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A B S T R A C T

Objectives: To determine the effect of two reducing agents (sodium ascorbate and sodium thiosulfate) on the
dislocation resistance of a methacrylate and an epoxy resin based root canal sealer to sodium hypochlorite
(NaOCl) treated root canal dentin.
Materials and methods: Single rooted teeth (n = 60) were instrumented with rotary instruments with an irri-
gation protocol of 3% NaOCl, 17% EDTA and 3% NaOCl in a sequence. Samples were randomly divided into
three groups (n = 20) based on the final treatment: group 1 (saline), group 2 (5% sodium thiosulfate), group 3
(10% sodium ascorbate). Samples were then randomly divided into two subgroups (n = 10) based on the root
canal sealer: A (a methacrylate resin sealer; EndoREZ); B (an epoxy resin sealer; AH Plus). The dislocation
resistance was assessed using the push out bond strength test. The data were statistically analyzed by three-way
ANOVA and a pair-wise comparison was done using the Bonferroni adjustment (P = 0.05).
Results: There was a significant interaction between the root thirds and the final treatment protocol for EndoREZ
(P< 0.001) but not AH Plus (P>0.05). The two experimental protocols significantly improved the adhesion
(bond) strength of EndoREZ compared to saline (P<0.05) with sodium thiosulfate producing significantly
higher values than sodium ascorbate (P<0.05). Both reducing agents did not improve the adhesion strength of
AH Plus significantly when compared to the control (P> 0.05).
Conclusions: The bond strength of the methacrylate resin sealer EndoREZ is improved by the use of sodium
thiosulfate and sodium ascorbate after irrigation with NaOCl, but these reducing agents do not improve the bond
strength of the epoxy resin sealer AH Plus. Root canal sealers are differentially influenced by irrigant neu-
tralizing (reducing) agents.

1. Introduction

While the primary objective of root canal irrigation is to remove
microbial biofilms, organic tissue and accumulated hard tissue debris, it
also alters the dentin substrate characteristics [1]. One important im-
pact of such a process is the altered adhesion of filling materials to
dentin [2,3]. It has been demonstrated that an irrigating protocol of
sodium hypochlorite (NaOCl) followed by ethylenediaminetetraacetic
acid (EDTA) offers optimal adhesion (bond) strength values for epoxy
resin based and methacrylate resin based sealers [4,5]. The reported
mechanisms for this enhanced adhesion have been the superior
cleaning ability, to remove the organic and inorganic components of the

smear layer to allow intimate adaptation of the root canal sealer to
dentin walls [6].

Two types of resins are used as sealers in endodontic therapy: me-
thacrylate resins and epoxy resins. Epoxy resin sealers such as AH Plus™
(Dentsply Sirona Endodontics, York, PA, USA) have been reported to
bond chemically to the collagen of dentin [1,7]. On the other hand,
methacrylate resin based sealers bond via a micro-mechanical bond by
penetrating into the micro-porosities created within the dentin sub-
strate by acidic primers [8,9]. A final rinse with NaOCl has been shown
to be detrimental to the adhesion of both these materials. This is be-
cause NaOCl is proteolytic and can damage the naked collagen after
removal of the hard tissue debris by EDTA [10], resulting in poor
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chemical adhesion of epoxy resins to the collagen [1]. Moreover, the
oxygen generated by NaOCl can inhibit polymerization of methacrylate
resins [3]. Such a problem has been well documented in restorative
dentistry, wherein oxidizing agents inhibit the polymerization of me-
thacrylate resin composites used for restoring access cavities [11,12]. A
recent work suggested that 5% sodium thiosulfate (Na2S2O3) [3] and
10% sodium ascorbate (C6H7NaO6) [12] applied for 10min could
possibly reverse such effects and enhance bonding of methacrylate resin
based composites. It is not known whether such a mechanism would
apply within the root canal system so as to reverse the compromised
bond strength of resin based sealers (methacrylate and epoxy resins)
after a final rinse of NaOCl.

The aim of this laboratory study was to investigate the effects of
sodium thiosulfate or sodium ascorbate on the dislocation resistance of
epoxy resin and methacrylate resin based root canal sealers from
dentin, following root canal irrigation with sodium hypochlorite. The
null hypothesis was that none of the agents have an influence on the
dislocation resistance of both the materials tested.

