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Abstract Objective This study aims to assess and compare the influence of hydroxyapatite
(HA) and tricalcium phosphate (TCP) nanoparticles on a commercially available epoxy
resinbased sealer, focusing on porosity and push-out bond strength.
Materials and Methods This work was classified into a control group and two
experimental groups. In each experimental group, the sealer was mixed with 2.5 wt.
% of HA and TCP nanoparticles. Thirty extracted single-rooted teeth were utilized. After
sectioning the crowns, the remaining roots of 15 teeth were used, up to 40 to 0.06,
using a K3 rotary system. Smear layers were removedwith 3mL of 17% EDTA applied for
60 seconds. Then, the canals were irrigated with 3mL of 2.25% NaOCl and 5mL of
distilled water. The strength of push-out bonds was tested via an Instron universal
testing machine on a 2mm section acquired from obturated canals. Data were
assessed using one-way ANOVA and post hoc tests at a significance level of p<0.05.
Results A nonsignificant difference (p>0.05) was evident when the three groups
were crosschecked in terms of void volume and bond strength. Micro-CT evaluations
revealed the lowest volume of voids to be 0.1152mm3 (2.69%) for the HA group
compared with the control group 0.1818mm3 (3.9%) and the TCP group 0.2194mm3

(4.33%). Mean bond strength values were 4.18�1.77 MPa for group 1 (control),
4.19�1.54 MPa for group 2 (HA 2.5%) and 3.76� 1.95 MPa for group 3 (TCP 2.5%).
Groups 1 and 3 showed both cohesive and a mixed type of failure, while group 2
showed adhesive and a mixed type of bond failure.
Conclusion Within the limitations of the study, incorporation of 2.5 wt% HA and TCP
nanoparticles into AH Plus did not significantly affect the percentage volume of voids
and the bond strength negatively.
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Introduction

In endodontics, the root canal is the process of removing the
infected pulp and restoring it with an appropriate filling
material.1,2 Gutta-percha has been used as a core root filling
material for more than 100 years.3 However, gutta-percha
alone fails to provide three-dimensional sealing, as it cannot
adhere to the canal walls, leaving gaps and allowing access for
bacteria.4 Therefore, a pertinent objective following a root
canal therapy is attaining a flawless seal to diminish bacterial
spread, subsequently denigrating any chances of pulpal pa-
thology.5A sealer acts as a synergist in establishing a hermetic
seal along with an obturating material. Second, a sealer needs
to be biocompatible, as it is close to periapical tissue and has
supercilious dimensional stability.6 Various categories of root
canal sealers havebeen introduced in themarket and arebeing
used in clinical practice. Zinc oxide-, epoxy resin-, methacry-
late-, calciumhydroxide-, silicon-, bioceramic-, glass ionomer-,
and MTA-based sealers are the major categories of commer-
cially available sealers. Due to their inherent weak structural
characteristics, they do not meet the requirements of an
ideal root canal sealer6; however, epoxy resin sealers gained
global attention due to their exceptional dislodging resistance,
as a strong covalent bond is formed between AH plus and
epoxide rings of amino acids exhibited at the dentin–collagen
interface. Epoxy resins showed promising results in the com-
plex and inherently wet environment of chemo-mechanically
cleaned and shaped root canal systems, where they do not
shrink following installation.7 Moreover, epoxy resin sealers
also bind to the collagen in the wall of the root canal.6

It is clinically beneficial toutilize theprovenadvantagesof an
epoxy resin sealer with some desired properties of hydroxyap-
atite (HA) and tricalcium phosphate (TCP) materials. The struc-
ture of HA is identical to that of dentine and enamel; hence, it
can adhere strongly to the dentinal tubules. Furthermore,
literature signifies its biocompatibility and reactivity character-
istics.8,9 While calcium and phosphate ions are potential can-
didates to augment tooth remineralization and roots’ strength,
dentin hardness is achieved when Ca and P ions, in the sealer,
neutralizes the acidic environment.10 Commercial sealers, con-
stituting calcium phosphate or HA have been developed due to
their ability to influence healing and bone regeneration.

