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Abstract
Purpose: The aim of this in vitro study was to evaluate the effects of three restorative materials and chlorhexidine digluconate(CHX) pretreatment on microleakage in Class V cavities.
Materials and Methods: Thirty freshly extracted sound human molars were cleaned and stored in distilled water. Sixty standardClass V cavities were prepared on gingival 1/3 of buccal and lingual surfaces of each tooth. Teeth were randomly assigned into 3groups corresponding to the selected restorative material (Fuji II LC Capsule/FC, GC; Beautifil Flow Plus/BF, Shofu; and GrandioSoFlow/GF, VOCO). Lingual cavities were pre-treated with CHX (Cavity Cleanser, Bisco). The cavities were restored according tomanufacturer’s instructions using the materials’ own adhesive systems. Teeth were stored in distilled water (24°C) for 6 monthsfor aging. Specimens were immersed in 2% methylene blue solution for 1 h and sectioned longitudinally in buccolingual direction.Occlusal/gingival margins were examined for dye penetration and scored under x8 and x20 magnification using stereomicroscope(Leica MZ7.5, Leica Microsystems). Statistical analysis was performed using chi-square test with a significance level of p<0.05.
Results: There was no statistically significant difference between the amount of microleakage of GF, FC and BF restorations inCHX-treated and untreated cavities (p>0.05). CHX pretreatment did not result in a significant difference between microleakagevalues in gingival and occlusal margins of cavities restored with different materials (p>0.05).
Conclusions: Application of CHX as cavity cleaner has no effect on the microleakage in Class V cavities restored with giomer, glassionomer, and resin composites.
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Introduction

Teeth with raised survival, increased awareness of the patients,and physicians who are open to new treatment approaches causemaximum adhesion and maximum clinical life goals in restorationsto remain at the forefront. Until today, no restorative material hasbeen able to entirely seal and adhere to dentin throughout its clinicalpractice. One of the consequences of this situation is microleakage. 1
Microleakage is one of the factors in the failure of restorations ac-complished to restore the lost tissues of teeth. It is described as thepassage of fluid, bacteria, ions and molecules through gaps betweenthe cavity wall and restorative material. 2 Microleakage may occuras a result of polymerization shrinkage in some restorative materi-

als, high thermal expansion coefficient difference between toothand restorative material, and occlusal forces on the restoration. Thiscauses the deterioration of esthetics over time, discoloration of themargins, secondary caries, and many problems such as failure inrestorations. 3–5
In the formation of secondary caries lesions, microorganismsremaining in the smear layer, formed on the dentin surface aftercavity preparation, are as effective as microleakage. Microleakageoccurring in cavities close to the gingiva with the borders exceedingcemento-enamel junction, and bacteria remaining in the smearlayer will also increase the risk of secondary caries formation. 6–8
In restorative applications, there are two main approaches to
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preserve adhesion and provide complete seal: reducing polymer-ization shrinkage and preventing hydrolytic degradation of theinterface. 9 Considering the results of the studies, it was concludedthat the matrix metalloproteinases (MMPs) in dentin accelerate thedeterioration of the organic matrix of the dentin organic matrix andaccordingly, prevent the formation of a durable and robust hybridlayer and cause an increase in microleakage. 2 In order to achievea successful restoration, using an MMP inhibitor and antibacte-rial agent is recommended for the elimination of microorganismsremaining in the cavity. For this purpose, chlorhexidine (CHX) isapplied to the cavity surfaces. There is a wealth of in vitro and invivo research data demonstrating the positive effect of CHX on thelifetime of hybrid layer and bond strength. 10–12 CHX is used toprevent autodegradation of the dentin collagen matrix, where theresin cannot penetrate completely. 12,13 At the same time, CHX hasa wide spectrum of action against Streptococcus mutans, which isespecially effective in the formation of secondary caries lesions. 11
The material to be preferred in the restoration of Class V cavitiesis determined according to the function, esthetic and mechanicalproperties expected from the restoration. Giomer, glass ionomerand resin composites are among these materials and provide dif-ferent advantages to the restoration as a result of their chemicalstructures.Glass ionomers show antibacterial properties with fluoride re-lease and also have low technical sensitivity. They are preferredespecially in the restoration of Class V cavities close to the gingiva,because of their ability to create direct chemical bonds with thetooth, due to the difficulty of providing ideal adhesion in restora-tions with the borders exceeding cemento-enamel junction. 14
Composite resins have been developed over the years and used inthe restoration of many kinds of lesions. The advantages of havingmany color types, minimal cavity preparation, and good marginalcompatibility are among the advantages. 15,16 Low-viscosity resincomposites have much greater shrinkage, and their use in areas ofhigh functional stress is avoided. However, low-viscosity propertiesperform them easy to apply. Composite resins are preferred foresthetic satisfaction, especially in Class V lesions occurring in thecervical region of the teeth. 17
In order to combine the properties of composite resins and glassionomers, pre-reacted glass filler particles were incorporated intothe matrix of the composite material and hybrid products known asgiomers were obtained. Giomers represent a special class of restora-tive materials that offer protection against caries while providingfunction and esthetics. 17
The current study aimed to compare the microleakage amountsin Class V cavities restored with different types of restorative ma-terials including glass ionomer, giomer and methacrylate-basedcomposite and to evaluate the effect of CHX cavity disinfectant ap-plication on microleakage. The null hypotheses of the study are;1)The effect of chlorhexidine digluconate (CHX) pretreatment onmicroleakage does not differ depending on the restorative mate-rial. 2)Chlorhexidine pretreatment will not affect the microleakagevalues of the Class V restorations.

