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Effect of chlorhexidine, green tea and egcg as therapeutic 
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ABSTRACT
Objective: This study evaluated the effect of 
0.2% chlorhexidine gluconate solution (CHX), 
green tea and active epigallocatechin-gallate 
(EGCG) used as therapeutic primers on the long-
term bond strength of etch-and-rinse adhesive to 
dentin. Material and Methods: Eighty bovine 
incisors were worn to expose an area of dentin, 
that were acid-etched (37% phosphoric acid) and 
rinsed.  The teeth were divided into 4 groups (n 
= 20): Group C (Control) - Single Bond; Group 
CHX - 0.2% CHX for 30s + Single Bond;  Group 
EGCG - active EGCG gel at 10 µM for 30 s + Single 
Bond;  Group GT - aqueous green tea for 30s + 
Single Bond. Blocks of composite were fabricated 
and stored for 24 h or 6  months, sectioned into 
beams  and  submitted  to  microtensile  tests. 
Results  were  analyzed  by  two-way  ANOVA  and 
Tukey’s test (5%).  Results: Mean (±SD) values 
(in MPa) were as follow: CHX (24 h) – 41.76 
(±2.62); C (24 h) - 40.81 (±3.35); GT (24 h): 
37.38(2.98); CHX (6 months) - 36.04 (±3.52); 
EGCG (24h) - 35.91 (±4.82); EGCG (6 months) 
- 35.75 (±4.44); GT (6 months) - 31.95 (±3.40); 
C (6 months): 30.05 (±1.54). Conclusion: EGCG 
produced resin-dentin bonds that did not change 
after 6 months water storage but it decreased 
the immediate bond strength when compared to 
control and chlorhexidine groups.

RESUMO
Objetivo: este estudo avaliou o efeito da solução de 
gluconato de clorexidina 0,2% (CHX), do chá verde e 
do componente ativo epigallocatequina 3-gallato (gel 
de EGCG) usados como primers terapêuticos sobre a 
resistência de união longitudinal de adesivo convencional 
a dentina. Material e Métodos: oitenta dentes bovinos 
foram desgastados para obter uma área de dentina plana, 
que foi condicionada  (ácido fosfórico à 37%) seguida 
de lavagem. Os dentes foram divididos em 4 grupos (n-
20): Grupo C (Controle) - Single Bond; Grupo CHX – 
0,2% CHX por 30s + Single Bond;  Grupo EGCG - gel 
de EGCG 10µM por 30s + Single Bond;  Group GT – chá 
verde aquoso por 30s + Single Bond. Blocos de resina 
composta form fabricados e armazenados por 24 h e 6 
meses, seccionados e submetidos ao teste de resistência a 
microtração. Os resultados  foram analisados por ANOVA 
dois-fatores seguido pelo teste de Tukey.  Resultados: 
Valores de média (±Desvio-padrão) (MPa): CHX (24 
h) – 41,76 (±2,62)a; C (24 h) – 40,81 (±3,35)ab; GT 
(24h): 37,38(2,98)abc; CHX (6 meses) – 36,04 (±3,52)
bcd; EGCG (24h) – 35,91 (±4,82)cd; EGCG (6 meses) 
– 35,75 (±4,44)cd; GT (6 meses) – 31,95 (±3,40)de; C 
(6 meses): 30,05 (±1,54)e. Conclusão: O gel de EGCG 
produziu uma interface adesiva dentina-resina que não 
alterou os valores de resistência de união após 6 meses 
de armazenagem em água, mas reduziu a resistência de 
união para o tempo de 24 h quando comparado com os 
grupos Controle e CHX.
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INTRODUCTION

S ince Buonocore [1] introduced acid etching 
of enamel, advances have occurred in 

adhesive restorative procedures. With the 
development of adhesive systems, the desired 
retention of restorative material in the cavity 
changed dramatically the fundamentals of cavity 
preparation. Despite the immediate adhesion 
of adhesive systems to dentin seem effective 
[2], the longevity of the hybrid layer has been 
questioned as a consequence of hydrolysis of the 
adhesive interface over time [2,3]. 

