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SUMMARY

Aim: The aim of this study was to evaluate the push-
out bond strength of fiber posts to root canal dentin
after irmigation of post spaces, prepared shortly after root
canal filling.

Materials and Methods: Thirty roots of maxillary central
incisors and canines were divided into 3 groups (N=10)
and imgated with different solutions after post space
preparations. In the first group that served as the control,
only distilled water was used for irmigation. In the second
group, 525% NaOCl, 17% EDTA and distilled water were
used subsequently for irrigation. In the third group, 5.25%
NaOCl, 17% EDTA and distilled water were used. Then, 10%
sodium ascorbate was applied to root canal for 10 minutes.
RelyX Fiber Posts were cemented with RelyX Unicem self-
adhesive resin cement. Three slices from different root
regions (coronal, middle, apical) were sectioned, and totally
90 slices were collected. The push-out test was conducted
and the SEM analysis was performed to determine the
failure modes. One-way ANOVA and Tukey HDS tests were
used to analyze the data (p<0.05).

Results: The mean bond strength was found as 864+373
MPa in the control group, 837+2.88 MPa in the second
group and 9.94+2 94 MPa in the third group. There were
no statistically significant differences between the bond
strength values of the groups related toirrigation procedures
and root regions (p>0.05).

Conclusions: Sodium ascorbate application after post
space preparation did not cause higher bond strength of
fiber posts to dentin, compared to conventional NaOCl and
EDTA rrigation.

Keywords: Sodium ascorbate, bond strength, fiber post.

OZET

Amagc: Bu calismanin amaci, kanal dolgusunun hemen
ardindan hazirlanan post bosluklannin irrigasyonundan
sonra, fiberpostlann kok kanaldentinine push-outbaglanma
kuvvetinin degerlendirilimesidir.

Gereg ve Yontem: 30 adet tek kanalli Ust kesici ve kanin
disleri 3 gruba ayrildi (n:10). Kanal tedavileri tamamlandiktan
ve post bosluklan hazirlandiktan sonra  disler farkli
solusyonlarla yikandi. 1.gruptaki disler distile suyla yikandi
ve kontrol grubu olarak belirlendi. 2.gruptaki disler

%5,25 NaOCl, %17 EDTA ve distile suyla yikandi. 3 gruptaki
disler % 5256NaOC|, %17 EDTA ve distile suyla yikandi.
Ardindan, bu gruptaki dislere 10 dk boyunca %10 sodyum
askorbat solusyonu uygulandi. RelyX fiber postlar RelyX
Unicem self-adeziv rezin simanla yapistinldi. - Koklerin
kuronal, orta ve apikal olmak kaydiyla her bolumunden 3
adet kesit alindi ve toplamda 90 adet kesit elde edildi. Push-
out baglanma dayanimi testi ve kirk tiplerini belirlemek
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amaclyla SEM analizi yapild!. Istatistiksel analiz icin one-way
ANOVA ve Tukey HDS testleri kullanildi (p<0.05).

Bulgular: Ortalama baglanma dayanimi degerleri kontrol
grubunda 864+373 MPa, 2grupta 83/+288 MPa ve
3grupta 9,94+2 94 MPa olarak bulundu. Kok bolgelerine
ve kullanilan irrigasyon solusyonlarina gore baglanma
dayanimi degerleri arasinda anlamli bir farkliik gozlenmedi
(p>0.05).

Sonug: Post boslugu hazirlandiktan sonra uygulanan
sodyum askorbat solusyonu, NaOClve EDTAYa kiyasla fiber
postlarn dentine baglanma kuvvetini artuirmamaktadir.

Key words: Sodyum askorbat, baglanma kuvveti, fiber
post.

INTRODUCTION

Fiber-reinforced composite (FRC) posts have been used
successfully in endodontically treated teeth because
they have similar elastic modulus to dentin that leads to
decrease in the incidence of root fracture (1), they do not
cause metallic allergies and they provide good esthetics
especially in visible areas (2). On the other hand, removal of
a FRC postis easy in retreatment cases (3).

