Epigallocatechin-3-gallate prior to composite resin in abfraction lesions: a split-mouth randomized clinical trial
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Abstract
Objectives
Natural extracts have been investigated as a biomimetic strategy to mechanically strengthen the collagen network and control the biodegradation of extracellular matrix. This study evaluated the effect of epigallocatechin-3-gallate (EGCG) on abfraction lesions prior to the composite resin.

Materials and Methods
The sample consisted of 30 patients (aged between 28 and 60 years) with abfraction lesions located in 2 homologous premolars. The teeth were randomly assigned according to dentin treatment: 0.02% EGCG solution or distilled water (control). After enamel acid etching, the solutions were applied immediately for 1 minute. The teeth were restored with Universal Adhesive (3M) and Filtek Z350 XT (3M). Analyzes were done by 2 independent examiners using modified USPHS (retention, secondary caries, marginal adaptation, and postoperative sensitivity) and photographic (color, marginal pigmentation, and anatomical form) criteria at baseline (7 days) and final (18 months). The data analysis used Friedman and Wilcoxon signed-rank tests (α = 0.05).

Results
At baseline, all restorations were evaluated as alpha for all criteria. After 18 months, restorations were evaluated as alpha for secondary caries, color, and marginal pigmentation. There was significant difference between baseline and 18 months (p = 0.009) for marginal adaptation and postoperative sensitivity (p = 0.029), but no significant difference were verified between treatments (p = 0.433). The EGCG group had a restoration retention rate of 93.3%, while the control group had 96.7%.

Conclusions
The application of EGCG solution on abfraction lesions did not significantly influence the survival of the restorations based on clinical and photographic criteria.
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INTRODUCTION
Abfraction is a tooth lesion caused by the pathological loss of tissues at the cervical third of the crown and root surface, disconnected to dental caries [1]. These lesions are noted mainly on the buccal surfaces of premolars and anterior teeth and are typically wedged-shaped lesions with defined internal and external limits [2].
Abfraction has a multifactorial etiology, but the formation process remains unclear [3]. Probably the development mechanism of cervical lesions involves a complex interaction of endogenous (parafunction, occlusion, and deglutition) and exogenous (mastication, habits, occupations, and dental appliances) factors combined with fatigue stress [4]. The biomechanically-based theory suggests that lesions have been attributed to excessive loading cusp forces that cause flexure and micro-crack of the hydroxyapatite crystals of the enamel and dentin in the cervical area [24]. Laboratory studies have evidenced that when teeth are charged horizontally, fatigue stress becomes focused in the cervical area [5]. However, the clinical studies available are insufficient to confirm this theory [67].
Another possible theory is associated with bending forces arising during bruxism and an electrical response in enamel and dentin [8]. Enamel and dentin are insulators and, therefore, when interacting with a beam of electrons their ability to store electrical charge is different, which leads to an investigation of other phenomena in human teeth, such as piezoelectricity [9]. A piezoelectric episode occurs by the increased surface polarization charge due to mechanical stress [9]. Furthermore, bruxism cannot always be associated with abfraction lesions because not all patients with the lesions demonstrate occlusal wear and not all patients with severe occlusal wear exhibit abfraction lesions [2].
Abfraction is often asymptomatic, but these lesions may progress to esthetic problems, dentinal hypersensitivity, discomfort to the patient, functional impairment, and tooth fracture [10]. No guidelines support when abfraction conditions should be restored, so this decision involves the esthetic demands, dentinal hypersensitivity, and clinical judgment [3]. Composite restorations of cervical abfraction lesions have a higher percentage of failure and represent a challenge to the dental profession [7].
The longevity of composite resin restorations depends on the integrity of the resin-dentin interfacial components [11]. Ideally, the exposed collagen matrix of the dentin should be completely resin-infiltrated and polymerized, the so-called hybrid layer [12]. However, organic dentin matrices contain proteolytic enzymes such as matrix metalloproteinases (MMPs) and cysteine cathepsins secreted as latent proenzymes [1213]. The areas of resin-sparse collagen are the threshold for the resin–dentin-bond degradation since the activity of MMPs might accelerate cathepsins and endopeptidases [14]. During the adhesion steps, the hydrolytic and enzymatic degradation of the collagen matrix always occurs, and an unstable adhesive interface can be degraded through water sorption [13].
The modification of the collagen matrix of dentin by natural-derived substances has been considered to maintain the long-term collagen entirety in the hybrid layer [15]. Epigallocatechin-3-gallate (EGCG) is monomeric catechin found in polyphenol-rich natural extracts and has antibacterial characteristics and an inhibitory effect against both MMPs and cysteine cathepsins, thus preserving the dentin bond strength. EGCG extracts do not exert cytotoxicity against odontoblast-like cells while keeping an antibacterial effect and antiproteolytic activity against MMP-2 and MMP-9 enzymes [16171819].
Although there are few studies evaluating EGCG at 0.02% concentration, various concentrations of EGCG ranging from 0.0065% to 5% have been used in dentistry [17202122]. In this range, 0.02% and 0.1% EGCG/water solution can effectively facilitate dentin bonding [20]. Besides, 0.02% EGCG can stabilize collagen depending on hydrogen bond and hydrophobic interactions with collagenases and stabilization of collagen may be one of the mechanisms that inhibit MMPs [23].
Considering that the bioactive constituent of EGCC can modify the dentin surface, protecting the collagen fibers and improving the adhesion over time, this longitudinal study evaluated the influence of EGCG solution prior to composite resin on teeth with abfraction lesions at baseline (7 days) and after 18 months [15].