Significância Clínica

O gel de EGCG influenciou negativamente a 
resistência de união imediata, mas produziu uma 
interface de união dentina-resina que não alterou a 
resistência de união após 6 meses de armazenagem.

Clinical Significance

The EGCG negatively influenced the 
immediate bond strength, but produced resin-
dentin bonds that did not change after 6 months 
water storage.

Degradation of the hybrid layer may be 
triggered by various factors. The degradation of 
collagen fibers exposed due failures in hybrid 
layer formation has been accepted as a main 
factor in the degradation of the resin-dentin 
interface [3,4]. Dentin has endopeptidase 
enzymes, calcium and zinc-dependent, also 
called matrix metalloproteinases (MMPs) that 
can be activated by acid etching during adhesive 
procedure [4], and are responsible for rapidly 
degrade denatured collagen which were left 
unprotected after the process of demineralization 
by acid etching and not infiltrated by the 
adhesive monomers [5]. 

Among the MMPs identified in the organic 
matrix dentin are gelatinases (MMP-2 and -9) 
collagenase (MMP-8) and enamelysin (MMP-
20) [6]. The collagenolytic activity of these 
enzymes tends to increase gradually, suggesting 
a self-activation or the progressive failure of its 
tissue inhibitors [6,7]. Several in vitro and in 
vivo studies have been accomplished with the 
aim of improving the adhesive interface using 
inhibitors of the MMPs in the adhesive protocol 

[8 - 10].

Thus, the use of chlorhexidine digluconate 
(CHX) disinfectant solution prior to the use of a 
dentin bonding agent have been investigated in 
order reduce the degradation of the hybrid layer 
[8,10] due to their MMP inhibitory properties 
[11]. 

The green tea is rich in polyphenols, 
particularly the epigallocatechin-gallate 
(EGCG), which has hydrophobic interactions 
with collagenases and gelatinases enzymes 
and hydrogen bonds, capable of modifying the 
secondary structure of MMPs [12]. EGCG have 
been demonstrated its ability to inhibit the 
activity of these MMPs [12-15].

Alternative modification of adhesive 
protocols in dentin has been investigated to 
reduce the degradation of collagen fibers exposed 
in hybrid layer. CHX [8,10] and polyphenols in 
green tea [16,17] have been used as alternatives 
to improve the bond strength between the 
dentin and adhesive system at resin-dentin 
interfaces. Therefore, longitudinal evaluation of 
the dentin bond strength using these substances 
has become of primordial importance.

The aim of this study was to evaluate in 
vitro, the influence of CHX, Green tea and EGCG 
on the microtensile bond strength to dentin 
of the two-step total-etch adhesive at time 
intervals of 24 h and after 6 months period of 
storage in water at 37ºC. This study tested two 
null hypotheses: 1) CHX green tea and EGCG 
applied prior to the adhesive system does not 
affect the immediate bond strength to dentin; 2) 
the storage period does not affect the bonding 
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effectiveness of two-step total-etch adhesive to 
dentin.

MATERIAL AND METHODS

Materials used in this study, chemical 
composition and manufacturers are presented in 
Table I. 

Materials Manufacturers Composition

Condac 37 FGM, SC, Brazil Phosphoric acid 37%

Single Bond 2 3M ESPE
St.Paul, MN, USA

Bonding agent: 
Bis-GMA, HEMA, dimeth-

acrylate, methacrylate 
functional copolymer of 
polyacrylic and polyta-

conic acid, water, alcohol, 
photoinitiator

Amelogen Plus Ultradent, Indaiatuba, 
SP, Brazil

Resin composite: 
Bis-GMA, TEGDMA, mic-

roparticles barium, amine, 
silicate, borate

Table I - Materials, composition and material’s manufacturers

* Bis-GMA, bisphenol A glycidyl methacrylate; HEMA, 2-Hydroxyethyl 
methacrylate; TEGDMA, triethylene glycol-dimetacrylate.

Eighty freshly extracted bovine incisor teeth 
were used in this study. The roots were sectioned 
with a steel diamond disc (KG Sorensen, Rio de 
Janeiro, Brazil) at the cemento-enamel junction. 
The labial surfaces were abraded using 400 grit 
abrasive papers coupled to a circular polishing 
machine (PA-10, Panambra, São Paulo, Brazil), 
under water cooling, to obtain a 5 X 5 mm area 
of flat dentin. 