FRC posts are cemented with adhesive resin cements. The
success of FRC posts depends on the cementing agent
and the success of the cementing procedure to root canal
dentin (4). Debondingis considered asthe mainfailure mode
of FRC posts (5). Many factors may cause debonding. The
dentinof endodontically treated teeth is generally contacted
by mechanical instrumentation, irrigation, medication and
temporary restoration. In a study conducted by Nikaido et
al (6), it was stated that the remnants of irrigation solution
such as sodium hypochlorite (NaOCl) or hydrogen peroxide
demonstrated negative effect on polymerization of the
adhesive system, which caused reduction of bond strength.
It has been suggested that this reduction might be caused
by the damage of the organic matrix, mainly the collagen,
leaving the mineralized surfaces of dentin by application
of NaOCl (6). In addition, NaOCl breaks down to sodium
chloride and oxygen. Oxygen from the chemical reaction
causes strong inhibition of the interfacial polymerization
of adhesive materials (7). Otherwise, there might be some
reactive residual free-radicals in NaOCl treated dentin
which might compete with the vinyl free radicals generated
during light activation of the adhesive system. This
results in premature chain termination and incomplete
polymerization (8).

To achieve adequate bond strength, 10% sodium ascorbate

was introduced to apply on the NaOCl treated dentin and
followed by water rinsing (8, 9). The sodium ascorbate
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is a reducing agent that interacts with oxygen, which is
by-product of NaOCI by redox reaction (9). According to
Vongphan et al. (10) application of 10% sodium ascorbate
on NaOCl treated dentin (40.5 MPa) significantly increased
the bond strength of single bond on etched dentin
compared to NaOCl treatment (21 MPa). This finding was in
agreement with the other studies (9, 11, 12). They found that
additional treatment with ascorbic acid or neutral sodium
ascorbate increased bond strengths of resin cements.

Immediate restoration of endodontically treated teeth is
of great significance both for clinicians and patients. This
immediate approach may prevent microleakage (13). In
addition, dental patients expect adequate esthetics and
function shortly after the root canal treatment (14). Although
itwasindicatedin afew studies (9-12) that sodium ascorbate
irmgation restored the bond strength of resin cements, short-
term effect of sodium ascorbate on bond strengths of FRC
POsts to root canal dentin has not been evaluated yet. Thus,
the aim of this study was (i) to evaluate the push-out bond
strength of self-adhesive resin cement to dentin surfaces
which were treated with different irrigates, (i) to evaluate the
effect of sodium ascorbate irrigate on the bond strength of
FRC posts shortly after applying the conventional NaOCl
and EDTA (ethylenediaminetetracetic acid) irgates, and
(iii) to determine the bond strength of FRC posts according
to regional differences of the root dentin. The hypothesis
tested was that, sodium ascorbate irrigation would increase
the push-out bond strength of FRC posts shortly after
the root canal treatment, reducing the negative effect of
NaOClirrigate used during instrumentation and post space
preparation of the roots.

MATERIALS AND METHODS

Thirty humanmaxillary centralincisors and caninesextracted
for periodontal reasons, with straight single root canals, free
of cracks, caries, and fractures, and fully developed apices,
were selected for this study. External debris was removed
andthey were stored in tymol solution for surface disinfection
until use. The crown of each tooth was removed from the
cemento-enamel junction with a 0.15 diamond-wafering
blade (Buehler Ltd, Lake Bluff, IL, USA) with a slow speed
saw (Buehler Ltd, Lake Bluff, IL, USA) under water cooling,
to achieve a uniform length of 16 mm. The pulp tissue
was removed with a barbed broach. Canal patency was
determined by passing a size 10 K-file (Dentsply Maillefer,
Ballaigues, Switzerland) through the apical foramen. Canal
working lengths were establisned 1 mm short of the apical
foramen and the step-back technique was used for canal
instrumentation. The 30 roots were randomly assigned to 3
groups (n=10). In group 1, which served as the control, root



