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Abstract
The aim of the present study was to assess the side effect of an aluminum chloride hemostatic agent on adhesion strength 

and microleakage of composite resin restorations bonded with the one-bottle total-etch adhesive system.
Methods: We prepared 10 human tooth samples (extracted premolars for orthodontic purposes) in accordance with the 

Ultratest technique for the assessment of shear bond strength (SBS), and another 10 human tooth samples for microleakage 
assessment. The SBS tooth samples (n=10) were subjected to the two following tests: In Test 1, before traditional adhesive 
protocol, the aluminum chloride hemostatic agent was rubbed into a surface dentin for 60 sec with the help of a metal dento-
infusor tip and washed with distilled water. In Test 2, just traditional wet bonding was performed. In the group of teeth (n=10) for 
microleakage assessment, we prepared two round artificial cavities of similar size (3 mm in diameter, 1 mm deep) in each tooth 
sample on the proximal surfaces with half in enamel and another half in root dentin. All created cavities (n=20) were divided into 
two subgroups. In cavities of Subgroup 1 (n=10), the adhesive protocol and filling with composite resin were performed after 
preliminary rubbing-in of the hemostatic agent. In Subgroup 2 (n=10), cavities were merely restored according to the rules for 
applying the one-bottle total-etch adhesive system. Assessment of microleakage was performed at the enamel margin and dentin 
margin. Scanning electron microscopy was used to evaluate the microstructure morphology of a hybrid layer, formed without the 
side effect of a hemostatic agent and after application of it.

Results: The average score of SBS was 7.42±3.5 kg in Test 2 and 3.87±2.45 kg in Test 1. Therefore, the side effect of the 
aluminum chloride hemostatic agent was detrimental to the bond strength of the composite resin to human dentin and significantly 
decreased the quality of adhesion by 1.92 times (P<0.05). The average scores of dye penetration through the enamel-composite 
microgap in both subgroups were low (0.5±0.52 CU in Subgroup 1 and 0.3±0.48 CU in Subgroup 2) and had no significant 
difference (P>0.05).  However, the visual analysis of the dentin-composite junction of sectioned tooth samples demonstrated 2.1 
times more microleakage in Subgroup 1 (1.7±0.95 CU) than in Subgroup 2 (0.8±0.79 CU), but the difference was not significant 
(P>0.05). In view of clinical situations with no possibility to escape the application of a hemostatic agent in cases of possible 
capillary hemorrhage and crevicular fluid leakage, it could be wise before running an adhesive protocol to cut off the portion of 
surface dentin that was exposed to an aluminum chloride hemostatic agent side effect. (International Journal of Biomedicine. 
2018;8(4):355-357.)
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Introduction
The importance of composite adhesion to hard tooth 

tissues should not be underestimated. Cavities with close 
proximity to the gingiva may represent a great challenge 
to a clinician when placing a composite restoration. The 
chance of contamination of the operative field with blood and 

gingival crevicular fluid (GCF) is very high, even in the cases 
of cord gum retraction and rubber dam application.(1-4)

Aluminum chloride hemostatic agents were invented 
for dentists as materials of high efficacy and potency to 
prevent a conditioned tooth hard tissue from blood and GCF 
contamination. They serve restorative dentists to keep a 
prepared area dry and clean, which meets the needs of quality 
adhesive protocol.(5-8)

In accordance with the manufacturer’s instructions, the 
hemostatic agent is for gum tissues and in some cases has to 
be intensively rubbed in the gums. Therefore, the effect on 
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exposed dentin may be considered as a side effect of an agent 
or a proper contamination.

There are many studies indicating that such materials 
may induce changes in exposed dentin and impede the bond 
strength quality of a composite resin to dentin because of their 
acidic nature.(9-12) At the same time, bad composite adhesion 
can be the reason for low resistance to debonding stresses, 
which usually leads to extensive micro-leakage along the 
tooth-composite interface.(13) 

Thus, the aim of the present study was to assess the side 
effect of an aluminum chloride hemostatic agent on adhesion 
strength (SBS) and microleakage of composite resin restorations 
bonded with the one-bottle total-etch adhesive system.

Materials and Methods
We prepared 10 human tooth samples (extracted 

premolars for orthodontic purposes) in accordance with the 
Ultratest technique for the assessment of shear bond strength 
(SBS), and another 10 human tooth samples for microleakage 
assessment. 

The SBS tooth samples (n=10) were subjected to the two 
following tests: In Test 1, before traditional adhesive protocol, 
the aluminum chloride hemostatic agent (ViscoStat Clear, 
Ultradent) was rubbed into a surface dentin for 60 sec with 
the help of a metal dento-infusor tip and washed with distilled 
water. In Test 2, just traditional wet bonding was performed.

In the group of teeth (n=10) for microleakage assessment, 
we prepared two round artificial cavities of similar size (3 mm 
in diameter, 1mm deep) in each tooth sample on the proximal 
surfaces with half in enamel and another half in root dentin 
(Figure 1). All created cavities (n=20) were divided into two 
subgroups. In cavities of Subgroup 1 (n=10), the adhesive 
protocol and filling with composite resin were performed after 
preliminary rubbing-in of the hemostatic agent. In Subgroup 
2 (n=10), cavities were merely restored according to the 
rules for applying the one-bottle total-etch adhesive system. 
Assessment of microleakage was performed at the enamel 
margin and dentin margin.