The dental surface was abraded to 
standardize the remaining dentin thickness at 2 
mm, using a caliper thickness gauge (Golgran, 
São Caetano do Sul, Brazil). The smear layer 
was standardized using 600 grit abrasive papers 
coupled to a circular polishing machine, under 

water cooling.

Bonding Procedures

The teeth were divided into 4 groups (n = 
20), according to the adhesive protocol:

• Group C (Control): The surfaces were 
etched for 15 s with 37% phosphoric acid gel, 
rinsed and the excess moisture was removed 
with absorbent paper. Two layers of Single Bond 
total-etch adhesive (3M ESPE, St. Paul, MN, 
USA) were applied on the surface actively for 
15 s and gently air dried for 10 s. The adhesive 
was light activated for 10 s with a LED light unit 
(Emitter A, Schuster, Santa Maria, RS, Brazil) 
with power density of 600 mW/cm2.

•  Group CHX: The surfaces were etched 
following the same protocol applied for Group 
C. An aliquot of 1.5 µl of 0.2% chlorhexidine 
digluconate disinfectant solution (Byofórmula, 
São José dos Campos, SP, Brazil) was applied 
using a micropipette (International Labmate 
Limited, Hertforshire, UK), prior to adhesive 
actively for 30s with mini brushes, and excess 
of CHX was removed with absorbent paper, 
leaving a moist substrate surface. The Single 
Bond total-etch adhesive (3M ESPE)  was 
applied following the same protocol applied for 
Group C.

•  Group GT: The surfaces were etched 
following the same protocol applied for Group 
C. An aliquot of 1.5 µl of aqueous green tea was 
applied using a micropipette prior to adhesive 
actively for 30s with mini brushes. The aqueous 
green tea was prepared by infusing the herb (2 
g Cammelia Sinensis exposed to steam for 180 
ml of boiling water, with boiling time of 1 min 
to 100°C). Excess of green tea was removed 
with absorbent paper, leaving a moist substrate 
surface. The Single Bond total-etch adhesive 
(3M ESPE)  was applied following the same 
protocol applied for Group C.

•  Group EGCG: The surfaces were etched 
following the same protocol applied for Group 
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C. An aliquot of 1.5 µl of 10µM EGCG gel (BR 
Patent 10 2014 014187 1 A2, University of São 
Paulo) was applied using a micropipette prior 
to adhesive actively for 30 s with mini brushes, 
rinsed for 30 s and the excess moisture was 
removed with absorbent paper. The Single Bond 
total-etch adhesive (3M ESPE)  was applied 
following the same protocol applied for Group C.

Restoration placement

Composite resin blocks (Amelogen 
Plus, Ultradent, Indaiatuba, SP, Brasil), 
approximately 4 mm high were built on the 
treated surfaces. Each 2 mm portion was light 
activated for 40 s.

The bonded teeth were stored in distilled 
water at 37ºC, for time intervals of 24 h or 6 
months. The water was changed every week 
during the course of 6 months [16]. 

Microtensile Bond Strength Test

The test specimens were cut into parallel 
sections measuring approximately 1 mm, 
made from the mesial to the distal, and from 
the cervical to the incisal surface, using a 
diamond disc attached to a Labcut 1010 (Extec 
Technologies Inc., USA) cutting machine to 
obtain sticks, producing a minimum of 7 sticks 
per tooth. The sections were fabricated at low 
speed under water cooling to prevent stress 
induction at the bond interface.

The sticks were attached to a microtensile 
device in a universal testing machine (DL-
1000, EMIC, São José dos Pinhais, PR, Brazil), 
with a 10 kg load cell, at a cross-head speed 
of 0.5 mm/min, in accordance with the ISO 
11405 Standard. The bond strength data were 
expressed in Megapascals (MPa).

After the microtensile test, the specimens 
were analyzed with a 20x stereomicroscope 
(Stemi 2000 - Karl Zeiss, Germany). Fractures 
were classified as:  cohesive in the substrate, 
cohesive in the composite, adhesive or mixed.

