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Abstract
Background. Contamination of dentin surface is one of the common problems in restorative 
dentistry. The aim was to investigate the effects of different surface contaminators on the dentin 
shear bond strength (SBS) of universal adhesive system (UAS) applied in etch-and-rinse (ER) and 
self-etch (SE) strategies.
Methods. One hundred forty-four maxillary anterior sound human teeth were divided into six 
groups based on the types of surface contaminators: no surface contaminator (control) and 
experimental groups contaminated with blood, saliva, aluminium chloride (ALC), ferric sulphate 
(FS), and caries disclosing agent (CDA). Then, each group was further subdivided into two, based 
on the application strategy of UAS (ER and SE). After applying the adhesive according to the 
manufacturer’s instructions, and bonding cylindrical composite samples, the SBS was measured. 
The data were analysed using two-way ANOVA, Tukey’s HSD test and t test (P < 0.05).
Results. The SBS in all contaminated groups, except for CDA, was significantly lower in both ER 
and SE strategies compared to control group (P < 0.05). A comparison between the application 
strategies revealed that ER and SE were only significantly different in the FS contaminated group 
(P < 0.05).
Conclusion. All tested contaminators, except CDA, significantly decreased SBS of UAS in both 
ER and SE strategies.
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Introduction
In order to achieve a proper bonding, it is necessary to 
prevent any contamination of the substrate with oral 
fluids. Blood contamination significantly reduces the 
bond strength (BS) of self-etch (SE) and etch-and-rinse 
(ER) adhesive systems.1,2 Nonetheless, regarding the effect 
of salivary contamination, different results have been 
reported depending on the type of adhesive system.3-5

Achieving a proper isolation can be considered a 
significant problem when it is not possible to use a rubber 
dam. Recently, it has been suggested the use of haemostatic 
agents (HAs), in order to control bleeding.6 It has been 
shown that the effects of the HAs on the BS depend on 
the type of adhesive system. Smear layer removal by the 
HAs can adversely affect the bonding mechanism of SE 
adhesive systems.7, 8 However, the effects of these agents 
on the BS of ER adhesive systems have been inconsistently 
reported in the literature.9,10 

Other possible dentine contaminators are caries 
disclosing agents (CDAs). Some studies have shown that 
when CDAs are used before bonding procedures, they 

have no adverse effects on the BS of ER and SE adhesive 
systems.11,12 However, Singh et al., reported significant 
reduction in the tensile BS of ER adhesive system to sound 
and carious affected dentin after application of CDAs.13

Recently, new type of adhesive systems, known as 
universal or multi-mode, have been introduced, which 
allows the dentist to save time and also easily prepare tooth 
surface in ER, SE or selective etching strategies. Besides the 
chemical compounds commonly used in the composition 
of dental adhesives, universal adhesive systems (UASs) 
have been supplemented with components such as silane 
and chlorhexidine to provide broader indications and 
applications.14 The aim was to investigate the effects of 
different surface contaminators (blood, saliva, aluminium 
chloride [ALC], ferric sulphate [FS], and CDA) on the 
shear bond strength (SBS) of UAS applied in ER and SE 
strategies. 

Methods
For the purpose of this in-vitro study, 144 sound maxillary 
human anterior teeth, extracted for periodontal reasons, 
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were selected. Teeth were stored in 70% ethyl alcohol 
for three months until the beginning of the study. After 
cleaning the teeth surfaces from debris and filth by 
manual scaling, and rubber cap with prophylaxis paste, 
the root of teeth were mounted in self-cure acrylic resin 
cylinders while the crown were out. The dentin of facial 
surfaces was exposed by means of a number 837LG bur 
mounted on high-speed handpiece under abundant water 
spray and was polished with 600-grit silicon carbide paper 
(SiC) under running water for one minute to produce flat 
bonding surfaces with uniform smear layers. It should 
be noted that for each five specimens, a new bur and for 
each surface, a new SiC paper was used. Then, the samples 
were divided into six groups (n=24) based on surface 
contaminations:
1. Group I: without any contamination (control); 
2. Group II: One drop of blood samples taken from 

humans were applied on the teeth by a microbrush 
and then air-dried from a distance of ten cm for 20 
seconds; 

3. Group III: One drop of saliva taken from human’s 
mouth was applied on the teeth by a microbrush 
and then air-dried from a distance of ten cm for 20 
seconds; 

4. Group IV: ALC HA was applied on the surface of 
dentin for two mins, then washed with water, and air-
dried for 30 seconds; 

5. Group V: FS was applied on the surface of dentin for 
two mins, then washed with water, an air-dried for 30 
seconds; 

6. Group VI: one drop of CDA was applied on the 
surface of dentin according to the manufacturer’s 
instructions for ten seconds and washed for ten 
seconds. 

