informa

healthcare

Acta Odontologica Scandinavica. 20145 72: 783-787

ORIGINAL ARTICLE

Effects of different irrigating solutions and disinfection methods on
push-out bond strengths of fiber posts
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Abstract

Objective. The aim of this study was to evaluate the effects of various irrigating solutions and photoactivated disinfection
(PAD) on the push-out bond strengths of fiber posts to root dentin. Materials and methods. Thirty-two human teeth were
divided into eight groups, as follows: (1) irrigation with physiologic saline (control), (2) NaOClI irrigation, (3) chlorhexidine
(CHX) irrigation, (4) ethanol (EtOH) irrigation, (5) NaOCI followed by 17% EDTA irrigation, (6) NaOCI-EDTA
supplemented with CHX irrigation, (7) NaOCI-EDTA supplemented with EtOH irrigation and (8) NaOCI-EDTA irrigation
supplemented with PAD. After the posts were cemented, the roots were transversally sectioned to obtain four slices (1 mm
thick) (z = 16). Push-out tests were conducted by applying a load at 0.5 mm/min, types of fracture failures were recorded and
data were analyzed with one-way ANOVA and Tukey post-hoc tests (p = 0.05). Results. Push-out bond strength was
significantly affected by the type of irrigating solution and the disinfection protocol (p < 0.05). The bond strength of the EtOH,
NaOCI and NaOCI-EDTA-CHX irrigated groups was significantly higher than that of the other groups. The highest bond
strength was observed in the EtOH irrigated group and the lowest was the NaOCI-EDTA irrigated group. Conclusions.
Irrigation with NaOCIl and EDTA combined caused lower bond strength than observed in the control group. However,
supplementing this combination with CHX improved the post-dentin bond strengths; supplementing with PAD did not.
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Introduction

Restoring endodontically treated teeth with fiber posts
to retain coronal restoration has become popular,
since fiber posts have a modulus of elasticity close
to that of dentin [1,2]. The other advantages of fiber
posts are their good esthetic appearance, with no risk
of gingival discoloration of the root surfaces by
corrosive products [3]. Nevertheless, removing the
root canal filling while preparing the post space with-
out rubber dam isolation or inadequate temporary
restorations may cause invasion of oral fluids and
micro-organisms into the canal, which could result
in failure of the endodontic treatment [4]. Another
concern while preparing the post space is a debris and
smear layer forming on canal walls, leading to
increased leakage and obstruction of the dentin
tubules, thus blocking the adhesive luting of the fiber
post [5].

Sodium hypochlorite (NaOCI) is widely used in
root canal treatment because NaOCIl can dissolve
organic tissue and for its antimicrobial properties
[6,7]. However, because NaOClI influences only the
organic components of the smear layer, this irrigating
solution is used with a demineralizing agent such as
ethylenediaminetetraacetic acid (EDTA) [8,9].
Chlorhexidine digluconate (CHX), another widely
used irrigating solution, has been suggested because
of its antimicrobial properties, substantivity, and
effect on the longevity of composite adhesive bonding
to dentin [10-12].

Recently, photoactivated disinfection (PAD) has
become available as an adjunct to endodontic
treatment. Light of an appropriate wavelength acti-
vates a photosensitizing molecule that leads to liber-
ating reactive oxygen, which attaches to the bacterial/
fungal membrane and in this way Kkills the bacteria
[13,14]. However, although PAD has been reported
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as a supplement to the existing protocol for root canal
disinfection [15], to date no data are available on the
effect of this treatment on the bonding strengths of
fiber posts and luting agents.

As effective bonding between the post, dentin, and
adhesive resin cement and its durability are essential
for a restoration to last [16], the effects of various
irrigating solutions and disinfection methods on
post-dentin bond strengths should be evaluated.
Thus, the aim of this study was to evaluate the effects
of various irrigating solutions and disinfection meth-
ods on the push-out bond strengths of fiber posts to
root dentin. The null hypothesis was that various
irrigating solutions and disinfection methods do not
affect the push-out bond strengths of fiber posts to
root dentin.