Material and Methods

Ethical approval for this study was obtained from the ethics com-mittee of the institutional review board (IRB) (Application No. 2021-23/Date 07.10.2021), and the project was conducted at MarmaraUniversity Faculty of Dentistry, Istanbul, Turkey. The minimumsample size required to detect a significant difference using thistest should be at least 10 in each group, considering type I error(alfa) of 0.05, power (1-beta) of 0.85, and effect size of 0.529. Thirtyfreshly extracted sound human molars were included in the study.Teeth were cleaned with a rubber bur and a fluoride-free paste.After disinfection with 0.1% thymol solution, the teeth were storedin distilled water for 24 hours. Standardized Class V cavities (2 mm

depth, 4 mm wide mesiodistally, and 2 mm height) were preparedwith round and tapered diamond burs on the gingival 1/3 of buccaland lingual surfaces of each tooth. The cervical margins of the cav-ity extended approximately 1 mm coronal of the cement-enameljunction (CEJ). Class V cavity prepared teeth were randomly as-signed into 3 groups, according to the restorative materials (Fuji IILC Capsule, GC, Tokyo, Japan; Beautifil Flow Plus, Shofu Inc., Kyoto,Japan; GrandioSo Flow, VOCO GmbH, Cuxhaven, Germany) used(Table 1, Figure 1).
Chlorhexidine [Cavity Cleanser (2% chlorhexidine digluconate),Bisco Inc., Schaumburg, IL, USA] was applied to the Class V cavitieson the lingual surfaces of the teeth. Following completion of therestorations, teeth were stored in distilled water at room temper-ature (24◦C) for 6 months for the ageing procedure. Afterwards,samples were coated with nail polish except 1 mm around the tooth-restoration interface. Samples were immersed in 2% methyleneblue solution for 1 h and then rinsed under copious water. Thespecimens were sectioned through the center of the restorationsin buccolingual direction, using Isomet 1000 (Buehler) precisioncutting device (Figure 2).
Occlusal and gingival margins were examined for dye penetra-tion and scored under x8 and x20 magnification using a stereomi-croscope (Leica MZ7.5, Leica Microsystems, Germany). The sameobserver repeated the scoring twice to eliminate any optical illu-sions. The extent of the dye penetration was scored according toa scale from 0 to 4 (Scoring criteria for occlusal margin; Score 0,no dye penetration; Score 1, dye penetration limited to ½ or lessof the occlusal wall; Score 2, dye penetration exceeding½ of theocclusal wall; Score 3, dye penetration limited to ½ of the cavitybase; Score 4, dye penetration exceeding½ of the cavity base. Scor-ing criteria for gingival margin; Score 0, no dye penetration; Score1, dye penetration limited to½ or less of the gingival wall; Score2, dye penetration exceeding½ of the gingival wall; Score 3, dyepenetration limited to½ of the cavity base; Score 4, dye penetrationexceeding½ of the cavity base.)

Statistical Analysis

Data were analyzed with SPSS V23 (IBM, New York, USA). The Chi-square test was used to compare microleakage according to restora-tive material and CHX application. Analysis results were presentedas frequency (percentage) for categorical data. The results wereevaluated with a significance level of p<0.05.

