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Objectives: This study evaluated the effect of three antioxidizing agents on pull-
out bond strengths of dentin treated with sodium hypochlorite. Materials and
Methods: Root canals of 75 single-rooted human teeth were prepared. Fifteen teeth
were irrigated with normal saline for a negative control group, and the remaining
60 teeth (groups 2 - 5) with 2.5% NaOCL. The teeth in group 2 served as a positive
control. Prior to post cementation, the root canals in groups 3 - 5 were irrigated
with three antioxidizing agents including 10% rosmarinic acid (RA, Baridge essence),
10% hesperidin (HPN, Sigma), and 10% sodium ascorbate hydrogel (SA, AppliChem).
Seventy-five spreaders (#55, taper .02, Produits Dentaires S.A) were coated with silica
and silanized with the Rocatec system and ceramic bond. All the prepared spreaders
were cemented with a self-adhesive resin cement (Bifix SE, Voco Gmbh) in the prepared
canals. After storage in distilled water (24 h/37C), the spreaders were pulled out in
a universal testing machine at a crosshead speed of 1.0 mm/min. Pull-out strength
values were analyzed by one-way ANOVA and Tukey’s HSD test (o = 0.05). Results:
There were significant differences between study groups (p = 0.016). The highest pull-
out strength was related to the SA group. The lowest strength was obtained in the
positive control group. Conclusions: Irrigation with NaOCl during canal preparation
decreased bond strength of resin cement to root dentin. Amongst the antioxidants
tested, SA had superior results in reversing the diminishing effect of NaOCl irrigation
on the bond strength to root dentin. (Restor Dent Endod 2014;39(2):95-103)
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Introduction

Root-filled teeth can be reconstructed by direct or indirect restorative techniques.
Teeth with extensive loss of tooth structure require intracanal posts for adequate
retention of the restoration.' Post retention is essential for the long-term survival of
the restored tooth.’

Clinical studies have shown successful results with the use of carbon-, glass-, and
quartz fiber-reinforced resin posts (FRC) with a success rate range of 95 - 97%.**
However, there are some reports about failures, including failure of the cement-
FRC-core complex with debonding of the resin cement from dentin.” In other words,
debonding of the resin cement from root dentin is rather common. According to
previous studies, hybrid layer decomposition has a deleterious effect on the resin bond
to dentin, resulting in the failure of the adhesive restoration.’ This disintegration, as
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a result of hydrolytic degradation of both the resin and
collagen fibrils, exposes some collagen fibrils, making them
available for the enzymatic degradation of the host’s dentin
matrix metalloproteinases (MMPs).”* The dentin MMPs are
activated by the acidic nature of adhesive systems and
resin cements.’

Different techniques have been proposed to prevent
collagen fibril degradation and preserve resin-dentin
bond integrity. One technique consists of inhibiting the
proteolytic activity of sound and carious dentin because
the organic matrix of dentin collagen might be degraded
by MMPs found in dentin and saliva.*'® Chlorhexidine (CHX),
a potent non-specific MMP-inhibitor, prevents hybrid layer
degradation.®™

Another technique consists of the application of cross-
linking agents to render collagen resistant to degradation.
Cross-linking agents, such as tannic acid, decrease the
enzymatic degradation rate of collagen and increase
dentin mechanical properties.” In addition, glutaraldehyde
(GA) and grape seed extract (GSE), as cross-linking
agents, increase collagen stability and bond strength.”*
Epigallaocatechin gallate (EGCG), the most abundant
catechin in green tea, decreases dentin demineralization,
possibly by inhibiting MMPs,"*®

Some plant-derived antioxidants inhibit MMPs."” A
number of natural flavonoids, such as GSE and hesperidin
(HPN), have been used on root caries to study their cross-
linking effects on demineralized lesions in order to render
collagen matrix more stable.”® Flavonoids are polyphenolic
compounds in plant-derived food products. More than
4,000 flavonoids have been identified, each with unique
structural properties.”

HPN, a citrus flavonoid, is an extract of citrus fruits,
with medical benefits ranging from antioxidation to anti-
inflammation to anti-carcinogenicity. In addition, HPN
affects bone formation.”*” Islam et al. applied HPN to
tooth structures in an in vitro caries model and concluded
that its cross-linking properties might inhibit degradation
of collagen and demineralization of bovine root dentin.

