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ABSTRACT

Aim: This in situ study assessed the effects of adhesive systems 
containing or not fluoride and/or the antibacterial monomer 
12-methacryloyloxydodecylpyridinium bromide (MDPB) on 
the microbiological composition of dental biofilm and enamel 
demineralization.

Materials and methods: During two phases of 14 days, ten 
volunteers wore intraoral palatal appliances containing two slabs 
of human enamel according to a double-blind, crossover design. 
The slabs were randomly restored using a composite resin and 
one of the following adhesive systems: All-Bond SETM (self-etch, 
fluoride/MDPB free adhesive, AB) and Clearfil Protect Bond 
(self-etch containing fluoride and MDPB adhesive, CB). The 
biofilm formed on the slabs was analyzed with regard to total and 
mutans streptococci and lactobacilli counts. Demineralization 
represented by integrated area of hardness × lesion depth Delta 
S (ΔS) was determined on enamel by analysis of cross-sectional 
microhardness, at 20 and 70 µm from the restoration margin. 
Data were analyzed by ANOVA.
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Results: No statistically significant difference was found either 
in enamel demineralization or in the microbiological composition 
of dental biofilm.

Conclusion: All adhesive systems containing or not fluoride 
and/or MDPB tested were unable to inhibit secondary caries in 
the in situ model used in the present research. 
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INTRODUCTION

Contemporary adhesives systems present satisfactory 
bonding to enamel and dentin.1 However, caries development 
adjacent to restorations has been considered the main cause 
of clinical restoration replacement.2 Additionally, dentin 
adhesive systems with high bond strength have been reported 
to be incapable of preventing the occurrence of microgaps 
between the tooth and restoration.3,4 Therefore, dentin 
bonding systems with anticariogenic activity, even after 
applied in the cavity, would be beneficial to eliminate the 
harmful effect caused by residual bacteria in the cavity or 
bacterial microleakage.5,6 

Previous in vitro studies have reported that incorporation 
of the antibacterial monomer 12-methacryloy-loxydode-
cylpyridinium bromide (MDPB), is an effective method of 
providing dentin primer with antibacterial activity before 
and after curing.7-9 MDPB is a monomer synthesized by 
combining an antibacterial agent and a methacryloyl group 
and shows antibacterial activity against oral bacteria.10 The 
main advantage of MDPB is its capacity to copolymerize 
with other resin monomers being immobilized within the 
polymer matrix, which assigns safety and prolonged antibac-
terial action to this agent. This characteristic also ensures a 
good survival rate for the restoration, since MDPB, different 
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from soluble antibacterial agents, is not deleterious to the 
physical and mechanical properties of materials to which it 
is incorporated.7,10-12

Besides, fluoride plays an important role in the control 
of secondary caries, since it may interfere with physico- 
chemical13 and microbiological14 processes, not only 
reducing the caries progress rate but also allowing the 
arrestment of active lesions.15 Thus, with the intention of 
providing fluoride to the specific site at risk of secondary 
caries, fluoride-releasing restorative materials were deve-
loped, since they may induce an anticariogenic activity by 
increasing the dentin resistance to acids present in the oral 
cavity.16

Although the benefits of MDPB-containing adhesive 
systems in inactivating in vitro residual bacteria inside the 
cavity have been previously reported,17-19 the potential for 
in situ and in vivo enamel and dentin caries inhibition 
of these systems remains unknown. Furthermore, many 
of the cariostatic effects of fluoride-containing adhesive 
systems have been previously evaluated only by in vitro 
caries models. The purpose of this study was to assess the 
anticariogenic activity of adhesive systems containing or not 
fluoride and/or MDPB on the microbiological composition 
of dental biofilm and on enamel demineralization by using 

an in situ model which bridged the gap between laboratory 
and clinical research, improving the clinical relevance of 
the data.

MATERIALS AND METHODS

Ethical Aspects

The study was approved by the local Research and Ethics 
Committee (# 138/2006). Ten volunteers (mean age 24 
years-old) who met the inclusion criteria (normal salivary 
flow rate, good general and oral health, not using fixed 
or removable orthodontic appliances, not having used 
antibiotics during the 2 months prior to the study, ability 
to comply with the experimental protocol) were invited to 
take part in this study and those who agreed to participate 
signed an informed written consent form.