canals were copiously irmigated with distilled water during
shaping procedure. In group 2 and group 3, root canals
were copiously irrigated with 5.25% NaOCI between the
instruments. At the end of shaping procedure, canals were
thoroughly rinsed using 17% aqueous EDTA. Distilled water
was the finalirrigant. Following the irrigation, the canals were
completely dried with absorbent paper points (Dentsply
Maillefer, Ballaigues, Switzerland). Then the canals were
obturated with cold lateral condensation technique.
AHPlus (De Trey-Dentsply, Konstanz, Germany) was the
sealer. After obturation, all access cavities were sealed with
temporary filling material (Coltosol-F, Coltene-Whaledent,
Switzerland) and the roots were stored in distilled water at
room temperature for 24 hours. Then, the post spaces were
all prepared to a depth of 10 mm with preparation drills (size
3, RelyX Fiber Post drill; 3M ESPE, Seefeld, Germany). Five
mm of intact gutta-percha was left behind to preserve the
apical seal. Post size 3 (RelyX Fiber Post, 3M ESPE, Seefeld,
Germany, 0.9-mm diameter apically, 1.9-mm diameter
coronally and 0.10 taper) was tried to ensure that the posts
would reach the bottom of the post space. Presence of
any residual gutta-percha in the walls of post space was
checked by radiographic evaluation.

Before cementation of the posts, different irrigation
procedures were performed. In the first group, only distilled
water was used forirrigation (group 1). In the second group,
after copious irmigation with 5.25% NaOCl, 17% EDTA and
distilled water were used subsequently (group 2). In the
third group, 5.25% NaOCl 17% EDTA and distilled water
were used followed by 10% sodium ascorbate irrigation for
10 minutes (group 3).

The post spaces were completely dried with absorbent
paper points (Dentsply Maillefer, Ballaigues, Switzerland)
and the surfaces of the posts were cleaned with alcohol
and dried with air. For cementation of fiber posts, the dual-
polymerized self adhesive resin luting agent (RelyX Unicem,
3M ESPE, Seefeld, Germany) was prepared according to
the manufacturer's instructions. RelyX Unicem Aplicap was
mixed for 15 seconds and the special elongation tip was
inserted to RelyX Unicem Aplicap. The cement was applied
into the orifice of root canals. The posts were inserted into
the canal to full depth by using finger pressure, and excess
was immediately removed. The light curing was performed
for 40 seconds through the posts, the tip of the light unit
(Optilux 501, Kerr, USA) directly in contact with the coronal
end of the posts. All the post-cemented roots were placed
in distilled water at room temperature for 24 hours.

Push-out test

Then, each root was sectioned perpendicular to the long
axis with a low speed saw (Buehler Ltd, Lake BIUff, IL, USA)
to create 1.00+0.05-mm-thick slices. For each root, 3 slices
from each region (coronal middle, apical) were sectioned
and totally 90 slices were collected. Each slice was marked
on its coronal side with an indelible marker. The thickness
of the slices were measured with a micro-measuring device
in which the minimum reading value was set at +0.001
mm (Mitutoyo Digimatic Caliper, Mitutoyo Corp, Kawasaki,
Japan), and the radius of the canals were measured by
using stereomicroscope (Leica MZ16 FA, Houston, TX).
The push-out tests were performed at a crosshead speed
of T mm/min by using a universal testing machine (Instron,
3345, Instron Corp, Norwood, MA, USA). The push-out jig
was placed on the test machine. Care was taken to center
the push-out pin (1.0 mm in diameter) on the center of the
post surface, without stressing the surrounding post space
walls. The load was applied to the apical side of the root slice
to avoid any limitation of post movement due to post space
taper. The peak force at the point of extrusion of the post
segment from the slice was taken as point of bond failure,
and the values were recorded in Newton (N). To express the
bond strength in MPa, the load values recorded in Newton
were divided by the area of the bonded interface. It was
calculated using this formula: A=2mrh (A: bonded area, -
radius, h: thickness of the slices).

Push-out test

After testing the push-out bond strengths, all samples were
analyzed under a scanning electron microscope (SEM) to
determine the type of failure. Failure of fractured specimens
were determined and classified in 5 categories, described
by Perdigao et al. (15):

1. Adhesive failure between the post and resin cement,
there is no cement around the post.

2. Mixed failure between the post and resin cement, there is
resin cement 0-50% in percentage around the post.

3. Mixed failure between the post and resin cement, there is
resin cement 50-100% in percentage around the post.

4: Adhesive failure between the dentin and resin cemen,
the post is surrounded with resin cement.