Statistical Analysis

Pre-test failures (PTFs) were not 
included in statistical analyses. The cohesive 
failure (dentin or composite) specimens were 
discarded from data analysis. The mean bond 
strength value for the beams originating from 
each tooth was calculated and used for the 
statistical analysis.

Data, expressed in MPa, were analyzed 
by two-way ANOVA (treatment X storage time) 
followed by Tukey test (α = 5%). 

Scanning electron microscopy (SEM)  
         examination

Two teeth from each group were 
prepared for SEM analysis. The specimens 
were sectioned perpendicularly to the bonding 
interface. The sections were polished with 2000 
and 4000 mesh sheets. Phosphoric acid etchant 
was applied for 15 s, rinsed off with water for 
10 s. Specimens were dehydrated, sputter-
coated with gold-palladium and examined by 
SEM (high vacuum, 15KV, Everhart-Thornley 
Detector/ETD, 2000X magnification).

RESULTS

Two-way ANOVA revealed that EGCG group 
presented lower bond strength values compared 
with the other groups (p = 0.00) and storage in 
water for 24 h presented higher bond strength 
values compared with storage in water for 6 
months (p = 0.00).

The cross-product treatment vs. storage 
time was statistically significant (p = 0.00) (Table 
2). The Group CHX assessed after 24 h showed the 
highest bond strength values. The Group C with 
storage interval of 6 months presented the worst 
bond strength values. EGCG group presented 
lower immediate bond strength compared with the 
Groups CHX and C (Control). Significant reduction 
of the bond strength values were observed for all 
the groups after 6 months of water storage, except 
to EGCG group.
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GGroup Treatment Storage time Mean (±S-D) Homogeneous sets

CCHX Chlorhexidine 224 h 41.76 (±2.62) a

CC Control 224 h 40.81 (±3.35) ab

GGT Green tea 224 h 37.38 (±2.98) abc

CCHX Chlorhexidine 66 months 36.04 (±3.52) bcd

EEGCG EGCG 224 h 35.91 (±4.82) cd

EEGCG EGCG 66 months 35.75 (±4.44) cd

GGT Green tea 66 months 31.95 (±3.40) de

CC Control 6 6 months 30.05 (±1.54) e

Table II - Overall microtensile bond strength values and the respective standard deviations (MPa) obtained in each experimental condition

S-D = Standard Deviation. 
Means followed by the same letters do not differ statistically (p > 0.05).

A low percentage of cohesive failure in 
dentin occurred for all groups after 6 months. The 
specimens presented PTFs only after 6 months of 

water storage for all tested conditions. Figures 1 
and 4 show SEM images obtained of the interfaces 
created in all groups.

Figure 1 - A and B – Hybrid layer formed by Group C (Control), storage for 24 h and 6 months. A typical hybrid layer was created (Figure 1A). 
Adhesive resin with bubbles (arrows), which can indicate degradation due hydrolysis (Figure 1B). (Legends: CR – Composite resin; HL – Hybrid 
Layer; D – Dentin.).

A B
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Figure 2 - A and B – Hybrid layer formed by Group CHX, storage for 24 h and 6 months. CHX used as a therapeutic primer did not interfere the 
formation of hybrid layer. (Legends: CR – Composite resin; HL – Hybrid Layer; D – Dentin.).

Figure 3 - A and B – Hybrid layer formed by Group GT, storage for 24 h and 6 months. A typical hybrid layer was created. GT used as a therapeutic 
primer created a typical hybrid layer. Interface with presence of gaps between resin and adhesive (arrows) (Figure 3B). (Legends: CR – Composite 
resin; HL – Hybrid Layer; D – Dentin.).

A

A

B

B
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Figure 4 - A and B – Hybrid layer formed by Group EGCG, storage for 24 h and 6 months. EGCG used as a therapeutic primer created and 
interface micromorphology similar to Group C (Control). No areas of degradation of hybrid layer, over time, were observed (Figure 4B).  (Legends: 
CR – Composite resin; HL – Hybrid Layer; D – Dentin.) 

DISCUSSION

The first null hypothesis was rejected, 
because the EGCG showed lower bond strength 
values compared with the other groups (C and 
CHX). Some substances are being applied in 
adhesive protocol as potential MMP-inhibitors, 
such as CHX, green tea, and some polyphenols as 
EGCG [8,10,16,17].