Results

Dye penetration at the occlusal and cervical interfaces of the restora-tions for various group samples are shown in Figure 3. The mi-croleakage values obtained according to CHX pretreatment of thestudied restorative material groups were presented in Table 2.
A comparison of restorative materials reveals that the highestnumber of samples with a score of 0 and no dye penetration isobserved in the GrandioSo Flow resin composite group. When com-paring restorations with and without CHX application, the numberof samples with a score of 0 and no dye penetration is higher inrestorations without CHX application.
No statistically significant difference was found between the oc-clusal/gingival microleakage values of CHX-treated and untreatedClass V cavities in restorations using Beautifil Flow Plus, GrandioSoFlow and Fuji II LC Capsule (p=0.380, p=0.579 respectively) (Ta-ble 2). There was no statistically significant difference betweenthe distributions of microleakage in restorations according to CHXpretreatment (p=0.488) (Table 2).
The interaction between restorative materials and CHX appli-cation was not statistically significant for gingival and occlusalmicroleakage (p>0.05) (Table 3).
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Figure 1. Schematic representation of study groups according to restoration stages and CHX pretreatment.

Figure 2. Specimens sectioned longitudinally in the buccolingual direction.

According to the use of materials with different structures inClass V cavities, there was no statistically significant differencebetween the occlusal/gingival microleakage distribution in therestorations (p=0.433, 0.062, respectively) (Table 4).No statistically significant difference was found between themicroleakage values of the occlusal and gingival margins of thecavities (p = 0.801) (Table 5).

Discussion

This study was designed to compare the microleakage values ofcomposite materials with different compositions in cervical regionrestorations and to observe the effect of CHX cavity disinfectantusage on microleakage. According to the results of this study, nostatistically significant difference was found between the microleak-age values of CHX-treated and untreated Class V cavities in different

restorations. Additionally, there was no statistically significant dif-ference between the distributions of microleakage in restorationsaccording to CHX pretreatment. Based on the results obtained,“The effect of CHX pretreatment on microleakage does not differdepending on the material.” and “CHX pretreatment did not affectthe microleakage values of Class V restorations.” hypotheses wereaccepted.
One of the most essential criteria for the success of dentalrestoration is to prevent the leakage of contaminants by creating aseal. Oral bacteria and by-products entrapped or infiltrated betweenthe dentin and the restoration can result in secondary caries causedby oral microbiome dysbiosis. Thus, the resin-dentin interface canbe compromised. 18,19 In contemporary minimally invasive oper-ative management of caries, studies suggest that selective cariesremoval should be preferred to complete caries removal. 20,21 Thismay lead to questioning the necessity of additional antimicrobial
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Table 1. Compositions of the materials used in the study.
Restorative

and adhesive material Manufacturer Type Contents

Fuji II LC Capsule GC,Tokyo, Japan glassionomer
Liquid: PAA, HEMA, UDMA,proprietary ingredient, 2,2,4-trimethylhexamethylenedicarbonate, TEGDMA.Powder: (fluoro) Aluminosilicate glass. Filler Content(wt%): 76

Beautifil Flow Shofu Inc.,Kyoto, Japan giomer

Base resin: Bis-GMA(15 wt%)/TEGDMA (13 wt%).Filler: Multifunctional glass filler and fluroboro aluminosilicate glass.Particle size range: 0.01-4.0 µm, meanparticle size: 0.8 µm. DL-Camphorquinone.Filler Content (wt%): 67.3
GrandioSo Flow VOCO GmbH,Cuxhaven, Germany methacrylate-basedcomposite

HEDMA, Bis-GMA, TEGDMA, BIS-EMA,glass ceramic (filler size:1 µm), silicon dioxide(filler size:20–40 nm).Filler Content (wt%): 80.2
Beautibond Shofu Inc.,Kyoto, Japan self-etchadhesive Acetone, Bis-GMA, TEGDMA, 4MET,6MHPAc, pure water.

Futura Bond U VOCO GmbH,Cuxhaven, Germany universaladhesive Bis-GMA, HEDMA, acidic adhesivemonomer, HEMA, UDMA, catalyst.
Abbreviations: 4-MET: 4-methacryloxyethyl trimellitic acid; 6MHPAc: 6-methacryloyloxyhexyl phosphonoacetate, Bis-GMA: bisphenol-A-diglycidyl methacrylate; HEDMA:
hexamethylenedimethacrylate, HEMA: 2-hydroxyethyl methacrylate; PAA: polyacrylic acid; TEGDMA: triethyleneglycol dimethacrylate; UDMA: Urethane dimethacrylate.

