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Introduction
The restorative dentistry evolved a lot in the past years with the 

improvement of techniques and adhesive materials. However, the 
dentin substrate adherence is still considered a major challenge.1 The 
presence of fluids within dentinal tubules, the regional variation of the 
dentine and the presence of collagen make critical the performance 
of adhesive procedures in the substrate. These variable are related to 
failure of the adhesive restorations through the marginal maladaptation 
and the reduction of the tooth-restoration union.2

The hybrid layer is an interface formed from the bond between 
resinous monomers of the adhesive and dentin,3 which is constantly 
exposed to hydrolytict4 and enzymatic degeneration,5 therefore 
jeopardizing the restorative procedures success. The enzymatic 
degradation occurs through theactivity of matrix metalloproteinases 
(MMPs), present in the dentinal tissue in inactive condition.6 After the 
demineralization, by the carious process or by the application of acid 
conditioning, the MMPs are activated and they will act in the collagen 
fibrils of the hybrid layer.5

In view of the need to increase the longevity of the restorations 
longevity, different methods to prevent the degradation of the hybrid 
layer have been researched.5,7,8‒10 Amongst these techniques it is the 
utilization of forming agents of crosslinking in collagen (crosslinkers), 
increasing their mechanical properties and hindering the enzymatic 
action.7 Another way to hinder the hybrid layer degradation is the 
biomimetic remineralization of the dentin, when the spaces in the 
dentin are filled by hydroxyapatite crystals, reducing the amount of 

water between the collagen fibrils.8 On the other hand, ethanol has 
the function of decreasing the fluid between the collagen fibrils and 
provides a greater space between them, allowing a greater amount 
of resin to penetrate the substrate.9 Other significative manner of 
preserving the interdiction zone between the adhesive and the dentine 
is through the use of chlorhexidine digluconate, which acts inhibiting 
the action of matrix metalloproteinases.5,10‒12

Chlorhexidine (CHX) is a very potent antimicrobial agent, used 
constantly in dental procedures.13 In addition, studies prove that the 
chlorhexidine even in their lower concentration, acts like an inhibitor 
of the enzymes responsible for degradation of the interface of the 
resin-substrate union,10,14 through the mechanism of calcium and zinc 
ion chelation. This enzymatic inhibitor takes the free calcium and zinc 
ions and make them unavailable for the MMPs, therefore inhibiting 
their activity. Thus, the use of chlorhexidine after the dentine acid 
conditioning and before the application of the adhesive system results 
in the preservation of the resistance of tooth-restoration union.15,16

The purpose of this study was to evaluate the influence of different 
application manners of chlorhexidine digluconate in the preservation 
of the resistance of the adhesive systems union to dentine. The null 
hypotheses were: 

1. There won’t be statistic difference amongst the union resistance 
values in 24 hours period.

2. There won’t be statistic difference amongst the union resistance 
values passed six months of storage.
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Abstract

The aim was to evaluate the influence of different modes of application of chlorhexidine 
digluconate in the preservation of bond strength of universal adhesive system to dentin. 
Teeth were divided into 3 groups: Distilled water: (control), CHX PT: pre-treatment with 
2% chlorhexidine digluconate and CHX+SBU: 2% chlorhexidine digluconate incorporated 
into the adhesive system. All groups used the Universal adhesive system. After 24 hours, 
there was no statistical difference between the groups (p>0.05). After 6 months, a significant 
reduction in the bond strength of the control group was observed when compared to the 
CHX PT and CHX+SBU (p<0.05). The CHX PT and CHX+SBU maintained the bond 
strength over time as compared to the 24 hours values (p>0.05). It was concluded that the 
application of 2% chlorhexidine digluconate, through treatment or incorporated, maintained 
the bond strength of a universal adhesive system to dentin over time.
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Material and methods
Preparation of solutions

Chlorhexidine digluconate (Sigma-Aldrich, St. Louis, MO, USA) 
was diluted in distilled water to obtain a aqueous solution at 2% (v/v) 
or incorporated into the commercial Single Bond Universal (3M 
ESPE, St. Paul, MN, USA) at concentration of 2%.

Preparation of samples

Fifteen unerupted third molars were collected after the patients’ 
informed consent had been obtained under a protocol reviewed and 
approved by the local Ethics Committee (#1.819.455). Selected teeth 
were stored in 0.1% thymol solution and used within one month after 
extraction. 

Occlusal surfaces of all teeth were removed using a #180-grit 
silicon carbide (SiC) paper mounted to an electric polishing machine 
(APL 4, Arotec, Cotia, SP) to expose a flat coronal dentin surface. The 
dentin surface was prepared with #600-grit SiC paper under copious 
water for 60 seconds to standardize the smear layer. The teeth were 
randomly allocated by the Excel software (Excel 2013, Microsoft 
Corporation, Redmond, WA, USA) into 3 groups (n=5) according to 
the treatement used (Table 1).

