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ABSTRACT

Objective: To evaluate the effect of instrumentation techniques,
irrigant solutions and specimen aging on fiberglass posts bond
strength to intraradicular dentine.

Materials and methods: A total of 120 bovine teeth were
prepared and randomized into control and experimental groups
resulting from three study factors (instrumentation techniques,
irrigant solutions, specimen aging). Posts were cemented with
RelyX U100. Samples were submitted to push-out test and
failure mode was evaluated under a confocal microscope.

Results: In specimens submitted to water artificial aging,
nickel-titanium rotary instruments group presented higher bond
strength values in apical third irrigated with NaOCI or chlorhexi-
dine. Irrigation with NaOCI resulted in higher bond strength
than ozonated water. Artificial aging resulted in significant bond
strength increase. Adhesive cement-dentin failure was prevalent
in all the groups.

Conclusion: Root canal preparation with NiTi instruments
associated with NaOCI irrigation and ethylenediaminetetra
acetic acid (EDTA) increased bond strength of fiberglass posts
cemented with self-adhesive resin cement to intraradicular
dentine. Water artificial aging significantly increased post-
retention.

1357Department of Stomatologic Sciences, School of Dentistry
Federal University of Goias, GO, Brazil

’Department of Dental Materials and Operative Dentistry
School of Dentistry, Federal University of Uberlandia, Uberlandia
MG Brazil

5Department of Prevention and Oral Rehabilitation, School of
Dentistry, Federal University of Goias, GO, Brazil

Corresponding Author: Carlos Estrela, Professor, Department
of Stomatologic Sciences, Federal University of Goias, Praca
Universitaria s/n, Sector Universitario CEP: 74605-220
Goiania, GO, Brazil, e-mail: estrela3@terra.com.br

Clinical significance: The understanding of factors that may
influence the optimal bond between post-cement and cement-
dentin are essential to the success of endodontically treated
tooth restoration.
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INTRODUCTION

Endodontically treated teeth frequently require indirect
restorations because of extensive loss of tooth structure
as a result of caries lesions, previous restorations and /or
fractures. Thus, it is required the use of a post to provide
sufficient retention for the final restoration.!”

Fiberglass posts, in combination with composite core
foundation materials, are widely accepted as alterna-
tive to cast posts in the restoration of endodontically
treated teeth (ETT).!™ Fiberglass posts have a high flexural
strength and elasticity modulus, similar to that of dentine,
which minimize the transmission of stresses to root canal
walls and decrease the possibility of fractures.>” Further-
more, they can also be cemented in the root canal using
adhesive techniques.*®

An optimal bond between post-cement and cement-
dentin is necessary for the success of the restorative
procedure in ETT.” However, debonding is the most
common mode of failure of the fiber-reinforced compos-

ite post restoration."®’ This fact occurs probably to poor
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visibility, anatomical features and limited capacity to dissi-
pate polymerization shrinkage stresses in long narrow
post spaces, exhibiting a highly unfavorable configuration
factor, and was found to be less effective than bonding
to coronal dentin.?!01°

Endodontic treatment performed before the luting of
posts also may interfere with bonding to intraradicular
dentin.'"'?1%1% The sanitizing process of infected root
canals begins with the mechanical action of endodontic
instruments and chemical action of irrigants, which
can induce chemical and structural changes of dentine
surface and affect the interaction with restorative
materials. %1820

An effective irrigating solution in root canal prepara-
tion (RCP) is essential for the sanitization process, because
it favors cleaning, shaping and neutralizes necrotic pulp
content. Several irrigant solutions for RCP have been
proposed. Sodium hypochlorite and chlorhexidine are
antimicrobial agents frequently used for root canal infec-
tions treatment.”” The use of ozonated water (O,) has been
studied as an alternative method for the disinfection of
the root canal treatment.'>?