Figure 3. a. Gingival margin score as 1, b. Gingival and occlusal margin scores as 0, c. Gingival and occlusal margin scores as 1.

treatment. Based on the previous studies, the use of 2% CHX as adisinfectant was preferred in the current study. 22,23
One of the factor that bond degradation is an endogenous dentinproteases, which compromise the continuity of the hybrid layer. 24

Endogenous dentin proteases and cysteine cathepsins embeddedin the collagen matrix are exposed by acid etching of dentin, andtheir activity increases with the adhesive application. 25–27 Acti-vated proteases degrade denuded collagen fibrils in the hybrid layerand lead to the deterioration of adhesive-dentin bonds over time. 28
CHX pretreatment is expected to increase the durability of the hy-brid layer by inhibiting matrix metalloproteases. Previous studieshave concluded that CHX pretreatment reduces microleakage orhas favorable effect on the adhesive system, and no adverse effectson dentin bonding have been reported. In the study of Pradhan etal., 29 cavities treated with CHX (2%) and restored with universaladhesive and composite resin showed lower microleakage valuesthan the control group. Loguercio et al., 30 demonstrated that CHXis still present in the hybrid layers after 5 years and the use of a 2%CHX on dentin may improve the long-term stability of adhesiveinterfaces.

In contrast to previous studies, Suma et al. 1 showed that pre-treatment of 2% CHX with a self-etch adhesive would significantlyreduce the shear bond strength of the composite to dentin. Fernan-

des et al. 31 attributed the lower bond strength values following 2%CHX pretreatment to the precipitation of CHX, which can bind toanionic molecules such as phosphate in hydroxyapatite, exhibitinga barrier behaviour that reduces the maximum contact betweenrestoration and dentin. Kimyai et al. 32 concluded that CHX pre-treatment results in more significant marginal gaps, irrespectiveof the bonding method used. Boaru et al. 33 evaluated the effectof 2% CHX on the composite restoration-dentin interface usinga universal adhesive system applied with self-etch and etch-and-rinse techniques and reported that, application of CHX to the dentalsubstrate before using a universal adhesive system had no effecton the adhesive interface. The SEM images obtained in their studywere consistent with the study outcomes of Kimyai et al., 32 result-ing in a thinner, less uniform and less resin-buffering hybrid layerwere formed on dentin treated with CHX. Bin-Shuwaish et al. 22
obtained similar results by showing that dentin microleakage wasunaffected by CHX pretreatment when teeth were restored with the“self-etch” protocol of the universal adhesive system and conven-tional resin-based composite.

In this study, flowable resin-based composite constitutes oneof the study groups in the restoration of Class V cavities. Accordingto the results of this study, CHX application had no statisticallysignificant effect on the microleakage values of Class V cavities
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Table 2. Comparison of gingival and occlusal microleakage values according to CHX pretreatment in Class V cavities restored with different materials.
Restorative material Dye penetration CHX (-) (%) CHX (+) (%)

Total

(%)
p*

Gingival

Beautifil Flow Plus

Score 0 0 (0) 0 (0) 0 (0)
0.164

Score 1 5 (50) 4 (40) 9 (45)Score 2 1 (10) 5 (50) 6 (30)Score 3 2 (20) 0 (0) 2 (10)Score 4 2 (20) 1 (10) 3 (15)
GrandioSo

Flow

Score 0 1 (10) 2 (20) 3 (15)
0.955

Score 1 2 (20) 2 (20) 4 (20)Score 2 2 (20) 1 (10) 3 (15)Score 3 2 (20) 2 (20) 4 (20)Score 4 3 (30) 3 (30) 6 (30)
Fuji

II LC Capsule

Score 0 0 (0) 0 (0) 0 (0)
0.753

Score 1 5 (50) 5 (50) 10 (50)Score 2 0 (0) 1 (10) 1 (5)Score 3 3 (30) 2 (20) 5 (25)Score 4 2 (20) 2 (20) 4 (20)

Main effect **

Score 0 1 (3.3) 2 (6.7) 3 (5)
0.579

Score 1 12 (40) 11 (36.7) 23 (38.3)Score 2 3 (10) 7 (23,3) 10 (16.7)Score 3 7 (23.3) 4 (13.3) 11 (18.3)Score 4 7 (23.3) 6 (20) 13 (21.7)

