All specimens were assessed using a Qraypen C device (AIOBIO, Seoul, Korea) based on QLF technology. Before imaging, the specimens were washed with distilled water and sufficiently dried using compressed air for 5 s, after which imaging was performed. The Qraypen C device was applied vertically to the surface of specimens and the images were taken at the focusing area within the range of 5 mm to 45 mm.

        The amount of fluorescence loss of the specimen was measured using Qray software (AIOBIO) by measuring ΔF (%), which indicates the amount of fluorescence loss compared to the demineralized surface (no treatment) in the fluorescence image taken. Recovery amount was calculated as follows: 

        The recovery amount(Δ(ΔF)) = ΔFremin -ΔFdemin

      

      
        5. Bonding procedure
        The surfaces of all the teeth were dried. Etching was performed using 37% phosphoric acid (DenFil Etchant, 37%; Vericom, Anyang, Korea). The etchant was washed with an air-water spray for 10 s and dried until the surface was white and chalky. All Bond Universal (BISCO, Schaumburg, IL, USA) was used with a microbrush, and the surface was agitated for 20 s. The solvent was air-dried for 10 s and polymerized using a light emitting diode (LED) curing unit (Elipar s10, 3M ESPE, St. Paul, MN, USA) at an output intensity of 1,100 mW/cm2 for 10 s. The composite resin (Filtek Z350 XT Universal, 3M ESPE) was placed in two 2 mm-thick layers using a cylindrical plastic tube of 3.2 mm inner diameter and height of 3 mm. The composite resin layer was polymerized for 20 s. And then the cylindrical plastic tube was removed carefully. Bonding procedure for shear bond strength test was performed according to ISO 29022:2013. The specimens were then incubated at 37 ℃ in distilled water for 24 h.

      

      
        6. Shear bond strength test
        The micro-SBS test was performed using a shear bond tester (T-63010K , BISCO) at a cross head speed of 0.5 mm/min. The maximum force for debonding was recorded in Newtons (N) and calculated to MPa by dividing it by the bonding area (N/mm2).

      

      
        7. Statistical analysis
        The Shapiro-Wilk test was performed for normality. One-way analysis of variance (ANOVA) and Kruskal-Wallis test were used to compare the recovery amount and SBS of the specimens between the experimental groups. Paired t- and Wilcoxon rank tests were used to compare the values at 24 h and 2 weeks within the group. Scheffe and Dunn tests were used as post-hoc tests. Bonferroni correction was used to adjust the p-value. All statistical analyses were performed using SPSS v28.0 (IBM Corp.; Armonk, NY, USA).

        The experimental procedures and materials tested are summarized in Figure 1 and Table 1.

        
          
          

          Figure 1. 
				
          

          
            The summary of the experimental procedure.
          
          

          

        

        
          Table 1. 
				
          

          
            Materials used in this study
          
          

        

        
          
            
              	
              	Materials
              	Composition
              	Application method according to manufacturer’s instructions
            

          
          
            	
              Remineralizing agent
            
            	Tooth Mousse plusTM,
Recaldent, GC Corp.
(Tokyo, Japan)
(TM)
            	Purified water, glycerol, CCP-ACP,
D-sorbitol, CMC-Na propylene glycol,
silicon dioxide, xylitol, 0.2% sodium
fluoride, sodium saccharin, ethyl
p-hydroxybenzoate
            	After brushing the teeth,
apply sufficient creme to coat all
surfaces. Leave on the teeth
undisturbed for a minimum of 3
minutes.
          

          
            	Apapro, SANGI Co.
(Tokyo, Japan)
(AP)
            	Aqua, Hydroxyapatite (Nano),
Glycerin, Diglycerin, Xylitol,
Butylene glycol, Cellulose gum,
Hydrated silica, Aroma,
Methylparaben, Propyl-paraben,
Xanthan gum, Sodium lauroyl
sarcosinate, cetylpyrydinium chloride
            	After brushing the teeth, apply the gel
to the tooth surfaces for 20-30
seconds (up to 1 minute) by rubbing
motion. Or when using tray, tray should
be removed after 5 minutes and
lightly rinsed with water.
          

