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Abstract
Objectives The purpose of the present study was to determine
the dislodgement resistance of AH Plus, MTA Fillapex, and
Total Fill BC sealer to root canal dentin walls following place-
ment of calcium hydroxide (CH) or double antibiotic paste
(DAP) medicaments.
Materials and methods Root canals of 90 single-rooted hu-
man mandibular premolar teeth were instrumented with
Reciproc rotary instruments to a size R50. The teeth were
randomly divided into two experimental groups: those receiv-
ing an intracanal medicament with either CH or DAP and a
control group (n = 30). After 3 weeks, the medicaments were
removed by irrigation with 5 mL of 2.5 % NaOCl, 5 mL 17%
EDTA, and 5 mL distilled water under sonic agitation. Each
group was then subdivided into three subgroups (n = 10), and
the canals were filled with either AH Plus, MTA Fillapex, or
Total Fill BC sealer. After 1 week, a push-out test was applied
to the specimens and the results were analyzed using one-way
analysis of variance (ANOVA) and post hoc Tamhane’s tests.
Results Regardless of the type of intracanal medicament used,
Total Fill BC Sealer and MTA Fillapex showed the highest
and lowest bond strength, respectively (P < 0.05). The use or
absence of medicaments did not significantly affect the dis-
lodgment resistance of root canal fillings (P > 0.05). Prior CH
placement improved dislodgement resistance of all sealers

without statistical difference (P > 0.05). Adhesive failure be-
tween core and sealer was the most frequent failure mode.
Conclusions Prior application of CH or DAP did not signifi-
cantly affect the adhesion of the AH Plus, MTA Fillapex, and
Total Fill BC Sealers.
Clinical relevance There is a little information about the in-
fluence of antibiotic medicaments on the bond strength of root
canal sealer. These findings suggest that the use of DAP does
not affect the adhesion strength of AH Plus, MTA Fillapex,
and Total Fill BC Sealers.

Keywords Bond strength . Calcium hydroxide . Double
antibiotic paste . Resin-based sealer . Calcium silicate-based
sealer

Introduction

The aim of root canal treatment is to eliminate and discharge
bacteria from the root canal to prevent reinfection of the sys-
tem. To achieve the objective of purging the intracanal bacte-
rial population, cleaning and shaping of the root canal space
with irrigation is often selected as the first option. But, owing
to the unique chemomechanical preparation of the root canal,
it has been observed that even after irrigation, 40–60 % of the
system still contains cultivable bacteria [1–3]. Therefore, me-
dicaments have been used in interappointment to increase the
incidence of bacteria-free canals [1, 2, 4–6].

Calcium hydroxide (CH) is a commonly used intracanal
dressing. Its antimicrobial properties as well as its ability to
induce the formation of new bone are well established [5, 7]
but studies have shown that even with the use of CH, it is not
possible to obtain bacteria-free canal [8, 9]. Hence, new me-
dicaments, such as antibiotic pastes, chlorhexidine gel, and
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propolis, have been investigated as possible alternatives to CH
[6, 10, 11].

Triple antibiotic paste (TAP) is another example of an
intracanal medicament. It is composed of ciprofloxacin, met-
ronidazole, and minocycline [1]. Previous reports have shown
that TAP is both biocompatible and as well as antimicrobial
[1, 12] but some studies reported that the minocycline com-
ponent causes visible crown discoloration [6, 13]. Due to such
reports, minocycline was removed from TAP and the double
antibiotic paste (DAP), consisting only ciprofloxacin and met-
ronidazole, was started to be used [14].

Neither antibiotics nor CH pastes, when used as a medica-
ment, can be completely eliminated from root canals [15–18].
Previous studies have shown that clinically used concentra-
tions of TAP, DAP, and CH are cytotoxic to human dental
stem cells and pulp cells of the apical papilla [19, 20] and
can lead to a moderate inflammatory reaction in subcutaneous
tissues [12]. Residual medicament, by acting as a physical
barrier between root canal dentin and the sealer, adversely
affects penetration of sealers into the root canal dentin walls
[16, 21]. Akcay et al. reported that while DAP or CH place-
ment did not affect the adhesion of ERS (AH Plus jet), the use
of TAP actually improved the bond strength of the sealer [36].
Guiotti et al. showed that prior application of CH did not
significantly impact the bond strength between calcium
silicate-based sealers (CSSs) (MTA Fillapex and Sealapex)
and the root canal dentin [21]. Amin et al. proved that while
the use of intracanal CH medicament prior to final canal ob-
turation improved the push-out bond strength of iRoot SP, it
had no such effect on the MTA Fillapex and AH Plus [22].