5: Cohesive failure in dentin.

Failure mode analysis

After testing the push-out bond strengths, all samples were
analyzed under a scanning electron microscope (SEM) to
determine the type of failure. Failure of fractured specimens
were determined and classified in 5 categories, described
by Perdigao et al. (15):
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1. Adhesive failure between the post and resin cement,
there is no cement around the post.

2. Mixed failure between the post and resin cement, there is
resin cement 0-50% in percentage around the post.

3. Mixed failure between the post and resin cement, there is
resin cement 50-100% in percentage around the post.

4: Adhesive failure between the dentin and resin cement,
the post is surrounded with resin cement.

5: Cohesive failure in dentin.

Statistical analysis

Statistical analyses were performed to evaluate the
differences between bond strengths. One-way analysis
of variance (ANOVA) and Tukey HDS tests were used to
analyze the data and the significance level was set at p<0.05.

RESULTS

Push-out bond strength

The push-out bond strength values are shown in Table
2. The bond strength for coronal region was found as
10.38+4.11 MPa in control group, 804+3.3 MPa in group 2
(NaOCland EDTA) and 10.35+2.46 MPa in group 3 (NaOCl
and EDTA and sodium ascorbate). The bond strength
for middle region was found as 7.82+3.63 MPa in control
group, 7.60+272 MPa in group 2 and 958+349 MPa in
group 3. The bond strength for apical region was found as
7.73+3.12 MPa in control group, 9.57+2.42 MPa in group 2
and 9.89+3.06 MPa in group 3. There were no statistically
significant differences between the bond strength values
of the groups related to irrigation procedures (p>0.05). In
addition, there were no statistically significant differences
between the bond strength values of the groups related to
different regions of the roots (p>0.05).

Material | Manufacturer Composition Lot number
Parallel oriented and
RelvX 3M ESPE, equal distributed glass
) v Seefeld, fibers, embedded into | 113770907
Fiber Post : :
Germany acomposite resin
matrix
Powder: glass
fillers, silica, calcium
RelyX i
) hydroxide, self-cure
Unicem T )
_ initiators, pigments,
Aplicap 3M ESPE, ) .
light-cure initiators
(self- Seefeld, . 357281
_ Liquid: methacrylated
adhesive | Germany i
i phosphoric esters,
resin
dimethacrylates,
cement) .
acetate, stabilisers,
self-cure initiators

Table 1: Materials used in this study
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Mean (sd)
Group 1 (distilled water) 10.38 (4.11)
Group 2 (NaOCland EDTA) 804 (3.30)
Coronal region | Group 3 (NaOCland EDTA and
10.35 (2.46)
sodium ascorbate)
D 0222
Group 1 (distilled water) 7.83(363)
Group 2 (NaOCland EDTA) 750 (2.72)
Middle region | Group 3 (NaOCland EDTA and
958 (349)
sodium ascorbate)
D 0.331
Group 1 (distilled water) 773(312)
Group 2 (NaOCland EDTA) 957 (2.42)
Apicalregion | Group 3 (NaOCland EDTA and
989 (3.06)
sodium ascorbate)
D 0213
Group 1 (distilled water) 864 (373)
Group 2 (NaOCland EDTA) 837(2.88)
Total Group 3 (NaOCland EDTA and
994 (294)
sodium ascorbate)
P 0134

Table 2: Mean push-out bond strength values (sd) in MPa.

Failure mode analyses

According to the SEM analysis, mixed failure between
the post and resin cement which included 50-100% resin
cement remaining around the post (failure type 3) was
the most frequently observed failure type (45%, n=41).
The cohesive failure in dentin (failure type 5) was the
least observed failure type (n=2). Other failure types were
determined as adhesive failure between the post and resin
cement which included no cement around the post (failure
type 1, n=7), mixed failure between the post and resin
cement which included 0-50% resin cement around the
post (failure type 2, n=22) and adhesive failure between the
dentin and resin cement in which the post was surrounded
with resin cement (failure type 4, n=18) (Table 3).

