
ABSTRACT

This study evaluated the effect of tooth-prepara-
tion cleansing protocols on the bond strength of
a self-adhesive resin cement to dentin contami-
nated with two different types of hemostatic
agents. The occlusal surface of extracted third
molars was flattened to expose the dentin surface
and prepared for a full crown. Acrylic temporary
crowns were fabricated and placed using tempo-

rary cement. The specimens were stored at 100%
relative humidity for seven days. Following
removal of the temporary crowns, the specimens
were surface debrided using aluminum oxide
abrasion with a particle size of 27 µm at 40 psi.
The specimens were randomly assigned to three
groups, according to the hemostatic agents:
Group I–an agent containing aluminum chloride
was applied to the tooth surface; Group II–an
agent containing ferric sulfate was applied to the
tooth surface and Group III–uncontaminated
(control). The contaminated specimens were
then further subdivided into three subgroups
(A–C; n=12): Group A–tooth surface cleansing
with water spray; Group B–tooth surface cleans-
ing with phosphoric acid etch and Group C–tooth
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Clinical Relevance

After contamination with hemostatic agents, tooth-preparation cleansing protocols
using either particle abrasion with low-pressure aluminum oxide particles or phos-
phoric acid-etching restored bond strengths to pre-contamination levels for a self-
adhesive resin cement.
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surface cleansing with aluminum oxide abrasion
with a particle size of 27 µm at 40 psi. Ceramic
blocks were treated with a 9.5% hydrofluoric
acid-etch and silanized prior to being cemented
with self-adhesive resin luting agent (RelyX
Unicem) to the prepared dentin. The shear bond
strength was determined at a crosshead speed of
0.5 mm/minute. The data were analyzed with
two-way ANOVA, followed by the Duncan multi-
ple range test, to determine any significant dif-
ferences between the testing groups. The
microstructure morphology of the tooth surface
was evaluated using SEM analysis. The results
revealed that there was a significant difference
between the bond strength of the control and the
contaminated testing groups (p<0.05). A tooth
preparation cleansing protocol using particle
abrasion with low-pressure aluminum oxide par-
ticles provided a significant improvement in
bond strength to contaminated dentin, while
rinsing with water spray resulted in the lowest
mean bond strength of the self-adhesive resin
cement to dentin (p<0.05).

INTRODUCTION

The longevity of restorations is influenced by the tooth
preparation design, type of luting agents and tooth surface
management. In general, during the definitive cemen-
tation procedure, the prepared tooth should be free of
contaminants in order to achieve a lasting bond
between the luting agent and tooth structure.1 However,
appropriate contamination control might not always
occur, especially near or along the gingival margin. Blood
and gingival crevicular fluid due to gingival inflamma-
tion may be present on the prepared tooth surface.

The most common procedures used to control bleed-
ing and decrease the flow of gingival fluid involve the
use of a topical hemostatic agent. This procedure is
important for avoiding any blood contamination along
the interface between the prepared tooth surface and
the luting agent. A hemostatic agent containing an
aqueous solution of aluminum chloride (AlCl3) is fre-
quently used in restorative dentistry. Aluminum com-
pounds with a concentration range of 20% to 25% have
the ability to precipitate protein, constrict blood vessels
and extract fluid from tissue.2 Ferric salts, such as fer-
ric subsulfate, ferric sulfate and ferric chloride, have
also been used as hemostatics and astringents. One
such hemostatic agent consists of a 13% to 15% solution
of ferric sulfate (Fe2(SO4)3) in glycol and water. It has
been reported that this solution is effective in coagulat-
ing fresh blood in the gingival area without adverse
side effects or staining of the teeth.3 Most hemostatic
agents are soluble in water,4 therefore, vigorous rinsing
with water spray has been recommended prior to any
bonding procedure.

