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ORIGINAL ARTICLE

Effect of different irrigation protocols
and calcium hydroxide dressing on the
microhardness of root canal dentin

ABSTRACT Larissa Fernanda Pinto!
Ihan Vitor Cardoso*

Aim: This study aimed to evaluate the effect of different irrigation protocols and cal- Gabriela Rovert
cium hydroxide dressing on the microhardness of root canal dentin.

il
Methodology: Thirty human teeth were decoronated and root segments were obtained Eduardo Antunes Bortoluzzi

from pre-established cuts made below the cemento-enamel junction. After specimen’s Lucas da Fonseca Roberti
preparation, the initial dentin microhardness (HO) was measured with a Vickers in- Garciat

denter, on the coronal surface, at 150 um and 500 um from the root canal lumen. . . g
Next, the specimens were randomly distributed into three groups (n=10), according Cleonice Silveira Teixeira

to the different irrigation protocols: 1% NaOCl; 1% NaOCI + 17% EDTA; and 5% NaOCI.
After irrigation, the hardness measurement was repeated (H1), in another quadrant.
Then, Ca(OH)2 dressing was applied and left for 30 days, until it was removed and a
new microhardness measurement (H2) was made, in a third quadrant. The data were
statistically analyzed using the three-way analysis of variance (ANOVA) and Tukey tests,
set at a=0.05.

Results: The factors analyzed (moment of VH, distance from the canal lumen and ir-
rigation protocol) were statistically significant (p<0.05). There was a significant decrease
of dentin microhardness after the irrigation protocols (H1<HO, p<0.05), however, with
no significant difference after Ca(OH)2 dressing (H2~H1, p>0.05). The 5% NaOCl group
shown the greatest difference between HO and H1 measurements (p<0.05).
Conclusions: All irrigation protocols promoted significant decrease of the dentin mi-
crohardness. The Ca(OH)2 dressing for 30 days did not significantly affect the micro-
hardness of the root canal dentin.
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Introduction

he main objective of the che-
momechanical preparation is
to promote cleaning, shaping
and disinfection of the root
canal system (1). However, the
complex anatomy of the root canal, which
includes accessory canals, isthmuses,
and apical ramifications, may hinders a
proper disinfection (2). Therefore, the
success of the endodontic treatment also
depends on the chemical action of irri-
gating solutions (3) and an intracanal
medication, especially in treatment of
teeth with pulp necrosis (4).
Sodium hypochlorite (NaOC]) is the irri-
gating solution widely used in the root
canal chemical preparation due to its an-
timicrobial properties (5) and the ability
to dissolve organic tissues (3). This solution
is used as a canal irrigant in several con-
centrations, which may range from 0.5%
to 6% (6). At 1% concentration, NaOCl has
shown to be efficient in dissolving organ-
ic matter and promote disinfection (7).
Conversely, higher concentrations, such as
5.25%, may cause change in the dentin
mechanical properties (8), as microhard-
ness (9-11), because of the proteolytic action
of NaOCl solution in the dentin collagen
matrix (12).
However, NaOCl is not able to dissolve
inorganic particles from the smear layer
created from the instrumentation process
(13), requiring the use of a chelating agent,
as the ethylenediaminetetraacetic acid
(EDTA) (14). The use of the EDTA increas-
es the dentin permeability (15), which
contributes to the intracanal medication
diffusion (16), as well as the sealer pene-
tration into dentinal tubules (17).
Even after an adequate chemomechanical
preparation, studies have shown the per-
manence of opportunistic microorganisms
inside of the root canal system (18, 19),
which makes prudent the use of an intra-
canal medication (4). Due to its biological
properties, calcium hydroxide [Ca(OH),]
is widely used as intracanal medication
(20, 21). Once introduced into the canal,
Ca(OH), dressing dissociates and releases
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calcium and hydroxyl ions, which are
responsible for the dentin alkalization and,
consequently, an antimicrobial effect (22).
This ionic dissociation is also responsible
for other properties of Ca(OH),, as the in-
hibition of phospholipase enzyme and
stimulates the formation of mineralized
tissue, which favors bone repair (23, 24).
However, the alkalinity may reduce the
organic matrix maintenance and interrupt
the interaction between collagen fibrils
and hydroxyapatite crystals (25), which
negatively affects the dentin mechanical
properties (26, 27).

