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Introduction: The goal of this paper was to determine the impact of calcium hydroxide (CH) and
nano-calcium hydroxide (NCH) on the push-out bond strength of an epoxy resin-based sealer.
Materials and Methods: A total of 48 mandibular premolars were decoronated in vitro and
instrumented by a ProTaper rotary system up to F4. The specimens then were randomly allocated
into 3 groups (n=16). The two intervention groups were treated with either CH or NCH and one
control group which did not receive any intracanal medicament. After one week of medicament
placement, the specimens were irrigated by 10 mL 17% EDTA, followed by 10 mL 2.5% NaOCl
and an ultimate flushing by 5 mL sterile saline. The samples were obturated using AH-Plus Jet
sealer and gutta-percha by lateral condensation technique. Push-out test was done by a universal
test machine to evaluate the bond strength among the sealer and the root canal dentin. Repeated
measurement analysis followed by Tukey’s HSD and Bonferroni post-hoc tests were used for data
analysis. Results: The control group showed a higher push-out bond strength in comparison to
the specimens in the CH and NCH groups (P<0.05). In spite of the greater push-out bond strength
of the samples treated with NCH in comparison to those in CH group, no statistically notable
difference was found among them (P>0.05). Additionally, irrespective of the kind of medicament,
the bonding at the apical level of the root canal was stronger compared to the coronal third
(P<0.001). Conclusion: According to the present in vitro study, application of CH and NCH
resulted in a significant reduction of the bond strength between the epoxy resin-based sealer and
dentinal walls. Although, application of these medicaments resulted in reduction of bonding of
epoxy resin-based sealers root canal dentin significantly.
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Introduction

he objective of root canal therapy is to wipe out bacterial

osteoclastic activity, and ability to induce mineralized tissue
formation and lipopolysaccharides inactivation [4]. Despite the
aforementioned benefits of CH, it cannot inhibit a number of

pathogens colonized in the root canals and to hinder
bacterial regrowth through the chemo-mechanical treatment of
the root canals [1, 2]. Additionally, intracanal medication has
been greatly recommended to optimize root canal debridement
[3]. Calcium hydroxide (CH) stands in the most widely used
intracanal medicaments owing to its antimicrobial efficacy
against most root canal bacteria, biocompatibility, tissue-
dissolving capability, potency to inhibit inflammation and

resistant pathogens [5]. Another disadvantage of CH is its effect
on the root canal dentin microhardness [6-8].

A research interest has been sparked within dental and
medical sciences by the emergence of nanotechnology regarding
their potential applications and advantages compared to
the conventionally used materials [9]. The constituent
components of nanomaterials are less than 100 nm in at least one

dimension [10]. They improve the physicochemical, mechanical, and
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biological properties due to their larger surface area and
quantum effects [10, 11]. Compared with the commonly used
CH, nano-calcium hydroxide (NCH) exhibits a higher
antibacterial efficacy, superior penetration depth into the
dentinal tubules, and higher alkalization capacity in a shorter
time [12-14]. Interestingly, the microhardness value of dentin
was not affected after employing NCH [15]. In addition,
NCH was powerful in eliminating most root canal endotoxins
at the depth of almost 300 pm of the root canal dentin and in
removing Enterococcus (E.) faecalis from the dentinal tubules
[16, 17]. Furthermore, placement of the NCH sealer resulted
in a remarkably lower leakage compared to conventional zinc
oxide eugenol (ZOE) sealers [18]. However, NCH had a
remarkable influence on the chemical structure of radicular
dentin through collagen degradation or demineralization
after four weeks of usage [19].

As mentioned, CH has some shortcomings such as its limited
effect to eliminate E. faecalis and its role in reducing root fracture
resistance [20-22]. Besides, the major defect of CH is that its
residues on the root canal walls can lead to reactions with the root
canal sealers and alter their features. For instance, these residues
can increase the viscosity, reduce the flowability, and alter the
setting time of root canal sealers. Consequently, they can hamper
the sealer penetration into the dentinal tubules and its adhesion to
them [2, 23]. These changes can have an adverse impact on the
bond strength among the sealer and dentin [23-25]. Physical and
chemical properties of materials might be influenced by
alterations of pH [26]. It is worth mentioning that the high
alkalinity of CH can result in the denaturation of proteins and a
subsequent weakening of root dentin structure can occur [7, 8].
The nano-size of particles of NCH may penetrate and remain
more on canal walls and may weaken the bond of canal walls to
the sealers more than the conventional CH. To the best of the
authors’ knowledge, no other studies in the literature have
compared the push-out bond strengths of NCH and CH.
Accordingly, the current research was aimed to investigate the
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Figure 1. Field emission scanning electron microscopy micrographs of nano-calcium hydroxide

influence of CH and NCH on the push-out bond strength of AH-
Plus jet sealer. The null hypothesis was defined as no difference
would be detected regarding push-out bond strength following
usage of CH and NCH.

