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OzZET

Purpose: The present study evaluated fiber post
bond strength in root dentin using various root canal
sealers and resin cements.

Material and Methods: After root canal preparation,
teeth were divided into 5 distinct groups [(Sealapex
(calcium hydroxide-based); AH Plus (resin-based);
Tubli-Seal (eugenol-based); BC Sealer (bioceramic-
based) and No Sealer (control)] according to root
canal sealer used. After root filling, post space
preparations were done. Five main groups were sub-
divided into 3 groups (self-etch, etch-and-rinse, and
self-adhesive) corresponding to the resin systems
applied. After post cementation, 3 slices were
obtained from different regions (coronal, middle,
apical) for push-out testing. SEM images of specimens
were obtained to evaluate for debonding failures.
Differences in bond strength were evaluated by
ANOVA and Post-hoc Tukey HSD methods.

Results: It was observed that in Tubli-Seal, BC Sealer
and Sealapex groups the bond strength was
significantly decreased (p < 0.01). No significant
difference (p > 0.05) in bond strength values was
observed between the AH Plus and control groups. It
was also observed that the bond strength values were
similar (p >0.05) in different resin cement systems.
Conclusion: Root canal sealers affect bond strength
between fiber posts and the root canal dentin,
whereas different resin cement systems have no effect
on the bond strengths.

Keywords: Bond strength; fiber post; push-out; resin
cement; root canal sealer.

ABSTRACT

Amag: Bu calismada farkll kdk kanal patlan ve resin
simanlar kullanilarak fiber postun kok dentinine olan
badlanma dayanimi dederlendirildi.

Gere¢ ve yontem: Kok kanal preparasyonu
yapildiktan sonra kullanilacak kék kanal patina goére
disler 5 farkl gruba [(Sealapex (kalsiyum hidroksit
esasl); AH Plus (rezin esasl); Tubli-Seal (6jenol
esasl); BC Sealer (biyoseramik esasl) ve kontrol
grubu(kék kanal pati kullaniimadan)] ayrildi. Kanal
dolgular uygulandiktan sonra post bosluklarinin
preparasyonu  gerceklestirildi. Bes grup, post
yapistirilmasinda kullanilacak rezin siman tipine gore, 3
alt gruba (self-etch, etch-and-rinse ve self adeziv)
ayrildi. Postlarin yapistiriimasini takiben push-out testi
icin farkh bolgelerden 3 adet kesit (koronal, orta,
apikal) alindi. Test uygulanan &rneklerden badlanma
basarisizliklarinin  dederlendiriimesi amaciyla SEM
goriuntileri elde edildi. Baglanma dayanimi farkliliklari

ANOVA ve Post-hoc Tukey HSD testleri ile
degderlendirildi.
Bulgular: Baglanma dayaniminin Tubli-Seal, BC

Sealer ve Sealapex gruplarinda anlamli derecede
distik (p<0.01) oldugu saptandi. AH Plus grubu ve
kontrol grubu arasinda anlamli bir farkliik olmadidi
(p>0.05) tespit edildi. Farkl resin siman sistemlerinde
de badlanma dayanimi dederlerinin benzer (p>0.05)
oldugu goralda.

Sonug: Kok kanal patlan fiber post ile kok dentini
arasindaki baglanmaya etki ederken, farkli rezin siman
sistemlerinin baglanma dayanimi {izerine bir etkisi
yoktu.

Anahtar kelimeler: baglanma dayanimi; fiber post;
kok kanal pati; push-out; rezin siman
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INTRODUCTION

Endodontically treated teeth often require a
radicular post due to extensive structural damage as a
result of fractures, previous restoration, and carious
lesions.! Prefabricated and cast metal posts have been
traditionally applied for the retention of final
restoration; however, because of these posts’
mechanical properties, such as elastic modulus and
flexural strength, root fractures could be occurred.?
The elastic modulus and flexural strength of fiber
posts are comparable to dentin. These properties
provide homogeneous stress distribution and thus
probability of root fractures is reduced.>* Glass fiber
posts are aesthetically pleasing and can be adhesively
cemented to the root canal.*®

The most frequently encountered fiber post
failure is loss of retention.”® Both the length and
design of fiber posts and the types of adhesive system
and endodontic sealer used can influence the
retention of fiber posts over time.* 3