          
            	BGS-7 bioglass, CGBIO
(Seoul, South Korea)
(BG)
            	41.8% CaO, 35.8% SiO2, 13.9%
P2O5, 0.5% B2O3, 2.0% CaF2,
6.0% MgO (wt%)
            	-
          

          
            	
              Etchant
            
            	
            	37% phosphoric acid
            	Etch enamel and dentin using an
etchant for 15 seconds.
Rinse thoroughly. Remove excess water
by blotting the surface with an
absorbent pellet or high volume
evacuation (HVE) for 1-2 seconds,
leaving the preparation visibly moist.
          

          
            	
              Adhesive
            
            	All bond universal, BISCO
(Schaumburg, IL, USA)
            	10-MDP, Phosphate monomer,
HEMA, Bis-GMA, Ethanol, Water,
Initiators
            	Apply two separate coats of adhesive,
scrubbing the preparation with a
microbrush for 10-15 seconds per coat.
Evaporate excess solvent by thoroughly
air-drying with an air syringe for at
least 10 seconds, there should be no
visible movement of the adhesive. Light
cure for 10 seconds.
          

          
            	
              Composite
            
            	Filtek Z350XT, 3M ESPE
(St. Paul, MN, USA)
            	Bis-GMA, UDMA, TEGDMA, Bis-EMA,
PEGDMA, Silica filler, Zirconia filler,
Zirconia/silica(aggregated)
            	Place in increments in depth of
2.0 mm and light cure for 20 sec
with output 400-1000 mW/cm2
          

        

        
          
            CCP-ACP : casein phosphopeptide (CPP) formulations CPP-amorphous calcium phosphate, CMC : carboxymethylcellulose, MDP : Methacryloloxtdecyl dihydrogen phosphate, HEMA : Hydroxyethylmethacrylate, Bis-GMA : Bisphenol A glycidyl methacrylate, UDMA : urethane dimethacrylate, TEGDMA : triethleneglycol dimethacrylate, Bis-EMA : Ethoxylated bisphenol A dimethacrylate, PEGDMA : poly (ethylene glycol) dimethacrylate.
          

        

        

      

    

    

  
    
      Results
      
        1. QLF measurement
        The results of the QLF measurements from all the experimental groups are shown in Table 2. In the results of groups of 24 h, the recovery amount were significantly different among the four groups (p = 0.036). However, when a post-hoc test was performed using the Dunn test, and the p-value was corrected using the Bonferroni method, no significant difference was found. In the 2 weeks groups, a statistically significant difference was observed in the recovery amount. This value was significantly higher in the BG group than that in the control group (p<0.05).

        
          Table 2. 
				
          

          
            Mean amount of fluorescence loss (ΔF) and recovery amount (Δ (ΔF)) of the experimental groups (means±S.D)
          
          

        

        
          
            
              	
              	24 hours
              	2 weeks
              	p-value
            

            
              	ΔF demin
              	ΔF remin
              	Δ(ΔF)
              	ΔF demin
              	ΔF remin
              	Δ(ΔF)
            

          
          
            	C
            	17.25±8.12
            	14.37±7.62
            	2.88±1.50Aa
            	14.28±6.88
            	11.38±6.48
            	2.90±1.43Aa
            	.959
          

          
            	TM
            	12.57±3.27
            	9.81±3.02
            	2.75±2.16Aa
            	14.35±6.53
            	10.90±5.46
            	3.45±2.19Aab
            	.368
          

          
            	AP
            	14.50±6.00
            	10.55±4.72
            	3.95±2.43Aa
            	15.28±4.30
            	10.71±3.27
            	4.57±2.31Aab
            	.566
          

          
            	BG
            	17.92±8.45
            	12.85±7.47
            	5.07±2.51Aa
            	15.44±7.09
            	10.35±6.17
            	5.09±2.01Ab
            	.609
          

          
            	p-value
            	
            	
            	.036
            	
            	
            	.012
            	
          

        

        
          
            ΔF, amount of fluorescence loss compared to the sound surface in the fluorescence image taken Same capital letter within individual rows indicates no significant difference (p < 0.05). Same lowercase letter in same column indicates no significant difference (p < 0.05).
          