Materials and Methods

The outline of the present in vitro study was approved by the
Ethics Committee of Shiraz University of Medical Sciences,
Shiraz, Iran (Ethical code: IR.SUMS.DENTAL.REC.1399.218).

Sample preparation

Forty eight mandibular premolars which had been extracted due
to periodontal problems or orthodontic reasons were gathered.
The written informed consent was taken from the patients that
their teeth will be used for researches. The samples were placed
in 0.5% chloramine-T solution (Merck, Darmstadt, Germany)
for a 48-h period to become disinfected and then they were kept
in distilled water until the time of experiment. After removal of
the debris and calculus, radiographic evaluation was performed
to exclude the teeth possessed more than 1 root canal. The
exclusion criteria encompassed multi-rooted teeth, teeth with
multiple apical foramina, teeth with previous endodontic
therapy, root resorption, immature root apices, root caries, root
cracks, and/or root canal curvature of greater than ten degrees.
The teeth were inspected under 40x magnification using Dino-
Lite USB Digital Microscope AM3111-0.3MP (Dino-Lite,
Hanoi city, Vietnam) to choose the teeth meeting inclusion
criteria. The cementoenamel junction (CEJ) to the root apex
were considered to ensure the selected premolars possess
identical root lengths. Finally, 48 mandibular premolars were
chosen (according to Ackay et al. [27]) and decoronated to
reach homogenized root length of 15 mm via a diamond disk.
Study the root canal preparation was done by a single operator.
The canal patency was reassessed by insertion of #10 K-file
(Dentsply Maillefer, Ballaigues, Switzerland) into the root canals
and its visualization at apical foramen. The working length was
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Figure 2. Schematic representation of preparation of dentin disks for
the push-out bond strength testing

ascertained by deducting one mm from the file length
inserted in each canal. We used Dentsply Maillefer rotary
instruments to prepare the root canal systems from F1 to F4
(size 40/0.06 ProTaper) and the root canal rinsing was done
with 2 mL of 2.5% sodium hypochlorite solution (NaOCl)
(ImidentMed, Konya, Turkey)
instrument. Ultimately, the samples were rinsed with 17%
EDTA (5 mL) for one min, 1% NaOCI (5 mL) for one min, and
the final rinsing of the samples was done with normal

amid each change of

saline[27]. Afterward, drying of the root canals were conducted
by absorbent paper points (Dentsply Maillefer, Ballaigues,
Switzerland) and based on the intracanal medicament used, the
premolars were allocated randomly into three groups (n=16):
control group containing teeth without treatment of any
intracanal medicament, CH group, and NCH group. The
whole procedures of root canal preparation were performed by
a single operator.

Characterization of CH

X-ray diffraction analysis (XRD), Fourier transform infrared
spectroscopy (FTIR), and field emission scanning electron
microscopy (FESEM) were performed for characterization of
NCH (Figure 1). XRD pattern and analysis of the phase and
crystallinity of NCH was achieved by X-ray diffractometer
(D8 DISCOVER; Bruker, Billerica, MA, USA) with Cu Ka
radiation (k = 1.54 A°) and scanning rate of 1 step/s with step
size of 0.1°/step. FTIR was applied for characterization of the
molecular interactions in the NCH with FTIR spectrometer
(Spectrum One FTIR spectrometer; PerkinElmer, Waltham,
MA, USA) using KBr method [28]. And ultimately, field
emission scanning electron microscopy (FESEM; JSM5410;
JEOL, Tokyo, Japan) was applied for observation of the size
and morphology of NCH.
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Figure 3. Push-out bond strengths of studied groups at each of the

root canal thirds

According to the protocols provided by Hoshino et al. and
Naseri et al. [15, 29], medicament pastes were produced through
mixing CH (Merck, Darmstadt, Germany) and NCH (Polymer
and Petrochemical Institute, Tehran, Iran) powder with normal
saline in a powder to liquid ratio of 3:1, separately [15, 29]. By
employing a #40 Lentulo spiral (Dentsply Maillefer, Ballaigues,
Switzerland), the medicaments were introduced into the root
canal system and the coronal openings were sealed temporarily
with small pellets of cotton and provisional filling material
(Cavizol, Aria Dent, Iran) in order to prevent any coronal leakage.
The specimens were kept at the temperature of 37°C and humidity
of 100% for 7 days to stimulate the clinical conditions. Following
a week of incubation [24], the medicaments were removed by an
F4 ProTaper rotary instrument (Dentsply Maillefer, Ballaigues,
Switzerland), followed by 10 mL 17% EDTA, then by 10 mL 2.5%
NaOCl and a final flushing was performed by 5 mL sterile saline.
After drying the root canals with paper points, the working length
was filled by insertion of F4 size gutta-percha cones (F4, Dentsply
Maillefer) into root canals which were sparingly dipped in sealer
(AH-Plus Jet; Dentsply Maillefer, Ballaigues, Switzerland)[single
cone technique]. Radiographs of the mesiodistal and buccolingual
views of each tooth were taken to affirm integral obturation of the
root canals. After obturation, a temporary filling material (Cavizol,
Aria Dent, Iran) was placed to seal the coronal opening and a week
incubation with 100% humidity and temperature of 37°C was
applied for the samples. Transparent polyester was poured in plastic
cubes and each tooth was placed into the cubes in order to mount
the samples in blocks for facilitating sectioning process.
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Push-out bond strength evaluation