Therefore, the present study aimed to
evaluate the effect of different endodon-
tic irrigation protocols and Ca(OH),
dressing on the microhardness of root
canal dentin. The null hypothesis tested
was that the different irrigating solutions
and the subsequent use of intracanal
medication would have no effect on den-
tin microhardness.

Materials and Methods

Sample Size Calculation

The sample size was estimated based on a
previous study which assessed the effect
of different irrigation protocols on the
microhardness of the root dentin (28).
Accordingly, for analysis with 0=0.05 and
80% power, at least 10 teeth were allocat-
ed for each experimental group.

Sample Selection and Preparation

This study was previously approved by the
local Human Research Ethics Committee
(Protocol number 2083FR440212). Thirty
freshly extracted human mandibular
premolars teeth, with single root, straight,
and fully formed roots were selected for
the study. The teeth were extracted from
young adult patients for orthodontic rea-
sons. Initially, the teeth were cleaned with
periodontal curettes (SM 17/18, Hu-Friedy,
Rio de Janeiro, RJ, Brazil), followed by
disinfection in 0.5% chloramine T solution
at a temperature of 4 °C for 48 hours, and
washing under running water for 24 hours.
Next, a radiographic examination was
performed, in both mesio-distal and buc-
cal-lingual directions, in order to verify
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the existence of a single and straight root
canal; and fully formed roots. Also, the
teeth were examined with stereoscopic
lens under x4 magnification (Illuminated
Magnifying Glass, Tokyo, Japan) to exclude
from the final sample teeth with caries,
restorations and any signs of cracks.

A double-sided diamond disc (Brasseler
Dental Products, Savannah, GA, USA), in
low rpm and under air/water spray, was
used to create perpendicular cuts along
the teeth axis, 2 mm and 8 mm below the
cemento-enamel junction, in order to ob-
tain root segments with 6 mm length long.
The remaining pulp tissue was removed
with the aid of a size 30 K-type file (Dentsp-
ly-Maillefer, Tulsa, OK, USA). Next, the
root segments were placed with the coro-
nal surface down on a glass surface con-
taining a double-sided adhesive tape (3M
ESPE, St. Paul, MN, USA). Then, the
specimens were individually mounted in
a customized aluminum cylinder (6.0 mm
height x 12.0 mm in diameter) and embed-
ded in self-curing acrylic resin.

After the creation of the root segments, the
root canals were initially scouted with a
size 15 K-file (Dentsply-Maillefer). To stan-
dardize the size and taper, the root canals,
they were prepared by using Gates-Glidden
drills (no 1 to 4) (Dentsply-Maillefer), and
with a no 2 drill from the DT Light-Post
System (BISCO, Schaumburg, IL, USA). At
each use of the drills, the root canals were
rinsed with 2 mL of distilled water using
a syringe with Navitip 30-gauge needle
(Ultradent, South Jordan, UT, USA) insert-
ed up the canal length. The root canal
preparation was performed in order to
standardized the coronal diameter (1.3
mm) and the apical size (1.1 mm).
Afterwards, the specimens were sequen-
tially polished with silicon carbide sand-
papers (3M ESPE) with progressively in-
creasing grit sizes (#400, 600, 800 and
1200), under constant irrigation. The
dentin and cement surface exposition,
coronal and apical, were verified through
a stereomicroscope (SteREO Discovery
V12, Carl Zeiss, Jena, Germany) under x100
magnification. A final polishing procedure
was performed with alumina-based pastes
in decreasing order of granulation (1.0, 0.5

and 0.03 um) (Buehler, Ltda, Lake Bluff,
IL, USA). At each change of abrasive paper
or paste, the specimens were extensively
rinsed in tap water, and at the end, they
were washed in an ultrasonic tank (Cris-
tofoli, Campo Mourédo, PR, Brazil) for 10
minutes.