There are limited data available in the literature about the
effects of the remaining medicaments on the adhesion of seal-
er to root dentin and to our knowledge, there have been no
previous studies on the effect of antibiotic pastes on the adhe-
sion of CSS to root dentin.

The aim of this in vitro study was to investigate the effects
of CH and DAP on the bond strength of one ERS and two
CCSs to root canal dentin. The null hypotheses were that (1)
there would be no significant difference between the medica-
ments in terms of the dislodgement resistance of sealers and
(2) there would be no significant difference in dislodgement
resistance between the sealers.

Material and methods

The research proposal was submitted for review to the Tokat
Clinical Research Ethics Committee of the Gaziosmanpaşa
University of Turkey (14-KAEK-051) and the study design
was approved. A total of 90 single-rooted human mandibular
premolars were extracted for periodontal reasons.
Preoperative digital radiographs of each root were taken from
two directions (mesiodistal and buccolingual) to confirm that

the canal anatomy was composed of a single-rooted canal
without calcification. A periodontal scaler was used to remove
all calculus and other remnants from the surface of the teeth,
and the crowns were removed using diamond discs under
water cooling to acquire a standardized root length of
15 mm. The working length was established to be 1 mm short
of the apex using a #10 K file. The root canals were prepared
by using Reciproc R50 (VDW, Munich, Germany) file by and
a torque-controlled motor (Silver Reciproc; VDW, Munich,
Germany) in a reciprocating movement by the BReciproc
ALL^ program. During preparation, the canals were irrigated
with 5 mL 2.5 % sodium hypochlorite (NaOCl) solution
(Whitedentmed, Erhan Kimya, İzmir, Turkey), using a 27-
gauge irrigating needle. The smear layer was removed with
5 mL 17 % ethylenediaminetetraacetic acid (EDTA; Imicryl
Ltd., Konya, Turkey) for 1 min. For final irrigation, 10 mL
distilled water was used and then the root canals were dried
with paper points. The specimens were randomly divided into
a control group (without intracanal medicament) and two ex-
perimental groups (received intracanal medicament with ei-
ther CH or DAP).

Group 1 (Control): No intracanal medicament was used
before root canal filling (n = 30).
Group 2 (CH): The intracanal medicament was prepared
by mixing CH powder (Kalsin; Spot Dis Deposu AS,
Izmir, Turkey) and distilled water (n = 30).
Group 3 (DAP): The intracanal antibiotic paste was pre-
pared by mixing equal quantities of ciprofloxacin
(Biofarma, Istanbul, Turkey) and metronidazole
(Eczacibasi, Istanbul, Turkey) with distilled water
(n = 30).