Various adhesive systems are employed to
cement fiber posts to a root canal. Even if the positive
effects of the adhesive system favors the retention of
fiber posts,!* several problems can occur, such as
hardness from light polymerization in the post space,
difficulty in providing a homogeneous adhesive layer
in the post space, a high configuration factor (C-
factor), and negative effects from endodontic irrigants
and endodontic sealers.'>'>'” “Conventional” or “self-
adhesive” resin cements can be applied in the process
of fiber post cementation. In 2002, self-adhesive resin
cement was produced which did not require per-
conditioning of the tooth surface. Reduced sensitivity
and chemical and micromechanical retention to the
tooth surface give self-adhesive resins distinct
advantages relative to conventional resin cements.
However, bond strength studies that comparing these
resin cements have contradictory results.'’*°

Another factor that affects fiber post retention
is the formulation of the endodontic sealer. There are
two different conclusions regarding eugenol-containing
sealers. One is that eugenol results in a significant
decrease in resin cement bond strength as a result of
the fenolic content which inhibits the polymerization of
resin.?%?! The other is that no decrease in the bond
strength values of resin cements has been
observed.?*® In addition, the effects of other
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endodontic sealers with various resin cement bond
strength studies comparing these resin cements have
provided contradictory results.}”*® Demiryiirek et a/.'?
concluded that either resin or eugenol-based sealers
have no adverse effect on the bond strength of resin
cement, but that calcium hydroxide-based sealers
show results similar to those in a control group. Ozcan
et al** observed that calcium silicate and resin sealers
have no effect on bond strength, but resin cement
bond strength is reduced by eugenol-based sealers.

Therefore, the effects of endodontic sealers
and resin cements on fiber post-dentin bonding are
unclear. This research was undertaken to evaluate the
influence of endodontic sealers, which contain resin,
calcium hydroxide, calcium silicate, and eugenol, on
the bond strength of glass fiber posts to root canal
dentin with the use of three distinct adhesive systems.
The null hypothesis is that there are no differences in
post retention for the different types of endodontic
sealers and resin cements.

MATERIAL AND METHODS

In the present study, 150 single-rooted human
premolar mandibular teeth were used. The criteria for
inclusion in the study were as follows: single canal
and the absence of internal resorption (confirmed
using bucculingual and mesiodistal radiographs), the
absence of caries, no prior endontic treatment, the
absence of root cracks, and root length > 14 mm.
Distilled water was used to store teeth. A low-speed,
water-cooled, diamond disk (Isomet 1000; Buehler
Ltd., Lake Bluff, IL, USA) was used to decoronate the
teeth below the cementoenamel. The working length
was determined by subtracting 1 mm from the root
length that had been measured by introducing a #10
K-file visible from the apical foramen following
preparation of the endodontic cavity. The crown-down
technique was used for the root canal preparation with
the Protaper NiTi rotary instrument system. The apical
preparation was extended using an F3 Protaper file.
5.25% sodium hypochlorite (NaOCI) was used for
irrigation of the root canal during instrument changes.
Final irrigation consisted of 17% EDTA solution,
5.25% NaOCl, followed by a distilled water rinse.

Paper points were used to dry the root canals,
which were subsequently divided into five groups for
evaluation of different fillings: no sealer(gutta-percha
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points only-control group), calcium hydroxide-based
sealer group (Sealapex Kerr, Romulus, MI), resin-
based sealer group (AH Plus, Dentsply DeTrey GmbH,
Konstanz, Germany), zinc oxide eugenol-based sealer
group (Tubli-seal, SybronEndo, Glendora, CA, USA),
and bioseramic-based sealer group (BC sealer,
Brasseler USA, Savannah, GA, USA). The cold lateral
condensation technique was used to obturate the root
canals. A temporary filling material (Cavit G; 3 M Espe,
Seefeld, Germany) was used to seal the endodontic
access cavities.

Following storage at 37 °C and 100% humidity
for 7 days, the temporary filling was removed. The
root canal filling was removed at 10 mm depth using a
#2 Peeso reamer (Mani Inc, Tochigi, Japan). A #2 drill
of post system (Rely X glass fiber post, 3M ESPE,
Seefeld, Germany) was used for post space
preparation. A stereomicroscope (Novex, Arnhem,
Holland) was used to assess the root canal to insure
complete removal of the filing material. After
preparation, the post space was irrigated with distilled
water then dried using paper points.