As dictated by professional obligation, researchers and
dental practitioners are constantly endeavoring on bringing
innovations in biomaterials to improve the beneficial effects.
This present study aims to evaluate the effect of the incor-
poration of HA and tricalciumphosphate nanoparticles into a
commercially available epoxy resin-based sealer on porosity
and push-out bond strength. Push-out tests are attaining
widespread popularity in experimental studies due to their
capacity of characterizing the behavior of restorations or
sealers at the interface.11

Materials and Methods

Hydroxyapatite (HA) and TCP powders were obtained from
the Interdisciplinary Research Center in Biomedical Materi-
als, COMSATS IIT, Pakistan. AH Plus (Dentsply, Germany) was

used as a control endodontic sealer. This study comprised a
control group and two experimental groups according to the
wt.% of particles at 2.5%. The details of the three groups are
presented in ►Table 1.

Tooth Preparation

For this study, 30 extracted single-rooted human teeth were
acquired. They were cleaned of remaining tissue and calculus,
disinfected in 1% chloramine for 24hours. Then, they were
stored in a 1% thymol solutionat 4°C. Afterward, the teethwith
curved roots, caries, cracks, open apices, or previous root canal
treatments were omitted. Later, all teeth were decoronated
using a high-speed carbide bur and water spray. Fifteen teeth
were used for obturation, and the remaining teeth were used
to obtain root dentin sections for bond strength.

Fifteen roots of approximately equal size 10�1mmwere
selected. Each canal of the 15 roots was accessed, and the
working length was determined by subtracting 1mm from
the length of an inserted #15 K-file (Dentsply Maillefer,
Ballaigues, Switzerland) with its tip visualized at the apical
foramen. The canals were operated on using a K3 Rotary
System, 0.06 taper rotary instruments (Kerr Dental, USA) to a
master apical file size #40. Between each file size, the canal
was irrigatedwith 3mL of 2.5% sodiumhypochlorite (NaOCL)
using a 27-G side-vented needle. After completion of the root
canal preparation, the smear was removed by rinsing each
root canal with 3mL of 17% EDTA (UltraDent, Germany) for
60 seconds, followed by rinsing with 3mL of 2.25% NaOCl. A
final flush was performed with 5mL of distilled water. Then,
the canal was dried with multiple sterile paper points. Teeth
were then sporadically classified into three groups (n¼5).

Obturation of Canals

The prepared canals were covered with a thin layer of sealer
and obturated with a 40;0.02 taper master cone and 20;0.02
taper accessory cones using the later compaction technique.
All root fillings were performed by an experienced endodon-
tist to standardize the procedure. Following the late conden-
sation, GP was cut using a heated plastic instrument flush
with the coronal surface and condensed vertically with a
hand plugger. A layer of respective sealer preparation was
then placed to obtain a coronal seal.

Control Group: Roots were filled using an AH Plus sealer
dispensed using an auto-mixing tip.

HAGroup: In this group, roots were filled with an AH Plus
sealer containing 2.5wt.% HA nanoparticles.

Table 1 Details of the samples used in the study for
comparative analysis

Groups Sealers

G1 (Control) AH Plus

G2 (Experimental) AH Plusþ 2.5 wt.% HA

G3 (Experimental) AH Plusþ 2.5 wt.% TCP
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TCPGroup: In this group, rootswerefilledwith anAHPlus
sealer containing 2.5wt.% TCP nanoparticles.

Weight measurements for the sealers, HA, and TCP were
performed up to 4 decimal points using a pre-calibrated
electronic weighing balance.12

Porosity

Porosity was determined by measuring the variations in
the percentage volume of voids between the two experi-
mental groups using a high-resolution Micro-CT (SkyScan
1176, Bruker-microCT, Kontich, Belgium). After canal
preparation and root filling, the teeth were scanned. The
scanning procedures were conducted at an isotropic voxel
size of 9 μm using 50 kV, 800 μA, 360° of the rotation angle,
and a 0.5-mm thick aluminum filter. The reconstructed
images were assayed using the CTAn software (Bruker-
micro CT, Kontich, Belgium).

Push-out Bond Strength

To assess the bond strength, the remaining 15 roots were
embedded in a self-cure acrylic resin and were sectioned
transversally into 2-mm thick discs via a diamond saw
(Isomet; Buehler, Lake Bluff, NY, USA). Two sections were
acquired from the middle third of each root.

