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ABSTRACT

  본 연구는 두 가지 표면처리 방법과 2% chlorhexidine의 적용이 레진 강화형 글라스 아이오노머의 상아질 결

합력에 미치는 영향을 평가하였다. 표면처리 방법의 종류, 2% chlorhexidine의 처리 유무에 따라 총 4개의 군으

로 나누었다. 1군: 10% polyacrylic acid로 상아질 표면을 처리, 2군: G-aenial bond (한단계 자가부식 접착제)로 

표면처리, 3군: 10% polyacrylic acid로 표면처리 후 2% chlorhexidine 적용, 4군: 2% chlorhexidine 적용 후 

G-aenial bond를 처리. 처리된 상아질 표면에 레진 강화형 글라스 아이오노머(Fuji Ⅱ LC)를 충전하고 광중합한 

후 전단결합강도를 측정하고 일원분산분석과 Scheffé 검사를 이용하여 통계 분석하였다. 상아질의 표면처리를 

10% polyacrylic acid로 시행한 1, 3군의 전단결합강도 값이 one step self-etching adhesive로 표면처리를 한 2, 4

군에 비해 유의하게 낮게 나타났다 (p<0.05). 2% chlorhexidine의 적용은 레진 강화형 글라스 아이오노머의 상아

질에 대한 전단결합강도에 유의한 영향을 주지 않았다 (p>0.05). 
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INTRODUCTION          

  Glass ionomers were developed in the 1970s by 

Wilson and Kent (Wilson and Kent, 1972). The advan- 

tages of glass ionomers are potential anticariogenic 

effect, favorable coefficient of thermal expansion, and 

releasing fluoride into the surrounding tooth structure 

(Swift, 1989; Mount, 1991). However, resistance to wear 

and strength of glass ionomers are low compared with 

those of composite resin or amalgam. In an attempt to 
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improve the physical properties and esthetic qualities 

while maintaining the positive characteristics of conven- 

tional glass ionomers, resin-modified glass ionomer 

(RMGI) materials have been introduced.

  RMGI restorative techniques generally use conditioner 

as a part of their bonding procedure (Eileen et al., 

2002). During this procedure the role of the condi- 

tioner involves effective removal of the smear layer, 

providing for good wetting of the surface required 

condition for good bonding and finally improves 

chemical bond between RMGI materials and tooth 

structure (Akinmade and Nicholson, 1993). However, 

Eileen et al.(2002) suggested that the possibility of 

enhanced bonding by etching enamel due to mono- 
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mers containing RMGI materials. They contended that 

micromechanical bonding may play a role in bonding 

of RMGI to enamel. In addition, a number of studies 

proposed that bond strength of RMGI to dentin could 

be improved by surface treatment with a self-etching 

bonding system (Pereira et al., 1998; Besnault et al., 

2004; Coutinho et al., 2006; El-Askary and Nassif, 

2010; Elisabeth and Jean-Pierre, 2011).

  On the other hands, in restorative dentistry, one of 

the problems is remained bacteria in prepared cavity 

and it may cause recurrent caries and the toxins 

produced by such bacteria penetrate into the pulp 

chamber and result in pulpal inflammation (Say et al., 

2004). An effective alternative method to this problem 

is the irrigation of the prepared cavity with cavity 

disinfectant agents such as chlorhexidine digluconate 

(CHX).

  However, a potential problem in the application of 

CHX on dentin is the possibility of an adverse effect 

on the bond strength of the following restorative 

materials. Despite the concern, several researches have 

commended the use of CHX as the cavity disinfectant 

because it did not weaken bond strength (Loguercio 

et al., 2009; Chang and Shin, 2010; Jang et al., 2010). 

In a study about the effect of 2% CHX application on 

microtensile bond strength of resin composite to dentin 

using one step self etching adhesive, CHX did not 

influence on the microtensile bond strength (Jang et 

al., 2010). In addition, a research on the effect of CHX 

treatment on microtensile bond strength to dentin after 

thermocycling identified beneficial effects of CHX in 

the preservation of dentin bond strength (Chang and 

Shin, 2010). Loguercio et al. (2009) suggested that CHX 

application may preserve resin-dentin bond from degra- 

dation. They proposed that CHX inhibit the releasing 

and activating of matrix metalloproteinases (MMPs) 

which play a role in degradation of collagen fibers in 

the hybrid layer (Loguercio et al., 2009; Chang and 

Shin, 2010). According to the study of Rose Wadenya 

et al. (2009), application of CHX increased the shear 

bond strength of glass ionomer to dentin, but was 

not statistically significant. To date, only a few studies 

have investigated the effect of CHX application on 

shear bond strength (SBS) of RMGI to dentin. 

