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ABSTRACT 
Background: There are several techniques can be used on dental adhesive system which are dry, wet, and rewetting 
technique. However, it is difficult to achieve good bond strength between composite restoration and dentine tissue 
compared with enamel. Chitosan is a natural polymer hydrophilic polysaccharide, derivate from chitin, it has natural 
bonding ability. Objectives: The purpose of this study is to determine shear bond strength of several dentine adhesive 
system which are dry, wet, and rewetting bonding technique using chitosan 2% solution. Methods: This experimental 
study used 15 samples of free caries first-premolars teeth. Teeth soaked in normal saline solution before cut straight up 
to 2 mm above CEJ. Samples divided into three groups. Dentine surface treated with dry bonding technique for the first 
group, wet bonding technique for the second group, and rewetting technique using chitosan 2% for the last group. 
Samples tested for shear bond strength using LLOYD Testing Machine with a speed of 0.5 mm/minute. The data were 
analyzed using one-way ANOVA statistic test. Results: The average shear bond strength of three groups are, 6.919 
MPa, 17.818 MPa, and 11.528 MPa for groups 1, 2, and 3. The highest shear bond strength is in group 2, which is the 
wet bonding technique. There is significant shear bond strength difference between the three groups, that is p=0.000 
(p<0.005). Conclusion: The best shear bond strength between the three bonding technique is the wet bonding technique. 
Chitosan 2% solution used in rewetting technique of this study don’t have significant effect on raising shear bond 
strength between dentine and dental composite. 
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INTRODUCTION  

There are several bonding techniques 
developed nowadays. The bonding system has 
revolutionized the practice of restorative dentistry. 
Although it is difficult to bond the dentine 
structure, there are improvement on the 
performance of dentine bonding. The several 
techniques mentioned before are dry, wet, and 
rewetting techniques. 1, 2 

Dry technique is mentioned when we don’t 
use water wetting or rewetting agent. When the 
dentine air-dried, it will result on collagen fibers 
collapse and shrinkage, this will lead to resin lack 
of penetration. In wet bonding technique water 
play main function to support collagen fibers. Re-
wetting agent is uses to moisture dentine before 
placement of bonding agent. 2 

There are several re-wetting agents on dental 
markets. This study focused on using chitosan 2% 
as re-wetting agent for dental composite bonding. 

 
Picture 1. Chemical Structures of Chitin and 

Chitosan3 
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worth observing that the amount of polycationic chitosan 
available to bind to a charged bacterial surface is apparently 
reduced as the concentration of chitosan increases[15,26]. 
A possible explanation is that in the presence of a larger 
number of charged sites, the chains tend to form clusters 
by molecules aggregation while they are still in solution[4]. 
Observations have confirmed that at higher concentrations, 
the chitosan tends to form a coating over the bacteria, not 
necessary attached to the surface and independently of the 
bacteria type[13]. In such condition, adjustments on pH could 
be decisive for a good solubility and to keep the chains apart 
from each other.

Concerning the bacteria surface polarity, the outer 
membrane of gram-negative bacteria consists essentially of 
lipopolysaccharides containing phosphate and pyrophosphate 
groups which render to the surface a density of negative 
charges superior to that observed for gram-positive ones 
(membrane composed by peptidoglycan associated to 
polysaccharides and teichoic acids)[27]. This supports the 
evidence that the leakage of intracellular material observed 
by chitosan in gram-negative is superior to that reported in 
gram-positive bacteria[21-23]. 

The bacterial effectiveness on gram-positive or gram-
negative bacteria is however, somewhat controversial. Some 
authors have stated that chitosan generally showed stronger 
effects for gram-positive bacteria (e.g. Listeria monocytogenes, 
Bacillus megaterium, B. cereus, Staphylococcus aureus, 
Lactobacillus plantarum, L. brevis, L. bulgaris, etc.) than for 
gram-negative bacteria (e.g. E. coli, Pseudomonas fluorescens, 
Salmonella typhymurium, Vibrio parahaemolyticus, etc.)[28-31]. 
Conversely, it has been demonstrated that hydrophilicity in 
gram-negative bacteria is significantly higher than in gram-
positive bacteria, making them most sensitive to chitosan[32]. 
These findings are confirmed by several in vitro experiments 
in which gram-negative bacteria appear to be very sensitive 
to chitosan, exhibiting increased morphological changes on 
treatment when compared to gram-positives[22,23,33-35]. The 
charge density on the cell surface is a determinant factor to 
establish the amount of adsorbed chitosan. More adsorbed 
chitosan would evidently result in greater changes in the 
structure and in the permeability of the cell membrane. 
This would suggest that the antibacterial mode of action is 
dependent upon the host microorganism[24].