Posts were luted using one of three different
resin cement systems: the Rely X ARC ( 3M ESPE,
Seefeld, Germany) dual-polymerized etch-and-rinse
resin cement system, the Panavia F 2.0 (Kuraray,
Okayama, Japan) dual-polymerized self-etch resin
cement system, and the Rely X U200 ( 3M ESPE,
Seefeld, Germany) dual polymerized self-adhesive
resin cement system. The manufacturers’ instructions
were used to guide the application of cements to the
root canal using a lentulo spiral. Slight finger pressure
was used to seat the posts to full depth and an LED
curing unit was used to polymerize the resin cement
(3M ESPE Elipar, Freelight 2, Seefeld, Germany).
Specimens were incubated at physiologic temperature
(37 °C) and humidity (100%) for one day. A water-
cooled, low-speed, diamond disc (Isomet 1000,
Buehler, IL, USA) was used to cut each root canal
horizontally after 24 hours. Six slices were obtained,
each of approximately 1 mm thickness: the first two
slices were termed coronal, the second two middle,
and the third two apical. 2., 4. and 6. slices processed
to push-out test. The push-out was conducted by
applying force at 0.5 mm/min using a metalic plunger
in the apical to coronal direction until the post was
freed. A universal testing machine (Instron, USA) was
used to measure push-out force and the maximum
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load at the time of failure was expressed in Newtons
(N), and megapascals, accounting for the bonding
area (mm?) of the distinct post segments. A digital
caliper was used to measure the area of the
post/dentin sections; area was calculated as
n(R+r)[h*+(R-1)?]%°, with h = slice thickness, R=
coronal post radius, and r = apical post radius.

Debonded specimens were examined under
SEM (JSM5600 JEOL SEM, Jeol Co., Tokyo, Japan) for
fracture analysis. The following types of failure were
used to classify the specimens:®® (1) adhesion
between the resin cement and the post with no
cement visible, (2) mixed, with resin cement over 0—
50% of the post surface area, (3) mixed, with resin
cement over 50-100% of the post surface area (4)
adhesion between the root canal and the resin cement
(post lodged in resin cement), and (5) cohesive in
dentin. Differences in bond strength results using the
aforementioned sealers and cements were evaluated
by two-way ANOVA (SPSS, IBM SPSS 20, SPSS Inc.,
Chicago, USA). Statistically significant interactions
were further evaluated by one-way ANOVA and the
Tukey post hoc test. A p-value of 0.05 or less was
considered statistically significant.

RESULTS

Mean bond strength values with standard
deviations are shown in Table 1. Statistically signifi-
cant difference was observed in mean bond strength
of endodontic sealers (p < 0.05), however there were
no significant differences observed among the three
resin cement systems (p > 0.05). Moreover, the two-
way ANOVA indicated interactions between cement
types and endodontic sealers (p<0.05) (Table 2).

Table 1. Mean bond strength and standard deviation (in MPa)
for sealers and resin cements. Different superscripts indicate
statistically significant difference (p < 0.05).

N Mean  St.D. p

Sealapex 90 5.20° 291
AHplus 90 7.14° 3.36
Tubliseal 90 3.41° 2.10
BC Sealer 90 3.45? 2.12
Control 90 8.14¢ 3.65
Total 450 5.47 3.46 .000
U200 150 5.57° 3.30
PANAVIA 150 5.38° 3.39
ARC 150 5.45° 3.70
Toplam 450 5.47 3.46 918
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Table 2. Two-way ANOVA test output.

Source Sum of Squares Mean F P
Sealer 1318.117 329.529 41.053 .000
Cement 2.064 1.032 0.129 .879
Sealer * Cement 209.383 26.173 3.261 .001
Error 2769.274 8.027
Total 15063.503

No significant difference was found between
the resin based sealer and the control group according
to the post-hoc Tukey test (p > 0.05). In the eugenol-
and calcium-silicate based sealer groups, bond
strengths were significantly reduced relative to the
control group. Lower bond strength values were
observed in the calcium hydroxide-based sealer group
than the resin-based sealer and control groups (p <
0.05).

With the self-adhesive resin cement system,
the apical, middle, and coronal root regions showed
similar bond strengths (p > 0.05). However, in the
self-etch and etch and rinse systems, statistically
significant differences among the root regions were
observed. Significantly higher bond strength values
were observed (p < 0.05) in the coronal regions
relative to the apical and middle regions (Table 3).