Experimental Design

The study involved a cross-over design for caries induction 
by biofilm accumulation and sucrose exposure, conducted in 
two distinct phases of 14 days each20-22 with a 7-day wash-
out period. Each group comprised 20 restored enamel slabs in 
duplicates of 10 experimental units (n = 10). The volunteers 
wore a palatal appliance containing two enamel slabs (Fig. 1), 

Fig. 1: Representation of the cross-over design 
used in the study
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which were extraorally restored using a composite resin 
(FiltekTM Z250, shade A1, 3M ESPE Dental Products, St. 
Paul, USA) and one of the following adhesive systems:  
All-Bond SETM (Bisco, Shaumburg, USA), self-etch 
adhesive (control), AB; and Clearfil Protect Bond (Kuraray 
Medical Inc, Okayama, Japan), self-etch containing fluoride/
MDPB adhesive, CB. The slabs were randomly assigned 
to the 10 volunteers, who were considered as experimental 
blocks. In phase 1, five volunteers wore appliances with 
specimens of group AB and five with group CB. In phase 2, 
volunteers that had worn appliances with specimens of group 
AB wore appliances loaded with specimens of group CB 
and vice versa (Fig. 1). 

Specimen Preparation

Freshly extracted, sound third molars with more than 2/3 
of root formation were cleaned of gross debris, stored 
in supersaturated 0.1% thymol solution and maintained 
under refrigeration until they were used, approximately 1 
month later. Twenty enamel slabs (4 × 4 × 2 mm3) were cut 
using a water-cooled diamond saw and a cutting machine 
(IsoMetTM Low Speed Saw, Buehler, Lake Bluff, USA) 
and were randomly assigned to each phase and treatment 
(Fig. 1). Circular standardized cavities (±1.8 mm diameter 
and ±1.5 mm depth), were prepared at the center of each 
slab with a cylindrical diamond bur (# 2294, KG Sorensen, 
São Paulo, Brazil, replaced after 10 preparations) that 
provides a stop to limit the depth of penetration, used in 
high-speed turbine with air-water spray cooling. Afterwards 
the slabs were autoclaved23 (121°C, 20 min), randomly 
divided into four groups and restored in duplicate for 
each adhesive system, according to the manufacturers’ 
instructions. Cavities were restored in one increment of 
composite resin (Z100, 3M ESPE, St Paul, MN, USA) 
(batch # 0T098397BR, expiration date December 2010) 
and light-cured using a quartz-tungsten-halogen (QTH) 
light curing unit (Optilux 400- Demetron Research Corp, 
Danbury, USA). The light output was tested (480 ±  
20 mW/cm2) before each use with a Demetron Model  
100 radiometer (Demetron Research Corp, Danbury, USA). 
After finishing and polishing with a sequence of abrasive 
disks (Sof-Lex – 3M ESPE Dental Products Division,  
St Paul, USA) applied for 15 seconds each, all specimens  
were analyzed using a stereomicroscope (Leica Microsystems, 
Wetzlar, Germany) at 40× magnification to ensure that  
there was no excess material overlying the restoration/ 
tooth interface.

Palatal Appliance Preparation

Acrylic custom-made palatal appliances were made with 
two sites (5 × 5 × 4 mm), in which the dental slabs were 

positioned and fixed with wax.24 In order to allow plaque 
accumulation and to protect it from mechanical disturbance, 
a plastic mesh was fixed to the acrylic resin, leaving a 1 mm 
space above the surface of the specimen.24,25 Within each 
side of the palatal appliance, the positions of the specimens 
of each group were randomly determined. 