CHX is an antiseptic and antimicrobial 
solution [18], which inhibits bacterial adhesion 
to dental surfaces by competing with calcium 
or retention sites. Therefore, this solution can 
prevent the formation of calcium-link between 
bacteria-dental surfaces or between bacteria-
bacteria [19]. This mechanism may be effective in 
the inhibition of MMPs, since these are zinc and 
calcium-dependent proteases [8]. 

Green tea has been used for many years in 
the medical field because of its benefits to general 
health [20]. In dentistry, green tea has been used 
due to its antimicrobial action, low toxicity [21] 
and fluoride present in its composition [22]. Green 
tea has shown efficacy in decrease the progression 

of erosion [23] in periodontal health maintenance 
[24], and the ability to inhibit MMPs [12].

Green tea has about 4.000 bioactive 
components, and a third consisting of polyphenols 
[25] that are related to their functional properties. 
Among the polyphenols, catechin EGCG is the 
most active and abundant [26]. Previous studies 
have shown that EGCG is effective in reducing 
acid production in biofilm by S. mutans [27] and 
halitosis [28]. Also, EGCG provides hydrophobic 
interactions with collagenases and gelatinases, 
and can modify the secondary structure of MMPs, 
inhibiting their activity [29]. 

Du et al. [16] observed that EGCG 
incorporation in Single Bond at 100, 200 and 300 
µg/ml can increase the bond strength to dentin 
immediate and can improve it durability after 6 
months of in vitro water storage. However, our 
results demonstrate reduction in bond strength 
when EGCG was applied previously to adhesive. 
This result showed that the use of EGCG gel, as 
an adjuvant in dentin bonding, can chemically 
interfere the immediate adhesion of resin 
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materials. EGCG can be interacting negatively 
with dental adhesive and/or dentin, decreasing 
the immediate bond strength.

In this study, we used an aliquot of 1.5 µl, 
which contained 0.00687µg of active EGCG, low 
concentration when compared to concentrations 
that Du et al.[16] incorporated in the Single 
Bond. Also, the gel solution was rinsed prior to the 
adhesive application, which can have reduced the 
final concentration of EGCG incorporated into the 
dentin. Maybe an aqueous solution with higher 
concentrations of EGCG, without the rinsing step, 
could improve the dentin bond strength and the 
bond durability of the adhesives. However, more 
research is needed for further evaluation, because 
it can be noted by SEM analysis, that EGCG used 
as a therapeutic primer created and interface 
micromorphology similar to Group C (Control) for 
24 h of water storage and for 6 months, no areas of 
degradation of hybrid layer were observed (Figure 
4A and 4B).

The second null hypothesis was rejected, 
because the storage time of 24 h presented 
higher bond strength values in comparison with 
the storage time of 6 months.  These results are 
in agreement with various studies [30-32] that 
observed a reduction in dentin bond strength for 
the Single Bond when stored in water, due to 
degradation of the hybrid layer. Degradation of 
the hybrid layer can be due to: (1) the activation 
of MMPs by etching procedures, because MMPs 
are capable of degrading unprotected collagen 
fibers that are not infiltrated by the adhesive 
monomer [16]; (2) the incomplete polymerization 
of infiltrated monomers [33]; (3) the presence of 
residual solvents may contribute to the formation 
of a hypertonic zone at the bond interface, 
increasing its hydrophilicity [34] and  (4) the 
water present in saliva and the intrinsic humidity 
of dentin (dentinal fluid) play a role in solubilizing 
the resin polymers [31,35].

For the interaction between “Treatment” 
and “Storage time”, the Group CHX assessed 

after 24 h showed the highest bond strength 
mean values. However, after storage interval of 6 
months, significant reduction of bond strength was 
observed for Group CHX when compared to 24 h. 
Also, Group CHX assessed after 6 months storage 
showed higher bond strength when compared 
with Group C with storage interval of 6 months. 