        

        

        Comparison over the time of remineralizing agents application within each group, yielded no significant difference in the recovery amount between the 24 h and 2 weeks groups.

        The representative images of the experimental groups are shown in Figures 2 and 3. In Figure 2., all specimens showed a light red fluorescence. Any differences were not observed between the demineralized surfaces (A, B, C and D) and 24 h groups (a, b, c and d). In the image of BG 2 weeks group (Figure 3d), it seemed that the red fluorescent area were slightly decreased compared to the image of Figure 3D.

        
          
          

          Figure 2. 
				
          

          
            Representative QLF images of 24 h groups.
            A,a : Control ; B,b : Tooth Mousse plusTM (TM) ; C,c : Apapro (AP) ; D,d : BGS-7 bioglass (BG). QLF Images after exposure in a demineralization solution (A, B, C, D) and after application of remineralizing agents (a, b, c, d) All samples exhibited a faint red fluorescence. No distinctions were noted between the demineralized surfaces (A, B, C, and D) and the 24-hour groups (a, b, c, and d).

          
          

          

        

        
          
          

          Figure 3. 
				
          

          
            Representative QLF images of 2 weeks groups.
            A,a : Control ; B,b : Tooth Mousse plusTM (TM) ; C,c : Apapro (AP) ; D,d : BGS-7 bioglass (BG). QLF Images after exposure in a demineralization solution (A, B, C, D) and after application of remineralizing agents (a, b, c, d). In the BG 2 weeks group image (Figure 3. d), it appeared that the area of red fluorescence had slightly diminished compared to the image in Figure 3.D.

          
          

          

        

      

      
        2. Shear bond strength test
        The results of the SBS tests for all the experimental groups are listed in Table 3. There was no statistically significant difference in the SBS among the groups pretreated with TM, AP, and BG at both 24 h and 2 weeks. Regarding application time, none of the experimental groups showed significant differences between 24 h and 2 weeks.

        
          Table 3. 
				
          

          
            SBS (MPa) of the experimental groups
            (mean ± S.D)

          
          

        

        
          
            
              	
              	24 hours
              	2 weeks
              	p-value
            

          
          
            	
              Control
            
            	13.25±2.20Aa
            	14.57±5.32Aa
            	.959
          

          
            	
              TM
            
            	12.86±2.41Aa
            	14.06±3.11Aa
            	.394
          

          
            	
              AP
            
            	14.43±3.69Aa
            	14.74±2.25Aa
            	.799
          

          
            	
              BG
            
            	14.93±2.77Aa
            	15.18±3.39Aa
            	.846
          

          
            	
              p value
            
            	.328
            	.688
            	
          

        

        
          
            Same capital letter within individual rows indicates no significant difference (p < 0.05). Same lowercase letter in same column indicates no significant difference (p < 0.05).
          

        

        

      

    

    

  
    
      Discussion
      Hypomineralized enamel is more porous than sound enamel because of its lower mineral content. Thus, bonding to this type of enamel may be weak and accompanied by extensive microleakage (14).	However, in early enamel caries, lost minerals can be re-supplied through the remineralization process. As calcium and phosphate ions play essential roles in remineralization, novel materials containing these ions have been introduced to the market to prevent and treat enamel hypomineralization. The most popular remineralizing products are CPP–ACP and HA (15). Furthermore, a powerful remineralizing agent primarily consisting of BAG was introduced, demonstrating the ability to enhance the mechanical properties of demineralized enamel in a relatively brief period (16). Traditionally, fluoride products have been widely used for the remineralization of early enamel lesions. However, due to the controversy surrounding the potential harm of fluoride to the human body, there is a tendency for patients to be wary of fluoride products. Both Tooth Mousse Plus, containing CPP-ACPF, and Apapro, containing nHA, serve as remineralizing agents that can be used for the prevention of early dental caries lesions. They both aid in the remineralization of teeth by forming or supplying mineral structures consisting of calcium and phosphate. There is limited research on BGS-7 as a restorative material compared to other BAGs, so we conducted our study using BGS-7. Therefore, the objective of this study was to assess the remineralization effectiveness of these agents and their impact on bonding to treated enamel lesions. To achieve this goal, early enamel carious lesions were artificially induced on the enamel surfaces of the specimens, followed by treatment with chosen remineralizing agents.