Nonetheless, there is no consensus in the literature
about the possible effects of the chemical agents commonly
used during RCP regarding bonding to intraradicular
dentine, since these depend on the dentin bonding sys-
tem used."!131619 Thus, the compatibility among diffe-
rent materials used in root canal treatment and in luting
fiber posts to root dentine is an important aspect to be
considered for a successful restoration.

This study analyzed the effects of root canal treatment
(instrumentation technique and irrigant solution), and
specimen artificial accelerated aging on bond strength of
fiber posts adhesively cemented to root canals of bovine
incisors, to test whether these factors had any effect
on fiber post bond strength to root dentine, according
to the different regions of the post space (cervical,
middle, apical). The null hypothesis tested was that the
instrumentation techniques, the irrigant solutions and the
specimen artificial accelerated aging have no influence on
fiberrglass post regional bond strength to intraradicular
dentin.

MATERIALS AND METHODS

A total of 120 freshly extracted bovine incisors with roots
that were anatomically similar in size, shape and had a
canal less than 1 mm in diameter and fully developed
apices, were selected from 700 teeth and stored in
distilled water. Each tooth was decoronated using a
double-faced diamond disk (KG Soresen, Sao Paulo,
SP, Brazil), operated perpendicularly to its longitudinal

axis to produce roots 15 mm long. Roots were randomly
divided into 12 groups (n = 10) resulting from the
interaction among three study factors: instrumentation
technique—root canal preparation (RCP) with stainless
steel instruments, K-File® (SS) and RCP with K3® nickel-
titanium rotary instruments (NiTi); irrigant solutions—1%
sodium hypochlorite (NaOCl), 2% chlorhexidine (CHX)
and 1.2% ozonated water (O;); specimen aging—test with
no aging (immediate) and test performed after artificial
accelerated aging with 2 months of water storage at 37°C

(aged).
Endodontic Procedures

Root canals were prepared to 1 mm short of the apex
using a crown-down technique. In groups SS, RCP was
carried out using sizes # 1,2 Gates glidden burs (Dentsply
Maillefer, Ballaigues, Switzerland) (working length
‘WL’ = 10 mm), size # 2 Largo burs (Dentsply Maillefer)
(WL = 10 mm), and stainless steel instruments (K-File;
Dentsply Maillefer) up to # 45 K-File (WL = 14 mm). In
groups NiTi, root canals were prepared with sizes # 1,2
Gates glidden burs (Dentsply Maillefer) (WL = 10 mm)
and K3 nickel-titanium rotary instruments (SybronEndo,
Optimum, Sao Paulo, Brazil) in the following sequence: #
25.10 taper (WL =10 mm); # 15-25.02 taper (WL =14 mm);
#25.04 taper (WL = 14 mm); # 25.06 taper (WL = 14 mm);
# 30-45.02 taper (WL = 14 mm).

During RCP, at each change of instrument, root canals
were irrigated with 2 ml of one of the irrigant solutions:
NaOCl: 1% sodium hypochlorite (Fitofarma, Goiania, GO,
Brazil); CHX: 2% chlorhexidine (Fitofarma, Goiania, GO,
Brazil); O;: 1.2% ozonated water. Ozone was produced
by electric discharge through oxygen current (PXZ3507,
Eaglesat Tecnologia em Sistemas Ltd., Sdo José dos
Campos, SP, Brazil), and bubbled into 1 L sterile distilled
water at 7 gm/h ozone flow rate (1.2%).% In all groups,
3 ml of 17% ethylenediaminetetraacetic acid (EDTA)
(Biodindmica Quimica e Farmacéutica Ltda., Ibipord, PR,
Brazil) was used for 5 minutes to remove the smear layer.
The final irrigation was performed with 5 ml of the same
solution used. After RCP, root canals were not filled to
avoid interference of the filling material in the analysis

of adhesion as shown in previous studies.*!*

Post Space Preparation

Post space was prepared using sizes # 3 to 5 Largo burs
(Dentsply Maillefer) (WL = 10 mm), which corresponded
to 1.5 mm parallel-sided, serrated fiber post (Reforpost
# 3; Angelus, Londrina, PR, Brazil). Root canals were
irrigated, at each change of burs and at the end of the
preparation, with 2 ml of the same endodontic irrigant
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used previously and dried with absorbent paper points.
Allroots were covered externally with utility wax to avoid
lateral activation by light source.?

