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ABSTRACT
Bond strength of the composite restorations is one of the important factors to achieve success in restoring teeth. This
in vitro study evaluated the effect of a hemostatic agent on shear bond strength of a two-step self-etch and a Universal bonding agents. Forty extracted human premolars without any caries, cracks and restorations were selected.
After disinfection process, the mesial or distal dentin surfaces were exposed and polished for the same time to gain
similar smear layers. They randomly assigned to four groups as follows: (n=10) A: ViscoStat Clear + All-Bond SE
/ B: ViscoStat Clear + All-Bond Universal / C: All-Bond SE / D: All-Bond Universal. ViscoStat Clear was applied
according to manufacturer’s orders. Then it was rinsed with constant pressure and the rinsing time was as long as
the application time. After 1000 rounds of thermocycling, SBS test was performed. Data were analyzed with 1-way
ANOVA.Not significant statistical differences were obtained between control and test groups. Based on the results of
this study, there is no statistical differences between control groups and ViscoStat Clear-contaminated groups when
using a self-etch or universal bonding agent.
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INTRODUCTION
Bond strength of composite restorations is one of the
important factors to achieve success in restoring the
teeth. Low bond strength can lead to debonding the restorations. In bonding application process, isolation is
an important factor. If the surface is contaminated with

blood or saliva, bond strength will be reduced. In some
cases, blood and saliva control is very difficult especially
when the margins of the restorations are under the gum
and the operator isn’t able to put a rubber dam, (Tuncer
et al., 2014). Therefore in these cases, the use of hemostatic agents with the retraction cords is recommended.
Sometimes the restoration’s margin is not under the
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gum but because of a chronic gingivitis, blood control
is difficult. (Tuncer et al., 2014) Another way to control
bleeding is the use of lasers and electrosurgery, (Tuncer
et al., 2014) but they are not routinely used. The result of
application a hemostatic agent might be a reduction in
bond strength. To solve this problem, in some studies the
rinsing time was increased and some kinds of cleansing
methods were selected (Ajami et al., 2013, Chaiyabutr
and Kois, 2011), primer application time was increased
(Kuphasuk et al., 2007) 6, and also the hemostatic agents
and the bonding agents that are more compatible with
each other were chosen, (Mohammadi et al., 2012, Fathpour and Khoroushi, 2013.
Some studies showed a SBS reduction when hemostatic agents were used. (Mohammadi et al., 2012, Tuncer
et al., 2014, Bernades Kde et al., 2014, Sharafeddin and
Farhadpour, 2015) And some of them didn’t show any
significant differences between test groups and control
ones.(Kuphasuk et al., 2007, Fathpour and Khoroushi,
2013, Kimmes et al., 2006) Universal bonding agents or
multi-mode one bottle adhesive resins can be used in all
of the etch-&-rinse, self-etch and selective etch techniques. The technician should select one of the methods
according to the cavity and patient’s condition.(Hanabusa et al., 2012) In the past studies, there were controversial results about using self-etch adhesive resins with
different kinds of hemostatic agents. (Kuphasuk et al.,
2007, Arslan et al., 2013).
Nowadays the use of self-etch adhesive resins has
increased because there is less technical sensitivity and
also procedure time has decreased in this technique,
(Arslan et al., 2013, Kuphasuk et al., 2007). Also because
of the same penetration depth of resins as the depth of
etching, the post-operative sensitivity of patients has
decreased, (Mena-Serrano et al., 2013). In this study, the
effect of aluminum chloride, as a hemostatic agent, on
shear bond strength of the self-etch and the universal
bonding agents was evaluated.