2. Materials and methods

2.1. Specimen preparation

Extracted human single-rooted mandibular first premolars (n = 60)
were collected, thoroughly cleaned and decoronated at the cemento-
enamel junction using a water-cooled diamond saw. The roots were
then radiographed at two angulations to confirm the presence of a
single canal. The root lengths were standardized to 10mm.
Instrumentation of the root canals was done with ProTaper™ Next
nickel titanium rotary instruments (Dentsply Sirona Endodontics, York,
PA, USA) up to size X4. During instrumentation, irrigation was per-
formed with 3% NaOCl (Parcan™, Septodont, Saint-Maur-des-Fossés
Cedex, France) using a 5mL disposable plastic syringe with a 31G side
vented irrigation needle (Navitip 31G double sideport, Ultradent)
placed passively into the canal to 1mm short of the working length. The
quantity and time of NaOCl used per canal was standardized to 5mL
and 15min. This was followed by irrigation with 5mL of 17% EDTA
(Pulpdent, Watertown, MA, USA) for 1min and then 5mL of 3% NaOCl
for 3min. A pilot study demonstrated that a sample size of 10 per
subgroup was required to show any statistically significant difference
between the groups.

The samples were randomly divided into three study groups (n =
20) using a sealed envelope method, based on the final irrigation re-
gimen: group 1 (saline), group 2 (5% sodium thiosulfate) and group 3
(10% sodium ascorbate). Sodium thiosulfate and sodium ascorbate
were purchased from a commercial source (Sigma Aldrich, St. Louis,
MO, USA). The volume of these agents was standardized to 5mL with a
contact time of 10minutes. The canals were rinsed with 5mL of dis-
tilled water and dried using paper points (Dentsply Sirona), and ran-
domly allotted to one of the subgroups (n = 10) based on the root
filling material: A (an epoxy resin root canal sealer; AH Plus™ Jet,
Dentsply DeTrey, Konstanz, Germany) and B (a methacrylate resin
based root canal sealer; EndoREZ, Ultradent Products). The sealers were
placed into the root canals using a lentulospiral, which is a rotating
spiral instrument designed specifically for placing cement-based mate-
rials into root canals. The quality of root canal filling was confirmed by
taking radiographs at two angulations. Samples with voids or bubbles
were discarded. Specimens were placed in an incubator at 100% hu-
midity for 48 h to ensure complete setting of the sealer. All experi-
mental procedures were performed by a single operator.

2.2. Measurement of dislocation resistance by push-out bond strength test

The roots were embedded in epoxy resin in a custom-made split-ring
copper mould and 1mm thick slices (± 0.04mm) were obtained using
a water-cooled precision saw (Ernst-Leitz, Wetzlar, Germany). For each

root third, the first slice was selected from each tooth, resulting in 10
slices per root third. Each specimen was marked on its coronal surface
with an indelible marker. The apical and coronal diameters of the ob-
turated area were measured using an Olympus Camedia C-5060 digital
camera (Tokyo, Japan) attached to a stereomicroscope (Global G6, St.
Louis, MO, USA).

A compressive load was applied to each root section via a universal
testing machine (LIoyd LRX-plus, Lloyd Instruments, Fareham, UK) at a
cross-head speed of 1mm/min using stainless steel plungers of different
diameters, 1.10mm (coronal), 0.8 mm (middle) and 0.5mm (apical),
positioned so that the plunger contacted only the filling material [13].
Since all chosen teeth were prepared using the same instrument se-
quence, the diameters of the root canals in the coronal (1.13mm),
middle (0.93 mm) and apical (0.60 mm) third in all the teeth were
approximately the same, as observed in our pilot study and previously
published study [14]. Furthermore, this step was calibrated and stan-
dardized previously in our experiments [14].

The push-out force was applied in an apico-coronal direction until
bond failure occurred. The force was recorded using Nexygen™ data
analysis software (Lloyd Instruments Ltd.). The maximum failure load
was recorded in Newton (N) and the push-out bond strength (disloca-
tion resistance) was calculated (in MPa) using the following formula
[15]: Push-out bond strength (MPa) = N/A, where: N = Maximum
load (N), A = Adhesion area of root canal filling (mm2). The adhesion
(bonding) surface area of each section was calculated as: [(D1 × D2)/
2] × π × h, where D1 and D2 are the greater and lesser diameters of
the canal respectively and h is the thickness of the root slice (mm).