Table 1 Experimental design

Group Treatment Adhesive system 

Distilled 
water 
(control)

Distilled water Single Bond Universal

CHX PT
Aqueous solution 
of 2% digluconate 
chlorhexidine

Single Bond Universal

CHX + SBU Distilled water
Single Bond Universal doped 
with 2% chlorhexidine 
digluconate

The exposed dentin surfaces of all teeth were etched with 37% 
phosphoric acid gel (Condac37; FGM Produtos Odontológicos Ltda., 
Joinville, SC, Brazil) for 15 s, rinsed for 30 s with distilled water, and 
dried with oil-/water-free air for 10 s. The teeth were re-hydrated with 
50 µL of with the solutions predetermined for each group (Table 1). 
The solutions were rubbed on the surface with a microbrush for 60 s, 
and excess of each solution removed with absorbent paper, leaving 
the dentin surface visibly moist. The adhesive system Single Bond 
Universal (3M ESPE, St. Paul, MN, USA) was applied according 
to manufacturer’s instructions (Table 2). After light curing the 
adhesive (Poly Wireless; Kavo®, Joinvile, SC, Brazil), five 1 mm 
thick increments of composite resin were built up (Filtek Z350XT; 
3M ESPE, St. Paul, MN, USA ). Each increment was light-cured 
(Poly Wireless) for 20 s, with a power density of 1000 mW/cm2. The 
bonded teeth were stored in distilled water at 37°C for 24h (Table 2).

After storage, the bonded teeth were longitudinally sectioned 
in both “x” and “y” directions across the bonded interface using a 
diamond saw in a Isomet (Buehler, Lake Bluff, IL, USA) under 
water cooling to obtain bonded sticks with cross-sectional area of 
approximately 1.0 mm2. The cross-sectional area of each stick was 
measured with a digital caliper (Absolute Digimatic, Mitutoyo, 

Tokyo, Japan) to the nearest 0.01 mm and recorded for subsequent 
calculation of bond strength values. 

Table 2 Adhesive system and bonding procedure

Product Composition Manufacturer 
(#Batch nº)

Application 
mode

Single Bond 
Universal

MDP, BIS-GMA HEMA, 
DMA, methacrylate 
functional copolymer, 
filler, ethanol, water, 
initiators, silane

3M ESPE, 
St.Paul, 
MN, USA 
(#1518000170)

Apply the 
adhesive

   

Allow it to 
react for 20 s 
3. Gently air 
dry for 5s

Abreviations: MDP, 10-methacryloyloxydecyl dihydrogen 
phosphate; BIS-GMA, bisphenol A diglycidyl methacrylate; 
HEMA, 2-hydroxyethyl methacrylate; DMA, dimethacrylate 
Sticks from each tooth were randomly allocated by the Excel software 
(Excel 2013, Microsoft Corporatin, One Microsoft Way, Redmond, 
WA, USA) and assigned to three storage times: 24 hours and 6 
months. All sticks were stored in distilled water at 37°C and the 
storage solution was changed every two weeks.

MTBS test

Each bonded stick was attached with cyanoacrylate glue (Super 
Bonder Gel, Loctite, São Paulo, SP, Brazil) to a modified Geraldeli 
testing apparatus (Odeme Biotechnology, Joaçaba, SC, Brazil) and 
subjected to a tensile force at 1.0 mm/min in a universal testing 
machine (Instron 3345; Instron Inc., Canton, MA, USA). The load at 
fracture was used to calculate bond strength (MPa).

The failure mode was evaluated using a stereoscope at 40X 
magnification (Stemi 305 Stereo Microscope, Zeiss, Oberkochen, 
Germany), and classified as cohesive when fracture occurred 
exclusively within dentin (CD) or resin composite (CR); adhesive (A) 
when was at the dentin/resin interface, or mixed (M) when two modes 
of failure (adhesive and cohesive) occurred simultaneously.

Statistical analysis

Statistical procedures were performed with the Sigmastat 3.5 
(Systat Software Inc., San Jose, CA, USA) for Windows statistical 
program software. A Shapiro-Wilk test was applied to all groups to 
analyze the normal distribution of errors and the Barllet test for the 
homoscedasticity. Bond strength values were statistically analyzed 
with Two-way ANOVA (treatment and storage time) and Student-
Newman-Keuls method was used for post hoc comparisons. Statistical 
significance was set at p<0.05. Teeth were used as a statistical unit 
and the number of prematurely debonded specimens was recorded, 
although this was not included in the analysis.

Results
The bond strength data are shown in the Table 3. The results 

were not affected by treatment (p=0.135; F=2,181), however, were 
affected by storage time (p<0.001; F=14,267). Interactions were not 
statistically significant (p=0.108; F=2,446). After 24 hours, there was 
no statistical difference between the groups tested (p>0.05). After 
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6 months, a significant reduction in the bond strength values of the 
distilled water group (control) was observed when compared to the 
CHX PT (p=0.016) and CHX+SBU (p=0.035) groups. The CHX PT 
and CHX+SBU groups maintained the bond strength over time as 
compared to the 24 hours values (p>0.05). In contrast, the control 
group significantly reduced the bond strength values after 6 months 
when compared to the 24 hours (p=0.001) (Table 3). 