Intraoral Phase

Volunteers followed a 1 week lead-in period before inserting 
the palatal appliances. During this period and throughout 
the experimental phases, they brushed their teeth with a 
silica-based dentifrice (Colgate, Máxima proteção anticáries, 
Colgate-Palmolive, Ind. Com. LTDA, São Bernardo do 
Campo, SP, Brazil), containing monofluorophosphate (MFP; 
1,450 ppm F). The cariogenic challenge was provided by 
dripping a 20% sucrose solution onto all slabs 8 times a day 
(at 8.00, 10.00, 12.00, 14.00, 16.00, 18.00, 20.00, 22.00 
hours). Before replacing the palatal appliance in the mouth, 
a 5 minute waiting time was allowed for sucrose diffusion 
into the dental biofilm.24 Tooth brushing with the fluoride 
dentifrice was performed after the main mealtimes, 3 times 
a day (7.30, 12.30, 22.30 hours). Volunteers were instructed 
to use a pea-size amount of dentifrice and to start brushing 
the buccal surface of maxillary teeth with the appliance 
still in the mouth.25 After the slurry of dentifrice and saliva 
reached the plastic mesh over the specimens, the appliance 
was removed and kept without rinse until the volunteers 
finished their routine oral hygiene. After that, the device was 
washed in tap water, removing all dentifrice/saliva slurry, 
and re-inserted in the mouth. Volunteers were instructed to 
wear the intraoral appliances for the whole intraoral phase, 
except during meals. At these times, the appliances were 
kept moist in boxes that were provided. Volunteers lived 
in an optimally fluoridated city and drank and consumed 
foods prepared with this water. No restriction was made 
with regard to the volunteers’ diet.

Microbiological Analysis

On day 14 of the intraoral phase, approximately 10 hours 
after the last exposure to the sucrose and dentifrice, the vol- 
unteers stopped wearing the intraoral appliance. The mesh 
was removed and the biofilm formed was collected with a 
sterilized plastic stick. The biofilm was weighed in sterile 
pre-weighed microcentrifuge tubes and 0.9% NaCl solution 
was added (1 ml/mg biofilm). The tubes were agitated during 
a 2 minutes period in a Disrupter Genie Cell Disruptor (Pre-
cision Solutions, Rice Lake, USA) with three glass beads (0.6 
mm diameter) to disperse bacterial cells. Afterwards, the sus- 
pension was serially diluted (1:10, 1:100, 1:1000, 1:10000) 
with 0.9% NaCl solution and three drops of 10 µl were inocu-
lated in mitis salivarius agar (MS-DIFCO, BD, New Jersey, 
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USA) added 20% sucrose and prepared according to company 
specifications to determine total streptococci (TS); in mitis 
salivarius agar plus 0.2 units of bacitracin/ml to determine 
mutans streptococci (MS); and in Rogosa agar to assess the 
number of lactobacilli (LB). The plates were incubated for 
48 hours at 37°C using a candle-extinguish jar, obtaining a 5 
to 10% carbon dioxide atmosphere. Representative colonies 
with typical morphology of MS, TS and LB were counted 
using a colony counter. The results were expressed in CFU/
mg dental biofilm (wet weight) and the percentage of mutans 
streptococci group (%MS) in relation to total streptococci 
was also obtained. 

Microhardness Analysis

The enamel specimens were removed from the appliance 
and longitudinally sectioned in their central area. One half 
of each enamel slab was randomly selected and embedded 
in acrylic resin (Arotec, São Paulo, Brazil), exposing the 
cut surface,20 for subsequent flattening and polishing with 
Al2O3 paper grit 100, 400, 600 and 1200 and polishing 
cloths with 1 µm diamond paste (Buehler, Lake Bluff, 
USA), respectively. Microhardness was measured using 
a Knoop indenter with 25 gm load for 5 seconds and 
a microhardness tester (Future-Tech FM Corporation, 
Kawasaki, Japan) coupled to the software FM-ARS. Two 
rows of twelve indentations each were made at depths: 
10, 20, 30, 40, 50, 60, 80, 100, 120, 140, 160 and 180 µm 
from the outer enamel surface. The means of KHN in depths 
higher than 100 µm were used as measure of the integrated 
hardness profile of inner sound enamel, making each slab its 
self-control. The distance from the first row to the restoration 
margin was 20 µm, and the second distance was 70 µm.