One week after obturation a Buehler IsoMet precision saw (1000;
Buehler IsoMet, Lake Bluff, IL, USA) was used to deliver
perpendicular cut at each tooth to the long axis using cooling
water at low speed. For each specimen, 3 sections were made at
depths of 4 mm apical, 7 mm middle, and 10 mm coronal thirds
and near to 1+0.1 mm width, giving a total of 48 specimen (Figure
2). With the aid of a magnification device, the diameter of each
hole was measure from the coronal and apical aspects. We used a
universal test machine to measure the strength of the push-out
bond at a crosshead speed of 1 mm/min (AGS-X; Shimadzu Corp,
Kyoto,, Japan). Three sets of cylindrical pluggers of diameter 0.6-,
0.7-, and 0.8-mm that matched each canal third diameter were
used for the push-out test of each tooth. The pluggers’ diameter
conformed to a minimum 80% of the canal diameter. The greatest
force applied prior failure of the obturation material was first
noted in Newtons and later transmuted to megapascals (MPa)
based on the ensuing formula: push-out bond strength
(MPa)=greatest load (N)/adhesion area of root filling (A) (mm?).
The subsequent equation computed the area occupied by the root
canal filling: A=(mrr1 + nr2)XL, where L=/ (r1 — 1r2)2 + h2 ,r1
stands for the minor radius, 72 point to the major radius of the
canal diameter (mm),  is the the root section thickness (mm),
and 7 is the constant 3.14 [27].

Statistical analysis

By usage of the SPSS software (SPSS version 25; Chicago, IL,
USA) statistical analysis was done. The Kolmogrov-Smirnov
statistical test was implemented to test the assumption of
normality. Repeated measurement analysis followed by
Tukey’s HSD and Bonferroni post-hoc tests were used to
determine whether significant differences in push-out bond
strength values existed intergroup and within groups. For
statistical analyses, we considered P-values lower than than
0.05 as statistically significant.

Results

Based on the repeated measurement analysis, no significant
interaction effect was detected between the type of the
medicament and the root canal thirds, regarding the bond
strength values (P=0.283). The push-out bond strength of the
sealer to the root canal dentin in accordance to the type of
intracanal dressing in the root canal thirds is presented in mean
and standard deviation in Table 1. The push-out bond strength
values were significantly affected by the intracanal medicaments
(P<0.001). The control group which received no medicament
revealed the maximum bond strength in comparison to the CH
and NCH groups (Figure 3). However, the samples treated with
NCH demonstrated a greater push out bond strength than those
in CH group, no statistically noticeable difference was detected
between NCH and CH group (P>0.05) (Table 2). Under
controlling the effect of the type of medicament, a remarkable
difference was found among the root canal thirds (P<0.001) and
the push-out bond strength had increased in a coronoapically
direction and the apical third exhibited the highest bond
strength values.

Discussion

By the improvement of various properties of CH medicament
when it is implemented in its nano-sized particles, we evaluated
the push-out bond strength of epoxy-resin based sealer to root
canal dentin (AH-Plus jet) under influence of CH and NCH. The
null hypothesis of the current study was that no difference would
be detected regarding push-out bond strength values following
usage of CH and NCH. Although, the results demonstrated that
usage of CH and NCH as intracanal medicament, adversely
affected on the push-out bond strength of AH-Plus jet sealer,
and there was no statistically signigicant difference between
them. Hence, our null hypothesis has been approved.