Failure mode
Groups Region 1 2 3 |4 5
Group 1 Coronal 0 5 5 0 0
Middle 1 2 7 10 0
Apical 2 0 8 0 0
Group 2 Coronal 2 1 2 5 0
Middle 2 0 2 |6 0
Apical 0 2 5 3 0
Group 3 Coronal 0 3 5 1 1
Middle 0 3 4 2 1
Apical 0 6 3 1 0
Total 7 22 141 118 |2

Table 3: Distribution of the failure modes following the push-
out test



DISCUSSION

The dislocation resistance of the FRC posts is mainly related
tothe luting agentand the success of the luting procedure to
dentin. Although clinical experiences give exact information
of bonding effectiveness, laboratory researches provide
first-hand information on newly introduced materials (16).
For quantitative evaluation of adhesion reliability, bond
strength tests suggest that the stronger the bond at the
tooth-material interface, the better it will resist undesirable
stresses (17).

Several bond strength tests have been developed to
evaluate clinical performances of dental materials. When
FRC posts were first introduced in the 1990s, conventional
shear and tensile tests had been criticized by some
researchers (18). The bond strengths were entirely
depended on experimental conditions and this was a
limitation of these methods (19). The microtensile bond
strength testing was introduced because it has the ability to
reflect the true bond strength, to measure adhesion to small
surfaces, 1o assess local variations and to obtain multiple
specimens from a single tooth (20).

The push-out test, first used in 1996, is a valid method to
investigate the retention of posts. Factors affecting the
retention such as root canal treatments, iming of post
cementation, type of adhesive and polymerization mode,
properties of the luting agent, and thickness of the cement
layer have been evaluated with this method (21). Also the
degree of bond maturation over time and bond degradation
under fatigue loading has been studied with the push-out
test (16). This test is involved sectioning the posted root into
1 mm thick slices, and loading the post within each slice with
a plunger until failure occurs. It provides a better estimation
of the bonding strength than the conventional shear test,
because the fracture occurs parallel to the dentin-bonding
interface (22). In addition, the push-out test has been
considered more dependable than the microtensile test for
bonded posts because of the high number of premature
failures occurring during specimen preparation and the
large data distribution associated with microtensile testing
(23). Moreover, the push-out test simulates the clinical
conditions more closely (18).

The adhesive systems that have been proposed for
bonding FRC posts to root canal dentin can be divided
into self-etching adhesives and etch-and-rinse systems
(24). Recently, self-adhesive resin cement, RelyX Unicem,
was introduced. The mulifunctional monomers  with
phosphoric acid groups simultaneously demineralize and

infilirate enamel and dentin. The adhesion obtained with
this agent is claimed to rely on micromechanical retention
and chemical interaction between monomer acidic groups
and hydroxyapatite (25). Self-adhesive cements do not
require any pretreatment of dentin and this offers a shorter
application time and reduced number of clinical steps (4). In
this study, this cement is preferred to eliminate the variability
depending on multiple steps.

Self-adhesive resin cements react with the hydroxyapatite of
the dental hard tissues. However, they have limited capacity
to diffuse and decalcify the dentin because of their high
viscosity which increases the acid-base reaction (26). They
are unable to dissolve the smear layer completely. Despite
the initial acidic pH (2.1), RelyX Unicem does not produce
any dentin demineralization and hybridization (27, 28). Behr
et al (29). revealed that the adhesive interface appeared
similar to established dual-cured luting agents.

The post space preparation and cementation can be
performed immediately or later, after the endodontic
treatment Invitro studies reported less apicalleakagein case
of immediate post space preparation and post cementation
(13, 30), and immediate approach is less time consuming
(31). However, the timing of these procedures may affectthe
retention of the posts. Vano et al. (32) investigated the effect
of immediate versus delayed cementation of the FRC posts
on the retention and found that push-out bond strength
obtained with immediate approach was significantly
lower than those obtained with delayed approach (24 h
and 1 week). This finding was attributed to poor adhesion
caused by contamination of the post space walls with the
unset eugenol sealer. In the present study, non-eugenol
sealer was used to eliminate this factor. On the other hand,
obturated roots were stored in distilled water for 24 hours
before post space preparation and post cementation to
allow the root canal fillings to set

The preparation of the post space using post drills results in
an additional and thicker smear layer, which is composed
of both dentin debris and sealer or gutta-percha remnants,
which would affect the FRC post adhesion (33). These
remnants may decrease the penetration and chemical
interaction of the bonding agents. Therefore, achieving
a clean dental surface with irrigation the post space after
driling procedures is a critical step for optimal FRC post
retention (34).