However, several studies indicate that hemostatic
agents can remain on the tooth surface and cause a sig-
nificant decrease in bond strength, especially with a
self-etch adhesive system.5-6 It is believed that contam-
inants obstruct the flow of resin monomer into the
dentinal tubules, as small contaminant particles pene-
trate the dentinal tubules and ultimately affect the
development of the hybrid layer.7 In addition, previous
studies have demonstrated that hemostatic agents are
highly acidic, with pH values varying from 0.7-3.0.5,8-9

The acidity of these solutions may contribute to a
change in the dentin surface.10

Different tooth preparation cleansing methods have
been proposed for removing debris or remnants from
the dentin surface, including chemical cleansing agents
and a mechanical cleansing protocol. Acid etching,
which is used to demineralize the dentin,11 has been
reported to dissolve microscopic remnants from the
dentin surface.12 A previous study demonstrated that
saliva, blood and handpiece lubricant can be decontam-
inated by re-etching with phosphoric acid. Without an
additional mechanical cleansing protocol, the bond
strengths of this re-etched surface were similar to
uncontaminated enamel and dentin.13

Recently, the use of a low-pressure aluminum oxide
particle abrasion has been reported as an effective
mechanical cleansing surface treatment in removing
residual provisional luting agents.14 The microparticle
abrasion technique has been described as an alterna-
tive method of tooth structure pretreatment that mini-
mizes the vibration, pressure and heat associated with
rotary cutting instruments. Kinetic energy, generated
by a high-velocity stream of aluminum oxide particles,
is used to prepare dentin and enamel, while having
only a slight impact on softer materials, such as gingi-
val tissue.15 Particle abrasion creates rough and irregu-
lar surfaces that increase the bond strength of restora-
tions to enamel and dentin.16 However, using this tech-
nique to decontaminate hemostatic agents has limited
documentation.

The current study evaluated the effect of tooth prepa-
ration cleansing protocols on the bond strength of self-
adhesive resin cement to dentin contaminated with two
different types of hemostatic agents (containing either
aluminum chloride or ferric sulfate). The null hypothe-
sis was that there is no difference in bond strength
based on different tooth preparation cleansing proto-
cols used with different types of hemostatic agents.

METHODS AND MATERIALS

Extracted intact human third molars were selected
based on the inclusion criteria that there was no evi-
dence of caries, no restorations and a lack of any cracks
or fractures in the crown. The bucco-lingual dimen-
sions of the teeth were measured using a digimatic
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20 Operative Dentistry

caliper that is accurate to within 0.001 of an inch
(Mitutoyo series 551; Mitutoyo USA, Aurora, IL, USA).
Three measurements were made at the greatest bucco-
lingual and mesial-distal widths of the specimens, with
the average being determined in each dimension.
Overall, the tooth size was within a 10% standard devi-
ation. From the time of extraction, these teeth were
kept hydrated in distilled water at room temperature.
During preparation, each tooth was wrapped in water-
moistened gauze. Individually, each tooth was mount-
ed in a copper cylinder with the buccal cementoenamel
junction 3 mm above the top of the copper cylinder.
These teeth were each attached with wax to a dental
surveyor rod with the long axis of the tooth parallel to
the surveyor rod. They were then lowered into the cop-
per cylinder and positioned at its center. Premixed
autopolymerizing resin (GC Pattern Resin, GC
America, Scottsdale, AZ, USA) was injected into the
cylinder until the cylinder was completely full. After
the resin had set, the occlusal surfaces of the teeth
were flattened to expose the dentin surface. The axial
surfaces of the teeth were flattened parallel to their
long axes. The teeth were then prepared for full crowns
with chamfer margins using a high-speed handpiece
and diamond bur (KS-1, Brasseler USA, Savannah,
GA, USA). The crown preparations were done to simu-
late the treatment of fixed partial dentures (single-unit
or multiple-unit restorations). Temporary luting
cement (Temp Bond, Kerr Co, Orange, CA, USA) was
placed in provisional crowns (Temporary Crown and
Bridge Resin, Dentsply Caulk Inc, Milford, DE, USA)
and the crowns were seated on the prepared teeth. The
excess provisional luting cement was removed and the
specimens were stored in 100% relative humidity at
room temperature. The specimens were kept for seven
days prior to bonding with ceramic, as this period is
reasonable for a provisional crown placed in a clinical
situation. After seven days, the provisional crowns
were removed, along with the remaining cement parti-
cles. Subsequently, the surfaces of the
teeth were debrided using aluminous
oxide abrasion with a particle size of 27
µm at 40 psi from a distance of 2 mm
(PrepStart, Danville Material, San
Ramon, CA, USA).14 The teeth were
then rinsed and gently dried.