Medicaments were placed into the root canals using a
lentulo spiral. Access to the root canals was sealed with a
cotton pellet and Cavit G (3M ESPE, Seefeld, Germany).
The specimens were stored at 37 °C and 100 % humidity for
3 weeks. After this period, medicaments were removed by
irrigation with 5 mL of 2.5 % NaOCl, 5 mL 17 % EDTA,
and 5 mL of distilled water under sonic agitation
(Endoactivator, Dentsply Tulsa Dental Specialties, Tulsa,
OK) for 30 s at 10,000 cycles/min (medium power) with a
red tip (25/04) inserted 2 mm short of the working length. The
root canals were then dried using paper points. Each group
was subdivided into three subgroups (n = 10), and the canals
were filled with MTA Fillapex (Angelus Soluções
Odontologicas, Londrina, Parana, Brazil), Total Fill BC
Sealer (Brasseler USA, Savanah, GA, USA), or AH Plus
(Dentsply DeTrey, Konstanz, Germany). All sealers were pre-
pared according to the manufacturer’s recommendations. A
single gutta-percha cone (R50, VDW) that was lightly coated
with the sealer was used for the single cone obturation tech-
nique. The excessive gutta-percha was removed, and coronal
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access was coated with Cavit G (3M Espe, Germany). The
teeth were then incubated for 1 week at 37 °C in 100 % hu-
midity to allow the sealer to set entirely. After 1 week, each
specimen was embedded in acrylic resin and sectioned per-
pendicular to its long axis using a precision saw (Micracut
125; Metkon, Bursa, Turkey) at a slow speed under constant
cooling. Three slices, of 2 ± 0.01 mm in thickness, were ob-
tained at 2, 7, and 11 mm distance from the coronal surface of
each root (n = 30 slices/subgroup). Each slice was numbered,
and apical and coronal surfaces were photographed under a
stereomicroscope (Nikon, Tokyo, Japan) at ×35 magnification
to investigate obturation quality. If any void was detected
between dentin and filling material, the specimen was re-
placed with a fresh one. The coronal and apical diameters of
each slice were calculated under stereomicroscope. Push-out
tests were carried out at a cross-head speed of 0.5 mm/min in a
universal testing machine (Instron Corp, Norwood, MA,
USA). The diameters of stainless steel pluggers used were
approximately 90 % of the diameter of the filling materials
on the apical surface. Load was applied in the apical-coronal
direction until the root canal filling was dislodged from the
slice. In order to express the bond strength in megapascals
(MPa), the load at failure recorded in Newtons was separated
by the surface area of the root canal filling. The surface area of
the root canal filling (A) for each slice was calculated as: A = p
(R + r) h, p = 3.14; R is the larger radius of the canal space or
coronal radius, r is the smaller radius of the canal space or
apical radius, and h is the thickness of the slice (2 mm). After a
push-out test, failure mode was investigated on both sides of
the slices under a stereomicroscope at ×35 magnification. The
failure modes were classified as follows: adhesive failure
which is of two types: at root canal sealer-dentin (Ad) or at
root canal sealer-core (Ac); and cohesive failure (C) which
occurs within root canal sealer; and mixed failure (M) which
is a combination of adhesive and cohesive modes.

Statistical analysis

All statistical analyses were performed with SPSS software
(ver. 20.0; IBMCorp., Armonk, NY, USA). One-way analysis
of variance (ANOVA) and the post hoc Tamhane’s test were
used for the analyses of the data. For each outcome, P < 0.05
was considered statistically significant.

Results

The mean and standard deviations of the dislodgement resis-
tance values are presented in Table 1. Without prior medica-
tion (control), Total Fill BC Sealer showed the maximum
push-out bond strength (P < 0.05) but there was no significant
difference between AH Plus and MTA Fillapex (P > 0.05). In
prior application of CH and DAP, Total Fill BC Sealer showed

the highest push-out strength but there was no significant dif-
ference between Total Fill BC Sealer and AH Plus (P > 0.05).
Regardless of the type of intracanal medicament used, the
lowest dislodgement resistance was observed in MTA
Fillapex (P < 0.05) but there was no significant difference
between MTA Fillapex and AH Plus (P > 0.05).

The use or absence of medicaments did not significantly
affect the dislodgment resistance of root canal fillings
(P > 0.05). Prior application of CH improved the dislodge-
ment resistance of all sealers. Prior application of DAP im-
proved the bond strength of all sealers except for MTA
Fillapex.

Table 2 shows the distribution of failure modes in the
groups. Adhesive failure between core and sealer for the three
sealers was predominantly observed regardless of the type of
intracanal medicament used. In prior application of CH, the
predominant failure modes for AH Plus, MTA Fillapex, and
Total Fill were adhesive along sealer/core interface, mixed,
and cohesive, respectively.

Discussion

An ideal root canal filling material should adhere to the root
canal dentin and resist dislocating forces. To accomplish this,

Table 1 Dislodgement resistance values (MPa, mean ± standard
deviation) of root filling materials with respect to intracanal medicaments

Intracanal medicaments

Control CH DAP

AH Plus 2.03 ± 1.24a 2.58 ± 1.74ab 2.31 ± 1.77ab

MTA Fillapex 1.75 ± 1.07a 1.79 ± 1.05a 1.50 ± 0.68a

Total Fill BC 3.80 ± 2.06b 4.03 ± 2.14b 2.52 ± 1.36b

P value 0.005 <0.001 0.023

Different superscripted lowercase letters indicate statistically significant
difference within each column (P < 0.05). There was no statistically
significant difference within in each row (P > 0.05)