A recent study on HPN showed that it protects bovine
dentin collagen against proteolytic activities.'® Moreover,
HPN prevents demineralization of dentin by acid and has
the capacity to help remineralize dentin.”** In another
study, the effect of HPN on root dentin was confirmed in
relation to its capacity to inhibit collagen degradation
and arrest demineralization. Citrus flavonoids contain
antioxidative, anti-inflammatory, anticarcinogenic, and
hypoglycemic properties and preserve bone.”?”® HPN arrests
demineralization and might enhance remineralization
processes even when fluoride is absent.”**’ Incorporation
of HPN into Clearfil SE primer in a recent study improved
immediate pTBS and the mechanical properties of the
resin-dentin interface.”’

In addition, rosemary extract (rosmarinic acid, RA),
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which contains p-toluenesulfinic acid sodium salt, is
a potent antioxidizing agent and MMP inhibitor.***® It
improves compromised bond strength to NaOCl-treated
dentin and might stabilize the resin-dentin interface
due to its antioxidative and MMP-inhibiting capacities.
Commercially, a product referred to as Accel (Sun Medical
Co. Ltd., Kyoto, Japan), which contains p-toluenesulfinic
acid sodium salt, has been marketed as a pretreatment
agent for adhesive root canal sealers to decrease or
eliminate the oxidative effect of irrigation with NaOCL.*
Moreover, p-toluenesulfinic acid sodium salt can accelerate
polymerization of composite resin.*® Based on previous
reports, application of Accel for 30 seconds improves
bond strength to normal dentin and caries-affected dentin
treated with NaOCL***

Several recent studies have shown the effect of sodium
ascorbate (SA) on improving the compromised bond
strength after tooth bleaching.’**’ Furthermore, some
studies have shown its efficacy in compensating for
the compromised bond after application of sodium
hypochlorite.”*’

An increased inherent cavity design factor, the C-factor,
can impair bonding to root dentin because the higher
C-factor increases polymerization shrinkage stress of resin
materials.“”** It appears application of a reducing agent
to dentin prior to post cementation would prepare the
dentin surface for penetration of the cement and formation
of more numerous and longer resin tags. It might also
increase fiber post retention by producing greater friction
with root wall dentin.?

NaOCL, which is used during endodontic treatment,
changes dentin structure. It acts as a dentin deproteinizing
agent, improving adhesive wettability. On the other hand,
its remnants and by-products result in a negative effect on
the polymerization of adhesive systems. Thus, antioxidants
such as SA have been demonstrated to reverse the negative
effects of oxidants.

Therefore, the aim of this study was to evaluate the pull-
out strength of modified metal spreaders cemented to
NaOCl-treated root canal dentin after irrigation with three
different antioxidizing/reducing agents and cementing
with a one-step self-etching adhesive cement. The null
hypothesis tested in this study was that application of RA,
HPN, or SA does not influence the immediate pull-out bond
strength to root dentin irrigated with NaOCL.

Materials and methods

Seventy-five freshly extracted sound human anterior
teeth, with straight roots, were selected for the purpose of
this study and stored in 0.2% thymol solution. The crown
of each tooth was removed. Every canal was prepared up to
file #60 and taper .02 with Flex Master instruments (Mani,
Tochigi, Japan) at a working length of 1 mm short of the
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anatomic apex. The coronal parts of the roots were trimmed
to produce a root canal length of 12 mm. The roots were
embedded in acrylic resin.

All the root canals were irrigated with 2.5% NaOCl for
1 minute, except for group 1 samples (negative control
group), which were irrigated with normal saline. In groups
2 - 5, normal saline was used for final irrigation to enhance
similarity to clinical processes. All the root canals were
dried with #55 and #60 paper points. Then all the canals
were obturated with AH26 sealer (Densply, Konstanz,
Germany) and gutta-percha (Suredent, Seongnam, South
Korea). After 1 week of incubation at 37C, the gutta-
percha was removed up to 8 mm from inside all the canals
using #2 and #3 Peeso reamers, respectively. The Peeso
reamers were replaced for every 5 specimens.