The specimens were randomly divid-
ed into three groups: Group I–prepared
for an application of hemostatic agent
containing aluminum chloride
(Viscostat Clear, Ultradent Inc, South
Jordan, UT, USA) (Table 1); Group
II–prepared for an application of hemo-
static agent containing ferric sulfate
(Ferric Subsulfate Dental Gel, Beall’s
Pharmacy Inc, Puyallup, WA, USA)

and Group III–no contamination (control) (Figure 1).
For Groups I and II, blood was applied to the prepared
tooth surface. Blood was collected from a single indi-
vidual (needle-prick of an alcohol-wiped forefinger) and
collected at the time of experiment. It has been shown
that freshly drawn capillary blood is more suitable in
laboratory experiments involving blood contamination
than heparinized blood.17 Hemostatic agents were then
applied to the blood-contaminated tooth surface for five
minutes.9-10 The contaminated specimens were then
further subdivided into three subgroups (A-C; n=12)
for a tooth surface cleansing treatment: Group A–a vig-
orous water spray was used to rinse off the hemostatic
agent contamination for 20 seconds, followed by light-
ly drying with air free of water and oil for 20 seconds.
The dentin surfaces remained visibly moist; Group
B–the dentin surface was etched for 15 seconds with
37% phosphoric acid (Scotchbond Etchant gel, 3M
ESPE, St Paul, MN, USA) and rinsed for 10 seconds.
Excess water was blot-dried from the surface to
achieve moist dentin and Group C–the dentin surfaces
were mechanically debrided using aluminous oxide
abrasion with a particle size of 27 µm at 40 psi at a dis-
tance of 2 mm (PrepStart, Danville Material, San
Ramon, CA, USA) and thoroughly rinsed using water
spray. Excess water was blot-dried from the surface to
achieve moist dentin.

Ceramic powder (Reflex, Wieland Dental Systems
Inc, Milford, CT, USA) was mixed using a standard
water-powder ratio and vibrated into silicone molds to
form ceramic bars. The ceramics were fired in a fur-
nace (Dekema Austromat 3001, Frankfurt, Germany)
at 905°C with a ramp rate of 75 seconds and a holding
time of 120 seconds. The ceramic bars were glazed and
polished with 1 µm diamond paste (Ecomet 3, Buehler
Ltd, Lake Bluff, IL, USA) to create a flat surface. The
ceramic bars were cut into small blocks (L: 4.0 ± 0.2 x
W: 4.0 ± 0.1 x H: 2 ± 0.1 mm). This was performed
using diamond disks (Brasseler USA, Savannah, GA,

Figure 1. Schematic diagram representing the experimental procedure and testing groups in this
current study.
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USA) to avoid causing any damage on the ceramic sur-
face that already had been glazed and prepared for
bonding to dentin. The ceramics were treated with 9.5%
hydrofluoric acid (Ultradent Porcelain Etch Gel,
Ultradent Products, Inc) according to the manufactur-
er’s protocol. A silane solution (RelyX Ceramic Primer,
3M ESPE) was applied on the ceramic surface for 60
seconds, then gently air-dried. The ceramics were then
bonded to the dentin surface of the prepared teeth
using self-adhesive resin cement (RelyX Unicem
Aplicap, 3M ESPE). An Aplicap capsule of RelyX
Unicem was inserted into the Aplicap activator. The
lever arm was pushed down to release the acid, and
the capsule was immediately placed in the mixing
machine (Rotomix, 3M ESPE) according to the manu-
facturer’s protocol. The mixed cement was directly
applied to both the prepared tooth and ceramic. The
ceramic was seated on the flattened axial dentin sur-
face with finger pressure and the excess cement
removed with an explorer after the initial setting.