Surface treatments of root dentin with different agents
may cause alterations in the chemical and structural
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composition of dentin, which may change its permeability
and solubility (35). These alterations have the potential
to affect the bonding of adhesive materials to the treated
dentin surfaces (36). In the present study, a conventional
irmgation procedure was followed during shaping the
root canals. According to this procedure, the canals were
irmgated with copious amounts of NaOCL After shaping
procedure, EDTA was used because of its smear-removing
efficacy. As it was demonstrated that dental erosion was
more evident with final flush of NaOCI (37, 38), distilled water
was used for the final irrigation. The presence of the smear
layer may be a weak link for self-adhesive cements similar to
glass ionomers (28).

NaOClis a nonspecific oxidizing and proteolytic agent which
denatures the collagen components of the smear layer
(39). The oxidizing properties of the NaOCl cause negative
effect on the initiation of polymerization of the adhesive
system, leading to lower bond strength (6). Vonghpan et
al (10) suggested that endodontically treated teeth which
were irrigated with NaOCl can be acid-etched and bonded
immediately, with the use of 10% sodium ascorbate without
any adverse effect. They observed rougher surface and
more clearly visible collagen fibrils on the intertubular
dentine after treating with 10% sodium ascorbate. The
increased bonding strength was attributed to this finding.

Sodium ascorbate is a salt of ascorbic acid, which is a
water-soluble vitamin known as vitamin C. This solution
has antioxidant properties. As vitamin C and its salts are
non-toxic and are used in food industry, it seems that their
use on dentine will create no adverse biological effect. It is
reported that sodium ascorbate increases bonding strength
of resins to dentin (40). Various results have been reported
regarding the positive influence of sodium ascorbate
solutions on the bond strengths of resin materials to dentine
(9-12). In Morris et al’s study (9), it was stated that irrigation
with 5% NaOCl (7.7 MPa) decreased the bond strength of
resin to dentin compared to distilled water (23.6 MPa). On
the other hand, they applied 10% sodium ascorbate and
found that this procedure increased the bond strength
(277 MPa). Vongphan et al. (10) evaluated the microtensile
bond strength of resin to dentin after treated with different
irmgates and found that the bond strength of dentin irrigated
with 5.25% NaOCl for 10 minutes was significantly lower (21
MPa) than the bond strength of dentin irigated with 5.25%
NaOCl and 10% sodium ascorbate for 10 minutes (40.5
MPa). Weston et al. (11) investigated the effectiveness of
sodium ascorbate to increase bond strengths when used
for less time (1 to 3 minutes) than recommended by the
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manufacturer (10 minutes) or at different concentrations
(10%, 20%). They stated that there were no significant
differences between those canals treated with 10% sodium
ascorbate and those treated with 20% sodium ascorbate
regardless of treatment time, and 1-min treatment (23.8
MPa) was just as effective as 10-min treatment (29.1 MPa).
However, they found statistically significant differences
among the all sodium ascorbate groups (22.0 MPa- 29.1
MPa) and 5.25% NaOCI groups (8.3 MPa) (11). Da Cunha
et al (12) compared 3 different irrigation procedures for
the evaluation of push-out bond strength of FRC posts
to dentin. They reported that application of 5% NaOCI for
10 minutes decreased the bond strength compared to
distilled water and irrigation of 10 % sodium ascorbate for 10
minutes restored the bond strength (12). These results can
be explained by the antioxidant ability of sodium ascorbate.
In the present study, there were no statistically significant
differences between the bond strength values of the groups,
both related to irrigation procedures and the root regions.
However, the mean bond strength values of the sodium
ascorbate group (9.94 MPa) were numerically higher than
the other groups. Similarly, the bond strength values of the
NaOCland EDTA group (8.37 MPa) were numerically lower
than the other groups. A possible explanation for these
findings could be that the post space preparations and
the adhesive procedures were performed 1 day after the
root-canal treatment. In the other studies (9-12), all these
procedures were performed 1 week later. Reduction in
bond strength may be related to changes in the physical
and chemical properties of dentin after application of NaOCI
and EDTA (41).