Materials and methods

Thirty-two single-rooted freshly extracted human
teeth with approximately the same dimensions were
selected and stored in daily-changed distilled water
until they were used. Soft tissues and calculus were
mechanically removed from the root surfaces with a
scaler. The crowns were sectioned using a water-
cooled Isomet saw (Buehler, Lake Bluff, IL) to obtain
a standardized root height of 15 mm. Teeth with
ribbon-shaped root canals at the cut surface were
excluded from the study. Working length was deter-
mined by subtracting 1 mm from the mm at which the
#10 K-file (Dentsply, Maillefer, Ballaigues, Switzer-
land) was just visible through the apical foramen. The
root canals were prepared using ProTaper rotary
instruments (Dentsply, Switzerland) up to an apical
preparation with size #40 (F4). Root canals were
irrigated with 1 mL 2.5% NaOCI between instrument
changes. The root specimens were dried with paper
points and filled with gutta-percha-AH Plus sealer
(Dentsply DeTrey, Kontanz, Germany) using cold
lateral condensation.

After the specimens were stored for 24 h in 100%
humidity, the coronal part of the root canal filling
material was removed with Gates Glidden burs
(Dentsply, Switzerland). The remaining filling
material was removed using a 1.5-mm post drill at
5000 rpm (Ultradent Products Inc, South Jordan,

UT) to create a 10-mm deep post space, leaving
more than 4 mm gutta-percha to preserve the apical
seal. The specimens were then divided into eight
groups, as follows:

¢ Group 1 (Physiologic saline) (NaCl): In this group,
specimens were irrigated with 5 ml 0.9% NaCl for
5 min (control).

e Group 2 (NaOCI): The specimens were irrigated
with 5 ml 5.25% NaOCI for 5 min.

¢ Group 3 (CHX): The post spaces were irrigated
with 5 ml 2% CHX for 5 min.

¢ Group 4 (EtOH): The post spaces were irrigated
with 5 ml 100% EtOH for 5 min.

e Group 5 (NaOCI-EDTA): The specimens were
irrigated with 5 ml 5.25% NaOCI for 5 min and
5 ml 17% EDTA for 5 min.

e Group 6 (NaOCI-EDTA-CHZX): The post spaces
were irrigated with 5 ml 5.25% NaOCI for 5 min
and with 5 ml 17% EDTA for 5 min. For the final
flush, they were irrigated with 5 ml distilled water
and 2% chlorhexidine for 5 min.

e Group 7 NaOCI-EDTA-EtOH): The post spaces
were irrigated with 5 ml 5.25% NaOCI for 5 min
and with 5 ml 17% EDTA for 5 min. For the final
flush, they were irrigated with 5 ml distilled water
and 5 ml 100% EtOH for 5 min.

e Group 8 (NaOCI-EDTA-PAD): After irrigating
with 5 ml 5.25% NaOClI, followed by 5 ml 17%
EDTA for 5 min, the PAD solution (FotoSan
Agent [CMS Dental, Copenhagen, Denmark]
fotosensitizer; medium viscosity, containing
0.01% toluidine blue O) was injected into the canal
using a sterile endodontic micro needle (27 gauge).
The liquid was then agitated in each canal for 60 s
using #30 K-file. The PAD emitter (FotoSan;
CMS Dental) was inserted 3 mm above the apical
part of the post space and light cured (15 W light-
emitting diode [LED], output intensity of
2000 mW/cm?, wavelength of 625-635 nm) for
20 s. Finally, the post spaces of the specimens were
irrigated with 15 ml distilled water.

The post spaces were dried with paper points and
1.5-mm fiber posts (UniCore, Ultradent Products
Inc, South Jordan, UT) were cemented into the
root canals using Bifix SE dual-cured resin cement

Table I. Summary of the procedures in the study according to manufacturers’ suggestion.

Voco GmbH Cuxhaven, Germany (Cement type: Bifix SE)

Ultradent Products Inc, South Jordan, UT (Post type: UniCore)

Prepare post space
Dsinfect the root canal

Dry the root canal and dentine with paper points,
leaving the dentine slightly moist

Apply Bifix SE directly into the root canal beginning
from apical part of the post space

Sterilize the posts with alcohol prior to use
Insert post into the canal

Remove the excess of the dual-cured Bfix SE cement

Light-cure for 40 s




(Voco GmbH, Cuxhaven, Germany). Post luting
procedures were performed according to the
manufacturer’s suggestions (Table I).