Irrigation Protocols

Before starting the irrigation protocols, an
initial evaluation of the dentin microhard-
ness of the specimens was performed (HO:
hardness control). For this, the specimens
were submitted to a microhardness test in
a Shimadzu HMV2 hardness tester (New-
age Testing Instruments, Inc., Southamp-
ton, PA, USA) with a Vicker’s diamond
indenter. In each specimen, the represen-
tative hardness value was obtained at two
different lateral areas of the dentin, at the
coronal surface, determined at distances
of 150 ym and 500 pm in relation to the
root canal lumen. At each lateral distance
(150 pm and 500 pm), the microhardness
was calculated as the average of three
measurements, totaling six indentations
in each specimen (Figure 1). The minimum
distance between each indentation in the
same line was established at 150 pm. Each
indentation was made using a 50 g static
load and dwell time of 10 seconds. Vickers
microhardness number (VHN) was calcu-
lated based on the average of the diagonals
measured under examination with an
optical microscope (x400, Shimadzu
HMV2) (Figure 2), with the aid of the
Newage C.A.M.S software (Newage Testing
Instruments, Inc., Southampton, PA, USA).
Then, the specimens were randomly as-
signed to the following three experimental
groups, according to the irrigation proto-
cols performed (n=10): 1% NaOCl; 1%
NaOCl + 17% EDTA; and 5% NaOCL
The specimens had the coronal surface
protected with a non-porous tape (3M
ESPE) to allow exposition only of the root
canal to the irrigating solutions. The irri-
gation was performed using an endodontic
syringe with Navitip 30-gauge needle
(Ultradent) containing the solution of each
group. Simultaneously to the irrigation,
the aspiration of the solution reflux was
performed by the capillary tip (.014) (Ul-
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Table 1

Analysis of variance based on the following factors: distance from the canal, irrigating solution
and moment of VHNT evaluation (3-way ANOVA, F test, a=0.05)

Source of Variation Degrees of I O LT F
Freedom Squares Square P

Distance from canal 1 2338 2338 25.37 0.0000
Irrigating Solution 2 1222 611 6.63 0.0017
Moment of VHN 2 2664 1332 14.45 0.0000

Distance from canal*Irrigating Solution 2 10 5 0.05 >.05

Distance from canal*Moment of VH 2 252 126 1.37 >.05
Irrigating Solution*Moment of VH 4 1104 276 2.99 0.0203

Distance from canal*Irrigating Solution*Moment of VH 4 72 18 0.19 >.05

Residue 162 14930 92

tVHN: Vickers Hardness Number

tradent), coupled in a Liier cannula (Ul-
tradent). The root canals were irrigated
with 15 mL of the solution intended to each
group, during 20 minutes, except for the
group 1% NaOCl + 17% EDTA, which re-
ceived initially 10 mL of 1% NaOCl for 15
minutes and, in the sequence, 3 mL of 17%
EDTA for 3 minutes and 2 mL of 1% NaO-
Cl for 2 minutes, also totalizing 15 mL of
solution and 20 minutes of irrigating reg-
imen. All the specimens were rinsed with
5 mL of distilled water to remove any
residue of the chemical solutions.
Therefore, the specimens were dried with
absorbent paper points (size 40, Dentsp-
ly-Maillefer) and submitted to a second
microhardness evaluation (H1), in another
quadrant of the coronal surface, in the
same above-mentioned distances, as pre-
viously described.

Ca(OH), Dressing

Next, the specimens received an intracanal
medication with Ca(OH), paste (Ultracal;
Ultradent Products). In order to fill the root
canal with the paste, each specimen was
protected again with the non-porous tape
on their coronal portion, exposing only
the root canal entrance for the insertion of
the needle with the medicament. The
ready-to-use paste was introduced into the
canal using the needle provided by man-
ufacturer (Ultradent Products).