      Nanohydroxyapatite is gaining attention for preventing cavities by restoring minerals to damaged enamel and dentin after decay. In early decay, acidic bacteria cause mineral loss while leaving collagen intact. Nanohydroxyapatite replenishes minerals directly or as a carrier, aiding remineralization. It's often in toothpaste to promote this. Applied to teeth, synthetic nanohydroxyapatite nanoparticles form a protective layer by penetrating the surface pores (17).

      CPP-ACPF delivers not only calcium and phosphate ions but also supplementary fluoride for remineralization. The combination of CPP-ACP with fluoride is likely to bring about the co-localization of calcium, phosphate, and fluoride ions on the enamel surface. Consequently, it provides all the necessary ions for the formation of fluoroapatite crystals, which offer greater resistance to cavities (18).

      BGS-7, categorized as bioactive glass, is composed of amorphous sodium-calcium-phosphosilicate. This ceramic material exhibits high reactivity in water and, when finely powdered, can physically block dentinal tubules (19).

      The QLF was used to assess the enamel remineralization capacity of the agents tested in this experiment. Surface microhardness tests and observations using polarizing microscope or electron microscopes have been proposed to measure the enamel remineralization effect. These traditional methods are invasive, and can be used in experiments. However, QLF is non-invasive method and can be a useful tool for measuring the degree of remineralization in the clinic.

      QLF is a technology that can non-invasively detect and quantitatively analyze early carious lesions through differences in the autofluorescence response of teeth using light in the blue visible light region (20). The equipment is widely used not only in laboratories but also in clinical settings. QLF is useful for clinicians to detect the presence of and changes in early carious lesions because it is possible to detect and monitor micro changes in minerals without tooth destruction (21).

      In this study, a recovery tendency was observed in the control and experimental groups that used remineralization agents. Comparing the results according to the type of remineralization agents, the amount of recovery was not significantly different between the 24 h groups. However, the 2 weeks groups showed a statistically significant difference in remineralizing ability, and the value was higher in the BG group than that in the control group.

      Bioactive glass (BAG) serves as a biomimetic mineralizer, mirroring the body's natural mineralization processes and influencing cell signaling, ultimately fostering the repair of tissue structure and function. In the aqueous surroundings near the tooth, such as saliva in the mouth, sodium ions from the BAG particles swiftly replace hydrogen ions (H3O+), leading to the liberation of calcium and phosphate ions (PO4-) from the glass material (22). Upon the material's first contact with water, there is a brief, localized rise in pH resulting from sodium release. This pH elevation facilitates the precipitation of excess calcium and phosphate ions from the BAG, forming a calcium phosphate layer. Over time, this layer undergoes crystallization, ultimately transforming into hydroxycarbonate apatite (HCA).

      These particles adhere to the tooth surface, persistently emitting ions, and subsequently aid in the remineralization of the tooth surface following the initial application. The deposits are firmly attached and could not be removed by thorough washing and brushing. In in vitro studies, these particles were shown, to release ions and transform into HCA for up to 2 weeks (23).