Table 2 Failure modes of the experimental groups

Control CH DAP

Ad Ac C M Ad Ac C M Ad Ac C M

AH Plus 2 9 10 9 3 15 2 10 5 15 1 9

MTA Fillapex 3 17 6 4 4 5 5 16 7 14 4 5

Total Fill BC 1 12 12 5 0 10 14 6 4 12 6 8

Ad adhesive failure between dentin and sealer, Ac adhesive failure be-
tween core and sealer, C cohesive, M mixed
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the sealer should bond as much as possible with the root canal
dentin [23]. For this purpose, manufacturers are continuously
making efforts to develop new sealers with superior proper-
ties. Total Fill BC Sealer is one such sealer. It is a premixed
bioceramic endodontic material that is equivalent to the iRoot
SP sealer. The sealer is a hydrophilic CSS that is not unaffect-
ed by the presence of moisture in the radicular dentin.
Composed of calcium phosphate monobasic, calcium sili-
cates, thickening agents, zirconium oxide, and tantalum oxide
[24], the total Fill BC Sealer has extremely small particle size
that allows it to penetrate into all the irregular areas of the
canal anatomy. The manufacturer asserts that this sealer has
several ideal properties such as adhesiveness, hydrophilicity,
osteoconductivity, as well as capacity to chemically bond with
the intraradicular dentin [25]. MTA Fillapex is an MTA-based
root canal sealer that can also be categorized as a CSS.
According to the manufacturer, MTA Fillapex is designed to
provide a low film thickness and high flow rate for facilitating
easy penetration of accessory and lateral canals. It is com-
posed of bismuth trioxide as a radiopacifying agent, diluting
resins, nanoparticulated resin, salicylate resin, natural resin,
and 40 % MTA that is significant for its biocompatibility
and antimicrobial properties [26, 27]. However, the concern
as to whether the use of prior antibiotic medicaments can
affect the bond strength of the aforementioned sealers requires
further investigations [22].

It is known that intracanal medicaments can influence the
bond strength of the root filling both negatively as well as
positively; it is also feasible that they have no effect whatso-
ever on the bond strength [36, 21, 22]. To our knowledge,
there is very limited information available in the literature
pertaining to the effect of antibiotic pastes on the adhesion
of sealer to root dentin [36].

Previous studies have shown that antibiotic medicaments
are not entirely removed from root canal walls using currently
available irrigation techniques [15, 16, 18]. Several investiga-
tors have reported that EDTA is the most effective agent for
removal of CH from the root canals [28, 29]. In contrast,
Arslan et al. have reported that passive ultrasonic irrigation
with NaOCl is more effective in removing TAP from artificial
grooves [16]. Based on these findings, this study employed a
combination of EDTA and NaOCl along with sonic agitation
as the irrigation protocol to improve the removal of medica-
ments. Nevertheless, a limitation of this study was not inves-
tigating the remaining medicament in the root canal after irri-
gation protocol. The presence of residual medicaments in the
root canal should be taken into consideration when assessing
the results.

The push-out test has been commonly used to evaluate the
effectiveness of the adhesion of dental materials to root canal
dentin [21–24, 26, 30, 34, 38, 39, 41–43]. Dislodgement re-
sistance of root canal filling to radicular dentin prevents cor-
onal and apical leakage and supports the dental tissue against

root fracture [31, 32] and resist dislocation of root filling dur-
ing operative procedures, post space preparation, and tooth
flexure [30, 33]. Previous studies have shown that a material
that has high push-out test results contributes to the longevity
and prognosis of root canal-treated teeth [32, 34] .

The bond strength of root canal filling is affected by irreg-
ular canal anatomies such as lateral and accessory root canals,
and resorption areas [35]. These irregular canal anatomies
cause difference between the calculated bonding area and
existing bonding area, which may lead to erroneous calcula-
tions. At the same time, previous studies have shown that the
use of a medicament, before filling the root canal filling, tooth
section, root filling technique, slice thickness, and final irriga-
tion protocol, may affect the bond strength [36, 37, 39, 42].