As soon as the quality of the root canal
filling was confirmed, by radiographic
examination, in both mesio-distal and
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buccal-lingual directions, the specimens
had the root canal entrance totally sealed,
with the same non-porous tape, and were
stored in oven at 37 °C with 100% relative
humidity, during 30 days.

Over the course of this period, the tape
was removed, the specimens had their root
canals irrigated with 2 mL of distilled
water and they were also washed in an
ultrasonic tank (Crist6foli). The final mi-
crohardness evaluation (H2) was per-
formed in another quadrant of the coronal
surface, in the same above-mentioned
distances, as previously described.

Statistical Analysis

Data were analyzed using the SAEG statis-
tical software (UFV, Vigosa, MG, Brazil). The
mean values and standard deviations were
calculated, and data homogeneity and nor-
mality were tested by the Levene’s and the
Kolmogorov Smirnov’s tests, respectively.
Three-way analysis of variance (ANOVA)
was used to compare the following variables:
A) moment of VH evaluation (HO. control of
the initial dentin microhardness; H1, after
irrigation protocol and H2, after Ca(OH),
dressing; B) distance from the canal lumen
(at 150 pm or at 500 pm); and C) irrigating
solution, as well as its interactions. The
significance level was set at 5%.

Results

The results showed that all factors analyz-
ed (moment of VH, distance from the canal
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Figure 1.

Schematic diagram showing
a specimen with three
indentations made for each
lateral distance from the root
canal lumen (150 ym and
500 pm). Six indentations
were made at each moment
of VH evaluation.

Figure 2.

Representative optical
microscopy image (400x) of
the indentation performed
during the hardness test in
each experimental group (A),
and at the moment at which
the diagonals used to
calculate Vickers hardness
were measured (B).
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lumen and irrigation protocol) were statis-
tically significant (p<0.05). However, the
interaction of the factors showed signif-
icance only to the interaction between
the irrigation protocol and moment of
VH (p<0.05). The data are available in
Table 1.

Overall, the dentin microhardness mean

values at the distances of 150 pm and
500 pm from the canal lumen were 19.2
(x9.7) and 25.7 (+10.1), respectively,
which were significantly different from
each other (p<0.05). When analyzing the
interaction between irrigation protocol
and the moment of VH, it was noticed a
significant decrease (p<0.05) in dentin
microhardness after irrigation (H1), in
relation to the initial hardness (HO)
previously assessed in all groups (Table
2). When compared to the other irriga-
tion protocols, the 5% NaOCI group had
greater decrease of VH between HO and
H1. After Ca(OH), dressing (H2), it was
not noticed any significant change in
the VH results (p>0.05). The VH values
for the 1% NaOCl and 1% NaOCL +17%
EDTA groups did not range significant-
ly between them, regarding the moment
of evaluation (HO, H1 and H2) (Table 2).
Differences in dentin microhardness

Table 2

Comparison of the mean % SD values of the VH into the factor’s interaction: group/irrigation
protocol x moment of VH evaluation*

Group/Irrigation Protocol

I GRS 1% NaOCl 1% NaOCl +17% EDTA 5% NaOCl
HO 23,5+ 9,55 23,0 +9,8"% 35,56+ 9,9%
H1 18,1 + 8,0% 16,9 £ 7,1° 22,3+ 84
H2 19,5 +9,8® 19,4 + 9,94 18,8 £ 6,9%

*Different uppercase letters in the lines indicate statistical difference among the irrigation protocols (Tukey’s test, p<0.05).
*Different lowercase letters in the columns indicate statistical difference among the VH values obtained at different moments

(Tukey'’s test, p<0.05).
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Figure 3.

Results for Tukey’s multi-
ple-comparison post hoc test
according to the distance
from the canal lumen (150 or
500 pm), moment of VH (HO,
H1 and H2) and Group
(irrigating solution used
before H1). The same letters
in the bars do not differ
significantly Tukey’s test
(p>0,05). HO: control, initial
dentin microhardness.

