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Abstract Purpose: To evaluate the effect of phytic acid (IP6) on the surface roughness and micro-

hardness of human root canal dentin and compare it to other smear layer removal agents.

Materials and methods: Fifty extracted human maxillary incisors were sectioned longitudinally

into a total of 100 specimens followed by embedding in auto-polymerizing acrylic resin. The spec-

imens were polished and then randomly divided into five groups (n = 20) according to the test solu-

tion used to condition root canal dentin: 17% ethylenediaminetetraacetic acid (EDTA); 10% citric

acid (CA); 1% IP6; 37% phosphoric acid (PA); or distilled water (control group). Each specimen

was treated with a total volume of 1 ml of each solution for 1 min with agitation. Each group

was then divided into two subgroups of 10 specimens each. The specimens of the first subgroup were

used to determine microhardness, using Vickers hardness tester, and the specimens of the second

subgroup were used to measure surface roughness, using a confocal laser scanning microscope.

The results were analyzed statistically using one-way ANOVA and Tukey tests, a = 0.05.

Results: All the tested groups exhibited microhardness and surface roughness values that were

statistically significantly different when compared with the control group (P < 0.05). The micro-

hardness value obtained with IP6 was significantly lower when compared to EDTA, CA, and the
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control group, whereas its roughness value was significantly higher compared to the aforementioned

groups. However, there was no significant difference between IP6 and PA (P > 0.05).

Conclusions: IP6 and PA showed the lowest microhardness and the highest surface roughness

values.

� 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Mechanical instrumentation aids in the debridement of the
root canal system; however, it also results in the formation
of a smear layer (S�en et al., 1995). Although still controversial,

the literature sides toward the removal of this layer before

obturation to open the dentinal tubules, enhance the adapta-
tion of the filling material to the root canal dentin
(Shahravan et al., 2007), and improve the antimicrobial effec-

tiveness of irrigation solutions (Morago et al., 2016).
Currently, ethylenediaminetetraacetic acid (EDTA) in a

concentration range of 15–18% and a time of application of

1–5 min is considered the main chelating agent of choice used
in endodontics for the purpose of smear layer removal. The
final irrigation with EDTA is recommended because this solu-
tion can dissolve the organic component of the smear layer,

followed with sodium hypochlorite to remove the organic part
of this layer (Zehnder, 2006). Various other chelating agents
have been studied and were reported as effective root canal

smear layer removal agents, such as maleic acid, citric acid
(CA), and phosphoric acid (PA) (Ballal et al., 2010; Prado
et al., 2011). Exposure to these chelating agents might influ-

ence the chemical and physical characteristics of dentin
(Zehnder, 2006). Dentin surface roughness and calcium/phos-
phorus (Ca/P) ratio are affected by the type of the agent used
(Ari et al., 2004; Ari and Erdemir, 2005); these alterations are

reflected as changes in dentin permeability, solubility, and
resin-bonding ability, thus compromising the coronal seal
and allowing easier bacterial ingress (Ballal et al., 2010;

Eldeniz et al., 2005; Rotstein et al., 1996). Previous studies
have investigated the effect of EDTA, CA, and PA on dentin,
which showed reduced microhardness and increased surface

roughness upon treatment with the aforementioned agents
(Aguilar-Mendoza et al., 2008; Ballal et al., 2010; Cruz-Filho
et al., 2011; Eldeniz et al., 2005; Marcelino et al., 2014).

Phytic acid (IP6), a naturally occurring, negatively charged
molecule, has been found to have the potential to be used as a
root canal chelating agent. IP6 proved to be an effective agent
in removing the smear layer from flat coronal dentin surfaces

(Nassar et al., 2013) and instrumented root canals, while being
more biocompatible to osteoblast and pulpal cells when com-
pared to EDTA and PA, respectively (Nassar et al., 2013,

2015). It was also reported to enhance resin–dentin bond
strength through a speculated collagen cross-linking effect
(Kong et al., 2015, 2017). Nikhil et al. reported that IP6 had

less effect on radicular dentin hardness compared to other
chelating agents (Nikhil et al., 2016). However, the effect of
this agent on dentin roughness and microhardness is not yet

fully understood. To our knowledge, no study has assessed
the effect of IP6 on the surface roughness of radicular dentin.
Therefore, the purpose of this in vitro study was to (i) evaluate
the effect of IP6 on the surface roughness and microhardness
of human root canal dentin and (ii) to compare it to other

smear layer removal agents. The null hypothesis tested was
IP6 does not affect the microhardness or the roughness of root
canal dentin.

2. Materials and methods

Fifty extracted human maxillary incisors were collected with

the ethical approval of the Human Research Ethics Committee
at Tokyo Medical and Dental University (no. 725). Teeth with
cracks, restoration, curved canals, caries lesions, root canal

therapy, root resorption, or calcification were excluded. Teeth
were cleared of soft-tissue debris, followed by storage in 0.1%
thymol solution at 4 �C until used.