Another proposed mechanism is the binding of chitosan 
with microbial DNA, which leads to the inhibition of the 
mRNA and protein synthesis via the penetration of chitosan 
into the nuclei of the microorganisms[10,13,36]. In this the 
chitosan molecules is assumed to be able to pass through the 
bacterial cell wall, composed of multilayers of cross-linked 
murein, and reach the plasma membrane. Observation by 
confocal laser scanning microscopy[7] confirmed the presence 
of chitosan oligomers (a chain with few number of monomer 
units) inside E. coli exposed to chitosan under different 
conditions. Raafat et al.[16] stated that in spite of been accepted 
as a possible mechanism, the probability of it occurring is 

Three models have been proposed, the most acceptable 
being the interaction between positively charged chitin/
chitosan molecules and negatively charged microbial cell 
membranes. In this model the interaction is mediated by the 
electrostatic forces between the protonated NH+

3 groups and 
the negative residues[17], presumably by competing with Ca2+ 
for electronegative sites on the membrane surface[18]. 

This electrostatic interaction results in twofold interfe-
rence: i) by promoting changes in the properties of membrane 
wall permeability, thus provoke internal osmotic imbalances 
and consequently inhibit the growth of microorganisms[10,12], 
and ii) by the hydrolysis of the peptidoglycans in the 
microorganism wall, leading to the leakage of intracellular 
electrolytes such as potassium ions and other low molecular 
weight proteinaceous constituents (e.g. proteins, nucleic 
acids, glucose, and lactate dehydrogenase)[9,11,13,19,20]. 

This model was investigated in a recent work by 
Raafat et al.[16], who observed under transmission electron 
microscope the ultrastructural changes of S. simulans 22 cells 
upon exposure to positively charged chitosan. It was possible 
to observe and identify chitosan molecules attached on 
bacteria cell surfaces. In the interacting sites it was registered 
that the cell membrane became locally detached from the 
cell wall, giving rise to “vacuole-like” structures underneath 
the wall. The detachment generates ions and water efflux, 
provoking decreases on the internal bacteria pressure[16]. 
Visual confirmation of an effective membrane lysis been also 
reported on gram-negative and gram-positive bacteria[21-23]. 

Since such mechanism is based on electrostatic interaction, 
it suggests that the greater the number of cationized amines, 
the higher will be the antimicrobial activity[24,25]. This 
suggests that chitosan has higher activity than that found for 
chitin and this has been confirmed experimentally[17,24]. It is 

Figure 1. Schematic representations of the chemical structures of the chitin 
and chitosan.
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 Chitosan is chitin derivate, a natural 
polysaccharide, the main structural component of 
sea creatures. Chitosan based biomaterials gain a 
lot of researchers interests because its huge 
availability in nature and excellent mechanical 
properties as well as its biocompatibility. Chitosan 
film is a biocompatible material that can tolerated 
easily with the living tissue and structure. It is 
used particularly as coatings to prolong shelf-life 
of fresh foods. It also has antimicrobial and 
antifungal properties. 3,4 

 Laboratory tests have been used to compare 
bond performance of different bonding 
techniques.  Shear bond strength is the most 
popular method to test bonding efficacy 
(ISO/TS11405 (2003)). Average of bond strength 
calculated by dividing the failure load of the 
specimen cross-sectional area using universal 
testing machine. 5 

 
Picture 2. Diagram of Shear Bond Strength Test 5 

 

OBJECTIVES  

      The purpose of this study is to determine shear 
bond strength of several dentine adhesive system 
which are dry, wet, and rewetting bonding 
technique using chitosan 2% solution.  

 

MATERIALS AND METHODS  

This experimental study used 15 samples of 
free caries first-premolars teeth. Teeth soaked in 
normal saline solution before cut straight up to 2 
mm above CEJ and polished with sandpaper. 
Teeth put into clear resin in PVC pipes. Samples 
divided into three groups. Dentine surface treated 
with dry bonding technique for the first group 
using etch and adhesive system, wet bonding 
technique for the second group, and rewetting 

technique using chitosan 2% for the last group and 
filled with nanofiller composite resin and cured 
using LED (light emitting diode) light curing unit. 
Samples tested for shear bond strength using 
LLOYD Universal Testing Machine. Samples 
held in the machine, with the knife chisel edge in 
position 1 mm above resin-dentine interface. The 
speed of the crosshead is 0.5 mm/minute. The data 
were analyzed using one-way ANOVA statistic 
test with SPSS computer program. 

