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Effect of chemical and
natural irrigant solutions
on microhardness of root
dentin— an in vitro study
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Aim: Modifications in the mechanical properties of dentin
may reduce the fracture resistance of tooth, especially after
endodontic treatment. The aim of present study was to
evaluate the effect of the irrigation with different root canal
irrigants on the microhardness of root dentin. Methods:
The coronal portion of 60 single-rooted bovine incisors was
sectioned and the pulpal tissue removed using endodontic
K-files. The roots were cut transversely to obtain 2 fragments,
which were embedded in acrylic resin and randomly
distributed into six groups (n=20) according to the irrigation
protocol: distilled water (DW) (control); 2% chlorhexidine
solution (CHX); 6% sodium hypochlorite (NaOCl); 6% calcium
hypochlorite (Ca[OCI],); QMix; and 6.5% grape seed extract
solution (GSE). The solutions were kept in contact with the
root dentin specimens for 30 min. After that, irrigation with
5 mL of DW was performed. The Vickers microhardness
was determined by performing three indentations in all
specimens, using 300-g load and 20-second dwell time. The
first indentation was made 1.000 pm from the root canal
entrance, and two other indentations were made at a distance
of 200 ym from each other. The microhardness value for each
specimen was obtained as the average of the results for the
three indentations. Data were statistically analyzed using one-
way ANOVA with 5% significance level. Results: All the tested
irrigant solutions maintained the same microhardness level
of the root dentin when compared to the control group, with
no statistically significant differences between them (p<0.05)
Conclusion: The tested irrigant solutions did not present
ability to modify the microhardness of root dentin.

Keywords: Calcium hypochlorite. Chlorhexidine. Grape seed
extract. Sodium hypochlorite. Hardness.
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Introduction

Microorganisms and their products are the main etiological factors for pulpal and
periapical diseases, playing a significant role in the induction and progression of
these conditions’. Chemical auxiliary substances are used to promote bacterial elim-
ination along with mechanical instrumentation of the root canals during endodontic
treatment. Sodium hypochlorite (NaOCI) is the most commonly used irrigant due to
its broad antimicrobial spectrum? and ability to promote organic tissue dissolution®.
However, NaOCl has presented some disadvantages after its use as endodontic irrig-
ant, such as disintegration of dentin collagen®, decreasing of dentinal flexural strength
and elasticity modulus® and modifications in the microhardness of dentinal struc-
ture®’. Due to the adverse effects promoted by this irrigant solution on mechanical
properties of dentin, some zalternatives have been researched in endodontics to be
used as chemical auxiliary substance during the chemomechanical preparation.

Chlorhexidine digluconate (CHX) has been suggested as an auxiliary chemical sub-
stance in endodontic treatment because of its antimicrobial activity® and substantiv-
ity®. Another advantage of using CHX as auxiliary chemical substance is that it does
not interfere with collagen in the organic matrix of root dentin®. However, some studies
in the literature have reported decrease of dentin microhardness when irrigated with
2% CHX'°. QMix (Dentsply, Tulsa, OK, USA) has also been used as irrigant solution in
endodontics, being composed by EDTA, chlorhexidine (CHX) and a surfactant agent™.
Although the presence of EDTA in its composition, QMix does not promote dentinal
erosion'?. Moreover, the presence of a surfactant agent decreases the surface tension
and increases the wettability’®, improving the effectiveness of penetration in the depth
of dentinal tubules.

More recently, calcium hypochlorite (Ca[OCI],) has been investigated in endodontics,
presenting an effective antimicrobial action against Enterococcus faecalis’™, ability to
promote organic tissue dissolution’, chemical stability'® and biocompatibility'. In the
other hand, the use of natural compounds such as grape seed extract (GSE) in end-
odontics was proposed and it is based on presence of proanthocyanidins (PAC), which
have antimicrobial properties’. Some PAC-rich plant extracts have great applicability
in the dental field for enhancement of dentin biomechanical properties and biostabil-
ity’®. In addition, Cecchin et al.’® showed that GSE does not harm dentin mechanical
properties and it appears to be an alternative for the commaonly used chemical irrig-
ants. However, there are no studies in the literature regarding the use of Ca(OCl), or
GSE and its influence on microhardness of root dentin.