MATERIALS AND METHODS
Sample size calculation and ethical aspects
The sample size calculation was done using G*power software (University of Düsseldorf, Düsseldorf, Germany) and based on a previous clinical trial of our research group involving noncarious cervical lesions and natural agents to treat dentin [24]. The following parameters were used: α= 5%, power 90%, success percentage of 98% (control x experimental), reaching a minimum sample of 27 restorations per group. Twenty percent of patients were added to the sample because of the possible losses, reaching 32 individuals. The clinical study was reviewed and approved by the local Research Ethics Committee (CAAE: 5791719.0.0000.5419) and was registered at the Registry of Clinical Trials (RBR-772thc). Patients were instructed on the conditions and objective of the study, and each patient signed an informed consent form and authorization to participate in the study.

Patient’s selection
During 6 months, 420 patients were examined at our School of Dentistry. Among them, 32 patients (28 to 60 years old, mean age = 45.35, 20 women and 12 men) were selected for the study. The inclusion criteria included good oral hygiene, no periodontal disease, and at least 2 abfraction lesions on the buccal surface of homologous vital premolars. All lesions were between 2 mm and 3 mm deep and positively related to hypersensitivity (stimulated pain resulting from exposed dentin). Patients with non-vital teeth, temporomandibular dysfunction, bruxism, spontaneous acute pain, fistula, or edema were excluded from the study. Tooth vitality was tested with the thermal test with Endofrost (Roeko, Langenau, Germany). The medical history and dental charts were completed, and patients received oral hygiene instructions. Sixty percent of the restorations were located in the upper arch, while 40% were in the lower arch. Patients not selected for the study that requires restorative treatment were referred to our dental clinic.