 

RESULTS  

      The average shear bond strength of three 
groups are, 6.919 MPa, 17.818 MPa, and 11.528 
MPa for groups 1, 2, and 3. The highest shear 
bond strength is in group 2, which is the wet 
bonding technique. Followed by group 3, the 
chitosan 2% re-wetting technique, and group 3 as 
the last, which is dry technique. 

 

Table 1. Shear Bond Strength Result 

 

     The statistic test used to know the normality of 
the data is Kolmogorov-Smirnov and Shapiro-
Wilk Tests as bellow. This test show that the data 
is normal. 

Table 2. Normality Test  
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agents are unfilled, some products contain nano-
fillers and submicron glasses ranging from 0.5% to 
40% by weight. Fillers are described in more detail 
in Chapter 9. Filled bonding agents may be easier to 
place on the tooth and may produce higher in vitro 
bond strengths. Bonding agents may contain fluo-
ride, antimicrobial ingredients, or desensitizers, such 
as glutaraldehyde. The effectiveness of fluoride and 
antimicrobial release from a bonding agent has not 
been demonstrated.

In Vitro Evaluation of Bond Performance
Laboratory tests have been extensively used to 

compare the bond performance of adhesive systems. 
Though clinical relevance of in vitro evaluations is 
questionable, they certainly represent a valuable 
“screening” tool. Also, different than clinical stud-
ies, laboratory evaluations allow isolation of specific 
variables that may interfere with bond performance, 
for example, substrate conditions, contaminants, 
application procedures, and thermal and mechanical 
cycling.

Bond strength tests are, by far, the most popu-
lar among in vitro methods. ISO/TS11405 (2003) 
describes test protocols for both shear and tensile 
bond strength tests (Figure 13-3). Both tests use rela-
tively large bonding areas (3-6 mm in diameter, 7-28 
mm2). Nominal (average) bond strength is calcu-
lated by dividing the failure load by the specimen 
cross-sectional area. The high incidence of cohesive 

failures of the substrate observed with these tests 
prompted the development of micro bond strength 
tests (Figure 13-4), using specimens with much 
smaller bonding areas (1 mm2). The main limitation 
of bond strength tests, despite their great popular-
ity, is that results from different studies cannot be 
directly compared because of the lack of standard-
ization among research groups. Also, because of the 
heterogeneous stress distribution along the bonded 
interface, the nominal bond strength value is far 
from representative of the true stress that initiated 
debonding.

The quality of the marginal seal obtained with 
adhesive systems can be estimated by different 
methods. Microleakage tests use the immersion of 
a restored tooth in a tracer solution (e.g., methy-
lene blue or silver nitrate). The tooth is sectioned 
and the extent of dye penetration is evaluated, 
either qualitatively (using scores) or quantitatively. 
Interfacial gaps can be measured under a scanning 
electron microscope (SEM). Because processing of 
the real specimen for SEM viewing is critical and 
more gaps can be unintentionally created, replicas 
of the bonded interface in epoxy resin are preferred. 
The term nanoleakage applies to a method in which 
specimens previously immersed in silver nitrate are 
observed under a transmission electron microscope 
(TEM). The presence of silver deposits demonstrates 
the presence of gaps and voids at the bonded inter-
face (Figure 13-5).

Other in vitro methods for evaluating the perfor-
mance of bonding systems are fracture toughness 
tests that quantify the critical stress level respon-
sible for initiating debonding, and fatigue testing in 
which the cyclic fatigue resistance after a predeter-
mined number of loading cycles (usually 105 cycles) 
is calculated.

Biocompatibility
Solvents and monomers in bonding agents are 

typically skin irritants. For example, 2-hydroxy-
ethylmethacrylate (HEMA) may produce local and 
systemic reactions in dentists and dental assistants 
sufficient to preclude their further use in the den-
tal office. It is critical that dental personnel protect 
themselves from recurring exposure. Protective tech-
niques include wearing gloves, immediately replac-
ing contaminated gloves, using high-speed suction, 
keeping all bottles tightly closed or using unit-dose 
systems, and disposing of materials in such a way 
that the monomers cannot evaporate into the office 
air. Even with double gloves, contact with aggres-
sive solvents and monomers will produce actual 
skin contact in a few minutes. All reasonable precau-
tions should be followed, and if unwanted contact 
occurs, affected areas should be flushed immediately 
with copious amounts of water and soap. Once the 
materials are polymerized, there is very little risk of 

A B

FIGURE 13.3 Bond strength tests. A, Diagram of the 
tensile test apparatus; B, diagram of the shear test appara-
tus. (From Cardoso PEC, Braga RR, Carrilho MRO: Dent. Mater. 
14, 394-398, 1998.)