H1: after irrigation protocol.
H2: after Ca(OH), dressing.

150 pm

500 pm 150 pm

HO

500 pm 150 pm
H1 HO

500 pm

before and after specimen’s treatment
and among groups, in both distances
evaluated (150 pm and 500 pm), are
showed in Figure 3.

Discussion

The results of the present study demon-
strated that, irrespective of the distance
evaluated, a significant decrease in den-
tin microhardness for all groups was
noticed after the irrigating protocols.
Other studies have also noticed signifi-
cant decrease on dentin microhardness
when the NaOCI was used as irrigating
solution in an isolated manner (9, 10, 28,
29) or even when combined with EDTA
(30, 31). However, in the present study,
the Ca(OH), dressing for 30 days did not
promote any significant effect to the
dentin microhardness, in none of the
groups. These findings may be explained
by the following reasons: applied meth-
odology in the study, dentin structural
diversity, concentration of the irrigating
solutions used and action time of Ca(OH),
dressing.

It is important to emphasize that, even with
the specimen’s standardization, it is pos-
sible to exist structural differences in the
dentin evaluated (32). Considerable varia-
tions of the dentin microhardness values
may occur in the same tooth (32). These
structural variations usually occur in
dentine, and may be related to genetic in-
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fluence, atmosphere conditions, age, num-
ber of dentinal tubules, and root region
evaluated (29, 30, 32). Closest areas from
the canal lumen have lowest microhard-
ness values (29), which may be justified by
the higher quantity and bigger diameter of
the dentinal tubules in this region (32). The
results of the present study showed that
the microhardness evaluated at 150 pm
from the root canal lumen was significant-
ly lower than the one evaluated at the
distance of 500pm. This may also be ex-
plained by the mineralization degree
variation and the amount of hydroxyapatite
in intertubular dentin (33).

In addition, in the present study, all irriga-
tion protocols promoted a significant de-
crease in dentin microhardness, which
suggests direct and powerful effect of these
solutions on the structural dentin compo-
nents (28-30). The 5% NaOCl group pre-
sented the greatest decrease in the micro-
hardness values after irrigation. Such re-
sults were also found by Ari et al. (9) and
Slutzky-Goldberg et al. (10), which corrob-
orates with this study.

Keine et al. (34) have reported greater re-
duction in dentin microhardness when the
association between NaOCI and EDTA
occurs. Conversely, in the present study,
the additional irrigation with 17% EDTA
did not intensified the decrease of dentin
microhardness, since similar results were
observed for 1% NaOCl and 1% NaOCl
+17% EDTA groups. However, these results
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corroborate with a previously study which
demonstrated that the association between
EDTA and NaOCI may reduce the NaOH/
HCIO release, inactivating the action of the
NaOCl (35). NaOCl is a non-specific prote-
olytic agent that acts dissolving dentin
organic components (11, 29). Dentin has a
high percentage of organic content, main-
ly type I collagen, which sustain dentinal
mineral content (32). The loss of organic
support may cause collapse of the inorgan-
ic structures leading to the dentin weak-
ening and lower hardness (8, 11). The use
of EDTA associated to NaOCl did not sig-
nificantly affect the dentin structure. It is
possible that the amount of EDTA used (3
mL) was not enough to cause harmful ef-
fects to dentin, especially due to the small
volume of NaOCl used in the sequence
(only 2 mL).

According to Zou et al. (36), the tempera-
ture, concentration and time are factors
that may potentially affect the NaOCl
penetration into the dentin. These authors
also reported the increase of 30 to 50% in
the penetration of NaOCl when its concen-
tration ranged from 1% to 6%. Some other
researches showed that higher concentra-
tions of NaOClI solution promote higher
penetration capacity and, consequently,
higher mechanical changes in the dentin,
as the microhardness (11, 37). These results
support the evidences found in this re-
search, which the 5% NaOCI group had
the highest dentine microhardness de-
crease, in both distances evaluated.