Most of the self-adhesive resin cements have been
developed as dual-cured adhesive-luting cements for
metal-ceramic or all-ceramic indirect restorations.
Although light activation through the translucent
restorative materials is recommended, a slightly dif-
ferent situation exists for cementation of metal-ceram-
ic restoration or thick layers of all-ceramic restora-
tions, where light access through restorations is limit-
ed and self-cure (chemical reaction) is required. In the
current study, the specimens were not light-activated
to simulate the clinical situation for these types of
restoration. The bonded specimens were then stored at
room temperature in 100% relative humidity for 48
hours prior to shear bond strength testing. It has been
demonstrated that, at room temperature (20°C), the
mechanical properties of dental restorative resin are
similar to those at body temperature (37°C).18-19

Each specimen was mounted onto a metal holder in
the universal testing machine (Instron model 5585H,
Instron Corp, Canton, MA, USA) equipped with a 1-kN

Materials and Application Composition

Hemostatic agents ViscoStat Clear (Ultradent Products, Inc, Lot #B2M5Y): applied for five minutes 25% Aluminum chloride

Ferric Subsulfate Dental Gel (Beall’s Compounding Pharmacy, 13% Ferric Sulfate, flavored
Lot #0610512009): applied for five minutes sweetened oral hemostatic

Materials used for Temporary Crown and Bridge Resin (Dentsply Caulk Inc, Methyl Methacrylate
provisional restoration Lot #050720): placed on prepared tooth for seven days Monomers, polymerizable

dimethacrylate resin, stablizers

Temp Bond (Kerr Co, Lot #6-1018): placed on prepared tooth for Accelerator: 4-Allyl-2-
seven days Methoxyphenol (Eugenol, Oil of

Cloves) (28-32%wt)
Base: Mineral oil, zinc oxide,
cornstarch

Materials used for tooth Scotchbond Etchant Gel (3M ESPE, Lot #8LL): applied for 15 seconds 37% Phosphoric acid
surface cleansing

PrepStart Kit (Danville Material, Lot #200259-90): applied at 40 psi Handpiece with nozzle tip of
at a 2 mm distance 0.015 inch, an aluminous oxide

powder of particle size of 27 µm
Materials used for Reflex Ceramic (Wieland Dental Systems Inc, Lot #83001510 Feldspathic ceramic, leucite
ceramic surface treatment (17-25% mass), Colorants,

Opacifers, High-melting glass
particles

Ultradent Porcelain Etch Gel (Ultradent Products, Inc, Lot #X063): 9.5% Hydrofluoric acid
applied for 180 seconds

RelyX Ceramic Primer (3M ESPE, Lot #5WU): applied for 60 Ethyl alcohol (70-80%wt),
seconds and air-dried water (20-30%wt), methacry

loxypropyltrimethoxysilane
(<2%wt)

Self-adhesive luting agent RelyX Unicem Aplicap (3M ESPE, Lot #310334): mixed under Powder: Silanized glass powder
Rotomix mixing machine and applied to both prepared tooth (85-95%wt), silane treated silica
and ceramic (5-10%wt), Calcium hydroxide

(1-5%wt), substituted pyrimi-
dine (1-5%wt), sodium persul-
fate (<1%wt)
Liquid: Methacrylated phos-
phoric esters(40-50%wt), trieth-
ylene glycol dimethacylate (25-
35%wt), substituted dimethacry-
late (22-34%wt)