Post Luting Procedure

Fiberglass posts were cleaned with 70% alcohol, then
in a single application using a microbrush and, after
drying, a silane agent was applied for 1 minute (Silano;
Angelus). The self-adhesive resin cement (RelyX U100;
3M-ESPE, St Paul, MN, USA) was prepared according
to the manufacturer’s instructions, introduced into the
canal using a K-File and placed on the post. The post was
seated to full depth by finger pressure. Excess cement was
removed after 1 minute. After 5 minutes, the resin cement
was light-cured using a 1200 mW/ cm? (Radii-Cal; SDI,
Bayswater, Australia) source for 40 seconds each on the
cervical face of the root, in the direction of the long axis of
the root, and obliquely to the buccal and lingual surfaces,
for a total of 120 seconds. The coronal limit of the interface
between the post-cement dentin was then sealed using
composite resin, and the roots were stored in distilled
water at 37°C for 24 hours. The samples were stored for
24 hours until the resin cement had completely settled,
because it is a dual cement, which after activation with
curing needs a time to promote complete chemical setting.

Specimen Preparation for Push-out Test

After 24 hours, each root was serially sectioned perpen-
dicular to its long axis using a double-faced diamond
disc (102.0 mm Diameter x 0.3 mm Thickness x 12.7 mm
Arbor, Extec, Enfield, CT, USA) and a precision saw
(Isomet 1000, Buehler, Lake Bluff, IL, USA) at low speed
under water cooling to obtain two slices measuring 1 mm
thick from cervical, middle and apical post thirds, a total
of six slices per root.

Push-out Test

Inimmediate groups, slices were submitted immediately
(with no aging) to a push-out test; while in aged groups,
slices were stored in distilled water at 37°C for 2 months
(artificial accelerated aging) prior to testing. The push-
out test was performed in a testing machine (EMIC DL
2000, Sao José dos Pinhais, PR, Brazil) by applying a
compressive load at 0.5 mm/min from the apical to
coronal direction until failure. The bond strength was
calculated in MPa by dividing the load at failure (N) by
the area of the bonded interface. The area of the bonded
interface was calculated as follows: A = 2nrh, where A is
the area of the bonded interface, = = 3.14, r is the radius
of the post segment (mm) and h is the thickness of the
post segment (mm).>714

STATISTICAL ANALYSIS

The Statistical Analysis Software (SAS) (version 9.2, SAS
Institute Inc., Cary, NC, USA) was used for statistical
analysis. The Shapiro-Wilk test was used to test normality.
The effects of instrumentation technique, irrigant
solutions and post thirds on bond strength were analyzed
using two-way analysis of variance (ANOVA) in a split-
plot arrangement, with the main plot for instrumentation
technique and irrigant solutions, and the subplot for post
third (cervical, middle and apical). Comparisons with
respect the artificial aging was performed by one-way
ANOV A with the main plot for this factor and the subplot
for post third. The Tukey’s test was used for multiple
comparisons (o = 0.05).