2.3. Data presentation and analysis

The main outcome variable in this study was the push-out bond
strength/dislocation resistance (in MPa). Since the data were normally
distributed, parametric statistical tests were applied. Three-way
ANOVA was performed to investigate the interaction effects among the
regions of the root, the surface treatment protocol, and the material, on
dislocation resistance values. If the interaction effect existed, then two-
way ANOVA was performed for each material. If there was no sig-
nificant interaction, the effect was removed one-by-one and then one-
way ANOVA was performed. The significant level was set as P = 0.05.
For the pairwise comparisons, the Bonferroni adjustment was used.

3. Results

3.1. Overall interactions

There was a statistically significant interaction between the type of
sealer, root segment and experimental protocols (P< 0.001) (Table 1).
When the two-way ANOVA was applied, there was a significant inter-
action between the root segments and surface treatment protocol for
EndoREZ (P< 0.001) except at the apical third between group 2 and 3
(P> 0.05), but not for AH Plus (P = 0.319).

3.2. Effect of treatment protocols and root filling material

Irrigation with sodium thiosulfate and sodium ascorbate improved
the dislocation resistance of EndoREZ™, compared to group 1 (Saline)
in all the root-thirds (P< 0.001). Sodium thiosulfate resulted in higher
dislocation resistance values than sodium ascorbate in the coronal and
middle third (P<0.001). For AH Plus, there was no significant effect of
the treatment protocol on the dislocation resistance in any of the root-
thirds (P = 0.61). Neither sodium thiosulfate nor sodium ascorbate
treatment significantly improved the dislocation resistance of AH
Plus™, compared to the control (saline) in any of the root third
(P> 0.05).

When specimens were treated with sodium thiosulfate (group 2),
the dislocation resistance of EndoREZ™ was significantly higher than
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AH Plus in all of the root regions (P<0.001). For the sake of clarity,
these significant differences are not represented in the table. When
specimens were treated with group 3, the dislocation resistance of
EndoREZ™ was significantly higher than AH Plus™ in coronal and apical
third (P<0.001), while in the middle third, AH Plus™ had significantly
higher dislocation resistance than EndoRez (P = 0.004). When irri-
gated with the control (saline), AH Plus™ had significantly higher dis-
location resistance than EndoRez™ in all of the root-thirds (P<0.05).

3.3. Effect of region of root canal

For EndoRez™, there was a significant difference in dislocation re-
sistance values among the all regions of the root between the three
groups whereas the difference was not significant in the apical third
between groups 2 and 3 (P<0.001). The coronal regions had the
highest values (P<0.001) in both groups 2 and 3 while the lowest
values occurred in apical regions in group 2 and in middle regions in
group 3 respectively. On the other hand, in group 1, there was no
significant difference in the dislocation values among the coronal,
middle and apical regions (P = 0.102).

For AH Plus™, one-way ANOVA showed that there was a significant
difference in the dislocation resistance values among the coronal,
middle and apical regions (P< 0.001). The apical regions had sig-
nificantly lower values compared to the coronal and middle thirds
(P< 0.001) but no significant difference in dislocation resistance va-
lues was found between coronal and middle regions (P = 0.332).

4. Discussion

Testing the adhesion of root filling materials is one way of studying
the interactions between the materials and dentin substrate as well as
substrate characteristics after exposure to different chemical agents
[16]. Furthermore, a correlation has been established between the
dentin bond strength and sealing ability for epoxy resin sealers [5], but
not for methacrylate resin based sealers [17]. There has been con-
siderable confusion in the literature with regard for terminology. While
some authors define interfacial interaction between sealers and dentin
as ‘bond strength’, one may argue that what is actually tested is an
aspect of frictional retention [16,18]. That said, this paper will use the
term dislocation resistance.