MATERIAL AND METHODS
This study is an experimental, in vitro and a doubleblind one. Forty extracted human premolars without any
caries, cracks, and restorations that had approximately
the same size were selected. The sample size of each
group was obtained via the data from the similar study
with sample size formula. (Sharafeddin and Farhadpour,
2015) Samples were kept in distilled water at room temperature. All teeth were cleaned with a rubber cap and
the pumice powder. They were stored in 0.2% Thymol
solution for a week then kept in distilled water until
the test time. The samples were mounted in self-curing
acrylic-resin molds. They were numbered from one to 40
and randomly assigned to four groups. These numbers
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were kept by someone who did not play a role in the
bond strength test. The mesial or distal surface of each
tooth was cut by a long, flame bur (Meisinger, Neuss,
Germany) with the red round bar until the dentin was
exposed. Then the exposed dentin was polished with a
600 grit paper disk for 15 seconds to gain approximately
similar smear layer.
In group A, dentine was contaminated with aluminum chloride (ViscoStat Clear, Aluminum chloride
25%, Ultradent, South Jordan, Utah, USA) according
to the manufacturer’s instruction.(application time:
5 minutes) It was rinsed with constant pressure and
the rinsing time was as long as the application time.
Then All-Bond SE (6th Generation, self-etching bonding
agent, Bisco, Schaumburg, Illinois, USA) was applied in
accordance with manufacturer’s instruction. Two layers of bonding agent were applied and gently air dried
after scrubbing each layer. Then light cured for 20 seconds using a light cure device with an output intensity
of 900 mw/cm2 (Demetron LC, Kerr, Orange, California,
USA). Forty plastic cylinders were made with internal
diameter of two mm and four mm height. Ten cylinders were prepared with the following procedure: The
composite resin (All-Purpose Body, A3 shade, Bisco,
Schaumburg, Illinois, USA) was placed inside the cylinder and fixed with finger on the dentin of the sample.
Excess of the composite was removed carefully with a
scalpel blade. Then incrementally cured for 40 seconds.
The plastic cylinder was cut out.
In group B, dentine was contaminated with aluminum chloride (ViscoStat Clear, Aluminum chloride
25%, Ultradent, South Jordan, Utah, USA) according to
the manufacturer’s instruction. And rinsed with constant
pressure. The rinsing time was as long as the application
time. Then All-Bond Universal (Universal, Bisco, Schaumburg, Illinois,USA) was applied in accordance with manufacturer’s instruction. Two layers of bonding agent were
applied and gently air dried after scrubbing each layer.
Then light cured for 20 seconds using a light cure device
with an output intensity of 900 mw/cm2 (Demetron LC,
Kerr, Orange, CA, USA). Composite resin (All-Purpose
Body, A3 shade, Bisco, Schaumburg, Illinois, USA) was
placed and cured on this surface like group A.
In group C (control group), All-Bond SE was used
without ViscoStat Clear, and the composite cylinder was
applied as the same way in group A.
In group D (control group), All-Bond Universal was
used without ViscoStat Clear, and composite resin was
placed and cured the same way.
Intensity of the light-curing device was measured
(Optilux 501, Demetron, Kerr, Orange, CA, USA) between
the procedures.
The specimens were immersed in distilled water after
preparation process at room temperature for 24 hours.
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Keyvan Saati et al.
Before the shear bond test, specimens were subjected to
1000-round thermocycling (MP Based, KARA 1000,Tehran, Iran) procedure at 5-55 °C with a dwell time of 30
seconds and a transfer time of 30 seconds.
In group B and D (universal groups), the self-etch
technique was selected to use the universal bonding
agent.
Shear bond strength test was performed with a universal testing machine (Zwick/Roell, Z020, Ulm ,Germany) at a crosshead speed of 0.5 mm/min. Data were
analyzed by 1-way ANOVA.
Ethical clearance registration number at Islamic
Azad University of Medical Sciences-Dental Branch,
Tehran, Iran is “IR.IAU.DENTAL.REC.1396,24”. And the
ethical ID at IRCT (Iranian Registry of Clinical Trials) is
“IRCT2017101136711N1”.
This study has been conducted in full accordance
with Iranian Registry of Clinical Trials. In our country,
ethical issues are reviewed by this center. And the study
has been independently reviewed and approved by this
ethical board. (It is a publicly accessible database)