Confocal Microscopy

To determine failure mode, all fractured specimens
were only air dried and analyzed under a confocal laser
scanning microscope (Carl Zeiss Laser Scanning Systems,
LSM510, META, Oberkochen, Germany). Images were
analyzed using the Zeiss LSM Image Browser (META,
Germany). The failure mode was classified into six
types: (I) adhesive between the post and resin cement;
(II) adhesive between resin cement and intraradicular
dentine; (IIT) cohesive in cement; (IV) cohesive in dentine;
(V) cohesive in post, and (VI) mixed, among post, resin

cement and intraradicular dentine.**

RESULTS

Mean push-out bond strengths and standard deviations
of immediate groups are shown in Table 1. Two-way
ANOVA (instrumentation technique x irrigant solutions)
with subplot (post third) of immediate groups showed
a significant difference for irrigant solutions (p = 0.0023)
and post third (p < 0.0001). Tukey’s test indicated that
irrigation with NaOCl resulted in higher bond strength
than with O, except in the apical third of NiTi that was
similar. The irrigation with CHX resulted on intermediate
values that were statistically similar to values obtained in
groups irrigated with Oj in thirds cervical/apical of SS
and cervical/middle of NiTi, and in all groups irrigated
with NaOCl. Regardless of RCP and irrigant solutions,
cervical third had higher bond strength values than
apical third.

Mean push-out bond strengths and standard devia-
tions of aged groups are shown in Table 2. Two-way
ANOVA (instrumentation technique x irrigant solutions)
with subplot (post third) of aged groups showed signifi-
cant difference for instrumentation technique (p = 0.0356),
irrigant solutions (p <0.0001), post third (p < 0.0001) and
the interaction between irrigant and post third (p = 0.0047).
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In apical third of specimens irrigated with NaOCl or CHX,
NiTi resulted on higher bond strength than SS. Regard-
ing the irrigant solution, NaOCl resulted on higher bond
strength values than O3 in all the groups. Chlorhexidine
presented statistically lower value than NaOCl only in
cervical third of SS and similarity to NaOCl in the other
groups. Cervical third presented higher values than api-
cal third, except in groups NiTi-NaOCl and NiTi-CHX,
which were similar.

Mean push-outbond strengths and standard deviations
as a result of specimen aging and post third of all groups

are in Table 3. One-way ANOVA (artificial aging)
with subplot (post third) in group SS-NaOCI showed
significance for artificial aging (p < 0.001) and post third
(p < 0.001). In group SS-CHX there was significance for
artificial aging (p < 0.001) and post third (p < 0.001). In
group SS-O; there was significance for artificial aging
(p=0.006), post third (p < 0.001) and interaction between
the factors (p = 0.032). In group NiTi-NaOCl there was
significance for artificial aging (p < 0.001) and post third
(p = 0.005). In group NiTi-CHX there was significance
for artificial aging (p < 0.001) and post third (p = 0.008).

Table 1: Bond strength means in MPa (standard deviation) of immediate groups (no aging) and statistical categories defined by
Tukey’s test (n = 10)

Instrumentation technique

Stainless steel instrument

Nickel-titanium instrument

Irrigant Post third Post third

solution Cervical Middle Apical Cervical Middle Apical Total

1% NaOCI 12.9 (2.4)"a 10.3 (4.0)B2 7.10 (3.8)°2 13.5 (2.1)"a 11.4 (3.3y"82 9.3 (4.8)B¢ 10.8 (4.0)?
2% CHX 11.4 (3.3 9.8 (3. 9)"a 6.7 (3.9)°® 11.5 (3.8)"° 10.0 (4.9)"B%® 7.1 (5.6)5¢2 9.4 (4.5)%
Ozone water 8.7 (6.8)"° 6.2 (5.0)%° 3.5(2.9)°° 9.5 (3.4)%° 7.4 (1.6)"B° 6.8 (1.4)5¢2 7.0 (4.3)°
Total 8.5 (4.9)8 9.6 (4.2

Capital letters were used to compare groups in the horizontal lines and lower-case letters were used to compare groups in the vertical
lines. Tukey categories with same letters are not statistically significant from each other (p < 0.05); Stainless steel instruments—K-file;

NiTi: K3 nickel-titanium instruments

Table 2: Bond strength means in MPa (standard deviation) of aged groups and statistical categories defined by Tukey'’s test (n = 10)