Table 1. Mean (SD) of push-out bond strengths (MPa) following placement of medicaments in accordance to root canal thirds

Type of medicament

Root canal third Nano-calcium hydroxide  Calcium hydroxide = Control (without medicament)
Coronal 1.11 (0.63) 1.05 (0.38) 1.71 (0.57)
Middle 2.00 (0.89) 2.16 (0.73) 4.00 (1.98)
Apical 5.43 (2.44) 4.87 (2.33) 6.73 (2.09)

Table 2. Comparison of the push out bond strength values of the experimental intracanal dressings by Tukey’s HSD test

P-value
Nano-calcium hydroxide = Calcium hydroxide 0.895
Nano-calcium hydroxide  Control 0.001
Calcium hydroxide Control <0.001
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In accordance to Kenee et al. [30] study, which
recommended the additional use of rotary or ultrasonic
instrumentation after hand filing and irrigation to enhance the
elimination of CH from the canals, we used a F4 ProTaper file
with 10 mL of 17% EDTA solution and 10 mL of 2.5% NaOCI
solution to irrigate CH and the NCH from each canal [30].
Various irrigation solutions and devices including endodontic
hand files and brushes, nickel-titanium (Ni-Ti) rotary
instruments, sonic and ultrasonic activated irrigation solution,
and laser activated irrigation solution have been advocated to
wipe out CH from root canal system [31, 32]. However, till
date, neither any technique nor any agent has been able to
sufficiently eliminate intracanal CH from the root canals.
Conventionally, the removal of CH present in the root canals
was performed by canal irrigation with sodium hypochlorite to
the working length and EDTA [33].

One of the most preferred techniques to evaluate bond
strength and adhesion is the push-out testing method [34,
35]. The push-out test measures the shear stress between the
sealer and the dentin which is similar to the stress produced
under clinical conditions [35]. This method is efficient and
reproducible, and is measurable even in conditions where the
bond strength is low [34, 36]. The strength of push-out
bonding relies on the sample thickness, diameter of the
plugger, the orientation of the specimens, and the sealing
ability of the sealer to the root canal walls [34]. The design of
current study was developed in accordance to Ackay et al.
study to obtain the most favorable findings during the
preparation of the samples and the test performance [27].
Three different sizes of pluggers were considered for the test
performance, 0.6, 0.7, and 0.8 mm, each of which conformed
to the diameter of a canal third such that most diameter of
the gutta-percha was covered with the plugger at the point of
contact.

The sealer of choice in the current study was AH-Plus jet.
According to some studies, epoxy resin-based sealers like AH-
Plus sealers are reported to cause higher strength in bonding
compared to other endodontic sealers [36-40]. Probably,
following the opening of the epoxide rings of the sealer,
stronger covalent bonds are formed among the epoxy groups
of the sealer and the amino groups of the collagen in dentin
thus creating stronger linkage between the sealer and dentinal
walls [41, 42].

Our survey in the literature did not show any study
assessing the push-out bonding of epoxy resin-based sealers
following NCH application. However, some previous reports
have investigated the efficacy of CH on the adhesion strength

of sealers with basis of epoxy resin [3, 24, 27, 38, 43]. The
findings from the current study indicated that the control
group possesses the highest mean strength of push-out
bonding compared to that of premolars treated with CH or
NCH groups irrespective of the root canal position (thirds).
This is in consistent with the results of the Guiotti et al. [24]
study, which highlighted that the negative impact of CH result
in weaker push-out bond strength of AH-Plus sealer [24]. Also,
Ghabraei et al. [44] the bond strength of AH-26 (Dentsply,
Tulsa Dental, Tulsa, OK, USA) and BC sealers (Brasseler,
Savannah, GA, USA) were negatively impacted by the
remnants of CH [44]. The current research’s authors infer that
CH residue in the root canal system may have hindered
adequate interlocking and bond formation between the sealer
and the dentinal tubules, hence, the bond strength has reduced
in premolars treated with CH and NCH. However, further
investigation is required to evaluate the correlation between
the penetration depth of NCH and the sealing capacity of the
root canal material. Furthermore, the high alkalinity of CH and
NCH can negatively influence on the structure of root canal
dentin and a consequent disturbance of proper adhesion
between root canal walls and sealer may occur [6-8].

In the current research, the push-out bond strength has
elevated regionally from coronal to apical irrespective to the type
of the medicaments used. Other studies have reported similar
regional push-out bond strength results for AH plus sealer that
are in line to our results [45, 46]. Ackay et al. [27] on the contrary
reported that root canal thirds have not affected the push out
bond strength [27]. Since the samples had similar lengths and
the diameter of the root canals declined from the coronal
portion to the apical, may the greater push-out bond strength at
apical region be more related to the higher frictional resistance
among the sealer and root canal walls at apical third in narrower
parts of canal rather than an improved bond strength. Also, the
higher bond strength of AH-Plus jet sealer in the apical third
may be related to some other factors. For instance, apical third
of root canals own more prominent anatomical irregularities
such as accessory root canals, resorption or repaired resorption
areas, and irregular secondary dentin [24, 27].

Conclusion

According to the results of the present in vitro study, when
epoxy resin-based sealers are used during root canal therapy, if
it's not necessary to use CH and NCH as intracanal
medicaments, their application may result in reduction of

push-out bond strength and is not recommended.
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