Table 1: Overview of Materials and Application Mode Under Investigation
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22 Operative Dentistry

load cell at a crosshead speed of 0.5 mm/minute. All the
specimens were tightened and stabilized to ensure that
the edge of the shearing rod was positioned as close to
the ceramic-tooth interface as possible (Figure 2). A
shear load was applied until failure occurred. The ulti-
mate load to failure was recorded in newtons (N). The
average bond strength (MPa) was calculated by divid-
ing the maximum ultimate load to failure (N) by the

bonded cross-sectional area (mm2). The means and
standard deviations were recorded. The fractured sur-
faces were then examined under an optical microscope
(Wolfe Microscope, Carolina, Burlington, NC, USA) to
obtain the mode of failure. The failed specimens were
classified into five types based on the mode of failure:
Type I–adhesive failure at the tooth/cement interface,
mostly cement (more than 75%) remains on the pre-
pared tooth; Type II–adhesive failure at the
tooth/cement interface, all the cement remains on the
ceramic; Type III–adhesive failure at the tooth/cement
interface, mostly cement (more than 75%) remains on
the ceramic; Type IV–cohesive failure, tooth fracture;
Type V–cohesive failure, ceramic fracture. The data
were subjected to two-way analysis of variance
(ANOVA), followed by the Duncan multiple range tests
to define significant differences at a confidence level of
95%. This determined whether significant differences
existed in the bond strength among the testing groups.
Randomly selected specimens were scanned by a
Scanning Electron Microscope (SEM) to evaluate the
microstructure morphology of the tooth surface.

RESULTS

The means of the bond strength are presented in Table
2. Two-way analysis of variance revealed a significant
difference among the mean bond strengths of the
groups (Table 3). A significant effect of tooth prepara-

Figure 2. Schematic diagram representing the test
assembly for determining shear bond strength.

Group Bond Strength Percentage of Failure Mode
(MPa

Adhesive Failures Cohesive Failures

Type I Type II Type III Type IV Type V
I-A 6.49 ± 1.42b - 100.0 - - -
I-B 8.60 ± 2.82a - 41.7 58.3 - -
I-C 9.39 ± 2.29a - 66.7 25.0 - 8.3
II-A 7.27 ± 2.92b - 91.7 8.3 - -
II-B 9.04 ± 2.88a - 75.0 25.0 -
II-C 9.70 ± 2.39a - 50.0 33.3 - 16.7
III 10.96 ± 2.65a 8.3 58.4 25.0 - 8.3

*Different letters indicate Type I–adhesive failure at the tooth/cement interface, cement mostly (more than 75%) remains on prepared
statistically different means. tooth; Type II–adhesive failure at the tooth/cement interface, all cement remains on the ceramic; Type III–adhesive

failure at the tooth/cement interface, cement mostly (more than 75%) remains on the ceramic; Type IV–cohesive
failure, tooth fracture; Type V–cohesive failure, ceramic fracture.

Table 2: Means of the Bond Strength Values (MPa), Respective Standard Deviation (± SD) of the Different
Hemostatic Agents, Different Tooth Surface Treatments and the Percentage of Failure Mode

Source Type III Sum of Squares df Mean Square F Sig
Corrected Model 97.237 5 19.447 3.098 .014
Intercept 5096.966 1 5096.966 811.935 .000
Tooth surface cleansing protocols (A) 91.753 2 45.877 7.308 .001
Type of hemostatic agent (B) 4.738 1 4.738 0.755 .388
A * B 0.746 2 0.373 0.059 .942
Error 414.319 66 6.278
Total 5608.522 72
Corrected Total 511.556 71

Table 3: Two-way Analysis of Variance
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tion cleansing protocols was found; however, there was
no significant effect of the different types of hemostat-
ic agents. The interaction between the tooth prepara-
tion cleansing protocols and the types of hemostatic
agents was not significant. The highest mean bond
strength was obtained from uncontaminated dentin
(control group). The mean bond strengths of the acid-
etch groups and the particle abrasion groups were not
significantly different from that of the control group.
The group using water rinsing alone provided the low-
est mean bond strength for both types of hemostatic
agents. This same group exhibited the greatest num-
ber of adhesive failures at the dentin interface, while
mixed failures were found in groups of phosphoric acid
etch and particle abrasion in both types of hemostatic
agents.