Sample Shear Bond 
Strength of 

Dry 
Techniques 

(MPa) 

Shear 
Bond 

Strength of 
Wetting 

Techniques 

(MPa) 

Shear 
Bond 

Strength of 
Re-

Wetting 
Techniques 

(MPa) 

1 6.021 19.741 14.292 

2 4.049 20.241 6.764 

3 8.919 16.371 14.396 

4 5.727 18.933 13.503 

5 9.879 13.806 8.685 

Average 6.919 17.8184 11.528 



 
     ANOVA one-way statistic show different 
significance of every groups as the p obtained is 
p=0.000 (p<0.005). The data can be seen in table 
3.  

Table 3. ANOVA Statistical Test 

 
 

DISCUSSION  

There are several factors influence shear bond 
strength of dental resin composite to dentine that 
are dental types, ages, dentine mineralization 
grade, bonded dentine surface and humidity of 
oral environment. Collagen structure is very 
important to enhance good bond strength. 
Hydrated dentine makes difficulty for adhesive 
resin to bond and contact with collagen. Chemical 
reactivity of collagens is quite low, this happen 
because collagen is biological polymer consist of 
collagen peptide aggregate chain. Many 
conventional bonding techniques are unsuitable 
with dentine structure. 6,7 

Result of this study show that nano-filled 
restorative composite resin with dry bonding, wet 
bonding, and rewetting bonding technique to 
dentin have significant difference. Shear bond 
strength in dry bonding is lower than wet bonding 
and rewetting bonding technique, with average of 
6.919 MPa. The shear bond strength of wetting 
technique is the highest with the average of 
17.818 MPa, and rewetting system with chitosan 
with the average of 11.528 MPa. This result show 
that dentin collagen structure has collapse at dry 
bonding technique, and maintained in wet bonding 
technique, while chitosan 2% could not infiltrate 
smoothly to dentin structure, so the shear bond 

strength was not as high as wetting bonding 
technique.  

At wet bonding technique, water maintain 
collagen fibril at wide condition that result in 
good shear bond strength. Wet bonding technique 
result in good bond strength, but it still has 
disadvantage which is there’s too many waters at 
resin and dentin interface, that can lead to over-
wet condition. Over-wet condition lead to sub-
optimal adhesive system, phase separation, and 
nano-leakage which influence resin dentin 
bonding. 6,7 

 

CONCLUSION 

The best shear bond strength between the three 
bonding technique is the wet bonding technique. 
Chitosan 2% solution used in rewetting technique 
of this study don’t have significant effect on 
raising shear bond strength between dentine and 
dental composite. 
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Tests of Normality 
 

tes 

Kolmogorov-Smirnova Shapiro-Wilk 
 

Statistic df Sig. Statistic df Sig. 

data dry .245 5 .200* .929 5 .590 

wet .261 5 .200* .893 5 .375 

chitosan .311 5 .129 .817 5 .111 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
 
 

ANOVA 

data   
 Sum of Squares df Mean Square F Sig. 

Between Groups 299.340 2 149.670 17.477 .000 

Within Groups 102.767 12 8.564   
Total 402.108 14    

 
 

Multiple Comparisons 

Dependent Variable:   data   
Tukey HSD   

(I) tes (J) tes 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

dry wet -10.899260* 1.850830 .000 -15.83702 -5.96150 

chitosan -4.608960 1.850830 .068 -9.54672 .32880 

wet dry 10.899260* 1.850830 .000 5.96150 15.83702 

chitosan 6.290300* 1.850830 .014 1.35254 11.22806 

chitosan dry 4.608960 1.850830 .068 -.32880 9.54672 

wet -6.290300* 1.850830 .014 -11.22806 -1.35254 

*. The mean difference is significant at the 0.05 level. 

 

Sampel Kekuatan Ikat Geser 
Teknik Dry (MPa) 

Kekuatan Ikat Geser 
Teknik Wet (MPa) 

Kekuatan Ikat Geser 
dengan Chitosan (MPa) 

1 6.021 19.741 14.292 
2 4.049 20.241 6.764 
3 8.919 16.371 14.396 
4 5.727 18.933 13.503 
5 9.879 13.806 8.685 

Rerata 6.919 17.8184 11.528 
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