Then, samples of each group were subdivided into two 
subgroups based on the application strategy (ER and SE) 
of the UAS (All Bond Universal, Bisco, Schaumburg, 
IL, USA). The samples in the ER subgroup (n=12) were 
etched with 35% phosphoric acid (Select HV Etch, Bisco, 
Schaumburg, IL, USA) for 15 seconds, washed for ten 
seconds, and excess moisture was removed by cotton 
pellets. Afterwards, the UAS was applied on the samples 
and light-cured according to manufacturer’s instructions 
for ten seconds using Demetron A2 light curing unit 

(Kerr, Scafati, Italy). The samples in the SE subgroup were 
treated by the same UAS applied on the prepared surface 
of teeth according to the manufacturer’s instructions and 
light-cured for ten seconds using same light curing unit.

In the  next step, transparent vinyl cylinders (four mm 
height and three mm diameter) were first filled with shade 
A2 of Gradia Direct composite resin (GC, Tokyo, Japan) 
and placed on the teeth where the adhesive system applied. 
The extra composite resin was removed with spatula and 
light-cured for 60 seconds from each side using the same 
light curing unit. Then all samples were stored in distilled 
water (37 °C) for 24 hours. SBS was determined using a 
Universal Testing Machine (Hounsfield Test Equipment, 
Model H5KS, Surrey, UK) with a cross-head speed of 0.5 
mm/min. The SBS was calculated by dividing the obtained 
force (in Newton) by the restoration surface area (mm2) 
in MPa.

To determine the pattern of fractures according to the 
following classification, the samples were examined under 
a stereomicroscope (magnification ×40) (Figure 1):
1. Adhesive: failure between dentin substrate and 

repairing composite resin
2. Cohesive: fracture within the repairing composite 

resin
3. Mixed: a combination of the two above-mentioned 

patterns
Data were analysed using two-way ANOVA. Tukey’s 

post-hoc test and t test were used for pairwise comparisons 
at P < 0.05.

Results
Mean ± standard deviations of SBS values and frequency 
(%) of failure patterns are summarized in Table 1. The 
Kolmogorov-Smirnov and Shapiro-Wilk tests confirmed 
normal distribution of data (P > 0.05). Levene’s test for the 
homogeneity of variance showed the establishment of this 
assumption (P > 0.05).

Two-way ANOVA showed that effect of contamination 
type (P < 0.001) and adhesive application strategy (P 
<0.001), was statistically significant on the SBS. However, 
the interaction effect between these variables was not 
statistically significant (P > 0.05).

Tukey’s post hoc test for pairwise comparisons of surface 
contaminations for both application strategies of the UAS 

Figure 1. Failure Patterns under Stereomicroscope: 1) Adhesive, 2) Mixed, 3) Cohesive
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showed that:
•	 The SBS in the control group significantly differed 

with all contaminators (P < 0.001) except for the CDA 
(P > 0.05).

•	 The SBS in the blood subgroup revealed significant 
differences with the ALC and CDA (P < 0.05), but it 
was not significantly different from the saliva and FS 
(P > 0.05).

•	 The SBS in the saliva subgroup was significantly 
different from ALC and CDA (P < 0.05), but it showed 
no significant differences with FS (P > 0.05).

•	 The FS and CDA were significantly different 
(P < 0.05). However, in SE strategy the SBS of ALC was 
significantly different from that of CDA (P < 0.001); 
whereas, in ER strategy there was not any significant 
difference between these groups (P > 0.05). 

Furthermore, a comparison between the adhesive 
application strategies in various surface contamination 
groups using t test showed that the SBS of the FS in ER 
mode was significantly different from SE mode (P = 0.01). 
However, no significant differences were observed 
between the two application strategies in the other types of 

contaminators (P > 0.05). Error-bar graphs are presented 
in Figure 2 for further clarification.
Discussion
The tested hypothesis was that different surface 
contaminations have no effects on the SBS of UAS 
applied in ER and SE strategies. The findings showed that 
contamination with saliva, blood, ALC and FS significantly 
decreased the SBS of UAS in both of application strategies. 
So, the tested hypothesis was rejected. Similarly, numerous 
studies have shown that contamination with blood 
adversely affects the BS.15,16 Contamination with blood 
leads to the formation of a thin layer of macromolecules, 
such as fibrinogen and blood platelets, on the underlying 
dentin, which can prevent the penetration of adhesive into 
the dentinal tubules.1 However, Kaneshima et al reported 
no significant negative effects on the BS with blood 
contamination before acid etching or prior to applying 
SE primer; nevertheless, blood contamination after acid 
etching or applying SE primer resulted in considerable 
decrease in the BS.16 

Regarding the effects of saliva contamination, 
similar to our study, some studies showed that salivary 

Table 1. Mean ± standard deviations (SD) of shear bond strength values (MPa) and frequency (%) of fracture patterns in the study groups

Adhesive strategy Surface contaminations
Shear bond strength (MPa) Fracture patterns (%)

Mean ± SD Adhesive Cohesive Mixed

Etch-and-Rinse

Control 29.58 ± 3.81A 0 (0%) 4 (33.33%) 8 (66.66%)

Blood 13.74 ± 3.60BC 4 (33.33%) 0 (0%) 8 (66.66%)

Saliva 15.07 ± 5.47BC 5 (41.6%) 0 (0%) 7 (58.4%)

Aluminium Cl 20.47 ± 5.36BD 5 (41.6%) 0 (0%) 7 (58.4%)