In both the SBS and microleakage parts of the study, 
the adhesive protocols were the same and the bonding agent 
was applied in accordance with the strict indications of the 
manufacturer’s manual for the product. The etching gel was 
Fine Etch-37(Spider Dent, South Korea), the adhesive was 
Swiss TEC SL Bond, and the composite of choice was Palfique 

ESTELITE paste (Tokuyama, Japan). Light polymerization 
was performed with the help of Bluephase 20i (Ivoclar, 
Vivadent) in the “High” mode. 

The SBS tooth samples were tested in the UltraTest 
machine at a crosshead speed of 1mm/min until adhesion 
failure occurred. Evaluations were registered in kilograms.

The microleakage tooth samples, after placement of 
restorations, finishing and polishing, were thermocycled, 
sealed with a sticky wax, and coated with two layers of nail 
varnish, with the exception of the restoration site and a 1 
mm distance around of it. Tooth samples were stained in 2% 
methylene blue solution for 24 hours and sectioned through 
the centers of restorations.(14)

We evaluated dye penetration along the tooth-composite 
interface with a digital Canon EOS-5D camera mounted with 
Canon Macro Lens EF and scored on a nonparametric scale 
from 0 to 4.

Randomly selected specimens, which were not 
subjected to microleakage evaluation, were scanned by a 
scanning electron microscope to evaluate the microstructure 
morphology of a hybrid layer, formed without the side effect 
of a hemostatic agent and after application of it.

Statistical analysis was performed using StatSoft 
Statistica v6.0. The mean (M) and standard deviation (SD) 
were calculated. The Mann-Whitney U Test was used to 
compare the differences between two groups. A probability 
value of P<0.05 was considered statistically significant.

Results and Discussion
The average score of SBS was 7.42±3.5 kg in Test 2 and 

3.87±2.45 kg in Test 1. Therefore, the side effect of the aluminum 
chloride hemostatic agent was detrimental to the bond strength of 
the composite resin to human dentin and significantly decreased 
the quality of adhesion by 1.92 times (P<0.05).

As to the depth of microleakage (Fig.2), the average scores 
of dye penetration through the enamel-composite microgap in 
both subgroups were low (0.5±0.52 CU in  Subgroup 1 and 
0.3±0.48 CU in Subgroup 2) and had no significant difference 
(P>0.05).  However, the visual analysis of the dentin-composite 
junction of sectioned tooth samples demonstrated 2.1 times more 
microleakage in Subgroup 1 (1.7±0.95 CU) than in Subgroup 2 
(0.8±0.79 CU), but the difference was not significant (P>0.05).

Fig. 1. Round artificial cavities (3×1 mm) on tooth 
proximal surfaces.

(a)                                      (b)   (c)                                       (d)

Fig. 2. Macroscopic images of a sectioned tooth sample with 
methylene blue dye penetration along the tooth-composite interface: 
a,d – Subgroup 2; b,c – Subgroup 1.
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One of the basic requirements for performance of a 
quality composite resin adhesion is a clean tooth surface to 
be restored or bonded. That is why much attention is paid to 
isolation of the bonding area for prevention of contamination 
in time of placement of restoration.(15) 

The application of aluminum chloride hemostatic gel 
for bleeding and gingival crevicular fluid control is a common 
method of tissue management, and such agents are named by 
many dentists as a «can’t live without product».(1,2)

In vitro tests on adhesion strength and microleakage 
of resin composites substantiated with an analysis of SEM 
images are very informative and may have a prognostic value 
for dental practice. It has been shown that the side effect of 
an aluminum chloride hemostatic agent on the adhesion of a 
composite to human dentin is rather negative and should be 
considered as a tooth surface contamination.

Microscopic study of a hybrid interface discovered a 
decreased amount and length of adhesive tags formed in dentin 
after the exposure to the aluminum chloride hemostatic agent 
(Figures 3 and 4). The last observation additionally substantiates 
the fact of low bond strength of composite fillings and probable 
microleakage along the dentin-composite interface.

Discrepancies in resulting significance of SBS and 
microleakage assessments may be due to the evident differences 
in character of debonding stresses used in tests. The nature of 
SBS examination is associated with the shear force application 
for registration of the level of the adhesion failure that occurred. 
As to the evaluation of microleakage, the detrimental effect 
of thermocycling may be compensated with close thermal 
expansion coefficients of tooth tissues and composite material.

Therefore, in view of clinical situations with no 
possibility to escape the application of a hemostatic agent in 
cases of possible capillary hemorrhage and crevicular fluid 
leakage, it could be wise before running an adhesive protocol 
to cut off the portion of surface dentin that was exposed to an 
aluminum chloride hemostatic agent side effect. 
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Fig. 3. SEM image of dentin-composite 
interface after side effect of aluminum 
chloride hemostatic agent.

Fig. 4. SEM image of dentin-composite 
interface without side effect of aluminum 
chloride hemostatic agent.