High-speed burs under water irrigation were used to deco-

ronate the teeth at the cementoenamel junction, and then the
roots were sectioned longitudinally in a buccolingual direction
from the cervical to the apical area with a low-speed diamond

saw (Isomet, Buehler, Lake Bluff, IL, USA). Two specimens
(buccal and lingual sections) were obtained from each root.
The root sections were horizontally mounted in an auto-

curing acrylic resin, leaving the root canal dentin exposed.
Under water cooling, the exposed dentin surfaces of the
embedded specimens were ground flat and polished using a ser-

ies of silicon carbide paper of 600 to 1200 grit in ascending
order, followed by a final polishing using 1 mm diamond paste
on a wet grinding wheel. The specimens were randomly divided
into five groups (n = 20) according to the type of chelating

agent that was used to condition the dentinal surface:
Group I: 17% EDTA (pH 7.5); Group II: 10% CA (pH

1.67); Group III: 1% IP6 (pH 1.2); Group IV: 37% PA

(pH < 1); and Group V: distilled water (control group). All
chemicals were purchased from Wako Pure Chemical Indus-
tries, Osaka, Japan. A total volume of 1 ml of each solution

was applied on each specimen for 1 min with agitation, using
a microbrush. Half of the samples of each group was used to
conduct the microhardness test (n = 10), and the other half
(n = 10) was used to evaluate surface roughness.

2.1. Microhardness measurement

The microhardness of each conditioned root canal dentin sur-

face was measured using a Vickers hardness tester (HM-102,
Mitutoyo Corporation, Yokohama, Kanagawa, Japan). Three
readings for each specimen were performed at different loca-

tions: coronal, middle, and apical thirds of the root. The inden-
tation was placed 0.5 mm from the root canal wall at each
location. Each determined location was impressed with a load

of 100 g for 15 sec, using a pyramid diamond indenter tip, and
each residual impression was observed with an optical micro-
scope. The measurements were converted into a Vickers hard-
ness number (VHN) by the monitor, using the equation:

http://creativecommons.org/licenses/by-nc-nd/4.0/
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HVN = 1854 (F/d2); F is the indentation load (g), and d is the
diagonal of the indentation (mm). The three values for each
specimen were averaged to produce one hardness value.

2.2. Surface roughness measurement

The surface roughness (Sa, mm) of the root canal dentin was

determined using a confocal laser scanning microscope
(CLSM) (VK-X 150 series, Keyence Corporation, Osaka,
Japan) at a 50x magnification, and measurement unit was

273 � 204 mm. According to the ISO 25178, the Sa is a surface
texture parameter and expresses an absolute value of the dif-
ferences in the heights of each point compared to the mean

value of the surface (Kyaw et al., 2019). Three tracings of dif-
ferent locations in the central area of each specimen were per-
formed. The mean Sa and standard deviation of the three Sa
values were used to represent the surface roughness of the

specimens.

2.3. Statistical analysis

The microhardness and surface roughness values were ana-
lyzed statistically by a statistical software package (Sigma Stat,
version 15.0, SPSS, Chicago, IL, USA), using one-way analysis

of variance (ANOVA), and post hoc comparisons were per-
formed using Tukey’s multiple comparison test (alpha = 0.05).

3. Results

The mean values and standard deviations of root canal dentin
microhardness and roughness data for all groups are listed in

Table 1. All experimental groups exhibited a microhardness
value that is statistically significantly lower when compared
to the control group (P < 0.05). The hardness of the control
group was the highest (60.29 ± 2.20) followed by EDTA,

CA, IP6, and PA groups (49.00 ± 2.20, 44.46 ± 1.73, 41.34
± 1.99, 40.52 ± 2.15); respectively. There was a significant
difference among all experimental groups (P < 0.05), except

for the IP6 and PA groups (P = 0.901). All experimental
groups exhibited a roughness value that was significantly
higher when compared to the control group (P < 0.05). The

surface roughness of the control group was the lowest (0.05
± 0.01), followed by EDTA, CA, IP6, and PA groups (0.24
Table 1 The means and standard deviations of the root dentin

microhardness (VHN) and roughness (Sa) values for experi-

mental and control groups.

Groups n Vickers Microhardness

values

Roughness

values

(Mean ± SD)* (Mean ± SD)*

Control

(distilled water)

10 60.29 ± 2.20a 0.05 ± 0.01A

EDTA 10 49.00 ± 2.20b 0.24 ± 0.03B

Citric acid 10 44.46 ± 1.73c 0.44 ± 0.05C

Phytic acid 10 41.34 ± 1.99d 0.52 ± 0.06D

Phosphoric acid 10 40.52 ± 2.15d 0.55 ± 0.04D

Different letters indicate statistically significant difference at 5%.
± 0.03, 0.44 ± 0.05, 0.52 ± 0.06, 0.55 ± 0.05), respectively.
There was a significant difference among all the experimental
groups (P < 0.05), except for the IP6 and PA groups

(P= 0.915). Fig. 1 shows representative CLSM images of root
dentin topography obtained in each experimental group.