The canal of each section was widened to a standardized
size with the pass of #5 Gates Glidden Drill providing a canal
space of 1.3mm. The sections were washed with 1mL of
NaOCl followed by a 1-minute application of 17% EDTA.
Finally, the sections were washed with 5mL of distilled
water. Then, they were blot dried. The sealers were mixed
as described above and introduced into the canal spaces
avoiding air entrapment. Eight sections were used for each
group. Sections were preserved in 80% relative humidity at
37°C for 24 hours to allow the initial setting of the sealer.
Then, specimens were placed in artificial saliva (pH 7.0) at
37°C. After aweek, all sectionswere removed and a push-out
test was performed at a crosshead speed of 1mm/min via a
universal testing machine (Instron, Instron Ltd., High
Wycombe, England). The maximum load at failure (Fmax)
was tallied in N. The bonding surface A was gauged through
the following equation:

A¼2π r � h,

Where π represents the constant 3.14, r the root canal
space radius, and h the slice thickness in mm. Afterward, the
bond strength, denoted in MPa, was represented via the
following Eq13:

Statistical Analysis

Data were analyzed with an NCSS 2007 (NCSS 2007, NCSS,
LLC, Kaysville, UT, USA) using one-way analysis of variance

(ANOVA) and post hoc multiple comparison tests at a signifi-
cance level of p<0.05.

Results

Micro-CT evaluations revealed the lowest volume of voids
0.1152mm3 (2.69%) for the HA group compared with the
control group 0.1818mm3 (3.9%) and TCP group 0.2194mm3

(4.33%). However, the variances were not statistically signif-
icant (p>0.05). All groups showed internal, external, and
combined voids.

Mean bond strength values were 4.18�1.77 MPa for the
control group, 4.19�1.54 MPa for the HA group (HA 2.5%),
and 3.76�1.95 MPa for the TCP group 2.5%. Incorporation of
the 2.5% TCP nanoparticles in the AH Plus resulted in lesser
values of bond strength comparedwith the other groups. Yet,
there were no significant differences across the control and
experimental groups (p>0.05). The control and the TCP
groups showed cohesiveness and a mixed type of failure,
while theHA group showed only amixed type of bond failure
(►Table 2). ►Fig. 1 shows the box-and-whisker plots for the
bond strength of all three groups.

Discussion

This study’s prospect was devised to assess the influence of
HA and TCP nanoparticles when incorporated into an epoxy

Table 2 Nature of bond failure for all three groups

Groups Nature of
bond
failure

Cohesive Mixed

Adhesive

G1; AH Plus (Control) – 57 43

G2; AH Plusþ 2.5% HA 15 – 85

G3; AH Plusþ 2.5% TCP – 28.5 71.5

Fig. 1 Box-and-whisker plot showing the push-out bond strength
values for control and experimental groups. The top and bottom lines
indicate the maximum and minimum values in megapascals (MPa).
The box represents 75% of the values, and the line in the box indicates
the median value.
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resin-based sealer. The outcomeswere evaluated fortified on
their sealing ability, bioactivity, and push-out bond strength.
The core materials and the sealer should develop a stable,
chemically bonded mass bonded to the dentine to keep
leakage to a minimum. For root canal filling, it is optimal
that the entire root canal space is completely filled, devoid of
anygaps. Employing sealers as standalone components is not
clinically preferable for canal filling. However, in our study, it
was used solely, without incorporating any other filling
material to determine the separate measurement of the
D/S interface bond strength. Also, three sealers were hand-
picked: the AH Plus, the critically acclaimed epoxy resin-
based sealer, also known as the gold standard.14 Other
sealers containing calcium phosphate and HA were used as
well.