Thus, the purpose of the present study was to evaluate, in vitro, the influence of dif-
ferent irrigant solutions on microhardness of root dentin. The tested null hypothesis
was that none of the tested irrigant solutions promotes significant reduction in the
microhardness of the root dentin.

Materials and Methods

This study was approved by the Ethics Committee of the University of Passo Fundo
(Passo Fundo, RS, Brazil), under protocol 025/2015.
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Specimen preparation

Sixty freshly extracted bovine incisors were collected and stored in 4% formalin (Royal
Plas, Curitiba, PR, Brazil) for no longer than 72 hours. Dental crowns were sectioned
with a diamond saw (#911H, Brasseler, Savannah, GA, USA) set at 20,000 rpm with a
water coolant to obtain 15-mm length roots. All roots were prepared using the same
protocol in order to remove pulp tissue. The cervical third was prepared using a Largo
#4 drill (Dentsply-Maillefer, Ballaigues, Switzerland). The working length was estab-
lished by introducing a K-file #10 (Dentsply-Maillefer) in the canal until its tip was visu-
alized at the apical foramen. From this measurement, 1 mm was subtracted, estab-
lishing the working length. Then, the root canals were prepared at the working length
by serial instrumentation with hand K-files, starting with #30 K-file and finishing with
#45 K-file using DW as irrigant solution. The root canal was filled with DW using a 5-mL
syringe with a 19-G needle before use of each instrument. The needles were centered
within the canal 3 mm short of the working length. After the use of each instrument,
irrigation with 5.0 mL of DW was performed and the irrigant solution was renewed
into the root canal until the complete pulp tissue removal. All root canals were dried
with #45 size absorbent paper points (Tanari, Manaus, AM, Brazil). Two longitudinal
grooves were made in the external root surface using a water cooling diamond disc
(Buehler, Lake BIuff, lllinois, EUA) without reaching the canal space. Subsequently, the
roots were split into two halves with a hammer and chisel, providing two specimens
from each root. The resulting 120 specimens were fixed in acrylic resin blocks (JET
— Cldssico, Campo Limpo, SR, Brazil), ground and polished with silicon carbide abra-
sive papers (180, 320, and 600 grit) and 0.25-mm diamond polishing papers (Metkon,
Bursa, Turkey) under DW to remove any surface scratches.

Irrigation protocols

The 120 specimens were randomly divided into 6 groups (n=20) according to irrigant
solution: distilled water (DW) (Declomiquis, S&o Paulo, SP. Brazil); 2% CHX (Natupharma,
Passo Fundo, RS, Brazil); 6% NaOCI (Farmaguimica SA Produtos Quimicos, Porto Alegre,
RS, Brazil); 6% Ca(OCl), (Farmaquimica SA Produtos Quimicos, Porto Alegre, RS, Brazil);
QMix (Dentsply Tulsa Dental, Tulsa, OK, United States); and 6.5% GSE (Mega Natural,
Madera, CA, United States). The 2% CHX solution was prepared by the chemical phar-
macy, while the NaOCl, Ca(0OCl), and GSE solutions were prepared immediately before
the experiments. A 12% NaOCI solution (Farmaguimica SA Produtos Quimicos) was
titrated and it was diluted in sterilized DW to obtain the concentration of 6%. Both the
Ca(Ocl), and GSE were diluted in DW. The specimens in each group were soaked for 30
minutes in 5 mL of the irrigant solutions described above, being renewed every 5 min-
utes. After incubation, the specimens were rinsed with 5 mL of distilled water, soaked in
17% EDTA for 1 minute, rinsed again with 5 mL of distilled water and blotted dry in order
10 be submitted to dentin microhardness evaluation.

Determination of microhardness on root dentin

The Durascan 20 Vickers microhardness tester (Shimadzu HMV-2000, Shimadzu Cor-
poration, Kyoto, Japdo) measured the dentin microhardness of the root specimens,
at a magnification of 40x under a 300-g load and a 20-second dwell time. In each
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sample, three indentations were made along lines parallel to the edge of the root canal
lumen. The first indentation was made 1.000 pm from the root canal entrance, and
two other indentations were made at a distance of 200 pm from each other. The hard-
ness value for each specimen was obtained as the average of the results for the three
indentations.