In this study, the null hypothesis (1) that there was no
influence of medicaments in terms of the dislodgement resis-
tance of sealers was accepted. However, the null hypothesis
(2) that there was no difference between the sealers was par-
tially rejected. The maximum dislodgement resistance was
observed in Total Fill BC Sealer under all tested conditions.
The dislodgement resistance of Total Fill BC Sealer was sig-
nificantly superior to that of AH Plus andMTA Fillapex in the
control group (P < 0.05). Similar to our results, Nagas et al.
reported that iRoot SP showed the maximum bond strength as
compared to MTA Fillapex, AH Plus, and Epiphany. The
bond strength values obtained were as follows: MTA
Fillapex ≤ Epiphany < AH Plus < iRoot SP [24]. As stated
in previous studies, the superior bond strength of Total Fill BC
Sealer may be related to its smaller particle size, which im-
proves the penetration of the sealer into anatomic irregularities
and dentinal tubules [24, 38]. However, no significant differ-
ence between Total Fill BC Sealer and AH Plus was observed
in the CH group.

While the use of CH as an intracanal medication for
3 weeks was observed to improve the dislodgement resistance
of AH Plus, this improvement was not found to be statistically
significant when compared with the control group. These re-
sults are similar to those obtained by Carvalho Bauer et al.
who reported that CH, when used for 14 days, had a positive
influence on the dislodgement resistance of AH Plus [39]. In
contrast to these results, several studies have reported that the
use of CH does not affect the dislodgement resistance of AH
Plus [11, 22, 36], and the study conducted by Guiotti et al.
reported totally contrary results, wherein significantly lower
bond strengths were seen when CHwas used as a medicament
prior to filling with AH Plus sealer [21]. Despite inconsistent
results about the influence of prior use of CH on the dislodge-
ment resistance of AH Plus, the number of studies that have
reported that CH residues have a positive effect on dislodge-
ment resistance of calcium silicate-based materials are numer-
ous in the literature [22, 40, 41]. This observation can be
explained by the reaction of calcium silicate and calcium
phosphate, which are the main components of calcium
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silicate-based materials, with the remaining CH of root canal
resulting in an improvement in the dislocation resistance.

In line with the present results, previous studies have
shown that MTA Fillapex has low dislodgement resistance
as compared to iRoot SP. The reason for the low adhesion
strength of MTA Fillapex was reported to be the low adhesion
property of its tag-like structures to root canal dentin [24, 26].

Akçay et al. reported that the use of DAP does not affect the
adhesion strength of AH Plus [36]. In line with the finding
reported by them, our study also showed that prior use of DAP
does not statistically significantly affect the dislodgement re-
sistance of AH Plus.

Topcuoglu et al. investigated the effect of CH and
antibiotic pastes on the dislodgement resistance of
MTA in simulated immature teeth root canal dentin
[42]. Their results showed that the application of DAP
as an intracanal medicament reduced the dislocation re-
sistance of MTA to root dentin. Similar to these find-
ings, Nagas et al. reported that prior application of an-
tibiotic pastes (TAP or Augmentin) decreased the dis-
lodgement resistance of calcium silicate cements
(ProRoot MTA or Biodentin) [41]. In the present study,
DAP negatively affected the dislodgement resistance of
MTA Fillapex but the result was not statistically signif-
icant. One possible explanation for this result may be
that residual antibiotic pastes act as a physical barrier
thereby preventing chemical bonding between dentin
and MTA Fillapex.

Adhesive failure between sealer and core was the
most frequent type of failure in the control group.
This result is in line with that of Nagas et al., wherein
the adhesive failure of the sealer/core material interface
was observed more frequently for AH Plus, iRoots SP,
and MTA Fillapex under normal moisture condition
[24]. Similarly, Akçay et al. found adhesive failure as
the most frequent type of failure [36].

Although use of a core material in root canal filling
has some disadvantages, such as voids between sealer
and core material, and lack of homogeneity in the fill-
ing [23], we still used gutta-percha (R50, VDW) as the
main core material due to the reason that root canals are
commonly filled with a core material and sealer in con-
temporary endodontics. According to previous studies,
root canal sealers significantly lower dislocation resis-
tance values when used in main core rather than in
bulk-filled form [23, 43]. As stated in a previous study,
deformation of the gutta-percha during the push-out test
may lead incorrect measurements [44]. Furthermore, the
dislodgement resistance of sealer in a thin film may also
be different from its resistance in bulk. Therefore, to
confirm the results of the present study, a further inves-
tigation needs to be undertaken for bulk-filling sealers
with placements of different medicaments.

Conclusion

Prior application of CH or DAP does not significantly affect
the adhesion of AH Plus, MTA Fillapex, and Total Fill BC
Sealer, when a matching-taper single-cone technique is used.
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