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Intracanal Irrigating Solutions Prior
to Calcium Hydroxide Medication and
Its Effects on Root Dentin Strength

Leila Clarisse Hillesheim, Juliara Bellina Hoffmann, Daniela Peressoni Vieira
Schuldt, Maybell Tedesco, Eduardo Antunes Bortoluzzi, Cleonice Silveira
Teixeira

The aim of this study was to assess the effects of intracanal irrigation with sodium
hypochlorite (NaOCl) and ethylenediaminetetracetic acid (EDTA) prior to calcium hydroxide
medication on the compressive strength of root dentin. Forty-eight roots with single and
straight canals were instrumented with a crown-down technique using Flexofile files
and Gates Glidden burs, under 0.9% sodium chloride (NaCl) irrigation. Root canals were
randomly separated into 4 groups (n=12), according to the irrigating solution: Control
Group, 0.9% NaCl; GroupNa0®, 105 NaOCl; Group®™, 17% EDTA; and GroupEPTA+Na0Cl 170/
EDTA and 1% NaOClI. Solutions remained for 40 min, renewed every 10 min, except for
GroupfPTA+Na0Cl where the solutions were alternated every 10 min. Canals were dried and
filled with calcium hydroxide paste, and radiographed. Each canal was sealed and stored at
37 °C for 30 days. After this period, the roots were cut T mm below the cementoenamel
junction and 6 mm apically from this point in order to obtain 6 mm-long cylinders.
The compressive test was conducted with a crosshead speed of 1 mm/min. The means
(+SD) (MPa) of compressive strength were: Control Group, 151.23+94.36; GroupNa0d,
167.50+57.25; GrouptP™, 108.79+99.88; GroupfTA+N0C '60.12+92.10. Significant statistical
differences among groups were found (ANOVA and Tukey, a.=5%, p=0.02). Control Group
and GroupN2o® showed higher means of compressive strength than GroupEPTA+Na0CI
Intracanal irrigation with 17% EDTA and 1% NaOCI produced a significant reduction of
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dentin compressive strength 30 days after medication with calcium hydroxide.

Introduction

The endodontic treatment goal is to obtain bacteria-
free root canals. The elimination of microorganisms can
be achieved using various instrumentation techniques,
irrigation solutions and intracanal medicaments (1).
Mechanical instrumentation results in the debridement of
root canal system, but alone it cannot effectively disinfect
root canals, emphasizing the need for an irrigating solution
to effectively kill more microorganisms (2,3).

Irrigation is currently the best method for removing pulp
tissue remnants and dentin debris during instrumentation
(1). Ideally, an irrigating solution should promote
debridement, lubrication, dissolve organic tissue and
eradicate the microorganisms from the root canal system
(4-8). However, sodium hypochlorite is unable to remove
inorganic components, and thus, unable to remove the
smear layer produced during canal instrumentation
(5,6). In an effort to remove the smear layer completely,
studies suggest that the canals should be irrigated with
ethylenediaminetetracetic acid (EDTA) and NaOCI (6,9).
EDTA is a chelate that acts on the inorganic components
of the smear layer. Therefore, irrigation with 15% EDTA
and 1% NaOCl removes both inorganic and organic smear

compressive strength, irrigation,
sodium hypochlorite.

layer components (6).

Besides the known importance of employing
sodium hypochlorite solution and EDTA during canal
instrumentation, and also prior to intracanal medications
and canal filling, there has been much discussion over the
effects of using these solutions on root dentin strength. In
this way, studies have related sodium hypochlorite irrigation
with dentin microhardness reduction (10). Other reports
correlate sodium hypochlorite with dentin weakening
by reduced dentin flexural strength (3,10,11) and elastic
modulus (3,11).