Treatment of the abfraction lesions
Prophylaxis with pumice paste (SS White, Rio de Janeiro, RJ, Brazil) and a rubber cup or Robinson brush (Jon, São Paulo, SP, Brazil) was performed using a low-speed handpiece (Gnatus, Ribeirão Preto, SP, Brazil). Waxed dental floss (Hillo – Aperifio, Aperibé, RJ, Brazil) was used on the proximal surfaces. No cavity preparation was carried out. Initial photographs of the teeth were taken (Canon EOS Rebel T5i 18.0 Megapixels Canon, Tokyo, Japan).
The 2 premolars of each patient received 1 of the dentin pre-treatments (experimental - 0.02% EGCG solution or control - distilled water) according to a split-mouth randomized design (Figure 1). A computer-generated randomization list was used to assign patients. The EGCG solution was prepared by dissolving 2 mg of EGCG powder (≥ 95 purity; Sigma-Aldrich, St. Louis, MO, USA) in 100 mL of deionized water for 1 hour under stirring (pH = 7.5) made fresh every time before each application.
[image: Figure 1]
Figure 1 Study CONSORT diagram.EGCG, epigallocatechin-3-gallate.

Shade selection was made using a shade guide (Ivoclar Vivadent, Schaan, Liechtenstein). The isolation procedure was done using a rubber dam with a stainless steel clamp positioned 2 teeth behind the tooth to be restored. The rubber dam was cut between dental papilla, whenever necessary, to allow adaptation of the cervical margin of the restoration. After enamel etching with 35% phosphoric acid gel (Total Etch, Ivoclar Vivadent), the surface was washed with water for 1 minute, the excess water was removed with the suction cannula, and the surface dried with absorbent paper.
The EGCG solution was actively applied to the dentin with a disposable microbrush (KGBrush; KG Sorensen, Cotia, SP, Brazil) for 1 minute, followed by an airstream of 5 seconds. The excess solution was removed with absorbent paper, leaving the dentin surface moist. In the teeth of the control group, distilled water was applied as described for the experimental group. Two coats of the adhesive system (Scotchbond Universal Adhesive; 3M ESPE, St Paul, MN, USA) were actively applied with a disposable microbrush (KGBrush; KG Sorensen) for 10 seconds. An air blast was applied, and the adhesive was light-cured for 20 seconds (Gnatus). Resin composite (Filtek Z350; 3M ESPE) increments were inserted with a resin spatula and light-cured for 20 seconds using a calibrated light-curing unit. The resin excess was removed using a #12 blade and diamond burs (KG Sorensen, Cotia, SP, Brazil). Polishing disks (Sof-Lex polishing disks; 3M ESPE) were used for finishing. Seven days later, final polishing was performed using abrasive cups (Enhance; Dentsply Sirona, Schaan, Liechtenstein) and pumice paste (SS White).

Clinical evaluation
Three independent and calibrated clinicians were responsible for the clinical and photographic analyzes of restorations following modified USPHS clinical (retention, secondary caries, marginal adaptation, and postoperative sensitivity) and photographic (restoration color, marginal pigmentation, and anatomical form) criteria at baseline and 18 months. The baseline rating was carried out 1 week after restoration, immediately after finishing and polishing the procedure.
A single dentist performed all restorations after training and calibrating the clinical protocol (Figure 2). The restorations were scored into Alpha—when the evaluated criterion had no problems, and the restoration was in perfect condition; Bravo—when the evaluated criterion had minor but clinically acceptable failures and Charlie— when the evaluated criterion had relevant failures and the restoration needed to be replaced (Table 1). Intraoral photographs were taken at both time-points. The photographs were analyzed under the same environment and light conditions through a laptop’s screen.
[image: Figure 2]
Figure 2 Restorative procedures steps of the experimental group. (A) Initial aspect of the abfraction lesion; (B) Enamel etching with 35% phosphoric acid gel; (C) Active application of epigallocatechin-3-gallate (EGCG) solution on the dentin; (D) Universal Adhesive system application; (E) Composite resin increments inserted in the cavity; (F) Resin light-curing for 20 seconds; (G) Diamond bur used for the finishing step; (H) Final aspect of the restoration.