Sodium hypochlorite is a proteolytic agent and an oxidizing agent as
it is primarily a disinfectant and a bleaching agent. The generation of
oxygen inhibits polymerization of methacrylate resins [3]. The reduc-
tion in bond strength of methacrylate resin composites when the surface
is treated with oxidizing agents such as NaOCl and hydrogen peroxide,
has been well reported [3,19]. An irrigation protocol of NaOCl→
EDTA→NaOCl was used in this study. Such a protocol has both ad-
vantages and disadvantages, and the endodontic literature lacks clarity
about an ‘ideal’ irrigation protocol. The first rinse of NaOCl helps dis-
solve the pulp tissue and microbial biofilms, as well as achieve bacterial
killing within the radicular space [20]. This is followed by the use of
organic acids such as the tetravalent EDTA to remove the mineral
component of the smear layer (also known as accumulated hard tissue

debris) [21]. A final rinse with NaOCl is seen to be advantageous as this
can now penetrate and achieve biofilm disruption as well as microbial
killing within the dentinal tubules [22].

Prolonged NaOCl treatment may have a negative impact on the
physico-mechanical properties of dentin: this happens via damage to
the dentinal collagen [23]. However, such a damage has been shown to
be dependent on the concentration of NaOCl, with 5.25% being more
detrimental than 1.3% [10,24]. Using a combination of microscopic
techniques, spectroscopy and mechanical testing, the authors demon-
strated that collagen degradation of dentin is influenced by con-
centration and duration of use of NaOCl, immaterial of whether EDTA
was used in the sequence. While the irrigation regimen in general,
causes an increase in the apatite/collagen ration (indicating collagen
degradation), at least 120min of irrigation with 5.25% NaOCl was
needed to bring about a significant effect.

Another problem with a final NaOCl rinse is the generation and
release of oxygen bubbles. This can interfere with the polymerization of
methacrylate resin based composites and adhesives [24]. That being
said, agents that reverse the effect of sodium hypochlorite have been
evaluated after bleaching with hydrogen peroxide and the literature is
inconsistent in regards to the effects [12,25,26]. This is based on the
claim that reducing agents such as sodium ascorbate or sodium thio-
sulfate, can reverse the oxidized state of the dentin substrate. Theore-
tically, such a mechanism should allow better adhesion of methacrylate
resin based root canal sealers and there is evidence to prove the same
[3,27]. However, it is unknown as to which of the two agents offers
better results. It is also unknown if such a surface treatment will im-
prove the dislocation resistance of epoxy resin based cements that have
been shown to chemically bond to dentinal collagen [1]. To the best
knowledge of the authors, this is the first in vitro study to test the effect
of two antioxidants used for dentin conditioning after root canal irri-
gation, on an epoxy resin root canal sealer.

The results of the current study showed that the two reducing agents
(sodium thiosulfate and sodium ascorbate) improved the dislocation
resistance of the methacrylate resin based sealer compared to saline,
but failed to reverse the reduction in dislocation resistance of the epoxy
resin sealer, affected by NaOCl. Given this, the null hypothesis must be
partially accepted. The reversal of compromised bonding for metha-
crylate resin based sealer could be because of removal of the oxygen
bubbles generated by NaOCl [3]. Using micro-Raman spectroscopy and
the push out bond strength test, Shrestha et al. demonstrated that so-
dium ascorbate could improve the degree of conversion and adhesion
strength of a methacrylate resin based sealer RealSeal™ SE (Sy-
bronEndo, Orange, CA, USA) [27]. The results of the current study are
in agreement. EndoREZ™ is a self-priming methacrylate resin sealer,
albeit the main difference with RealSeal™ being the UDMA resin con-
tent and hydrophilic characteristic of EndoREZ™ [28,29]. EndoREZ™, a
second-generation resin based sealer has been shown to have poor
physical characteristics [30]. Nevertheless, this methacrylate resin
based sealer was used because it does not require light activation,
which in the opinion of the authors would induce another significant
variable.

Interestingly, the dislocation resistance of AH Plus™ could not be

Table 1
Push-out bond strength (MPa, means± standard deviations) of an epoxy resin sealer (AH Plus) and a methacrylate resin based sealer (EndoREZ) after dentin surface treatment with two
reducing agents (5% sodium thiosulfate and 10% sodium ascorbate) and control (saline) (n = 10).