The morphologic characteristics of the dentin surface
following exposure to the hemostatic agent are shown
in SEM micrographs. Each hemostatic agent has a dis-
tinct effect on the dentin surfaces. For the aluminum
chloride application groups, dentinal tubules were
mainly occluded with partial smear layer removal
(Figure 3). In the ferric sulfide groups, the dentinal
tubules exhibited a more pronounced etching effect
(Figure 4). Irregular rough surfaces were detected after
the particle abrasion surface treatment with the smear
plugs occluding the tubule orifices (Figure 5). There
was some artifact crack formation found on the surface.
These cracks were created during desiccation by the
Scanning Electron Microscope.

DISCUSSION

During bonding procedures, isolation of the working
field is crucial, as any contamination of a prepared
tooth structure might have a detrimental effect on the
adhesion and retention of restorative materials, thus
influencing the long-term success of restorations.13,20

The current study investigated the effect of the tooth
preparation cleansing protocol on the bond strength of
a self-adhesive resin cement to dentin contaminated
with two different types of hemostatic agents. The
results warrant rejection of the null hypothesis that
there is no difference among different procedures,
because particle abrasion resulted in significantly high-
er bond strengths than did water rinsing alone.

It has been reported that the effect of the hemostatic
agent varies greatly, depending on the type of bonding
agent (etch & rinse or self-etch) and the surface condi-
tion of the adherent.21 A previous study demonstrated
that using a self-etch adhesive system decreased the
bond strength if contaminated dentin was present.
Most self-etch adhesive systems contain a self-etching

Figure 3. SEM micrograph of the dentin surface of the tooth prepara-
tion contaminated with aluminum chloride after being rinsed with water
spray. Note: Partial smear layer removal and etching effect occurs with
mainly dentin tubules remaining occluded. (Original magnification
1000x)

Figure 4. SEM micrograph of the dentin surface of the tooth prepara-
tion contaminated with ferric sulfate after being rinsed with water spray.
Note: The dentinal tubules exhibited a more pronounced etching effect
with the dentin tubules remaining partially occluded. (Original magnifi-
cation 1000x)

Figure 5. SEM micrograph of the dentin surface of the tooth prepara-
tion after mechanical cleansing with 27 µm Al2O3 particle abrasion.
(Original magnification 1000x)
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24 Operative Dentistry

primer that is a mild acid with a pH of approximately
2.22 If the etching effect is impeded and the self-etching
system cannot completely dissolve or eliminate the
remnants of residual contaminants, a decrease in bond
strength is observed.5-7 In the current study, a similar
result was found for a self-adhesive resin cement. The
use of self-adhesive resin cements has increased in
dentistry due to their advantages, including fewer
steps in the bonding protocol and the fact that they
present a less sensitive technique due to a lack of pre-
treatment of the tooth structure. According to the
information available on the self-adhesive cement
used in the current study, the presence of water and
phosphoric acid methacrylate monomer in the cement
should theoretically demineralize the smear layer and
the underlying dentin. Simultaneously, the cement
should infiltrate as a result of its hydrophilic proper-
ties and neutralization of the acidic reaction that
occurs as polymerization progresses (personal commu-
nication, 3M ESPE). Any remaining particles from
hemostatic agents could interfere with the chemical
bond and micromechanical retention of the self-adhe-
sive resin cement, resulting in lower bond strengths.

In the current study, the control group, which was not
contaminated, had the highest bond strength, while
the tooth preparation cleansing protocol using water
rinsing demonstrated the lowest bond strength. The
low bond strength of the group rinsed with water was
indicated by its mode of failure. Adhesive failures at
the dentin interface were primarily found in this
group, which might indicate a weakness of the resin-
dentin bonded interface. A previous study demonstrat-
ed that, when the dentin surface was treated with
water rinsing only, a greater amount of aluminum
remained on the dentin surface than when the surface
was treated with phosphoric acid.5 As a result, a
decrease in bond strength might be the result of rem-
nants of the hemostatic agent on the dentin surface.