Tricalcium phosphate-based sealers have been garnering
attention due to the bioactivity of the TCP phase associated
with them.6 There is a potential that the interaction with
dentine fluid could induce bio-mineralization with the for-
mation of mineral plugs within the dentinal tubules, inspir-
ing biological activity within the root canal. Tricalcium
phosphate-based sealers may enhance the root fillings’ seal
through the in situ expression of their biological activity. The
mineral tags were prominent, even in the current study, as a
band of strength was shown in regions where the AH Plus
penetrated the dentinal tubules. The literature specifies that
incorporation of ca and p ions in resins aids in the regenera-
tion of the lost minerals, thus augmenting root dentin’s
mechanical properties. Moreover, it was documented that
hydroxyapatite addition influenced an increase in crystal
growth, enhancing the process of mineralization.15 Regard-
ing the push-out bond strength amongst the three resin
sealers, TCP 2.5%AHPlus exhibited the lowest values of push-
out bond strength. Contralateral teeth provided a more
balanced specimen selection, eliminating sample bias. The
classical sealing ability testing methods showed nonsignifi-
cant variances among the experimental and control groups.
This study found a difference in the mode of failure between
AH Plusþ TCP 2.5wt., AH PlusþHA 2.5wt.%, in which the
TCP and AH plus showed cohesiveness and a mixed type of
failure, while the HA group showed an adhesive and a mixed
type of bond failure. The results of our study agreed with the
findings of Haddad et al, who found that the highest bond
strength was in the gutta-percha coated with calcium phos-
phate, while the failure mode observed in his study was in a
mixed-mode.13 In another study, Bae et al demonstrated that
sealers constituting calcium phosphate showed enhanced
bone regeneration. Osteoblast differentiation markers were
observed in these sealers; they are essential for the process of
mineralization.16 Baras et al documented an increase in
dentin hardness after utilizing nano-sized particles of amor-
phous calcium phosphate in sealers.17

HA is a natural product,18 forming 60 to 70% of the
calcified skeleton and the main bone components; thus, its
integration into sealers is biologically sustainable and allows
new bone formation, hence replacing the extruded material.
Osteointegration, along with osteoconduction, may occur
when HA is kept in contact with the bone. Moreover, it is

known to have periapical healing properties that take place
through forming a biological seal in the apical region, avail-
ing an intact closure.8 Witjaksono et al. designed an in vitro
analysis to evaluate the sealing ability of HA in combination
with epoxy resins as sealers. It was concluded that finer and
lower average leakage values of HA in contrast to ZnO and
CaOH base sealers took place due to HA’s superior binding
ability with viable bones.19 Toledano et al documented that
HAnanoparticles, whenused in combinationwith zinc oxide,
strengthens the radicular dentin, since it enhances the
process of remineralization, subsequently resulting in nano
hardness.20 One could argue that HA might have acted as a
filler and, in response, the restoration resisted the dislodge-
ment forces as a unit.

Mainly, due to air entrapment, structural defects may
result when a sealer is mixed or transferred. Moreover,
physical characteristics which include density and rate of
flow also account for these deficiencies. During setting, huge
polymerization stresses result in the formation of a gap as
the resin is released from the wall of the canal.21 Voids
propagate crack formation and microleakage of fluids along
with acids, demineralizing the structure of HA crystals.
Consequently, fracture or recurrent caries may result.22,23

Cavity configuration factor (C-Factor) may evaluate the flow
quantity of resin during the polymerization process.21 High
values of C-Factor are found in long canals, as an inadequate
area is provided for the relief of polymerization shrinkage
stresses, thus debonding at the interface may result.
The results revealed a nonsignificant difference among the
three groups when compared for internal, external, and
combined voids through micro-CT scanning. In a study by
Akman et al in 2010, AH plus demonstrated 50% void-free
interfaces in contrast to Epiphany and MetaSEAL, which
showed 50% and 70% void-free interface, respectively, from
apical to coronal portions. Thus, this demonstrates their high
adhesion ability.21 In another study, Mohammadian docu-
mented better adaptation of AH Plus sealer in contrast to ZOE
or silicon sealers.24 So, it can be concluded that incorporation
of 2.5wt.% of HA or TCP in our study did not diminish the
sealing ability of the sealer, and any voids formed might be
caused by air or cavity defects.

To assess the interfaces’mechanical properties, the thin slice
push-out test is an important experimental tool.11 The benefits
of this method are evident in tensile and shear strength tests
because it is less sensitive to small variations amongst speci-
mens and in stress distribution during application of load,
Besides, it is achievable to align samples for testing.25

Conclusion

Within the limitations of the study, incorporation of 2.5wt.%
HA and TCP nanoparticles into AH Plus did not significantly
affect the percentage volume of voids and the bond strength
negatively. Further long-term studies are required to observe
the effects of incorporation of HA and TCP on the bond
strength, bioactivity, and apatite formation. Utilizing a great-
er concentration ofHA and TCP nanoparticlesmight be useful
to get a significantly greater bond strength.
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