The specimens in the negative control group (group 1)
and the prepared root canals in the experimental groups
were randomly divided into 4 groups (n = 15 each) and
prepared as follows:

Groups 1 and 2 (negative and positive control groups).
Subsequent to drying with paper points for 5 seconds, the
prepared posts were cemented as explained in the next
part.

Groups 3 - 5. After drying with paper points for 5 seconds,
freshly prepared solutions of 10% RA (Baridgeessence,
Kashan, Iran), 10% HPN (Sigma, Madrid, Spain), and
10% SA (Applichem, Damstadt, Germany) were used for
2 minutes and rinsed with distilled water for 30 seconds,
respectively.

Bond strength of resin cement to root dentin

Stainless steel spreaders #55 with handles (Produits
Dentaires S.A., Vevey, Switzerland) were used as posts in
the canals. All the spreaders had a length of 10 mm for the
tapered part and 8 mm of the length was later cemented
into each prepared root canal. Immediately before insertion
into the dried root canal, each spreader was rinsed with
distilled water, cleaned with ethanol, and silica-coated and
silanized with the Rocatec system, including ESPE Sil (3M
ESPE, Seefeld, Germany), for 20 seconds. Subsequently,
Ceramic Bond (Voco GmbH, Cuxhaven, Germany) was
applied to the silanized post surfaces according to the
manufacturer’s instructions (Table 1).

Then, all the pretreated canals were dried with air, and
each silanized spreader was cemented using Bifix SE one-
step self-etching cement (Voco, GmbH) according to the
manufacturer’s instructions. All the specimens were light-
cured using a QTH light-curing unit (Optilux 501, Kerr
Corp., Orange, CA, USA) at a light intensity of 500 mW/
cm’.

All of the roots with cemented posts were stored in
distilled water at 37T for 24 hours before the pull-
out test in a universal testing machine (HC10, Dartec,
Stourbridge, UK) at a crosshead speed of 1 mm/min. The
data was analyzed with SPSS 15.0 (SPSS Inc., Chicago, IL,
USA) using the Kolmogorov-Smirnov test, one-way ANOVA,
and Tukey's HSD test (a = 0.05). Subsequent to the pull-
out test, each specimen was visually examined under a
stereomicroscope (MBC-10, St. Petersburg, Russia) at a
magnification of x20 to assess failure patterns. Three types

Table 1. Materials used in the study and the mode of their application according to the manufacturers' instructions

Material composition

Manufacturers’ instructions

Material name & manufacturer

Bifix SE

Dry the canals gently (5 s). Apply the syringe Aliphatic (UDMA), aromatic (Bis-

(Self-etching self-adhesive resin cement) tip and inject the cement in the prepared GMA) and acid methacrylate,

(Voco GmbH, Cuxhaven Germany)

Rosemarinic acid

(Antioxidant/reducing agent)

(Baridge Essence, Kashan, Iran)
then rinsed.

Hesperidin
(Sigma, 1001131563, Spain)

canals. Light cure for 30 s.

benzoyl peroxide (Initiator),
amines (cat) and BHT (stabilizer).

After preparation of 10% hydroalcoholic gel, p-toluenesulfinic acid sodium salt,
canals were rinsed with 0.5 cc of the gel, which ethanol 5%, water
was left in the access cavities for 2 min and

After preparation of 10% hydroalcoholic gel, C,H,,04,
canals were rinsed with 0.5 cc of the gel, which

was left undisturbed in the access cavities for

2 min and then rinsed.

Sodium ascorbate gel
(AppliChem, Germany)

After preparation of 10% hydrogel, canals were Natrium-L(+)-ascorbat (C4H,NaOq
rinsed with 0.5 cc of the gel, which was left M =198.11 g/mol)

undisturbed for 2 min and then rinsed.

UDMA, urethane dimethacrylate; Bis-GMA, bisphenol A diglycidyl methacrylate; BHT, butylhydroxytoluene.
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of failure were classified, such as, ‘adhesive-dentin’ failure
at the cement-root canal dentin interface, ‘adhesive-
spreader’ failure between the cement and the spreader,
and a ‘mixed’ fracture with a combination of cohesive and
adhesive ones.