The mean Knoop hardness number (KHN) values, at 
each position from the surface and at 20 and 70 µm distances 
from the enamel-restoration interface were obtained. Thus, 
KHN was plotted against depth for each specimen and 
the integrated hardness profile of demineralization was 
calculated relative to the underlying sound enamel. The mean 
sound enamel values of KHN for computation of deminera-
lization were obtained from the inner sound enamel under 
the lesion in the same tooth. To compute ΔS (integrated 
demineralization), the hardness profile of demineralization 

was subtracted from the value obtained for sound enamel. 
Data were expressed in Knoop hardness number (kg/mm2) 
to calculate ΔS.27 

Statistical Analysis

In order to assess the effect of treatments, the dependent vari-
ables TS, MS, LB counts and ΔS parameter were analyzed; 
the assumptions of equality of variances (Levene Test) and 
normal distribution (Koulmogorov-Smirnov Test) were 
tested. Normal distributions were found for all variables 
on the equality of variances. The paired t-test was applied 
to UFC counts and ΔS (p < 0.05). The values of KHN 
were analyzed with a split-plot ANOVA statistical design 
followed by Tukey’s test, considering adhesive and depth 
as factors. The software Biostat 5.0 (Mamirauá Sunstainable 
Developing Institute; Tefe, AM, Brazil) was used and the 
significance limit was set at 5%. The relationship between 
microhardness and depth values was also checked by linear 
regression analysis (p < 0.01).

RESULTS

With regard to microbiological composition of the biofilm 
formed on slabs restored using the different adhesive 
systems, no significant differences were found between 
treatments (Table 1), although a trend to lower values 
had been found mainly for CB group in relation to total 
streptococci and lactobacilli.

For the ΔS parameter, no significant differences were 
found between treatments (see Table 1), even though the 
self-etch MDPB-fluoride free adhesive system showed the 
highest demineralization in most depths at both distances. 
The relationship between microhardness and depth 
showed significant correlation, being directly proportional 
(p = 0.0001) (Graph 1). 

DISCUSSION

Antibacterial activity is a desired property for adhesive 
systems, especially for self-etch adhesive systems, since 
the prepared dentin is treated with an acidic primer, without 
being previously etched and washed. These antibacterial 
properties would discourage the presence of bacteria inside 

Table 1: Microbiological analysis of dental biofilm and demineralization (ΔS), for each treatment at studied distances 
(Mean values with their standard deviation and p-value for each analysis)

Micro-organisms Groups p-value
AB CB

Total streptococci (CFU/mg × 107) 1.19 ± 0.98 0.81 ± 0.74 0.13
Mutans streptococci (CFU/mg × 105) 5.20 ± 3.59 5.71 ± 2.87 0.67
Lactobacilli (CFU/mg × 107) 1.93 ± 1.57 0.39 ± 0.31 0.23
Distance from the 
restoration margin 

20 µm 12004.90 ± 7688.33 9038.57 ± 6992.42 0.35
70 µm 9375.88 ± 7253.54 8455.41 ± 7428.5 0.69

CFU: colony-forming units; AB: All-Bond SETM (Bisco, Shaumburg, USA); CB: Clearfil Protect Bond (Kuraray Medical Inc, Okayama, Japan)
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the dentinal tubules,7 decreasing the possibilities of caries 
recurrence. Besides, occurrence of microgap formation has 
been reported between the adhesive resin and the primed 
dentin surface, as well as between the adhesive resin and the 
hybrid layer, which implies that a great deal of the formed 
space is to be surrounded by adhesive resin, thus most 
invading bacteria would have contact with cured adhesive.5 
In this way, MDPB-containing adhesives may inhibit 
the growth of invading bacteria, consequently inhibiting 
bacterial leakage even when marginal sealing is not complete 
or destroyed after restoration. However, the effects of these 
antibacterial adhesive systems on the inhibition of secondary 
caries are still unknown.