EDTA solutions are powerful demineralizing agents,
leading to dentinal erosion (9), dentinal tubule enlargement
(12) and consequently, decreasing dentin microhardness
(13). Higher EDTA concentrations (5%, 10% and 150%)
cause greater dentinal erosion (14). Concentrations of
EDTA, as low as 1%, may be clinically recommended for
removing smear layer adequately and causing less erosion
(14). Besides, researchers found that final irrigation with
EDTA and NaOCl for 1, 3 and 5 min was equally efficient
on smear layer removal from root dentin walls (6). Another
study demonstrated that irrigation with 17% EDTA for 1



min, followed by 2.5% NaOCl irrigation for another minute,
provided the best experimental combination when trying
to avoid changes to dentin chemical composition and its
morphological structures (15).

For necrotic tissue and microbes, intracanal medication
with calcium hydroxide is recommended (2). Meanwhile,
root canals treated with calcium hydroxide medication, even
for short (16) or long periods (17), may be associated with
reduced dentin strength. However, there is little scientific
knowledge about the effects of irrigating solutions, like
NaOCl and EDTA, prior to calcium hydroxide medication
on root dentin strength. In view of this, the purpose of
this study was to evaluate the effect caused by different
irrigating solutions, prior to calcium hydroxide intracanal
dressing, on root dentin strength. The null hypothesis of
this experiment is that the use of different solutions before
calcium hydroxide dressing does not affect the root dentin
strength in the experimental groups.

Material and Methods

This study was approved by the institutional Human
Ethics Committee (Committee's approval #2083/2011).

Specimen Selection and Preparation

Forty-eight intact and single-rooted extracted human
mandibular premolars were chosen for the study and
stored in 0.1% thymol solution. The selected teeth were
22 to 25 mm long. Each tooth was radiographed and
carefully examined with a 4x magnifying glass (llluminated
magnifying glass, Tokyo, Japan) to confirm the existence
of a single and straight canal, no cracks and fully formed
apical foramen. After cleaning the roots with periodontal
curettes, the crowns were removed near of the cement-
enamel junction with a water-cooled low-speed diamond
saw to obtain a standardized root length of 16 mm. The
access cavity was made and the roots with large oval canals
were replaced in order to avoid canals without round
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sections after endodontic preparation. The working length
(WL) was defined by introducing a #15 file in the root canal
until the tip was observed at the apical foramen, which
was subtracted one millimeter from the canal length. Root
canals were instrumented with a crown-down technique
using Flexofile files (Dentsply Maillefer, Tulsa, OK, USA)
until a master apical file size #50, and Gates Glidden burs
#4to #1 (Moyco Union Broach, York, PA, USA). Throughout
the preparation, canals were irrigated with 2 mL of 0.9%
sodium chloride solution (Dermus, Florianopolis, SC, Brazil)
between every file or bur.

The instrumented canals were dried with absorbent
paper points (Dentsply Maillefer) and randomly divided
into 4 groups (n=12) according to the irrigating solution:
Control Group, 0.9% NaCl (Dermus, Florianopolis, SC,
Brazil); GroupNa©®, 105 NaOCI (Dermus); Group™™, 17%
EDTA (Dermus); and GrouptP™+Na0Cl 170 EDTA (Dermus)
and 1% NaOCI (Dermus).

Irrigation System

The irrigation protocol used for each group was
performed with a 22-gauge blunt-end needle (Ibras, Sdo
Paulo, SP, Brazil) 2 mm short of the WL. In each group, root
canals were irrigated with 3 mL of solution for 10 min.
After this time, the solution was removed by aspiration
and renewed with the same amount for the same time,
totalizing 12 mLof solution (4x3 mL) and 40 min total time
(4x10 min) in each group. In GroupEPT™A+Na0Cl "the solutions
were alternated every 10 min, starting with 17% EDTA.