Moreover, two prepared root in each group were cross-
sectioned for SEM analysis. The samples were dehydrated
in ascending concentrations of ethanol (50, 70, 95, and
100%) for 1.5 hours and embedded in acrylic resin. The
surfaces were polished with 600-, 800-, 1,000-, and
1,200-grit silicon carbide papers under running water.
Between each polishing step, the specimens were put in
an ultrasonic device for 15 minutes. The exposed interfaces
were treated with 6 N hydrochloric acid for 35 seconds
followed by a 10-minute immersion in 2.5% NaOCL.
Subsequent to 15-minute ultrasonication, the specimens
were dehydrated for 36 hours, affixed to an aluminum
mounting stub, and sputter-coated with platinum-gold
for analysis under SEM. Different magnifications were
used to provide SEM images at a distance of 25 mm. An
accelerating voltage of 20.0 kV was used for the analysis.

Results

The mean pull-out strength values (+ standard deviations)
for the study groups were 9.27 + 3.19, 6.71 + 2.56, 8.86 +
3.02, 9.30 + 2.49, and 10.03 + 2.59 MPa, respectively, with
significant differences in bond strength values between
the groups (p = 0.016, Table 2). The highest pull-out bond
strength value against root canal dentin was recorded in
groups 1 and 5. There was a significant difference in the
bond strength values between the two control groups (p
= 0.025). Comparison of different antioxidants showed
that groups 4 and 5, in which the canals were rinsed
with HPN and SA, respectively, had the highest pull-out
bond strength values, most similar to that of group 1
(the negative control group). There were no significant
differences between RA and the positive control group (p >
0.05).

Restorative Dentistry & Endodontics RD E

In terms of the fracture patterns, the 15 samples of the
positive control group exhibited 5 mixed fractures and 8
adhesive failures between the cement and spreader. The
most favorable fractures with regard to the sum of mixed
and cohesive fractures were related to groups 1 and 5,
respectively (Table 3). No adhesive fracture was observed
between the spreader and cement (0%), with no failure of
the spreader itself.

The SEM photomicrographs are shown in Figures 1 - 5.
As it appears in the photomicrographs, the resin interface
area seems to be wider in groups 2 and 3. There is a much
better adaptation between the resin cement and root
dentin in groups 1, 4, and 5. In group 5, the resin tags
apparently are larger and more numerous.

Table 2. Pull-out bond strength of the specimens in the
study groups (MPa)

Group Mean + SD
1. Control” 9.27 + 3.19°
2. Control* 6.71 + 2.56™
3.RA 8.86 + 3.02%
4. HPN 9.30 + 2.49°
5.SA 10.03 + 2.59°

Groups with the same superscript are not statistically
different (P > 0.05).

RA, rosemarinic acid; HPN, hesperidin; SA, sodium ascorbate
gel; SD, standard deviation.

Table 3. Distribution of different fracture modes in the study groups

Groups
(-) Control  (+) Control RA HPN SA Total
Adhesive 5(33.3%) 8 (53.3%) 14 (93.3%) 9 (60.0%) 7 (46.7%) 43 (57.3%)
Mixed 7 (46.7%) 5 (33.3%) 1 (6.7%) 5 (33.3%) 7 (46.7%) 25 (33.3%)
Modes of fracture .
Cohesive 3 (20%) 2 (13.3%) 0 (0.0%) 1 (6.7%) 1 (6.7%) 7 (9.4%)
Total 100% 100% 100% 100% 100% 75 (100%)

RA, rosemarinic acid; SA, sodium ascorbate; HPN, hesperidin.
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Figure 1. The SEM photomicrographs of group 1.
C, cement resin; D, dentin; P, post (Magnification: both
x500).
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Figure 2. The SEM photomicrographs of group 2.
C, cement resin; D, dentin; (Magnifications: x500 and
x2,500, respectively).
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Figure 3. The SEM photomicrographs of group 3.
C, cement resin; D, dentin; (Magnifications: x500 and
x2,500, respectively).
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Figure 4. The SEM photomicrographs of group 4.
C, cement resin; D, dentin (Magnifications: x500 and
x2,500, respectively).
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Figure 5. The SEM photomicrographs of group 5.

C, cement resin; D, dentin; P, post (Magnifications:

x500 and x2,500, respectively). As it appears in the
photomicrographs, the resin interface area seems to

be wider in groups 2 and 3. There is a much better
adaptation between the resin cement and root dentin in
groups 1, 4, and 5. In group 5, the resin tags apparently
are larger and more numerous.