Table 1 Modified USPHS criteria used for the clinical and photographic analysis of restorations

[image: ]	Clinical criteria	Score	Photographic criteria	Score
	Retention	A. No loss of restorative material	Restoration color	A. Corresponds to adjacent dental structure in terms of color and translucency
	B. Partial loss of restorative material	B. Slight change in color, shade, or translucency between restoration and adjacent tooth
	C. Total loss of restorative material	C. Clear color change and translucency
	Secondary caries	A. No recurrence of caries	Marginal	A. No pigmentation along the margin between restoration and adjacent tooth
	B. With the recurrence of superficial caries	Pigmentation	B. Slight pigmentation along the margin between the restoration and adjacent tooth
	C. With the recurrence of deep caries	C. Pigmentation present along restoration margin
	Marginal adaptation	A. Perfectly adaptable with no visible margins	Anatomic form	A. Restoration in continuity with existing anatomical form
	B. Visible but clinically acceptable margin	B. Restoration in discontinuity with anatomical form of tooth
	C. Marginal mismatch, clinical failure	C. Loss of material by exposing dentin or restoration base
	Postoperative sensitivity	A. Missing stimulated sensitivity
	B. Present and localized sensitivity
	C. Present and diffuse stimulated sensitivity

A, Alpha; B, Bravo; C, Charlie scores.



Data analysis
Data analysis was performed using the Statistical Package for the Social Sciences software (SPSS version 25.0; IBM Corp., Armonk, NY, USA) with a significance level of 5% and was based on descriptive and inferential statistics. Descriptive statistics were used to describe the frequency of distribution of modified USPHS scores, including the percentage of failed restorations. The inferential statistical analysis used Friedman's nonparametric analysis of variance (ANOVA) test and the Wilcoxon test signed-rank of repeated measurements for the different periods of analysis (baseline and 18 months) and interactions between treatment and analysis period. The Cohen Kappa test was used to compare intra- and inter-examiner agreements.


RESULTS
The intra-examiner Kappa index was 1.0 for examiner A and 0.98 for examiner B. The inter-examiner index (A and B) was 0.94. At the end of the study, 30 patients return to the 18-month follow-up (recall rate = 93.75%, mean age = 45.35). Tables 2 and 3 displayed the clinical and photographic analyses of the tested protocols at baseline and 18 months.
Table 2 Clinical analyzes at baseline (7 days) and final (18 months) periods after the restorative procedure

[image: ]	Treatment	Evaluation period	Values	Retention	Secondary caries	Marginal adaptation	Postoperative sensibility
	With 0.02% EGCG	Baseline (7 days)	n = 30 (%)	A	B	C	A	B	C	A	B	C	A	B	C
	30	-	-	30	-	-	30	-	-	26	4	-
	100	-	-	100	-	-	100	-	-	86.7	13.3	-
	Final (18 mon)	n = 30 (%)	A	B	C	A	B	C	A	B	C	A	B	C
	28	-	2	30	-	-	28	2	-	28	2	-
	93.3	-	6.7	100	-	-	93.3	6.7	-	93.3	6.7	-
	With distilled water	Baseline (7 days)	n = 30 (%)	A	B	C	A	B	C	A	B	C	A	B	C
	30	-	-	30	-	-	30	-	-	25	5	-
	100	-	-	100	-	-	100	-	-	83.3	16.7	-
	Final (18 mon)	n = 30 (%)	A	B	C	A	B	C	A	B	C	A	B	C
	29	-	1	30	-	-	28	2	-	29	1	-
	96.7	-	3.3	100	-	-	93.3	6.7	-	96.7	3.3	-

EGCG, epigallocatechin-3-gallate.