RESULTS AND DISCUSSION
In this study shear bond strength of the composite resin
cured to the dentin of the 40 extracted human premolars that were contaminated or uncontaminated with
aluminum chloride, were evaluated. Mean shear bond
strength values ± standard deviations of the groups are
in Table 1. One-way ANOVA revealed not significant
differences in shear bond strength values among selfetch groups and universal groups. Group C (All-Bond SE
without the hemostatic agent) indicated the most SBS
value (58.44 ± 24.07) and group B (All-Bond Universal
+ hemostatic agent) showed the least SBS value. (41.73
± 25.78) Also, there were no statistically significant differences among four groups. (P<0.2) The shear bond
strength of the both types of bonding agents has not
been statistically affected by using the hemostasis. (P
<0.4). Figure 1 is indicating the comparison of the mean
shear bond strength values.
The results of this study showed that the use of aluminum chloride (ViscoStat Clear), as a hemostatic agent,
Table 1. Shear bond strength (MPa) of the specimens
(n=10)
Group

Mean+S.D

C.V

A (ViscoStat clear+All-bond SE)

57.13 ± 38.63

68

B (ViscoStat clear+All-bond universal)

41.73 ± 25.78

62

C (All-bond SE)

58.44 ± 24.07

41

D (All-bond universal)

47.20 ± 25.53

54
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has no significant effect on the shear bond strength of
composite resin that is bonded with a self-etch (AllBond SE) or a Universal bonding agent on the dentin.
After the completion of the test, the data of the current
study were placed in the sample size formula and the
test power was 80%, so the sample size was sufficient.
Aluminum chloride is a useful substance to control
bleeding. It has the least side effects and nowadays it
is used routinely in clinical procedures.(Kuphasuk et al.,
2007) Due to the fact that it doesn’t contain iron, like
ferric sulfate, it doesn’t cause discoloration.(Tarighi and
Khoroushi, 2014) Therefore this substance was selected
in this study. Most caries end up in dentin, also many of
the restorations that we have to use a homeostasis with
retraction cords are class  cavities. In many of these
cases, decays have reached the root surface and there is
no enamel. As a result, dentin was selected for testing
in this study.
In the past studies, a 0.5% chloramine solution
was used to disinfect the teeth.(Ajami et al., 2013,
Tuncer et al., 2014, Arslan et al., 2012) In this study,
because of the scarcity of chloramine, the alternative
substance,Thymol, has been used.(Khoroushi et al., 2016,
Trakyali and Oztoprak, 2010)
One of the important issues in this process that
affects the result, is the removal of the extra composite
from the surrounding composite cylinder, which is carefully done in this study. Also, the depth of the dentin is
important. As we move towards the pulp, the diameter
of the dentinal tubules increases and the resin tags will
then be different, (Lopes et al., 2009). The thickness
of the smear layer, especially when using self-etching
adhesives, is very important. Because in this method,
the individual teeth are not etched, the smear layer
is not removed and it is only changed, (Arslan et al.,
2012). Since the achievement of the same dentin depth
is difficult, in this study, an attempt has been made
to test the superficial dentin. Also, to reach the same
smear layer, cutting and polishing steps were identical.
Certainly, the accuracy of this study is less than clinical
studies, and this is a disadvantage. In an in vitro study,
all the conditions in the clinic can’t be achieved. But
for the shear bond strength test and using the universal
testing machine, the study must be in vitro and clinical
studies are not possible.
According to the previous studies, hemostatic agents
have acidic PH in the range of 0.7 to 3. They can
remove the smear layer and cause demineralization of
the enamel and the dentin, (Fathpour and Khoroushi,
2013). One study showed that using aluminum chloride doesn’t have any effects on etch-&-rinse bonding
agent’s strength. In the study mentioned above, ViscoStat and ViscoStat Plus were used as the hemostatic
agents. (Kimmes et al., 2006) The use of this hemostasis
EFFECT OF ALUMINIUM CHLORIDE ON BOND STRENGTH OF ADHESIVE RESINS
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FIGURE 1. Mean shear Bond Strengths (MPa)