Discussion

In this study, the effects of three different antioxidizing/
reducing agents on the pull-out strength of silanized
spreaders luted into NaOCl-treated human roots were
evaluated. The null hypothesis that application of
antioxidizing/reducing agents would not alter the pull-
out strength in comparison to the control group was not
confirmed.

In this study, a recently introduced technique by Ebert
et al. was used to test the pull-out strength of silica-
coated and silanized steel spreaders in order to compare
post retention provided by resin cement in the dentinal
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root after application of three different antioxidants.?
The results of this study confirmed the claim that this
procedure eliminates the region of weakness in the post-
cement system, which has been reported to sometimes be
the most prevalent failure mode.”*® Dowel failure might
be avoided by using modified stainless steel spreaders as
endodontic posts. Pretreatment of metal surfaces with
tribochemical silica coating and silanization of spreaders
with Rocatec is believed to produce desirable bond
strength and eliminate fracture risk at the luting agent-
spreader interface.

In this study, NaOCl was used for irrigation of the
canals in groups 2 - 5. This irrigant is widely used during
endodontic treatment due to its antibacterial effects
and capacity to dissolve organic tissues.’®** Based on
the results, NaOCl decreases the bond strength between
composite resins and dentin, which was in accordance with
the previous studies.”** The remnants and by-products of
NaOCl probably exert a detrimental effect on polymerization
of dental adhesive systems.”® In addition, some previous
studies have shown that these remnants compromise bond
strength to NaOCl-treated dentin, which might be reversed
by the application of 10% SA as an antioxidant for more
than 60 seconds before the adhesive procedure because
it can interact with NaOCl by-products to neutralize and
reverse the oxidizing effect of the NaOCl-treated dentin
surface.” It should be mentioned that in this study, the
antioxidant was used after one week subsequent to NaOCl
irrigation during endodontic therapy. A one-week delay
could somehow decrease the negative effect of NaOCl on
the adhesion of resin cement.

In recent years, the use of antioxidants and reducing
agents has been recommended in order to increase the
longevity of the bond of resin materials to dentin and
to decrease microleakage.'®******* In addition, in more
recent reports, reducing agents have been introduced as
polymerization-facilitating agents and cross-linkers.'****
Some of these materials are derived from natural sources
and their natural extracts have been used, but others have
been synthetically produced.'

In the present study, a synthetic powder of SA was
prepared and used in the form of 10% hydrogel. Some
recent studies have recommended the use of SA in order
to increase the bond strength to dentin and enamel and in
order to neutralize the effects of NaOCl, which is used as a
common irrigation solution during root canal treatment.**’
In the present study, there were significant differences
in the pull-out bond strength of the groups under study.
The results in the SA group were the most similar to those
of the negative control group. In the present study, HPN
was synthetically produced, but RA extract was produced
from the rosemary plant in the form of 10% hydroalcoholic
extract. A recent study showed that use of HPN solution
with a 5% concentration of alcohol is effective in
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increasing the bond strength of composite resin to dentin.”
Interestingly, in the present study in the RA and HPN
groups, bubbles were observed on the surface of cement
in samples with adhesive failure. Most probably, more care
should be exercised in selecting the concentration of the
antioxidant and the reducing agent because the use of
higher concentrations of the antioxidant might result in
bubbling and decreasing bond strength, making it difficult
to rinse and remove the material from the area and maybe
decreasing its effect as a cross-linker. This is probably the
reason for differences between the results of the three
studied antioxidants in the present study. However, it
should be pointed out that an important limitation of this
study might be the short-term bond strength evaluation.
Considering the protective role of antioxidants on collagen
fibers, their effect on the durability of the adhesive
interface is an important issue and should be evaluated
in future studies. In the present study, a self-etching self-
adhesive cement was used. Recently, a new simplified
one-step technique was introduced for cementation
of posts, inlays and onlays, and fixed partial dentures,
requiring no pretreatment of dentin or enamel.” The
organic matrix is composed of multi-functional phosphoric
acidic methacrylates, which help form bonds with tooth
structures. The basic fillers can undergo a cementation
reaction with the functional monomers, which have acidic
groups (Table 1). As a result of cementation reactions, the
pH of the material increases during the setting reaction.’
The main setting reaction starts with the polymerization of
free radicals by light or a redox system, similar to that with
dual-cured composite resins. In addition, phosphoric acidic
methacrylates in the monomer can react with the basic
fillers and hydroxyapatite crystals of tooth hard structures.
The reaction releases water molecules, accelerating the
neutralization reaction.***’