Statistical analysis

SPSS (Statistical Package for Social Science, SPSS, version 17.0, SPSS, Chicago, 1L,
USA) analyzed the data. Analysis was performed by one-way analysis of variance
(ANOVA) Statistical significance level was set at 0.05.

Results

Table 1 summarized the Vickers microhardness values (mean and standard deviation)
for the tested irrigant solutions. The results revealed that all the tested irrigant solu-
tions maintained the same microhardness level of the root dentin when compared to
the control group, with no statistically significant differences between them (p<0.05).

Table 1. Mean and standard deviation of microhardness values (Vickers microhardness number) of the
root dentin after treatment with the tested irrigant solutions.

Group n Mean Std. deviation
1. Control 20 33.194 2.95
2. CHX 20 35.08# 4.03
3. NaOCl 20 36.844 3.18
4. Ca(0cl), 20 3331+ 4.56
5. QMix 20 36.95% 3.27
6. GSE 20 36.32+ 4.01

* Different capital letters indicate significant differences between tested groups (p<0.05).
** CHX = 2% chlorhexidine; NaOCl = 6% sodium hypochlorite; Ca(OCl), = 6% calcium hypochlorite; GSE = 6.5%
grape seed extract.

Discussion

The endodontic therapy uses several irrigant solutions in order to promote an ade-
quate decontamination of the root canal system. However, these chemicals can lead
to structural changes on the dentin surface, which may also modify its physical prop-
erties*’. The present study investigated if novel irrigant solutions modified dentin
mechanical properties in order to propese and support their use in the endodontic
therapy as an alternative to the commonly used NaOCI. All irrigants showed simi-
lar results and did not interfere with the root dentin microhardness, confirming our
tested hypothesis.

In the present study, bovine teeth were used for the dentin microhardness evaluation
because is easily available and can be standardised by ensuring the same age and
dentinal characteristics, thus reducing some variables reported for human extracted
teeth. Furthermore, bovine dentin is similar to human dentin in structure, composition
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and the number of tubules?® and has been widely used in in vitro studies. The micro-
hardness was performed in this study since it is an indirect evidence of mineral loss
or gain in dental hard tissues? %, In this scenario, the Vickers microhardness test was
performed in order to evaluate the influence of different chemical auxiliary substances
on microhardness of root dentin. It is less sensitive to surface conditions among the
microhardness measurement methods and more sensitive to measurement errors
when equal loads are applied®. Furthermore, dentin microhardness is related to loca-
tion of the indentations and its value decreases close to the pulp tissue®. Due this
fact, indentations were made along lines parzllel 1o the edge of the root canal lumen,
being the first indentation located at 1.000 pm from the root canal entrance, and two
other indentations located at a distance of 200 ym from each other, as previously
described by Cruz-Filho et al. %,

The effect of the same irrigant solutions tested herein on dentin mechanical proper-
ties is controversial in the literature”.’? and in vitro studies are required to determine
clinical recommendations. The microhardness of root dentin depends on the pH and
concentration of the irrigant solution, as well as variables of dentin, such as tubular
density, location and age?. The number and diameter of dentinal tubules also play an
important role in this scenario®. Some aspects of the methodology used in our study
might have influenced the results and it will be discussed as follows.

First, the effect of different irrigant solutions on the microhardness of root dentin
was evaluated with a 30-minutes contact time, in order to simulate the approxi-
mate clinical time for the accomplishment of a conventional chemical-mechanical
preparation. The root dentin specimens were sozaked in 17% EDTA for 1 minute as
a final irrigation protocol. EDTA binds to calcified components of dentin through a
chelating mechanism, causing demineralization and softening of dentin. As a con-
seqguence, EDTA induces a decrease in root dentin microhardness®%® and might
have promoted modifications on all dentin surfaces resulting in similar values for
all groups.