      Another reason why BG showed significant remineralization ability than the control group compared with other remineralizing agents could be that it has different properties from the other materials. Zhou et al. (24) examined the ability of BAG and CPP-ACP to promote remineralization through scanning electron microscopy. They observed that BAG effectively seals the fissures created after demineralization with a closer fit, resulting in more angular deposits, whereas CPP-ACP forms smaller and less defined deposits with an amorphous structure. Unlike BAG, which attaches to the tooth surface and promotes prolonged remineralization, CPP-ACP does not adhere to enamel and therefore does not support long-term tooth surface remineralization (25). The mineral penetration capacity of HA varies according to pH levels; a decrease in pH from 7.0 to 4.0 results in greater mineral deposition within the inner portion of the lesion (26). This may also be directly related to the solubility of nano HA increased in the acidic condition (27). Multiple studies have shown that acidic solutions have a higher ability to facilitate the penetration of mineral ions during remineralization compared to neutral solutions. In the case of BAG, more minerals were deposited under neutral conditions than under acidic conditions (26). Elevated alkalinity influences the dissolution and remineralization rates, potentially attributed to the elevated pH enabling a greater silica concentration in the solution. It is suggested that BGS-7, possessing elevated levels of calcium and phosphorus along with finely sized particles, may produce outstanding outcomes when used as a remineralizing agent.

      Clinically, the bonding procedure can often be applied to demineralized or remineralized enamel. Early carious enamel lesions, especially white spot lesions, are common unintended side effects of orthodontic treatment using fixed equipment. For the management of whit-spot lesions, remineralization treatment may be performed first, and composite restoration may be required for aesthetic reasons. Furthermore, it can be assumed that patients with multiple early caries enamel lesions may need bracket bonding after periodic remineralizing program. In this study, to explore the bonding properties of early carious enamel lesions after the application of remineralizing agents, an SBS test was performed on demineralized enamel coated with remineralizing agents. The results of this study showed that the SBS values after remineralization treatment were similar to those of the control group. There was no significant difference in the SBS values between the 24 h and 2 weeks groups.

      In previous studies on the effects of remineralizing agents on the SBS of the enamel, the results varied. Abdelmegid et al. (5) reported that remineralizing agents (CPP-ACP and CPP-ACPF) applied to non-demineralized teeth decreased the bond strength because of the increased resistance to acid etching. Enan et al., (11) compared nHA and CPP-ACP for bonding orthodontic brackets and, reported that the mechanical properties improved as the enamel was remineralized, which had a positive effect on the bond strength. The discrepancies in these results might be dependent on various factors, including the degree of demineralization, remineralization, and etching performance in the bonding procedure.

      The bond strength of adhesive materials is related to the mineral content of the tooth structure. After applying remineralizing agents, calcium and phosphate may have been deposited on the enamel surfaces. The presence of these surface layers may potentially hinder the action of the acid, reducing its ability to penetrate the enamel surface adequately. This could compromise the formation of resin tags, which are crucial for establishing sufficient micromechanical retention typically seen in enamel bonding (28). Therefore, remineralized enamel might not be readily etched and adhesive penetration is adversely affected. However, etching with 37% phosphoric acid prior to the application of the self-etching adhesive increased the bond strength. Inorganic content provided by the remineralizing agents was dissolved by the action of phosphoric acid-etching (29). Therefore, the effect of the remineralization agents may have been mitigated by phosphoric acid etching.

      This study has some limitations. We performed only in the total-etch mode, considering that the usual clinical application of all bond universal on enamel is performed by the etch-and-rinse mode. However, it would have been better if the self-etch mode had also been used to compare the effect of the separated phosphoric etching step on the SBS to the remineralized enamel. Another limitation is that we designed the control group with only demineralized enamel; however, a negative control group with sound enamel would provide more detailed information regarding the comparison of bond strength. Therefore, pre-treatment with remineralization agents did not significantly affect the SBS when all bond universal was applied in the etch-and-rinse mode.

      The Tooth Mousse Plus and Apapro used in this study are well-known to the public and can also be used as home care products. However, their effectiveness is not significantly superior to fluoride products. Therefore, the development of effective remineralizing agents for the multiple enamel demineralization lesions frequently encountered in orthodontic patients is a highly important issue. In this study, BGS-7 has been found to have a higher potential for remineralization compared to existing remineralizing agents, suggesting the possibility of developing more effective remineralizing agents using it. Therefore, further research under conditions more similar to the oral environment appears to be necessary.

    

    

  
    
      Conclusions
      Within the limitations of this study, BAG showed higher remineralization ability than all the other experimental agents. Notably, SBS was not affected by the remineralizing agents.
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