Instrumentation technique

Stainless steel instrument

Nickel-titanium instrument

Irrigant Post third Post third

solution Cervical Middle Apical Cervical Middle Apical Total

1% NaOCl 24.1 (5.8)" 20.3 (7.7)B2 15.5 (8.6)°? 25.1 (6.4)" 22.6 (6.1)"%2  21.6(6.3)"B2  21.5(7.3)?
2% CHX 18.9 (4.3)"8>  16.2 (4.0)B2 13.3(7.2)°% 214 (3.4 208 (6.3/"% 18.4 (7.7)"%@  18.2(6.1)?
Ozone water ~ 17.4 (4.9)*° 9.9 (4.0)%° 6.4 (3.4)°° 17.4 (4.9)"° 11.0 (5.3)B° 7.1(3.8)8%  115(6.2)°
Total 15.8 (7.5)B 18.4 (7.8)"

Capital letters were used to compare groups in the horizontal lines and lower-case letters were used to compare groups in the vertical lines.
Tukey categories with same letters are not statistically significant from each other (p < 0.05); Stainless steel instruments—K-file; NiTi:

K3 nickel-titanium instruments

Table 3: Bond strength means in MPa (standard deviation), as a result of artificial accelerated aging and post third, and statistical
categories defined by Tukey’s test for each group (n = 10)

Post third
Groups Test Cervical Middle Apical
SS-NaOCl Immediate 12.9 (2.4)% 10.3 (4.0)"BP 7.1 (3.8)B°
Aged 24.1 (5.8)"@ 20.3 (7.7)F2 15.5 (8.6)°?
SS-CHX Immediate 11.4 (3.3)"° 9.8 (3.9)"80 6.7 (3.9)%°
Aged 18.8 (4.3)"@ 16.2 (4.0)°Ba 13.3 (7.2)B2
SS-0, Immediate 8.7 (6.8 6.2 (5.0)'®2 3.5 (2.9)B2
Aged 17.4 (4.9)°2 9.9 (4.0)B2 6.4 (3.4)B2
NiTi-NaOClI Immediate 13.5 (2.1)*° 11.4 (3.3)"8P 9.3 (4.8)%°
Aged 25.1 (6.4)"2 22.6 (6.1)" 21.6 (6.3)"
NiTi-CHX Immediate 11.5 (3.8)"° 10.0 (4.9)"P 7.1 (5.6)B°
Aged 21.4 (3.4)% 20.8 (6.3)" 18.4 (7.7)"@
NiTi-O; Immediate 9.5 (3.4)%° 7.4 (1.6)°8° 6.8 (1.4)B2
Aged 17.4 (4.9)2 11.0 (5.3)B2 7.1(3.8)°8

In each group, capital letters were used to compare values in the horizontal lines and lower-case letters were used to compare values in
the vertical lines. Tukey categories with same letters are not statistically significant from each other (p < 0.05); SS: Root canal preparation
with stainless steel instruments—K-file; NiTi: Root canal preparation with K3 nickel-titanium instruments; NaOCI: 1% sodium hypochlorite;

CHX: 2% chlorhexidine; O;—1.2% ozonated water
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In group NiTi-O; there was significance for artificial
aging (p = 0.008), post third (p < 0.001) and interaction
between the factors (p < 0.001). Tukey’s test demonstrated
a significant bond strength increase after artificial
accelerated aging, except for middle and apical thirds of
55-O; and apical of NiTi-O;, which was similar.

Failure distribution is shown in Table 4 and Figures 1A
to F. Adhesive cement-dentin failure was prevalent in all
groups.

DISCUSSION

The null hypotheses tested on this study were rejected.
The root canal instrumentation techniques, the irrigants
solutions and the artificial accelerated aging of samples
affected the bond strength of fiber posts to root dentine.
Moreover, bonding varied according to the different
thirds of the post space.