4. Discussion

Chelating agents, an integral part of root canal treatment, are
used to remove the inorganic part of the smear layer created on

root canal surfaces during instrumentation (Torabinejad et al.,
2002). However, the use of these agents might lead to alter-
ation in the physical and chemical properties of root canal den-

tin that might reduce the microhardness and increase the
roughness of dentin (Ari and Erdemir, 2005; Ballal et al.,
2010; Dogan and Calt, 2001; Hu et al., 2010). The microhard-

ness test is considered an indirectly suitable method to
detect changes in composition and surface characteristics of
dental hard tissues (Arends and ten Bosch, 1992; Ari and
Erdemir, 2005). CLSM use to analyze surface topography is

described in the literature and is commonly used to gauge
surface texture and roughness (Rashid, 2012). In this study,
different smear layer removal agents were applied to root

canal dentin, and their effects on microhardness and roughness
were evaluated. The results of this study revealed that all
smear layer removal agents used resulted in lower dentin hard-

ness and higher surface roughness values when compared to
the control group. The descending orders of dentin microhard-
ness and roughness values for the experimental groups
were as follows: EDTA > CA > IP6 > PA and

PA > IP6 > CA > EDTA, respectively. Statistically signifi-
cant differences were identified among all agents used in both
experiments, except for IP6 and PA. The results of this study

require the rejection of the null hypothesis.
The EDTA-treated group exhibited the highest hardness

and the lowest surface roughness of all experimental agents.

The chelating action of EDTA mainly affects the inorganic
part of dentin (Ballal et al., 2010; De-Deus et al., 2006;
Poggio et al., 2012); however, due to its neutral pH, the etching

and erosive potential of EDTA is thought to be minimal. The
findings of this study are consistent with previously published
reports in which CA decreased the dentin hardness and
increased the surface roughness significantly more than EDTA

did (Ballal et al., 2010; Eldeniz et al., 2005). CA, a weak
organic acid used as a dentin conditioning and smear layer
removal agent (Prado et al., 2011; Salama and Abdelmegid,

1994), has lower pH (1.67) compared to EDTA, resulting in
deeper demineralization, more calcium loss (Hennequin
et al., 1994), and increased surface roughness (Zehnder, 2006).

Results from the IP6 and PA-treated groups showed the
lowest hardness and the highest roughness values of dentin.
However, there was no significant difference between the
aforementioned agents, but they were significantly different

from CA, EDTA, and the control group. PA is a strong acid
that is mostly used in adhesive dentistry and has a higher dem-
ineralizing effect when compared to EDTA and CA, resulting

in enhanced smear layer removal (Prado et al., 2011), increased
dentin microporosity (Pisani-Proença et al., 2011), higher
reduction of microhardness (Marcelino et al., 2014), and an

elevated surface roughness of dentin (Zehnder, 2006). IP6 is
a highly negatively charged molecule with a high affinity to cal-



Fig. 1 Representative confocal laser scanning microscopy images of root canal dentin for each experimental group. (a) Control group

(distilled water), (b) 17% ethylenediaminetetraacetic acid (EDTA), (c) 10% citric acid (CA), (d) 1% phytic acid (IP6), and (e) 37%

phosphoric acid (PA).
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cium. The pH of 1% IP6 solution is around 1.2; thus, its acid-
ity, along with the chelation ability, might have contributed to
the current findings. We speculate that the acidity of IP6
caused the observed significant differences from EDTA- and

CA-treated groups. To the best of our knowledge, only one
previous study evaluated the microhardness of root canal den-
tin treated with IP6 (Nikhil et al., 2016). In contrast to the

results of this study, Nikhil et al. (2016) reported that 1%
IP6 treatment resulted in a significantly lower reduction in
microhardness than EDTA did. This might be attributed to

the differences in the pH and time of application of IP6, which
were 3.2 (pH) and 3 min, respectively, in the previously men-
tioned report. The decreased microhardness of dentin after

IP6 application could facilitate the mechanical instrumentation
of root canals (da Cruz-Filho et al., 2002), and the increase in
surface roughness could be a benefit for micromechanical
bonding of root canal resin sealers and adhesive restorative

materials (Ballal et al., 2010). However, excessive demineral-
ization may also result in the collapse of the collagen network
and insufficient penetration of the adhesive or sealer, resulting
in suboptimal sealing ability and higher nanoleakage (Garcia-
Godoy et al., 2005).
5. Conclusions

Within the limitations of this study, all the tested agents
resulted in microhardness and roughness values that were dif-
ferent from the control group. IP6- and PA-treated groups

showed the lowest hardness and highest roughness values.
However, further research is necessary to evaluate the effect
of different concentrations and times of application of IP6

on these characteristics of dentin and study the sequelae on
sealability and adhesion to root canal-treated teeth.
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