Each specimen was cut transversally from the
middle third of the root canals with an Isomet saw
under water coolant to produce four slices of ~1 mm
thick (# = 16). The thickness of each slice was
measured using a digital caliper and recorded as
height (h). The bonding area was calculated for
each slice using the following formula: 7 (R + r)
[(h® + (R — 1)?]°® (R: coronal root canal radius, r:
apical root canal radius). Push-out bond strengths
were carried out with a universal testing machine
(Instron Corp., Norwood, MA) by applying a load
at 0.5 mm/min apical to the coronal direction until
fracture occurred. Push-out bond strength in MPa
was calculated by dividing the peak force by the
bonded area of the post segment. The failure mode
of each slice was assessed under a stereomicroscope
(OPMI Pico, Carl Zeiss, Germany) at 25x magnifi-
cation to classify the failure pattern into four types: (1)
adhesive failure between the post and the luting
material, (2) adhesive failure between the dentin
and the luting material, (3) mixed failure (combina-
tion of 2 of the above) and (4) cohesive failure of the
dentine. The percentages of the failure types within
each group were then calculated.

The Shapiro-Wilk statistical test for normality
revealed a normal data distribution. Statistical anal-
ysis was carried out using one-way ANOVA and
Tukey post-hoc tests for the push-out bond strength
data (a = 0.05). All statistical analyses were performed
using the SPSS software version 16.0 (SPSS Inc.,
Chicago, IL).

Results

Table II shows the mean bond strength and standard
deviations and the distribution of the failure types for
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each group. Push-out bond strength varied statisti-
cally significantly according to the type of irrigation
and the disinfection protocol (p < 0.05). The bond
strength of the EtOH-, NaOCIl- and NaOCI-EDTA-
CHZX-irrigated groups was significantly higher than
that of the other groups (p < 0.05). The bond strength
of the CHX- and NaOCl-irrigated groups was similar
to that of the NaOCI-EDTA-, NaOCI-EDTA-EtOH-
and NaOCI-EDTA-PAD-irrigated groups (p > 0.05).

Discussion

The aim of this study was to evaluate the effects of
various irrigating solutions and disinfection methods
on the push-out bond strengths of fiber posts to root
dentin. Standard NaOCI was used as the irrigating
solution in all groups during root canal treatment and
root canals were filled with AH plus/gutta-percha.
After the test solutions and disinfection method
were applied, the root canals were rinsed with distilled
water to end the actions of the test materials.

The time interval between filling a root canal and
preparing the post space and placing the post is
important, because the setting of the sealing affects
post-dentin interfacial leakage or strength [17]. Vano
et al. [18] evaluated this issue in two studies and
found that delayed cementation of fiber posts showed
higher strength than immediate cementation. They
also stated that bond strengths in the 24-h and 1-week
groups were similar. In the other study, the authors
demonstrated that delayed cementation of fiber posts
resulted in higher retentive strengths when epoxy
resin sealer was used [19]. In the present study, we
used AH Plus, an epoxy resin sealer. Therefore, we
preferred 24-h delayed cementation because its
strength is similar to 1 week.

The present study demonstrated that the NaOCI
irrigating solution used alone did not decrease the
post-dentin bond strength. Cecchin et al. [20] found

Table II. The mean bond strength and standard deviations and the distribution of failures with percentages.