The predominant failure modes for sealers and
cements were mixed and adhesive in cement-dentin
interface. No cohesive dentin failures were observed.
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Many techniques, such as tensile, microtensile,
or push-out have been used for the evaluation of post
retention. The push-out test was used in the present
research as it provides several advantages over the
other methods; this method facilitates uniform force
distribution along the bonded interface by using small-
sized specimens, allowing for the precise evaluation of
localized differences in adhesive properties at different
regions within the root canal, resulting in fewer
premature failures, and it is the most practical test
method. 2628

Some studies indicate that the bond strength of
eugenol-based sealer is decreased when used in
association with resin cements.>?** Residual eugenol
on the dentin surface could affect the polymerization
of resin cements, and the diffusion of eugenol into the
dentin tubules could dramatically decrease adhesive
efficiency.?® The lowest bond strength values in the
current study were occurred after use of the eugenol
sealers, however, no significant difference was
observed in bond strength between calcium silicate
and eugenol sealer, in contrast to results reported in
Ozcan et a/** Calcium silicate-based sealers show an
approximate 20% expansion, and removal of these
sealers with conventional re-treatment methods is not
possible. The remains of calcium silicate-based sealers
in dentin tubules may prevent adhesion and decrease
resin cement bonding.

Tablo 3. Mean bond strengths and standard deviation (in MPa) in different root regions.
Different superscript letter indicates statistically significant difference (p < 0.05).

ARC PANAVIA F U200
Mean+St.D. P Mean+St.D. p Mean=+St.D. p
CORONAL 7.13°+4.22 6.65°+3.61 6.06°+3.54
MIDDLE 5.097+3.55 5.38*°+3.61 5.76°+3.48
APICAL 4.24°+2.65 4.132+2.40 4.88°+2.81
Total 5.49+3.71 .001 5.384+3.39 .003 5.57+£3.30 .256
DISCUSSION

The present research evaluated the effect of
resin cements and sealers on fiber post root dentin
bond strength. Bond strengths were significantly
decreased in the eugenol-based, calcium hydroxide-
based, and calcium silicate-based sealer groups, while
no significant difference was observed in resin-based
sealer group. There were no significant differences
among the resin cement groups. Thus, the null
hypothesis was rejected for endodontic sealers and
confirmed for resin cements.

In the present study, bond strength was not adversely
affected by the use of resin-based sealers with resin
cements. These results are in agreement with several
previous studies.?%??3 Cecchin et a/.?° proposed that
the epoxy resin component of resin-based sealers may
have increased affinity for various components of the
resin cement. However, in contrast to studies by
Cecchin et a/?>?!, the calcium hydroxide-based sealer
group in the present study was associated with lower
bond strength values relative to control and resin-
based sealer groups. This result, compatible with
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results in a study by Teixiera et a/.,*° is due to the
composition of Sealapex, which contains isobutyl
salicylate; salicylate is known to react with calcium
solubilized by the dissolution of Sealpex. This results
in a physiochemical barrier that can interfere with the
adhesion of the resin cement.>!

Different adhesive techniques are used to bond
resin cements to dentin. Conventional adhesives are
generally divided into two groups: etch-and-rinse and
self-etch. In 2002, self-adhesive resin-based cements,
that do not require preconditioning of dentin, were
introduced in the market, greatly simplify the
procedure. The known mechanism of bonding is both
chemical and micromechanical in self-adhesive cement
as a result of the interaction between hydroxyapatite
and monomer acidic groups.®® Rathke et a.'’ have
published a report indicating that self-adhesive cement
is associated with lower bond strength relative to
conventional systems. In contrast, Bitter et a/>
reported increased bond strength relative to
conventional materials using self-adhesive resin
cement. No significant differences were observed in
bond strength associated with the use of different
resin cements. While the root regions did not differ
significantly in bond strength for self-adhesive resin
group, bond strength was progressively decreased
from the coronal to the apical region in both the self-
etch and etch-and-rinse resin cement groups. This
difference could derive from the technical sensitivity
and the different bonding mechanisms associated with
standard resin cements relative to self-adhesive resin
cement.

Fracture analysis revealed that adhesive failure
was most common in the eugenol, calcium hydroxide,
and calcium silicate-based sealer groups; mixed failure
was noted for the control and resin-based sealer
groups. This indicates that the bond between the
resin cement and dentin was affected less in the
control and resin-based sealer groups.

Within the limitations of this research, it was
determined that eugenol-, calcium silicate-, and
calcium hydroxide-based root canal sealers have
adverse effect on the bond between resin cement and
root canal dentin; however, resin-based sealer does
not affect the strength of the bond between resin
cements and root canal dentin. The type of resin
cement does not affect the bond strength. While the
canal region did influence the bond strength of etch-
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and-rinse and self-etch resin cements, self-adhesive
resin cement had no such influence in this study.

Although the present study was performed
under /n vitro conditions, the findings should prove
beneficial to clinicians. Further evaluation of different
protocols for post space irrigation to remove the
remains and smear that could affect the bond strength
are needed, as well as long-term studies to evaluate
the effectiveness of the adhesion of fiber posts.
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