EDTA is a chelator agent that reacts with calcium ions
in the hydroxyapatite crystals of dentin. It softens dentin
especially in the middle and coronal peritubular dentin. It
is very effective in smear layer removal. It is considered to
improve the retention of the FRC posts by removing the
smear layer, opening the dentin tubules and etching the
intertubular dentin that leads to better contact between the
resin cement and the dentin (42). Inthe present study, EDTA
was used after NaOCl irrigate for the purpose of applying
routine clinical irrigation procedure. Higher bond strength
values were obtained in group 2 (NaOCl and EDTA) than
expected, and this result can be attributed to the irrigation of
root canals with EDTA.

The secondary aim of this study was to compare the
regional differences on the bond strengths of FRC posts for
all imigation procedures. However, a statistically significant
difference was not found between the coronal, middle and
apical regions of the root canal dentin.



According to SEM evaluation of this study, mixed failures
between post and resin cement (type 3) were observed
frequently (66%) in group 1. Most of the dentinal tubules
were closed probably because of the smear layer that could
not be dissolved by rinsing distilled water. No hybrid layer or
resin tag formation was observed in this group (Figure 1 and
Figure 2)

Figure 1: Fe-SEM image of the Rely X Unicem dentin interface
from the control group. At the cement-dentin interface a thin
interaction zone with few resin tags were observed. (D: Dentin;
RU: Rely X Unicem; FP:Fiber post).

Figure 2: Dentin side of a fractured push-out specimen from
Rely X Unicem control group showing mixed failure mode with
smear layer covered dentin (D) and resin cement (RU).

Ingroup 2, itwas observed that the smear layer was removed
completely from the NaOCl EDTA treated dentin, and
an erosive surface occurred with large opened dentinal
tubules and resin tags. Although resin tag formation was
detected, no hybrid layer was observed in group 2.
Adhesive failures between dentin and resin cement (type
4) were observed frequently (46%) and this may be
related to lower bonding strength

Figure 3: ' Fe-SEM image of Rely X Unicem and NaOCl| EDTA
treated dentin interface. An interaction zone (white arrows) and
large funnel shaped resin tags (black arrow) were detected. The
interaction zone appeared to have a larger diameter compared
to those observed in the control and in the NaOCIl-EDTA-Sodium
Ascorbat group. (D: Dentin, RU: Rely X Unicem;, FP:Fiber post).

Figure 4: Dentin side of a fractured push-out specimen from
NaOCl and EDTA treated group showing adhesive failure mode.
Most of the resin tags were pulled out of the tubules (black
arrow) whereas infiltration into some tubules were not evident
(white arrow).

(Figure 3 and Figure 4).

In group 3, the application of 10% sodium ascorbate on
the NaOCl EDTA treated dentin surface showed no
obvious morphology change compared to group 2.
Mixed failures between the post and resin cement (type
2 and 3) were detected frequently in this group (80%).
Cohesive failures within the dentin were observed in 2
samples (Figure 5 and Figure 6).
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Figure 5: : Fe-SEM image of Rely X Unicem and NaOCI-EDTA-
Sodium Ascorbat treated dentin interface. A thin interaction
zone (white arrows) with a lot of resin tags (black arrow) were
evident. (D: Dentin;, RU: Rely X Unicem, FP:Fiber post).

Figure 6: Dentin side of a fractured push-out specimen from
NaOCl- EDTA- Sodium Ascorbat treated group showing mixed
failure mode with fractured resin tags into the tubules (black
arrow) and resin cement (white arrow).

CONCLUSIONS

The short-term effect of sodium ascorbate irrigation on the
push-out bond strengths of FRC posts to root canal dentin
was determined in vitro. The use of 10% sodium ascorbate
after irrigation the dentin with NaOCl and EDTA improved
the bond strengths but this difference was not statistically
significant. The surface treatment of dentin with sodium
ascorbate requires further investigation to determine
appropriate timing or concentration for achieving optimal
adhesion at the resin cement-dentin interface after exposure
to NaOCL
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