Table 3 Photographic analyzes at baseline (7 days) and final (18 months) periods after the restorative procedure

[image: ]	Treatment	Evaluation period	Values	Color	Marginal pigmentation	Anatomic form
	With 0.02% EGCG	Baseline (7 days)	n = 30 (%)	A	B	C	A	B	C	A	B	C
	30	-	-	30	-	-	30	-	-
	100	-	-	100	-	-	100	-	-
	Final (18 mon)	n = 30 (%)	A	B	C	A	B	C	A	B	C
	30	-	-	30	-	-	29	-	1
	100	-	-	100	-	-	96.6	-	3.3
	With distilled water	Baseline (7 days)	n = 30 (%)	A	B	C	A	B	C	A	B	C
	30	-	-	30	-	-	30	-	-
	100	-	-	100	-	-	100	-	-
	Final (18 mon)	n = 30 (%)	A	B	C	A	B	C	A	B	C
	30	-	-	30	-	-	29	-	1
	100	-	-	100	-	-	96.6	-	3.3

EGCG, epigallocatechin-3-gallate.


For the retention criteria, the teeth that received pre-treatment with EGCG solution had a restoration retention rate of 93.3%, while the control group (without EGCG) had 96.7% restoration retention. Therefore, there was no significant difference between treatments (p = 0.433) after 18 months.
Regarding postoperative sensitivity, it was verified that in the EGCG-treated group, 4 teeth (13.3%) remained stimulated sensitive at the baseline, while in the control group, the symptom was present in 5 teeth (16.7%). After 18 months, sensitivity was present in 2 teeth (6.7%) in the experimental group, and only 1 tooth (3.3%) remained sensitive in the control group. There was no significant difference between treatments (p = 0.593), but there was a significant difference between baseline and 18 months (p = 0.029).
Both groups (experimental and control) had 6.7% failure in the marginal adaptation after 18 months but were clinically acceptable (bravo score). There was a significant difference between baseline and 18 months (p = 0.009), but no significant differences were found between treatments (p = 0.566).
For secondary caries, color and marginal pigmentation criteria, a 100% alpha score was verified when teeth were treated with EGCG or distilled water (control). There was no significant difference between treatments (p = 0.533) and time (p = 0.075) for the anatomic form criteria.