The present study used an in situ caries model to simulate 
a caries challenge to test the anticariogenic effect of adhesive 
systems, given that this model appears to be more analogs 
to in vivo conditions than chemical-based and bacterial  
in vitro caries models.13,28 The in situ caries model used in 
the current study, based on biofilm accumulation and sucrose 
exposure, was previously reported to be cariogenic to human 
dental enamel.21,29 This was confirmed by our linear 
regression analysis, which showed that hardness increased 
significantly and progressively with the enamel depth. 
Fluoride-containing dentifrice was chosen, since over 
95% of all dentifrices sold in the US, Brazil and Western 
Europe contain fluoride.30-32 Additionally, it has been 
demonstrated that, in the presence of fluoridated toothpaste, 
demineralization is evident with a frequency of carbohydrate 
consumption equal or higher than 7-times/day.33 

In the present study, the tested self-etch adhesive contain-
ing MDPB/Fluoride were not able of inhibit secondary 
caries, since the microhardness results showed no statisti- 
cal differences between groups. To our knowledge, no other 
in situ studies have evaluated the anticariogenic effects 
of these types of adhesives on enamel demineralization 
inhibition or on biofilm formed over restorations. However, 
our results corroborate those found by Lobo et al34 which 

used an in vitro microbiological caries model to evaluate the 
anticariogenic potential of a fluoride-containing adhesive 
system including adhesive containing MDPB/F (Clearfil 
Protect Bond). 

Conversely, the present microbiological results neither 
showed statistical differences between groups, nor con-
firmed earlier in vitro studies5,7,8,11,12 that found bacterial 
inhibition by MDPB. One possible explanation may be 
due to experimental differences between these studies, 
which did not evaluate the antibacterial potential of MDPB 
in a microbiological caries model, but only its capacity 
of inhibiting bacterial growth on surfaces with MDPB-
containing materials. Moreover, MDPB incorporation in 
a composite resin may be favorable to decrease bacterial 
growth over restorative materials,8 since a bigger contact 
area with the microorganisms is obtained by means of MDPB 
immobilization in the polymeric matrix. This fact is not 
observed in adhesive systems, because MDPB is restricted 
only to the resin-tooth interface. 

The fluoride released from CB group (Clearfil Protect 
Bond) was expected to reduce carious lesions formation, 
because minimal amounts of fluoride have been shown to 
reduce demineralization and enhance remineralization.35 
However, this was not evidenced by the microhardness 
results. It can be suggested as it were used in small amounts, 
the fluoride released might not have been sufficient to control 
the cariogenic challenge, as previously demonstrated by  
in vitro studies.34,35

The microhardness values, though not significant, for 
the AB (All Bond SETM) group were lower than the other 
group in most evaluated depths at both distances from 
the restoration margin. This inferior performance can be 
partially explained by the presence of MDPB and/or fluoride 
in the CB adhesive, the latter presenting a trend to inhibit 
demineralization around restorations. Another possible 
reason is that the incomplete polymerization of the acidic 
monomer might increase the demineralization. 

Graph 1: Relationship between microhardness and depth values. AB y = 124.6 ± 18.8×/r2 = 0.681; CPB y = 140.4 ± 22.6×/r2 = 0.698 
(at 20 µm); AB y = 130.9 ± 18.5×/r2 = 0.618CPB y = 171.6 ± 18.0×/r2 = 0.620 (at 70 µm)
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One of limitations of the current study was the lack of 
evaluation of presence of wall lesions, since microhardness 
analysis was performed to access enamel demineralization. 
Another one is the impossibility to study the characteristics 
of biofilms formed within the interfacial spaces adjacent to 
restorations, due to the difficulties of sampling procedures 
for such microspaces. This is an important point because 
the major benefit from antibacterial adhesive systems over 
secondary caries could be the inhibition of wall lesion 
formation. Itota et al16 using a microbial caries system and 
microradiography, studied the effect of fluoride present in an 
adhesive system on secondary caries inhibition. The authors 
observed that, instead of wall lesions, an acid-resistant layer 
was formed adjacent to the restoration, but there was only a 
modest inhibition of the outer lesion formation.

In the condition of this in situ study, the following 
conclusion may be drawn: the incorporation of fluoride or 
MDPB to adhesive systems was not able to inhibit enamel 
demineralization around composite resin restorations, 
neither to kill cariogenic bacteria in the biofilm formed over 
restorations. However, further clinical studies are necessary 
to evaluate the impact of the anticariogenic efficacy of 
MDPB or fluoride incorporation to adhesives systems on 
secondary caries development, mainly in patients with low 
compliance with prophylactic measures or limited access to 
other sources of fluoride. 
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