Occlusal

Beautifil Flow

Plus

Score 0 1 (10) 0 (0) 1 (5)
0.273

Score 1 1 (10) 4 (40) 5 (25)Score 2 3 (30) 2 (20) 5 (25)Score 3 3 (30) 4 (40) 7 (35)Score 4 2 (20) 0 (0) 2 (10)
GrandioSo

Flow

Score 0 2 (20) 0 (0) 2 (10)
0.534

Score 1 3 (30) 4 (40) 7 (35)Score 2 2 (20) 4 (40) 6 (30)Score 3 1 (10) 1 (10) 2 (10)Score 4 2 (20) 1 (10) 3 (15)
Fuji

II LC Capsule

Score 0 0 (0) 0 (0) 0 (0)
0.566

Score 1 5 (50) 3 (30) 8 (40)Score 2 1 (10) 3 (30) 4 (20)Score 3 2 (20) 1 (10) 3 (15)Score 4 2 (20) 3 (30) 5 (25)

Main effect **

Score 0 3 (10) 0 (0) 3 (5)
0.380

Score 1 9 (30) 11 (36.7) 20 (33.3)Score 2 6 (20) 9 (30) 15 (25)Score 3 6 (20) 6 (20) 12 (20)Score 4 6 (20) 4 (13.3) 10 (16.7)

Total

Beautifil
Flow Plus

Score 0 1 (5) 0 (0) 1 (2.5)
0.404

Score 1 6 (30) 8 (40) 14 (35)Score 2 4 (20) 7 (35) 11 (27.5)Score 3 5 (25) 4 (20) 9 (22.5)Score 4 4 (20) 1 (5) 5 (12.5)
GrandioSo

Flow

Score 0 3 (15) 2 (10) 5 (12.5)
0.972

Score 1 5 (25) 6 (30) 11 (27.5)Score 2 4 (20) 5 (25) 9 (22.5)Score 3 3 (15) 3 (15) 6 (15)Score 4 5 (25) 4 (20) 9 (22.5)
Fuji II

LC Capsule

Score 0 0 (0) 0 (0) 0 (0)
0.452

Score 1 10 (50) 8 (40) 18 (45)Score 2 1 (5) 4 (20) 5 (12.5)Score 3 5 (25) 3 (15) 8 (20)Score 4 4 (20) 5 (25) 9 (22.5)

Main effect **

Score 0 4 (6.7) 2 (3.3) 6 (5)
0.488

Score 1 21 (35) 22 (36.7) 43 (35.8)Score 2 9 (15) 16 (26.7) 25 (20.8)Score 3 13 (21.7) 10 (16.7) 23 (19.2)Score 4 13 (21.7) 10 (16.7) 23 (19.2)
CHX: chlorhexidine digluconate, *Chi-square test, , **restorative material type main effect regardless of the CHX application
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Table 3. Evaluation of microleakage values according to restorative materials and CHX pretreatment.
Source Test Statistics * Sd Sig.

Dependent Variable:
Occlusal

(Intercept) 197.955 1 0.000Restorative material 1.421 2 0.491CHX 0.000 1 1.000Restorative material*CHX 0.973 2 0.615

Dependent Variable:
Gingival

(Intercept) 172.463 1 0.000Restorative material 0.779 2 0.677CHX 0.379 1 0.538Restorative material*CHX 0.063 2 0.969
* Wald Chi-square test statistic, Sd: degrees of freedom.

Table 4. Comparison of microleakage in restorations according to the use of restorative materials with different structures in Class V cavities.
Dye

penetration

Beautifil Flow
Plus
(%)

GrandioSo
Flow
(%)

Fuji II LC
Capsule

(%)

Total
(%) p*

Occlusal

Score 0 1 (5) 2 (10) 0 (0) 3 (5)
0.433

Score 1 5 (25) 7 (35) 8 (40) 20 (33.3)Score 2 5 (25) 6 (30) 4 (20) 15 (25)Score 3 7 (35) 2 (10) 3 (15) 12 (20)Score 4 2 (10) 3 (15) 5 (25) 10 (16.7)

Gingival

Score 0 0 (0) 3 (15) 0 (0) 3 (5)
0.062

Score 1 9 (45) 4 (20) 10 (50) 23 (38.3)Score 2 6 (30) 3 (15) 1 (5) 10 (16.7)Score 3 2 (10) 4 (20) 5 (25) 11 (18.3)Score 4 3 (15) 6 (30) 4 (20) 13 (21.7)