The mean pull-out strength in the study groups for
Bifix SE cement was approximately 9 MPa. In a recent
study, the pull-out strength of this cement was reported
approximately 11 MPa, which is relatively consistent with
the results of the control group in the present study.’ It
has been reported that the bond strength of self-etching
self-adhesive cements, which do not require a separate
conditioning or priming step before bonding of the post
or indirect restorations is less than the earlier generations
of resin cements. Therefore, it has been recommended that
the results of bond strength tests of other resin cements be
evaluated with the use of the cross-linkers and antioxidants
that have recently been introduced. Two previous studies
have shown the impact of the antioxidative effect of SA in
restoring the decreased bond strength after bleaching of
enamel and dentin, depending on the type of the adhesive
used, with much better results with the use of etch-and-
rinse adhesives.”* It is not clear to what extent the
chemical composition of the cement used is compatible
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with those of antioxidants.

In the present study, three different antioxidizing agents
were used, two of which, HPN and RA, have also been
known as natural cross-linking agents. Chemical analyses
have demonstrated that some reducing agents, including
HPN, CHX and GSE, protected and stabilized dentin collagen
fibers.”®? The effect of incorporating natural cross-linking
agents into the structure of a self-etching primer on
immediate bond strength and mechanical properties of the
bonded interface was evaluated in a recent study.”’ The
results revealed that incorporation of HPN resulted in an
increase in the immediate bond strength to dentin and the
hardness and elastic modulus of the resin-dentin interface.
Miguezl et al. reported that the tensile strength of dentin
is significantly affected by the mechanical properties of the
collagen matrix.”® HPN and proanthocyanidins are phenolic
flavonoids, with a chroman ring. As a result, the chemical
effect of HPN on collagen fibrils can be accounted for,
similar to the cross-linking effect of proanthocyanidins.
Recently, Islam et al. concluded that cross-linking agents
with flavonoid groups, such as HPN and GSE, can enhance
remineralization.”® Further studies are necessary to
investigate the chemical reactions of HPN, RA, and SA with
calcium and/or phosphate ions. The stabilized collagen
matrix functions as a mechanical barrier, preventing
diffusion of minerals, resisting demineralization, and
promoting remineralization.’® However, the biochemical
properties of HPN have not been adequately investigated
to make it applicable to dentistry. Further studies are
necessary to elucidate how HPN influences human tooth
structure.

In the present study, the two HPN and RA materials
were prepared in the form of hydroalcoholic preparations
with the use of 5% ethanol because these two materials
are not soluble in water, necessitating the use of a low
concentration of alcohol. However, preparation of SA
hydrogel does not require alcohol. The authors of this
study observed that SA was more easily rinsed away from
the surface and did not leave in place any chemical agent
remnants after its antioxidative/reducing effects. Therefore,
it seems it does not leave any residues to interfere with
bonding. Of course, these are speculations that should be
evaluated with more accurate studies on the properties of
these substances during chemical reactions. The present
study was a preliminary study on the effect of three
antioxidative/reducing agents on the bond of resin cement
to posts, which might exert an effect on the polymerization
of resin cement as a cross-linker. Further, more accurate
evaluations are necessary in the future.

In the present study, the most numerous cohesive and
mixed failure modes were observed in groups 1, 4, and 5,
which might reflect the effect of a stronger cross-linking
effect for the two antioxidative/reducing agents. Moreover,
the outcomes of SEM (Figures 1 - 5) were in accordance
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with the obtained bond strength and fracture modes. More
studies are recommended to evaluate the precise effect
of different concentrations of HPN, SA, and other useful
reducing agents with different application durations on
the resin-dentin bond and other possible uses of reducing
agents in adhesive dentistry.

Conclusions

Within the limitations of this in vitro study, amongst
the three antioxidants studied, use of 10% SA or HPN for
2 minutes did significantly restore the compromised
resin cement bond strength to NaOCl-treated dentin.
RA exhibited the least reversal effect with the same
application time, compared to SA and HPN.
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