Various mechanical methods have been used for ex
vivo measurement of the bond strength of fiberglass post
to intraradicular dentine, as microtensile bond strength
and push-out tests.” The push-out method was shown
to have fewer premature specimen failures, lower data
distribution variability and a more homogenous stress
distribution as compared to microtensile method during
the bond strength evaluation of fiberglass posts to
intraradicular dentine.”* The push-out laboratory test
would seem to be a more appropriate methodology for
the evaluation of fiberglass posts bonded to intraradicular
dentine.”

The adhesive properties of the self-etch self-adhesive
resin cement RelyX U100 used in the present study, which
is chemically identical to the RelyX Unicem (3M-ESPE)
differing only in the application procedure, is claimed to
be based upon acidic monomers that demineralize and
infiltrate the tooth substrate, and create micromechanical

Figs 1A to F: Microscopic images of failure mode after push-out
test (magnification 10x): (A) adhesive between the post and resin
cement, (B) adhesive between resin cement and intraradicular
dentin; (C) cohesive in cement, (D) cohesive in dentin, (E) cohesive
in post and (F) mixed among post, resin cement and intraradicular
dentin. Arrows point to failure region (d: dentin; c: resin cement;
p: fiberglass post)

retention and chemical adhesion to hydroxyapatite.*©#%2*

Although this cement contains multifunctional hydro-
philic monomers with phosphoric acid groups, it shows
alow demineralization effect with a superficial morpho-

Table 4: Failure mode (%) for experimental groups

Adhesive: post Adhesive: cement and Cohesive: Cohesive: dentin  Cohesive: post

Groups and cement (I)  dentin (I1) cement (Ill)  (IV) V) Mixed (VI)
SS-NaOCl immediate — 32 (53.3) — 4(6.7) 1(1.7) 23 (38.3)
SS-CHX immediate 1(1.7) 33 (55.0) — 3(5.0) 1(1.7) 22 (36.7)
SS-0, immediate 3(5.0) 33 (55.0) — — 1(1.7) 23 (38.3)
NiTi-NaOCl immediate 2 (3.3) 33 (55.0) — 6 (10.0) 2(3.3) 17 (28.3)
NiTi-CHX immediate 2 (3.3) 34 (56.7) — 2(3.3) 2(3.3) 20 (33.3)
NiTi-O5 immediate 2(3.3) 47 (78.3) — 1(1.7) — 10 (16.7)
SS-NaOCl aged 2(3.3) 27 (45.0) — — 11 (18.3) 20 (33.3)
SS-CHX aged 3(5.0) 31 (51.7) — 1(1.7) 7(11.7) 18 (30.0)
SS-0; aged 3(5.0) 40 (66.7) — — 2(3.3) 15 (25.0)
NiTi-NaOCl aged 1(1.7) 20 (33.3) — 9(15.0) 15 (25.0) 15 (25.0)
NiTi-CHX aged — 42 (70.0) — — 10 (16.7) 8 (13.3)
NiTiO5 aged 1(1.7) 35 (58.3) 1(1.7) — 3(5.0) 20 (33.3)

SS: Root canal preparation with stainless steel instruments—K-file; NiTi: Root canal preparation with K3 nickel-titanium instruments;
NaOCI: 1% sodium hypochlorite; CHX: 2% chlorhexidine; O5: 1.2% ozonated water; Immediate: Test with no aging; Aged: Test performed

after 2 months of water storage at 37°C
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logical interaction.”” In agreement to this, Bitter et al
described that with RelyX Unicem the smear layer did not
dissolve consistently at the cement-dentin interface and
hybridization of dentin was only detected sporadically.