Ferric Sulfate 18.00 ± 3.66B 4 (33.33%) 0 (0%) 8 (66.66%)

Disclosing Agent 25.08 ± 3.60AD 4 (33.33%) 4 (33.33%) 4 (33.33%)

Self-etch

Control 28.59 ± 2.27A 0 (0%) 3 (25%) 9 (75%)

Blood 12.32 ± 2.73B 5 (41.6%) 0 (0%) 7 (58.4%)

Saliva 11.53 ± 4.00B 3 (25%) 0 (0%) 9 (75%)

Aluminium Cl 17.74 ± 4.14B 7 (58.4%) 0 (0%) 5 (41.6%)

Ferric Sulfate 13.71 ± 4.17B 5 (41.6%) 0 (0%) 7 (58.4%)

Disclosing Agent 24.82 ± 4.59A 4 (33.33%) 4 (33.33%) 4 (33.33%)

Different superscripts represent statistically significant differences (P < 0.05).

Figure 2. Error-bar graphs of statistical analysis. 
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contamination could decrease the BS of SE adhesive 
systems because either saliva can cause more dilution 
of acidic primer of the adhesives, or salivary proteins 
inhibit primer penetration into collagen networks.1,5 
Furthermore, in the case of ER systems, this may be due 
to technical complexity so that resin may not penetrate to 
some demineralized parts of dentin owing to the separate 
steps of etching and bonding application. Additionally, 
some parts of demineralized dentin may be contaminated 
again with saliva after etching and before bonding 
application.17,18 Gupta et al demonstrated that the BS 
drops more in ER system after saliva contamination in 
comparison to SE systems, and amount of BS reduction 
in two-step SE system was significantly more than those 
in one-step SE system. These may be because one-step SE 
systems are the least technique sensitive strategy, and SE 
systems may contain some ingredients such as Phenyl-P 
or 10-MDP, which improve adhesion to dentin through 
creation of chemical bonding.19

Regarding the effect of ALC contamination, similar 
to our findings, Ajami et al,7 and Kuphasuk et al,6 also 
reported reduced BS of SE adhesives. It has been shown 
that the use of ALC on the dentinal surface creates varying 
degrees of demineralization. Removal of the whole smear 
layer has also been reported after the application of this HA 
for 5 min. Since the role of the smear layer in the bonding 
mechanism of SE adhesive systems has been approved, 
dissolution of this layer after application of ALC adversely 
influences the BS of these systems.20 Even so, contrarily, 
Kuphasuk et al,6 did not report any significant decrease in 
the BS of ER adhesive system. This may be attributed to 
the unique chemical composition of UASs, which are quite 
different and could enhance chemical bonding because of 
some ingredients such as silane and MDP. 

In the case of FS, some previous studies, similarly 
reported a significant reduction in the BS of SE 
adhesives.9,21 However, contrarily and similar to ALC, 
some studies failed to show significant decrease in BS 
of ER systems.9,21 FS, besides the ability to demineralize 
and change the smear layer due to its low pH, is able to 
coagulate collagen fibres as well as plasma proteins in the 
dentinal fluid.22 

Another finding was that, in contrast with all the 
above contaminators, contamination with CDA had no 
significant negative effects on the SBS. Similarly, previous 
investigations presented evidence that contamination with 
CDA did not decrease the BS, which might be because the 
smear layer is not removed or disrupt after application of 
CDA.11,12 

As another interesting finding, there were no significant 
differences in the SBS between the two application 
strategies of UAS in control and blood, saliva, ALC and 
CDA contaminated groups. This may be attributed to 
the fact that UAS are quite different from common SE 
and ER systems in terms of chemical composition. They 
have unique chemical composition and part of their BS 
is due to the chemical bonding potential of some of its 

specific ingredients.23,24 However, for FS contamination, 
SE strategy showed significantly lower BS than that in 
ER strategy. Furthermore, in SE strategy the BS of FS 
was significantly lower than ALC. Similarly, O’Keefe et 
al., demonstrated that the reduction in BS of SE systems 
following contamination with FS is more than that with 
ALC.9 According to manufacturer’s claim, ViscoStat (FS) 
is a viscose gel and rinsing with water before bonding 
procedure is necessary while ViscoStat Clear (ALC) 
quickly eliminates minor bleeding without forming 
coagulum or leaving residue adhered to the preparation. 

Evaluation of failure patterns showed that cohesive 
pattern was only observed in the control and CDA groups, 
while adhesive pattern was not detected in the control 
group and only belonged to the contaminated groups, 
which is in agreement with the findings of this study on the 
reduced BS by different contaminations. The distribution 
of adhesive and mixed failures in the blood and saliva 
groups, which are contaminations in oral tissues and 
contain diverse proteins, were similar to each other but 
different from in exogenous contaminations such as HAs.

Conclusion 
All surface contaminations studied, except for CDA, 
significantly reduced SBS of UAS in both ER and SE 
modes of application compared with the control group. 
A comparison of the two types of adhesive application 
strategies showed that SBS in the group contaminated 
with FS was significantly lower in SE mode than ER mode 
but other subgroups were not significantly different with 
respect to the application strategies.
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