  Thus, the purpose of this in vitro study is to evaluate 

the effects of two different surface treatments (condi- 

tioning with 10% polyacrylic acid, self-etching adhesive) 

and the influence of CHX application on shear bond 

strength (SBS) of RMGI to dentin. 

MATERIALS AND METHODS

1. Tooth preparation

  Forty caries-free human third molars were used in 

this study. The teeth were cleansed of soft tissue debris 

and stored in distilled water before use. The teeth 

were wet ground on a laboratory trimmer to expose 

approximately 10 mm of flat dentin surface. The sections 

of the teeth including the roots were embedded in 

autopolymerizing acrylic resin (Tokuso curefast; Toku- 

yama, Tokyo, Japan) to form cylinders 20 mm in diameter 

and 25 mm high. To expose flat dentin surface, a 600 

grit silicon carbide paper was used under running water.

 

2. Specimen Preparation and Restorative 

  Procedures

  The teeth (n=40) were randomly divided into four 

groups (n=10), according to the type of surface treat- 

ment and the application of CHX. For group 1, the 

dentin surfaces were conditioned with 10% polyacrylic 

acid (Dentin conditioner; GC Corporation, Tokyo, Japan) 

for 20 seconds, followed by thorough washing and 

air-drying. For group 2, G-aenial bond (GC Corporation, 

Tokyo, Japan) was applied using microbrush for 10 

seconds, dried for 5 seconds and light-cured for 10 

seconds with a light-emitting diode (LED) visible light- 

polymerizing unit (Elipar S10; 3M ESPE, Seefeld, Ger- 

many). For group 3, 2% CHX solution applied for 60 

seconds and dried for 10 seconds after 10% polya- 

crylic acid conditioning as for group 1 to prevent 

removal of CHX during washing and air-drying pro- 

cedure. For group 4, G-aenial bond was applied after 

using CHX as previously described. Table 1 is a 

summary of four groups used in this study.  

  Following surface treatment, two semicylindric Teflon 
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Table 1. Groups used in this study

Group Surface treatment methods

1 10%   polyacrylic acid 

2 One step   self etching adhesive (G-aenial bond)

3 10%   polacrylic acid + chlorhexidine

4 Chlorhexidine   + one step self etching adhesive (G-aenial bond)

Table 2. Materials used in current study 

Material Composition Manufacturer

Dentin Conditioner 10% Polyacrylic   acid GC Corporation, Tokyo, Japan

G-aenial bond

4-Methacryloxyethyl trimellitate anhydride
Phosphoric acid Ester monomer
Acetone
Distilled water
Dimethacrylate
Silicon dioxide
Photo initiator

GC Corporation, Tokyo, Japan

Fuji Ⅱ LC Capsule
2-HEMA
Polyacrylic acid
UDMA

GC Corporation, Tokyo, Japan

* Abbreviations; HEMA: 2-hydroxyethyl methacrylate, UDMA: urethane dimethacrylate

molds were placed on the dentin in order to build 

RMGI cylinders with a diameter of 3 mm and a 

height of 2 mm. The RMGI (GC Fuji Ⅱ LC Capsule 

A2; GC Corporation, Tokyo, Japan) was inserted into 

the mold in bulk, light-cured with Elipar S10 LED 

curing light for 20 seconds. The materials used in 

current study are given in Table 2.

Figure 1. Bar chart showing mean shear bond strength 
(MPa) values of groups. The same superscripts are not 
significantly different (p>0.05).

3. Shear bond strength testing 

  All specimens were stored in distilled water at room 

temperature for 24 hours. Then, the specimens were 

placed on a universal testing machine (Instron 3345; 

Instron Corporation, Canton, MA, USA) at a cross- 

head speed of 1 mm/min for measurement of shear 

bond strength. The shear bond strength of RMGI to 

dentin was recorded in Newtons (N) and calculated 

in MPa taking into account the cross-sectional area of 

the RMGI build-up.

 

4. Statistical analysis

  Statistical analysis of the shear bond strength between 

groups was performed with one-way analysis of variance 

(ANOVA) and Scheffé test was used for post hoc 

multiple comparison. Statistical analysis was carried 

out with the SPSS 15.0 software (SPSS, Chicago, IL, 

USA) and statistical significance was set at p < 0.05 

in this study.

 

RESULTS

  The means and standard deviations (SD) of the 

shear bond strength for all groups are shown in 

Figure 1.

  The bond strengths of groups 2 and 4 were signi- 

ficantly higher than groups 1 and 3 (p<0.05), there 
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being no differences between the former two, and 

between the latter two (p>0.05). 