However, an intense chemical interaction of RelyX
Unicem with hydroxyapatite has been documented.**
This interaction is most probably based on chelation of
the calcium ions by acid groups and produce chemical
adhesion to hydroxyapatite in tooth structure.?* Chemical
interactions may be effective inside the root canal, and
indicate that this interaction might be more crucial for root
dentine bonding than the ability of the same material to
hybridize dentine.* Therefore, an effective removal of the
smear layer allowing that RelyX U100 becomes adapted to
the dentine, with good interfacial continuity, can optimize
physical interactions, such as van der Waals forces,
hydrogen bridges and charge transfer, which enhances
micromechanical retention and chemical bonding.**

Root canal preparation aims at the emptying, enlarge-
ment and sanitizing the root canal.”’ The stainless-steel
instruments have generally been used for this purpose.
The nickel-titanium instruments have been suggested
in order to facilitate curved RCP, due to the flexibility
and super-elasticity. The quality of modeling, efficiency,
less time of work and decrease of stress in professional
are other qualities inherent in the preparation with NiTi
instruments.” The preparation with stainless steel instru-
ments has allowed that walls have not been touched by
the instruments.?® Since these instruments act as crapers,
and not by excision of dentine, as occurs with NiTi
instruments, it can be suggested a greater possibility of
compaction of smear layer into dentinal tubules; featuring
greater presence of smear plug, which probably was not
completely removed even after the post space prepara-
tion. This may have acted as a barrier to penetration and
interaction of cement with intraradicular dentine, which
may be related to the decrease of bond strength observed
in groups prepared with stainless steel instruments in the
present study. It has been assumed that it is necessary to
remove the smear layer and debris from the dentine canal
walls and the initial part of dentinal tubules to increase
retention when resin cement is used.”

Sodium hypochlorite is a halogenated compound
routinely used in endodontics, and with high antimicrobial
potential. However, it does not act on the inorganic
portion of dentin, which constitutes great part of the smear
layer.!®!* Ethylenediaminetetraacetic acid produces
dentine demineralization and provides a cleaning of the
root canal walls, improving the penetration of chemical
substances and promoting a more intimate contact of
the filling material with the root canal dentine.! 131628
It acts on the inorganic components of the smear layer,

leading to decalcification of the peri- and inter-tubular
dentin, 6131628

The compounds NaOCl and EDTA are often used
in root canal treatment because they act in organic and
inorganic content of the root canal, with remotion of the
smear layer and exposition of the dentinal tubules.?®
Probably, this fact may increase the penetration of the
cement into the partially demineralized dentin structure,
favoring the micromechanical retention and increasing
the bond strength.!®* Chlorhexidine and ozonated water,
however, do not have the ability to dissolve organic
tissues, and debris can remain adhered to root canal walls
obstructing the dentinal tubules, which can negatively
influence the bond to root dentine, as seen in the present
study.'* In addition, as NaOCl acts on organic portion
dissolution exposing the inorganic, this action may favor
the chemical interactions between hydroxyapatite and
cement, justifying the highest bond strength values found
when this irrigant was used.

The effect of NaOCl on the bond strength of resin
cements to intraradicular dentine has provided some dis-
cussion. Some studies have demonstrated benefit when
this solution is used, whereas other studies described
an adverse effect of this irrigant on bonding.'!!31¢1
The increase in bond strength has been explained by the
removal of the collagen of the smear layer, which resulted
in the rough surface of the dentine. On the other hand,
the decrease in bond strength has been explained by the
change of the redox potential of bonding substrate due
to the residual NaOCl. However, these studies present
different methodologies from those used in the present
study, regarding concentration and exposure time of
NaOCl], hindering appropriate comparison with the
obtained results.

Ozonated water significantly reduced the bond
strength to root canal. Ozone (O;) is a highly reactive form
of oxygen that is generated by passing oxygen through
high voltage.?” It is a blue gas, containing three oxygen
atoms, present antimicrobial power, irritant, toxic and
unstable.?>? However, because of its high instability,
ozone rapidly turns into oxygen, which may inhibit the
polymerization of the resin cement and thus reduce bond
strength.'>?%?’ Therefore, a possible interaction with
initiator components of resin cements as well as a certain
influence of the material properties, such as the inability
to dissolve organic tissue, may explain the significant
reduction in bond strength.!?