Failure modes

2
Adhesive: 4

Mean Adhesive: cement- 3 Cohesive:
Groups n (Mpa) SD post-cement dentin Mixed in dentin
Physiologic saline 16 9.2%¢ 3.4 2 13% 6 38% 8 50% 0 0%
NaOCl 16 12.2° 3.6 1 6% 1 6% 13 81% 1 6%
CHX 16 8.3% 4.2 0 0% 9 56% 7 44% 0 0%
EtOH 16 12.3¢ 3.7 2 13% 1 6% 12 75% 1 6%
NaOCI-EDTA 16 6.6 2.6 1 6% 6 38% 9 56% 0 0%
NaOCI-EDTA-CHX 16 11.3% 3.2 1 6% 3 19% 10 63% 2 13%
NaOCI-EDTA-EtOH 16 7.1¢ 2.6 0 0% 8 50% 8 50% 0 0%
NaOCI-EDTA-PAD 16 7.3¢ 2.9 0 0% 4 25% 11 69% 1 6%

Note: Different superscript letters between means of groups represent statistically significant differences (p < 0.05).
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that NaOCI preserved the bond strength immediately
and for 12 months. This study finding was in
agreement with our result.

The effectiveness of the NaOCI-EDTA combina-
tion in removing the smear layer from the root canal
walls is well documented in endodontics [21,22].
Kambara et al. [23] demonstrated that NaOCI-
EDTA affected the bond strength between the cement
and dentin interface because of the materials’
hydrophobic/hydrophilic properties. Similarly, in
the present study the NaOCI-EDTA combination
decreased the bond strength of the fiber posts to
the root canals.

Recently, PAD has become popular in endodontics
as a disinfection method. However, although PAD is
effective in killing bacteria in root canals [14,24-26],
limited data are available about its effect on bonding
strengths. Thus, one of the aims of this study was to
examine the effect of PAD on post-dentin bond
strength. The present study showed that supplement-
ing the NaOCI-EDTA combined irrigation with
the PAD disinfection method did not result in a
significant change in bond strength, compared to
the NaOCI-EDTA combination. However, supple-
menting NaOCI-EDTA with PAD did not increase
the bond strength as CHX did.

Previous studies have demonstrated that CHX
inhibits matrix metalloproteinases and improves the
stability of hybrid layer integrity [3,27-29]. An
interesting finding in the present study was that the
NaOCI-EDTA combinations decreased the post-
dentin bond strength; however, the NaOCI-EDTA
combination supplemented with CHX had higher
bond strength than the other NaOCI-EDTA combi-
nations. CHX has been suggested as an irrigant and as
an intra-canal medicament in root canal treatment
because of its antimicrobial activity and long-term
continued effect [11,30,31]. Moreover, previous
studies demonstrated that CHX inhibits matrix
metalloproteinases enzymes, which may be responsi-
ble for degrading the hybrid layer [27,28]. This could
be an explanation for the increased bond strength
values for the NaOCI-EDTA combination supple-
mented with CHX shown in the present study.

Egilmez et al. [32] found that using CHX solution
alone for antibacterial effects did not have beneficial
effects on the bond strengths of cements.
Cecchin et al. [3] observed a significant bond strength
decrease when irrigations involving CHX were
performed. Similarly, the results of this study
demonstrated that a single use of CHX decreased
the post-dentin bond strength. These results were also
in agreement with those of Pelegrine et al. [33],
Cecchin et al. [29] and Lindblad et al. [34].

Previous reports demonstrated that EtOH can form
a more stable hybrid layer due to the ability to replace
water from dentin [35,36]. EtOH is expected to
provide monomers to penetrate the dentin in the

same way. According to our results, the highest bond-
ing strength values were in the EtOH group. How-
ever, supplementing the NaOCI-EDTA combination
with EtOH did not result in improved bond strengths.
This result was in agreement with that of Cecchin
et al. [3], who used acid-etched dentin.

Regarding the fracture analysis, the adhesive and
mixed types of failure were the predominant types of
failure. There were fewer cohesive failures than the
other types of failures, which shows that the bond
strength to dentin was weaker compared with the
shear bond strength of the dentin itself [37].

Conclusions

Within the limitations of this study, the following
conclusions can be drawn:

(1) Different root canal protocols resulted in varying
alterations in post-dentin bond strength.

(2) The NaOCI-EDTA combination resulted in
reduced post-dentin bond strengths; however,
supplementing the NaOCI-EDTA combination
with CHX improved the post-dentin bond
strength.

(3) PAD with the NaOCI-EDTA combination did
not affect the post-dentin bond strength.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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