without washing, has a negative effect on bond strength,
but if it is removed with plenty of water, it doesn’t have
any effects on the bond strength, (Kimmes et al., 2006).
At least, by washing the hemostasis, the strength will
be higher than the situation that the hemostasis is not
washed. (O’Keefe et al., 2005). In the etch-&-rinse technique, due to the use of phosphoric acid, aluminum does
not remain on the surface, (Harnirattisai et al., 2009).
Some papers reported a decrease in bond strength even
after washing the surface with plenty of water. They had
examined the specimens under SEM and reported that
the reason for this reduction was the presence of aluminum on the dentine surface, and also the poor acidity
of self-etching bonding agents, (Kuphasuk et al., 2007,
Mohammadi et al., 2012, Ebrahimi et al., 2013). Therefore, according to these results of the past studies, it is
concluded that washing of the surface with plenty of
water is very important, especially when using self-etching technique.
Some articles showed that the duration of the application time of the hemostasis and its concentration are
important. The longer time it remains on the surface, the
more smear layer is removed and more dentinal tubules
are open. (Lahoti, 2016) But if it remains on the surface
too much, it could cause over-etching. The studies that
showed a reduction in the strength of a self-etch bonding agent after using aluminum chloride 25%, claimed
that if the aluminum chloride remains less than 5 minutes on the dentin, it can not remove the smear layer and
open the dentinal tubules. On the other hand, because of
the poor acidity of self-etching bonding agents, the ability of etching and the penetration of the resin is poor.
And bond strength decreases, (Kuphasuk et al., 2007).
Based on the results of the previous studies, the property of demineralization of aluminum chloride increases
the effect of etching of self-etching bonding agents and
prevent the bond strength reduction due to the presence
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of aluminum, (Kuphasuk et al., 2007, Harnirattisai et al.,
2009).
Some studies reported that there are no significant differences between the control groups and ViscoStat Clearcontaminated groups. Also according to an article, some
chemical reactions can prevent the bond strength reduction
(Khoroushi et al., 2016). After using ViscoStat Clear , the
calcium in the hydroxy apatite is replaced by aluminum in
AlCl3. This reaction generates Al(OH)2H2PO4 which is insoluble. (Ajami et al., 2013, Fathpour and Khoroushi, 2013) As
a result, 10-methacryloyloxydecyl dihydrogen phosphate,
that is a part of the self-etching adhesives, brings a chemical bond with the remaining minerals in the dentin. Insoluble salts are formed after the use of AlCl3 on the dentin
surface. It is probable that due to the formation of a number of chemical bonds, there is no statistically significant
difference between ViscoStat Clear- contaminated groups
and the control groups, (Khoroushi et al., 2016).
According to one of the studies about self-etching
adhesives, the PH of different kinds of these bonding agents is important. It can cause different results,
(Tuncer et al., 2014). Both of the adhesive resins that
were used in this study were the self-etch adhesive systems. (All-Bond Universal and All-Bond SE) The PH
of All-Bond SE is 2.2 and the PH of All-Bond Universal is 3.2 that means All-Bond SE is more acidic. By
given the mean of the data of this study, it seems that
perhaps the use of this substance in the clinic may be
somewhat reduced SBS of the composite resin. And it
seems that the Universal Bonding adhesive was more
affected by aluminum chloride. Perhaps the reason why
the Universal Bonding adhesive was more affected by
aluminum chloride is its higher PH and less ability to
demineralize the dentine. But since this is an experimental study, it can not clinically prove this issue.
According to these controversies mentioned above,
more studies are needed.
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CONCLUSION

On Microtensile Bond Strength To Dentin Of Three Self-Etch
Adhesives. Oper Dent, 35, 330-6.

Based on the results of this study, there is no statistical
differences between control groups and ViscoStat Clearcontaminated groups.

De Carvalho Mendonca, E. C., Vieira, S. N., Kawaguchi, F. A.,
Powers, J. & Matos, A. B. 2010. Influence Of Blood Contamination On Bond Strength Of A Self-Etching System. Eur J Dent,
4, 280-6.
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