Group EndoRez AH Plus

Coronal Middle Apical Coronal Middle Apical

Group 1 (Saline) 0.9± 0.3a,A 0.7± 0.2a,A 0.5± 0.2a,A 2.0±0.2a,A 1.8±0.5a,A 0.9±0.3a,B

Group 2 (Sodium thiosulfate) 5.6± 0.6b,A 3.1± 0.5b,B 1.9± 0.3b,C 2.3±0.3a,A 1.9±0.2a,A 0.8±0.3a,B

Group 3 (Sodium ascorbate) 3.6± 0.4c,A 1.5± 0.4c,B 2.0± 0.4b,B 2.0±0.6a,A 2.1±0.3a,A 0.9±0.3a,B

Within each group for each of the materials (EndoREZ and AH Plus), values with identical upper case superscript alphabet indicates no significant difference (P> 0.05); Between groups,
for the same subgroup, values with identical lower case superscript alphabet indicates no significant difference (P> 0.05).
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reversed by the reducing agents used. This confirms that intact collagen
is needed for the chemical adhesion of epoxy resin sealer to dentin and
a final rinse of NaOCl may prevent such an adhesion by causing some
degradation of the collagen. Based on the results of the present study, it
may be hypothesized that following the loss of mineral encapsulation
by irrigation with EDTA, the naked collagen may undergo some de-
gradation at least at the surface even after a 3-min irrigation regimen.
Such an ultrastructural characterization was beyond the scope of this
work and this needs further analysis.

The dislocation resistance of both the root canal sealer materials
showed a gradient with respect to the root thirds, with coronal third
showing higher mean values than the middle and apical third. Such a
difference is well reported in the literature [1,5]. The concentration of
sodium ascorbate and sodium thiosulfate used was based on previous
studies [3,12]. An important point to note is that sodium thiosulfate is
used as the neutralizing agent for sodium hypochlorite in micro-
biological studies [31,32]. This process happens by a hypochlorite in-
hibiting mechanism [32] and it is unknown if treatment of dentin with
thiosulfate will inhibit the extension of antibacterial activity of NaOCl
into dentin. It is also unknown if the presence of excess hypochlorite
ions plays a role in the reduction of bond strength of resin based sealers.
This needs further analysis.

This study filled root canals only with the sealer rather than gutta-
percha and sealer. This was based on previously published reports
[1,5,14,17]. Both the sealers used in this study do not shrink and show a
slight expansion in a humid environment [5,31]. Furthermore, filling
the root canals only with the sealer truly reflects the bond strength
between the sealer and dentin [5]. Our previous reports and pilot stu-
dies on the dislocation resistance of AH Plus have shown that failures
are 100% of adhesive nature [1,5]. That said, previous studies have
suggested that the tensile bond strength of AH Plus™ (about 60MPa)
and the relatively lower push-out bond strength values generated
confirmed that the failures are undoubtedly adhesive in nature [5].
Therefore, a presentation of failure mode analysis was not deemed
necessary in this work.

It has been shown that sodium ascorbate could also possess poten-
tial collagen cross-linking properties and might thus enhance the ad-
hesion strength of methacrylate resins [33,34]. Furthermore, if used at
an acidic pH, the demineralizing effect of sodium ascorbate can also
bring about an increase in adhesion strength allowing for more effective
penetration of the methacrylate resin into the dentinal tubules [28].
Such a claim may not hold true for epoxy resin sealers (such as AH
Plus™) because it appears that tubular penetration of AH Plus™ does not
contribute to its dislocation resistance [1,35] – strengthening the hy-
pothesis that epoxy resins chemically bond to dentinal collagen [1,7].
The collagen cross linking property of sodium ascorbate also calls into
need, the evaluation of dentin adhesion strength of resin based mate-
rials following long term storage with collagenolytic enzymatic chal-
lenge.

One limitation of this work is that the dislocation resistance of the
resin based sealers was not assessed after ageing, since the initial aim
was only to study if the reducing agents were able to improve the de-
terioration in dislocation resistance effected by sodium hypochlorite.
Failures of resin based root canal fillings may be accelerated under
ageing. Future studies need to be carried out in this direction.
Furthermore, some future studies should also evaluate the effect of
increased treatment time with the reducing agents on dislocation re-
sistance of resin-based sealers.

5. Conclusions

• Both reducing agents (10% sodium ascorbate and 5% sodium thio-
sulfate) improve the adhesion strength of methacrylate resin based
sealers to dentin irrigated with sodium hypochlorite.

• The adhesion strength of epoxy resin sealers is not improved by the
neutralizing reducing agents.

• Sodium thiosulfate is more effective than sodium ascorbate in re-
versing the compromised bonding of methacrylate resin sealers.
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