Although fiber posts luted in root canals are not
directly exposed to oral fluids, water storage is considered
as ex vivo accelerated aging test for bonded interfaces.>’!
Studies have reported that the exposure of specimens to
water for 1 month and 2 months significantly reduced
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fiber post-resin and fiber post-dentin bond strengths,
respectively due to formation of microcracks in polymer
networks as a consequence of water sorption; resulting
in gaps at the post-adhesive interface and hydrolytic
degradation of collagen fibers.***! In the present study,
water artificial aging for 2 months significantly increased
post retention. Probably, the aqueous challenge proposed
in this study was not enough to negatively affect the
resin cement RelyX U100 network, and as it is a self-etch
self-adhesive system, collagen fibers could be completely
covered by the resin phase and are inaccessible to water
needed to effect collagenolysis.™

Increases in interfacial strength may be related to
enhanced bonding ability or setting during water storage,
stress relaxation by hygroscopic expansion as a conse-
quence of water sorption during storage, or hygroscopic
expansion of luting materials.>® The hygroscopic expan-
sion of the resin cement, in particular, could have con-
tributed to a greater adaptation of the cement to dentin
substrate. A major contribution to retentive strength in
push-out test is expected to occur as a consequence of the
interfacial sliding friction resulting from application of a
compressive force.”? Thus, the higher 2 months interfacial
strengths achieved may have been caused by the increase
in interfacial friction, due to the greater adaptation of the
cement to dentine, consequent to hygroscopic expan-
sion.*? It is important to emphasize that the applied
method is a simplified model of accelerated aging which
has been commonly performed for challenging resin-
dentin adhesion.?*?

Bond strengths decreased significantly from cervical
to apical post thirds, in agreement with findings from
previous reports.'** Factors possibly associated with this
decrease are: the difficulty of access to apical level of post
space; the non-uniform adaptation of the bonding mate-
rial to the deepest portion of the post space associated
with possible limitations of cement flow, as the cement
used in the present study has a high viscosity; the drop
in light intensity with increasing distance affecting the
degree of conversion of resin cement.!#?>23

In addition, the C-factor, defined as the ratio of bonded
to unbonded surface areas of cavities in a root canal is
highly unfavorable and contributes to maximizing the
polymerization stress of resin based materials along the
root canal walls."*!> Morris et al estimated that C-factors
in root canals can range from 20 to 100, depending on the
diameter and length of the root canal.'?

Fractographic analysis provides important information
that helps to predict the adhesive material performance.
In the present study, confocal microscopy was used and
appears to be a noteworthy alternative for failure modes
analysis, since it is less time consuming and does not

require any preparation of the specimens.?' In this study,
there was predominance of adhesive failure between
resin cement and root dentine in all groups (Table 4),
which may be related to the reduced ability of dentine
demineralization and hybridization of the self-adhesive
cement; RelyX U100, and the highly unfavorable C-factor
which maximizes polymerization contraction stresses and
leads to debonding of resin from the canal wall.*!31>23:24

One of the limitations of this study was that the
specimens were not submitted to thermal and mechanical
cycling to simulate intra-oral conditions more precisely.
Bovine teeth were used because it is difficult to collect and
use human teeth for research purposes.>*® Bovine teeth
are easier to collect and tooth age can be standardized.>*
Moreover, similar properties between human and bovine
teeth have been demonstrated.**

Further studies need to be conducted to analyze the
effects of different concentrations of NaOCl; the associa-
tion of a reversal agent, such as ascorbic acid or sodium
ascorbate with ozonated water in order to reverse the
oxidized dentine; and the increase of the artificial aging
time on bond strength to intraradicular dentin.

CONCLUSION

Root canal preparation with NiTi instruments associated
with NaOCl irrigation and EDTA increased the bond
strength of fiberglass posts cemented with self-adhesive
resin cement to intraradicular dentine. Water artificial
aging for 2 months significantly increased post retention.
There was a predominance of adhesive failures between
resin cement and dentin in all groups.
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