Table 3 Bond strength values (MPa ± SD (*)) according to adhesive systems 
used

Groups (n=5)
Storage Times

24 hours 6 months

Distilled water 
(control) 23.55±4.30 (32)A,a 16.77±6.10 (37)A,b

CHX PT 24.56±6.66 (46)B,a 26.53±5.99 (45)A,b

CHX + SBU 24.72±4.45 (34)A,a 25.48±5.50 (32)A,b

Identical superscript letters indicate no statistical significance between values. 
Capital letters compare treatments and lower cases compare storage time. (*) 
corresponds to the number of sticks tested per group in each period 

Table 4 shows the percentage of fracture modes of the specimens. 
Most failures were mixed in all tested groups at all storage times. At 24 
h, adhesive failures were more common than cohesive failures (resin 
and dentin) for specimens of all groups. The number of adhesive and 
premature failures increased with ageing, mainly in the control group 
(Table 4). 

Table 4 Distribution of mode of fracture of each group expressed as n 
(relative percentage)

Groups

Single bond universal

24 hours 6 months

A M CR CD PF A M CR CD PF

Distilled 
water 
(control)

5 27 0 2 1 12 25 2 2 10

 14 77 0 6 3 23 49 4 4 20

CHX PT 7 39 3 2 1 7 38 2 0 5

 13 75 6 4 2 13 73 4 0 10

CHX + 
SBU 4 30 2 3 1 3 29 5 1 4

 10 75 5 7 3 7 69 12 2 10

A, adhesive failure; M, mixed failure; CR, cohesive failure in resin; CD, cohesive 
failure in dentin; PF, premature failure 

Discussion
Chlorhexidine is a chemical with antibacterial action, presenting 

broad spectrum against gram-positive and gram-negative bacteria.18 
The use of this antiseptic has been indicated as auxiliary, after the 
removal of the carious tissue and before the adhesive systems 
application, as a strategy to prevent caries.19 The action mechanism 
of chlorhexidine is explained through the interaction between the 
chlorhexidine positive (cationic) molecule and the negative cell wall 
of the bacterium, that modifies the morphology and amplifies the 

bacterial permeability, enabling the chlorhexidine to reach the interior 
of the cell. Therefore, the osmotic balance is lost, resulting in the cell 
death.20

Studies prove that the use of chlorhexidine digluconate by 2% 
does not impair the immediate bond strength of adhesive systems 
to dentine, either as pretreatment16,21,22 or when incorporated into 
the union agents.25 These findings corroborate with the results of the 
present study (Table 3).

Adhesive systems are responsible for bonding the restorative 
material to the dentine structures. However, the resin-dentine union 
interface is more vulnerable to degradation than to enamel.17 This 
happens, mainly, due to the permeability of the hybrid layer, which 
is susceptible to degradation of collagen fibrils through the enzymatic 
activity of metalloproteinases (MMP’s) and cysteine cathepsins 
(CTs).17,26 Thus, strategies that may inhibit the effect of MMPs and 
CTs have been of great importance for the prevention of dentine-resin 
union interfaces.10, 26

Chlorhexidine digluconate has the ability to inhibit the action 
of MMPs 2 and 9, and CTs (cysteines cathepsins) B, L and K.27,28 It 
acts through the interaction between its positive (cationic) molecule 
with the calcium and zinc ions, which are fundamental for the 
enzymatic activity. The findings of the present study showed that 
the use of chlorhexidine associated with a universal adhesive system 
was efficient in maintaining the union resistance over time (Table 
3). Beside the inhibitory action of MMPs, possibly, by applying the 
chlorhexidine digluconate over the dentine substrate, an increase of 
the free energy of the pretreated surface by the phosphoric acid will 
be achieved, thus improving the union resistance.9,22,26

Stanislawexuk et al.23 analyzed the consequences of the use of 
CHX by 2% added to phosphoric acid and in an immediate aqueous 
solution after 6 months. They concluded that there was preservation 
of the resin-dentine interface durability. Thus, it is possible to verify 
the efficiency of the chlorhexidine when applied on the dentine, 
considering that it can prevent the degradation of the collagen 
fibrils.5,22

Some studies have observed that the application of chlorhexidine 
digluconate associated with self-etch adhesive systems did not 
promote promising results.25 The interaction between chlorhexidine 
and the dentin substrate reduces the bonding capacity of the resinous 
monomers of the self-etch systems with hydroxyapatite.30 Thus, it is 
possible to speculate that the effect of chlorhexidine on maintaining 
the stability of union interfaces to dentin is dependent on the adhesive 
system used. An important parameter to be observed is the clinical 
behavior of compound resin restorations performed on dentin 
substrate by the application of chlorhexidine, which is a limitation 
of the present study. Therefore, future studies should be performed to 
evaluate the efficiency of chlorhexidine digluconate associated with 
universal adhesive systems under clinical conditions.

Conclusion
The application of 2% chlorhexidine digluconate, by treatment or 

incorporated, maintained the bond strength of a universal adhesive 
system to dentin over time.
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