The use of 20 min in the irrigating protocol
was based on the study of Zou et al. (36),
in which was observed a higher penetration
of the NaOClI into the dentinal tubules
using the same time. Also, this time was
selected in order to standardize the period
in which the solutions kept in contact with
the root canal walls, simulating what usu-
ally happens in a clinical situation during
chemo-mechanical preparation. Likewise,
15 mL of irrigating solution was chosen
taking into account the amount used dur-
ing the chemo-mechanical (including final
irrigation). During a conventional prepa-
ration, we usually use 2 to 3 mL of irrigat-
ing solution at each instrument change. At
the end, a final irrigation is performed with

amounts that may range from 5 mL to 10
mL, depending on the EDTA and NaOCl
solutions used (2). The frequent NaOCl
solution renewal inside the root canals is
extremely important, because its solubili-
zation capability is reduced in the presence
of organic matter and most of its activity
is lost 2 minutes after contact (38).

The volume of irrigating solution used in
experimental studies varies widely from
one study to another. We observed varia-
tions ranging from 0.1 mL (29, 34) to more
than 40 mL (1, 37). In the study of Akay et
al. (2012), for example, the specimens of
each experimental group were soaked in
50 mL of the tested solutions. In other study
(36), the authors used 5% NaOCl during
root canal preparation, followed by a final
irrigation with 6% NaOCl. Then, the au-
thors have immersed the teeth for 20
minutes into 10 mL of NaOCl (at different
concentrations), which resulted in an
amount greater than 15 mL of irrigating
solution delivered in root canal dentin. A
recent study suggests that clinical studies
must be performed using 15 mL to 20 mL
during root canal preparation (39). Accord-
ing to this, the choice of using 15 mL of
irrigating solution during root canal prepa-
ration appears to be a feasible option.

The results of the present study showed
that the Ca(OH), dressing for 30 days did
not promote significant change in the
dentin microhardness, in any of the dis-
tances evaluated, irrespective of the pre-
vious use of the irrigating solution. How-
ever, previous studies have reported that
the use of intracanal dressing for 4 weeks
reduced the dentin microhardness and
promoted changes in the surface chemical
structure (40, 41). Also, Yoldas et al. (41)
reported a significant reduction in the
dentin hardness after direct contact of
specimens with Ca(OH), for 3 and 7 days
in 1 mm from the root lumen.

The moment of VH, in this research, per-
formed in the mentioned distances, and
considering a no direct dentine exposure
and contact with the medicament, may
partially explain the microhardness lack
of changes. Thus, further studies are nec-
essary to understand the exact mechanism
of microhardness decrease after being ex-
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posed to the Ca(OH), dressing. It is impor-
tant to emphasize that the results of the
present study must be analysed with cau-
tion. Currently, due to the faster root canal
instrumentation achieved with rotating and
reciprocating systems, the contact time
and the amount of irrigation solution
used are becoming smaller (42). There-
fore, new studies must be carried out to
verify the performance of irrigation
solutions in these scenarios.

The results found in this study suggest
that, in clinical practice, irrigating sub-
stances such as NaOCl and EDTA would
be used sparingly and safely, in order to
achieve cleaning and disinfection objec-
tives without, however, affecting dentin
properties (3). Although, our study shown
areduction in the dentin microhardness
with all irrigating protocols used, these
findings may not be clinically relevant
regarding to the longevity of the endo-
dontically treated tooth. It is premature
to state that the use of a smaller amount
of irrigating solution may be beneficial
for the treatment, as this might negative-
ly interfere with other important out-
comes, such as cleaning and disinfecting
the root canal system.

Conclusions

The different irrigation protocols promot-
ed significant decrease in the dentin mi-
crohardness. The subsequent Ca(OH),
dressing for 30 days did not significantly
affect the microhardness of the root canal
dentin, in none of the experimental
groups.

Clinical Relevance

In clinical practice, irrigating substances,
such as NaOCl and EDTA, would be
sparingly and safely used, in order to
achieve cleaning and disinfection of the
root canal system, without affecting
dentin properties.
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