The application of phosphoric acid for surface cleans-
ing improved bond strength approximately 25% to 30%
over water rinsing alone. This might be explained by
the aggressive etching effect of phosphoric acid. With a
pH of approximately 0.5,23 it simultaneously removed
components of the dentin surface and possibly elimi-
nated the negative effects of the hemostatic agents.24-25

Although the bond strength increased over water rins-
ing alone, it was demonstrated that the bond strength
decreased 6% to 8% when compared to particle abra-
sion surface cleansing and 18% to 21% when compared
to the uncontaminated dentin surface. The bonding
mechanism of self-adhesive resin cement relies more
on chemical bonding than on micromechanical reten-
tion.26 To obtain efficient bonding, the mineral phase of
the dentin should be extracted from the dentin sub-
strate without damaging the collagen matrix, and this
exposed collagen fibril network should be filled with
adhesive resin cement.27 After applying phosphoric

acid, the dentin-etched surface may be too deep to be
penetrated by the limited diffusion of a viscous self-
adhesive resin cement.28 Some areas of exposed and
non-resin impregnated collagen might have been pres-
ent at the dentin adhesive junction, and therefore, a
decrease in bond strength was observed.

The particle abrasion group for each of the hemosta-
tic agents had a mean bond strength not significantly
different from that of the control group. Particle abra-
sion commonly involves the use of aluminum oxide
powder carried in a fine stream of compressed air. As
the particles collide with a solid target, in this case, the
dentin surface, the kinetic energy of the particles is
transferred, resulting in microscopic fractures of the
target. The target substance must be hard and brittle
enough to cause rapid deceleration of the particles, so
that their kinetic energy can cause a destructive colli-
sion.29 As a result, contaminants may be removed from
the surface, avoiding the formation of a poor-quality
bond.

The type of dental substrate could influence bond
strength, since the dentin surface may vary from tooth
to tooth, as the dentin tubule diameter varies with age
and also changes in size from the surface to the pulp
chamber. As a result, dentin bond strengths may vary
within the same tooth, depending on the bonding site.30

To reduce those variable factors, the extracted teeth
used in the current study were from patients whose
ages ranged from 15 to 25 years and were restored
within six months of extraction.

The hemostatic agents were allowed to remain on the
dentin for five minutes to simulate a typical clinical sit-
uation. According to the manufacturers’ information,
complete removal of the smear layer plug can occur if
the hemostatic agent remains in contact with the
dentin surface for eight minutes. Previous studies
demonstrated that a five-minute exposure to ferric sul-
fate-containing hemostatic agents resulted in a severe
etching pattern on the dentin surface.9-10 In the current
study, this finding is consistent with previous results,
as evidenced in the SEM micrographs. For hemostatic
agents containing aluminum chloride, the degree of
dentin surface change appears to be a function of time.9

Therefore, the results of this study may be different if
the dentin is exposed to aluminum chloride for periods
other than five minutes.

There are limitations to the current study. These
results only pertain to the materials used in this study,
since only two hemostatic agents and one self-adhesive
resin cement were tested. Additional in vitro studies
are required to determine the effect of hemostatic
agent contamination on different types of adhesive
resin cements. The self-adhesive resin cement was
allowed to self-cure (chemical reaction) to simulate a
clinical situation for the cementation of metal-ceramic
restorations or thick layers of all-ceramic restorations,
where light access through the restoration may be lim-
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ited. The effect of the mode of curing was not deter-
mined in the current study. The possible effect of this
needs to be determined by future research. Hemostatic
agent contamination negatively affects the bond
strength of self-adhesive resin cement to dentin if not
properly removed prior to cementation. In a clinical
situation, thorough rinsing with water may be less
effective than additional dentinal surface cleansing,
such as particle abrasion with low pressure or etching
with phosphoric acid. Alternate materials might be
considered if the hemostatic agent contamination can-
not be avoided.

CONCLUSIONS

After hemostatic agent contamination, the tooth prepa-
ration cleansing protocol should use particle abrasion
with low-pressure aluminous oxide particle or phos-
phoric acid etching to restore bond strength to pre-con-
tamination levels when using a self-adhesive resin
cement.
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