The similar dentin microhardness when comparing NaOCI with the alternative irrig-
ant solutions observed in our study are not in accordance with previous reports in
the literature’>®. NaOCl is a chemical auxiliary substance, which is able to dissolve
organic components of dentin, as well as magnesium and phosphate ionsg, at the
sametimethat increases the amount of dentinal carbonate’ Moreover, NaOCl mod-
ify the Ca/P ratio of the root dentin surface during root canal irrigation®. Because
the degree of dentin mineralization may affect the hardness profile of the dentin
structure?, changes in mineral content could be responsible for changes in dentin
microhardness after NaQOCI treatment. Differences regarding the volume, incubation
time and concentration of irrigant solution, as well as specimen preparation and
evaluation methods, could be responsible for the differences between our resulis
and previous reports.

Moreover, in the present study, the use of 2% CHX solution did not decrease the
microhardness of root dentin, which is not in accordance with previous studies’™.
Although lower concentrations such as 0.2% showed no effect on microhardness
of root dentin as demonstrated by Ari et al.7, the endodontic therapy adopt the 2%
concentration. Based on our results, 2% CHX is used as an irrigant solution since
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it showed similar results to the control group (DW). An important factor to take
into account is that CHX does not promaote morphologic structure alterations in the
organic matrix of root dentin®. Moreover, some studies have shown that CHX has
beneficial effects on the preservation of resin-dentin bonds by inhibiting the proteo-
lytic activity of metalloproteinases in the hybrid layer?. Therefore, CHX can help to
maintain the quality of the dentin substrate for later filling or restoration of the tooth
with resin-based materials.

The use of Ca(0OCl), as an irrigant solution is supported by the our results since it
did not significantly decrease the microhardness of root dentin. Although there are
no studies in the literature regarding the influence of Ca(OCI), on microhardness of
root dentin, Cecchin et al.* revealed that 30 minutes of contact with Ca(OClI), did not
negatively affect the dentin mechanical properties, such as flexural strength, ultimate
tensile strength and fracture resistance. The surface tension of Ca(OClI), can help to
explain the similar microhardness of root dentin when compared to control group.
Surface tension is a physical property, which exert an essential role in the capillar-
ity and droplet formation, being result of the intermolecular attraction between liquid
and solid®. There is a direct association between wettability of the surface and the
surface tension of the solution®. Once Ca(OClI), has shown low surface tension’, it
can be suggested that this irrigant solution did not penetrate completely into the den-
tin and promoted less modifications on the collagen fibrils and consequently on the
dentin microhardness.

QMix is a novel endodontic irrigant solution proposed, being a lower aggressive solu-
tion than NaOCI for root canal irrigation. Interestingly, although QMix revealed low
ability to decrease the microhardness of root dentin, its components (CHX, EDTA and
a surfactant agent) were able to reduce the dentin mechanical properties when used
isolated’#%32%, Thus, the combined use of these components in QMix provides no del-
eterious effects on mechanical properties of root dentin, possibly due to the concen-
tration of each component.

In addition, GSE did not induce modifications on microhardness of root dentin.
These findings are in accordance with previous studies, where using GSE as irrig-
ant solution did not interfere with dentin mechanical properties™?®. In fact, PAC-rich
extracts have showed to improve dentin mechanical properties due to their highly
stable interaction with dentinal collagen, which occurs by the formation of hydro-
gen bonds between the protein amide carbonyl and the phenolic hydroxyl group of
the polyphenol associated with covalent and hydrophebic bonds®. The covalent-like
bonds resulted from this interaction can help to preserve the dentin structure. In
addition, GSE shows high antimicrobial activity, revealing a higher decontamination
potential against Enterococcus faecalis when compared to NaOCI. However, the
evaluation of other properties are necessary to suggest the clinical application of
this irrigant solution in endodontics.

Despite the limitations of present study, it can be concluded that the irrigant solu-
tions tested herein did not present ability to modify the microhardness of root dentin.
Further studies must be carried out to analyse other desirable properties of Ca(OCl),,
QMix and GSE in order to consolidate these substances as viable alternative irrigants
to NaOCl and CHX in endodontic therapy.
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