Main effect **

Score 0 1 (2.5) 5 (12.5) 0 (0) 6 (5)
0.113

Score 1 14 (35) 11 (27.5) 18 (45) 43 (35.8)Score 2 11 (27.5) 9 (22.5) 5 (12.5) 25 (20.8)Score 3 9 (22.5) 6 (15) 8 (20) 23 (19.2)Score 4 5 (12.5) 9 (22.5) 9 (22.5) 23 (19.2)
*Chi-square test, **Cavity margin main effect regardless of the CHX application and restorative material

Table 5. Comparison of microleakage amounts between the occlusal andgingival margins of the cavities.
Dye penetration Occlusal

(%)
Gingival

(%)
Total
(%) p*

Score 0 3 (5) 3 (5) 6 (5)
0.801Score 1 20 (33.3) 23 (38.3) 43 (35.8)Score 2 15 (25) 10 (16.7) 25 (20.8)Score 3 12 (20) 11 (18.3) 23 (19.2)Score 4 10 (16.7) 13 (21.7) 23 (19.2)

restored with flowable methacrylate-based composite (GrandioSoFlow) and universal adhesive (Futura Bond U) using the “self-etch”technique.
These outcomes were in agreement with the results of stud-ies that evaluated CHX as a cavity cleaner and did not result in asignificant effect on microleakage. 22,33 The controversial resultsobtained with the other studies on CHX can be attributed to differ-ent adhesives, differences in the methodology, restorative material,and operator factors.
Due to the limited number of existing studies, giomer and glassionomer materials were preferred as restorative materials as theexperimental groups. According to the results of this study, CHXpretreatment had no effect on microleakage values in Beautifil FlowPlus and Fuji II LC Capsule restorations groups. The results afore-mentioned in the current study were in accordance with the resultsof the previous studies. In the study of Gupta et al., 34 CHX pretreat-ment did not cause any significant effect on the microleakage andbond strength values of Class V RMGIC restorations. Mutluay andMutluay 35 demonstrated that disinfection with 2% CHX of the cav-ity had no effect on the microleakage of Class V Giomer restorations.
In this study, microleakage values in the occlusal and gingi-

val margins of the cavities were scored in a manner similar to themethod employed by Santini et al. 36 It is thought that the presenceof enamel in the occlusal margin would result in higher microme-chanical adhesion and lower microleakage values compared to thegingival margin which contains less mineralized hard tissue/dentinand more permeable cementum. 37 In their study evaluating theeffect of protective coating application on microleakage, Thomaset al. 38 reported that in the group restored with GIC and modi-fied GIC where the coating was applied, lower microleakage val-ues were observed at the occlusal margin compared to the cervicalmargin. Contrary, the result of this study indicated that there wasno statistically significant difference in the microleakage distribu-tion between the occlusal and gingival margins of the restorationswhen materials with different structures were used in Class V cavi-ties. Similarly, there was no statistically significant difference inmicroleakage values between CHX-treated and untreated Class Vcavities in restorations utilized three different materials. It couldbe argued that the bonding performance induced by universal ad-hesive systems on enamel and dentin is not sufficiently differentenough to induce significant changes in microleakage amount ofgingival and occlusal margins.
The influence of the restorative material, bacterial presenceand number on continued caries progression is considered limited,whereas adaptation of the restoration, patient caries risk, and physi-cian experience is considered more relevant. 39 Therefore, CHX pre-treatment may be considered to impose additional cost and applica-tion steps, as the evidence regarding clinical behavior is uncertain.
Yao et al. 40 stated that, evaluation of shear bond value and mi-croleakage provides a more comprehensive examination of bondingperformance and demonstrates the mutual importance of these val-ues. However, the relationship between multifactorial microleakageand bond strength is not clear.
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The limitations of this study were that it could partially mimicnatural oral conditions due to the lack of saliva, microbiota, hygienehabits, diet, and chewing forces. In the current study, only the ef-fect of restorative material and cavity disinfectant on microleakagewas evaluated. Limited data are available to correlate the marginalsealing achieved in vitro conditions with the clinical performanceof the materials. Consequently, the effect of CHX on the hybrid layerand secondary caries needs to be investigated with further in vivoand in vitro studies.

Conclusion

The use of EQ, characterized by its superior VHN and FS values,along with similarly reinforced GICs, has the potential to enhanceclinical success. A limitation of this study is that the oral environ-ment was not simulated. Long-term in vitro and in vivo studies arerequired to comprehensively evaluate the biological effects as wellas the various physical and mechanical properties of the materialsused.
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