DISCUSSION 

  In the present study, the application of one step 

self-etching adhesive, G-aenial bond significantly improved 

shear bond strength of RMGI to dentin than condi- 

tioning with 10% polyacrylic acid.

  It is well known that glass ionomers particularly 

conventional glass ionomer, bond to tooth structure by 

an ionic interaction with the mineral phase. However, 

Vougiouklakis G et al. (1982) proposed that the bond 

mechanism was, at least in part, due to penetration 

of glass ionomer into the demineralized dentin and 

tubules, forming micromechanical bonds. Also, Eileen 

et al. (2002) suggested that microporosity produced by 

acidic materials in the tooth surface could contribute 

to either increased surface area for chemical bonding 

or micromechanical bonding through polymer penetra- 

tion and the relatively high bond strengths obtained 

with the RMGI groups were due to micromechanical 

bonding.

  Furthermore, many studies have shown that adherence 

values of RMGI to dentin can be improved by surface 

treatment with a self-etching bonding system (Pereira 

et al., 1998; Besnault et al., 2004; Coutinho et al., 

2006). Besnault et al. (2004) found that the combi- 

nation of self-etching adhesive with RMGI (Fuji Ⅱ LC) 

has resulted in a significant increase (from 50% to 

130%) of the shear bond strength compared to the 

procedure using the manufacture-supplied cavity condi- 

tioner. Also, Elisabeth et al. (2011) confirmed that self- 

etching adhesive in association with the Fuji Ⅱ LC 

increased the shear bond strength very significantly, 

even in the case of water or saliva contamination.

  G-aenial bond is used as a self-etching adhesive in 

our study. According to the manufacturer's guidelines, 

it has strong adhesive strength overcoming the limita- 

tions of one step bonding materials by optimization 

combination of phosphate ester monomer and  4-met- 

hacryloxyethyl trimellitic acid (4-MET). 

  The results of this study coincide with the outcomes 

of the previous study in which the use of self-etching 

adhesive improves the RMGI-dentin bond strength. For 

achieving a better bond strength, application of self- 

etching adhesive on dentin prior to build-up of RMGI 

is recommended by findings of the current study. 

  CHX is widely used as an antimicrobial agent that 

possesses a broad spectrum of activity against oral 

bacteria and has been shown to be effective in redu- 

cing cariogenic bacteria (Attin et al., 2003).  

  In the present study, treatment of CHX did not 

affect the bond strength of RMGI to dentin. Rose et 

al, (2011) found that cleaning of dentin surface with 

CHX resulted in increased bond strength of high-density 

glass ionomer cements to dentin, but the differences 

were not statistically significant. They anticipated that 

CHX improves the bond strength of glass ionomer 

cement to dentin because of its strong, positive ionic 

charge, which makes it bind to phosphate groups, 

hydroxyapatite and amino acids. However, in their 

study, CHX exerted no significant influence on the 

bond strength between dentin and glass ionomer 

cements as this study.

  In the bond of resin-dentin interface, another impor- 

tant aspect related to the use of CHX is the influence 

of matrix metalloproteinases (MMPs). Failure of the 

bond is predominantly caused by degradation of the 

hybrid layer at dentin-resin interface and also the 

degradation of dentin collagen fibers (Takahashi et 

al., 2002; Hashimoto et al., 2003). It seems the 

release and activation of MMPs during dentin bonding 

procedures is responsible for the degradation of 

collagen fibers which have not been completely covered 

in the hybrid layer (Hashimoto et al., 2002; Nishitani 

et al., 2006). CHX has effectively inhibited MMP-2, -8, 

and -9 activities directly at low concentrations (Gedron 

et al., 1999). Many of studies showed that the appli- 

cation of CHX preserved dentin-resin interfaces over a 

long period of time (Loguercio et al., 2009; Mobarak, 

2011; Kang et al., 2012). Therefore, further studies 

are needed to evaluate whether the CHX will have 

any effect on bonding durability of RMGI to dentin 

for the long term.

  Within the limitations of this study, it may conclude 

that the treatment with one step self-etching adhesive 

improves the bond strength of RMGI to dentin than 
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conditioning with 10% phosphoric acid. Furthermore, 

the application of CHX is recommended because CHX 

has antimicrobial characteristic and does not adversely 

affect on the bond strength of RMGI to dentin. Further 

studies are needed to investigate the long term effects 

of CHX on bonding durability of RMGI to dentin.

CONCLUSION

  Based on the results of this in vitro study, following 

conclusions were drawn. The use of self-etching adhe- 

sive improved the RMGI-dentin bond strength than treat- 

ment with 10% polyacrylic acid and the application of 

2% CHX had exerted no influence on the shear bond 

strength. 
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