DISCUSSION
Noncarious cervical lesions are challenging to restore because they include the cervical third of the tooth, and the most significant part of the lesion is in the dentin [47]. The cervical area has been established as a weak region because the enamel is thin with lower mineral content and low density of Hunter-Schreger bands [25]. The water absorption and hydrolytic biodegradation of unprotected collagen matrix have been considered responsible for dentin/resin bond degradation, decreasing the longevity of composite restorations [11].
Currently, the green tea solution might emerge as a powerful tool for preventing the progression of non-carious cervical lesions because the ECGC and other catechins present in the solution have a chelating effect on metallic ions, resulting in a wear protective layer [26].
In our study, after 18 months, the application of a low concentration of EGCG, at 0.02%, did not influence the clinical retention and appearance of restorations based on the USPHS criteria. This result follows the clinical study of Costa et al. [27] that evaluated a higher concentration of EGCG, at 0.1%, in an aqueous solution as a dentin pretreatment on the clinical performance of restorations of non-carious cervical lesions after 24 months.
However, when considering bond strength analysis, the concentration of EGCG seems to influence differently compared to the clinical and photographic analysis of restorations. A previous study demonstrated that ECGC acts as a crosslinker and enhances the bond strength of adhesive systems [20]. However, EGCG at higher concentrations could interrupt the adhesive polymerization, thereby affecting the bond strength [21]. Even at a concentration of 0.1%, EGCG did not show promising results [28]. EGCG has a free radical depletion effect, with can interfere with the polymerization of the adhesive, and this effect is directly proportional to the EGCG concentration [29]. The compromise in bond strength can be explained by the fact that the EGCG is probably entrapped within the linear chains after curing, thereby interfering with the monomer conversion and bond strength. These findings corroborate the results described in the meta-analysis by Hardan et al. [30].
The difference between using EGCG as a pretreatment or incorporating it into the adhesive seems to affect the protocol's success. Positive results were observed in our study, considering that the EGCG was applied as a pretreatment in dentin. However, the interaction of the photoinitiator and ECGC when incorporating it into the adhesive may explain the worst results found in another study, with a loss in the retention of composite resin restorations [31].
Besides, the effect of EGCG pretreatment on adhesive–dentin bonds is concentration-dependent [32]. Hiraishi et al. [22] evaluated the impact of various plant-derived agents on the stability of collagen matrix to resist collagenase degradation, and a dose-dependent effect of EGCG was found. However, Vidal et al. [17] reported that, even at a very low concentration (0.0065%), EGCG could inhibit MMP-9. A 0.02% EGCG has already been shown to have higher immediate and aged bonding strength than 0.1% EGCG, while 0.02% EGCG presented less nanoleakage expression than 0.1% EGCG [32]. Therefore, more clinical studies are needed to evaluate the performance of EGCG at the 0.02% concentration.
The high retention rates after 18 months showed the bond success of Scothbond Universal Adhesive. This adhesive system is stable and contains 10-methacryloyloxydecyl dihydrogen phosphate (10-MDP), an acidic phosphate monomer able to bond to hydroxyapatite [33]. 10-MDP molecules are involved in the micromechanical and chemical bonding to the dentin, which may have directly impacted the longevity of restorations.
For marginal adaptation, 94.3% of restorations were scored as alpha, and 6.7% were scored as visible but clinically acceptable after 18 months in both groups. These results can be associated with selective enamel etching previous to EGCG, providing an effective etching pattern in enamel. The selective enamel etching can dissolve prism cores and boundaries, increasing the surface free energy [34].
The EGCG concentration of our study can explain the slight decrease in retention and marginal adaptation after 18 months. In the previous in vitro studies, a 0.02% EGCG showed better results in preserving the bond strength over time, but this protocol could not influence the longevity of restorations [2032]. Probably, the concentration was insufficient to inhibit collagenase activity and promote adequate hydrogen bonding between phenolic compounds and dental proteins to alter the longevity of restorations [23].
The relationship between the adhesive and MMPs’ activity is not yet well established. The literature demonstrates that MMPs activity depends on the adhesive system because of its pH and chemical composition [35]. For example, 2-hydroxyethyl methacrylate (HEMA) is a monomer that inhibits MMPs and can, in theory, contribute to a more stable bond. However, HEMA was found in adhesives that showed bond stability but also in adhesives where lower bond strength was observed [353637]. Therefore, the relation between HEMA and MMP-2 should be interpreted cautiously because adhesive systems have other components, such as the acidic types capable of counteracting HEMA's inhibitory effect on MMP-2 [35].
Overall, we found no occurrence of second caries in the experimental or control groups after 18 months of treatment. These results can be explained by the selection of patients for the study, who had good oral hygiene and did not have caries. Considering the antibacterial effect of EGCG against several bacterial pathogens, with an effect equal to chlorhexidine the use of EGCG in high-risk caries patients, on the caries-affected dentin can be the object of long-term studies [1520].
Dentin biomodifiers alter the structure of collagen fibrils improving their degradation resistance, and when used as pre-treatment prior to the bonding procedures aid in increasing the bond strength values [3839]. However, Fialho et al. [37] showed that dentin pre-treatment with EGCG at 0,02%, 0,2% and 0,5% concentration did not prevent loss of bond strength over time, however, they decreased nanoleakage on caries-affected dentin. In opposition, Nivedita et al. [38] concluded that chitosan and proanthocyanidin, when used as biomodifiers agents, improved bond strength to dentin, but showed no improvement in nanoleakage. Therefore, further studies are needed to evaluate different dentin biomodifiers as well as their influence on composite resin restorations.

CONCLUSIONS
The high retention rates, absence of second caries and marginal pigmentation suggest that the benefits of EGCG solution on abfraction lesions can be further explored in clinical studies. At 18 months, the EGCG used as dentin pre-treatment in abfraction lesions did not influence the clinical performance of composite resin restorations.
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