Ionized CHX presents cationic properties, 
being able to bind to negatively charged surfaces/
target sites of diverse substrates. Thus, CHX 
remained retained in dentin substrates after 
formation of hybrid layer [35,37], promoting 
inhibition of the proteolytic activity in dentin and 
preserving the hybrid layer after longer periods of 
exposure to water [38].  

According to Gendron et al. [11], two 
mechanisms of action are involved in the 
inhibition of MMP by CHX: chelation inhibiting 
MMP-2 and -9, and the interaction with cysteines 
and/or sulfhydryl groups present in the active 
site of MMP-8. Recent studies have shown that 
the use of CHX prior to adhesive system, without 
rinsing, significantly inhibited the MMPs activity 
in the hybrid layer [8,11,36,37] even at low 
concentrations [11].

It can be observed in this study that the 
use of CHX, as an adjuvant in dentin bonding, 
did not chemically interfere with the immediate 
adhesion of resin materials, because there is no 
difference in bond strength between Group CHX 
and Group C after 24h storage (Figure 1A and 
2A). Also, one noted that the storage time did not 
interfere so strongly in the bonding of Group CHX 
when compared with Group C (Figure 2B), which 
can demonstrate a relative maintenance of bond 
strength with 0.2% CHX protocol (Group CHX) 
when compared to control protocol (Group C) 
(Figure 1B). Therefore, our results demonstrate 
that CHX can slow the degradation of the hybrid 
layer, extending the dentin bonding.

According to Carrilho et al. [37] and 
Brackett et al. [38], long-term action of CHX can 
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be explained by their confinement in the adhesive 
interface, since their removal through the dentinal 
fluid flow is reduced by the formation of resin tags 
that obliterate the dentinal tubules. Thus, CHX 
may remain trapped between the collagen fibers 
during the impregnation of interfibrillar spaces 
with fluid resin during application of the adhesive 
[39].

The Group GT assessed after 24 h showed 
similar bond strength mean values when 
compared to Group C (Control) (Figure 3A). Also, 
both groups showed decrease in bond strength 
after storage interval of 6 months (Figure 3B). The 
amount of polyphenols present in the aqueous 
solution of green tea prepared was 0.185 mg/ml, 
which corresponds to 400 µM [23]. However, the 
total volume of aqueous solution applied was 1.5 
µl, which corresponds to 0.27 µg of polyphenols 
applied on the dentin surface. Moreover, it is 
not known exactly for how long the polyphenols 
remain active after the preparation of green tea, 
because the polyphenols begin to oxidize after 
a certain time, which can lead to loss of their 
properties [23]. Therefore, the low concentration 
of polyphenols in the aqueous solution of green 
tea cannot be enough to prevent degradation on 
bond interface.

Although EGCG Group presented the lowest 
values of 24h bond strength when compared to the 
Group C, no significant reduction of bond strength 
was observed after 6 months of storage (Figure 3A 
and B).

These results corroborate previous studies 
that have shown that green tea polyphenols can 
inhibit the activity of collagenase on collagen 
degradation, especially EGCG [12,29]. Studies 
have shown that different concentrations of EGCG 
prior to Single Bond were able to maintain the 
bond strength after 6 months of storage in water 
[16,17].

Madhan et al. [29] speculate that a greater 
inhibition of collagenase by EGCG can be attributed 

to hydrophobic interactions and adherence to 
the active sites of EGCG by collagenase through 
hydrogen bonds. In addition, EGCG has the ability 
to inhibit the activity and expression of MMP -2 
and -9, being a non-competitive inhibitor, time- 
and dose-dependent, without chelation of calcium 
ion and zinc [13], which are essential for the 
activity of MMPs [40]. In addition, EGCG has low 
toxicity, even at high concentrations, and anti-
inflammatory action, and may be safely used in 
any depth of cavity [41].

However, little is known about the actual 
benefits of the application of EGCG on dentin and 
its ability to inhibit MMPs. More studies are needed 
to better understand its mechanism of action and 
real benefits in maintaining the bond strength of 
resin-dentin.

CONCLUSION

Within the limitations of this study it can be 
concluded that:

•  EGCG used as a therapeutic primer 
produced resin-dentin bonds that did not 
change after 6 months water storage. However, 
it decreased the immediate bond strength when 
compared to control group.
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