Intracanal Medication

The canals were dried with absorbent paper points
(Dentsply Maillefer) and filled with calcium hydroxide
medication (Figs. 1A and 1B). The paste was prepared by
mixing 0.712 g Ca(OH), powder (Merck KGaA, Frankfurter,
Germany) with 0.4 mL propyleneglycol. The paste was placed
into the canal using a spiral Lentulo (Dentsply, Maillefer)

©
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Figure 1. Sequence of sample preparation for compressive strength test. Root canal dry and ready to receive intracanal medication (A). Root
canal filled with calcium hydroxide (B). Root canal filled with intracanal medication, sealed with temporary material and stored in 100% relative
humidity for 30 days (C). Cylinders of dentine obtained after cut and exterior waste to standardize thickness (D).
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and radiographs were taken to confirm the complete filling.
A provisional 2-mm-thick restoration (Citodur, DoriDent,
Vienna, Austria) was placed and the roots were stored in
100% relative humidity at 37 °C for 30 days (Fig. 1C).

Compressive Strength

Each root was sectioned (first cut) 1 mm below the
cemento-enamel junction using a 0.15 diamond saw at
slow speed (Isomet 1000; Buehler, Lake Bluff, IL, USA). A
second cut was performed 6 mm apically from the first
cut, resulting in 6 mm-long cylinders. The cylinders were
polished with smooth sand paper to produce smooth flat
ends to prevent any interference with the jaws of the test
machine. In order to standardize the cylinder diameter
in approximately 3 mm (Fig. 1D), additional wears were
performed using diamond burs (2135 model; KG Sorensen,
S4o Paulo, SP, Brazil) in a high-speed handpiece with air/
water coolant. Then, each dentin cylinder was tested for
the compressive force required to fracture it by a universal
testing machine (Instron Model 4444; Instron, Canton, MA,
USA) at a crosshead speed of T mm/min (Fig. 2). The samples
were placed between the jaws of testing machine and forces
were applied from the coronal end of the cylinder and ina
vertical direction with the point of application centered in
the root canal until the cylinder fractured. Maximum load
at fracture was recorded in Newtons and converted to MPa
by using the following formula: C=4p/m.d?, where C is the
load in MPa; p=is the maximum applied load in newtons
(N); dis the diameter of the specimens in millimeters (mm).

Statistical Analysis

Data were subjected to normality test by Kolmogorov-
Smirnov and homogeneity test by Levene's. The analysis
of variance (ANOVA) was performed with SPSS 19.0 for
Windows (SPSS Inc., Chicago, IL) statistical software.
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Figure 2. Representation of compressive strength test. The samples
were placed between the jaws of testing machine and forces were
applied from the coronal end of the cylinder and in a vertical direction.
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Post-hoc tests were calculated with Tukey HSD multiple
comparison test at a=0.05.

Results

The results obtained after the compressive strength are
given in Table 1. There was a significant difference in the
compressive strength between groups (one-way ANOVA,
p=0.020). The mean compressive force required to break the
samples in the Control Group (151.23+94.36 MPa), which
were irrigated with saline (NaCl), was statistically different
from Groupf™+Na0Cl(60.12+92.10 MPa) irrigated with 17%
EDTA and 1% NaOClI (Tukey HSD test, p<0.05). However, no
statistical difference was observed between Control Group,
GroupNa0C and GrouptP™, In addition, GroupN20® was also
statistically different (p<0.05) from GroupEP™+Na0Cl gnd
exhibited a higher mean of compressive strength.

Discussion

The null hypothesis was rejected based on the results
of the study. The use of different irrigating solutions, 30
days before the calcium hydroxide intracanal dressing,
promoted statistically significant differences among
groups. The present study corroborates other studies in
the literature, which observed that the dentin exposure
to calcium hydroxide for one month or less, has affected
negatively some dentin's mechanical properties(3,11,16,18).

In the present study, the alternate irrigation with EDTA
and NaOCl solutions, prior to calcium hydroxide intracanal
dressing, decreased dentin compressive strength. However,
when the samples were irrigated with NaOCl alone, the
results were similar to those obtained with saline irrigation
(control group). EDTA irrigation alone did not differ
significantly from saline irrigation (control group) either,
despite the lower compressive strength means. These
findings can be justified by the composition, chemical
action, alternation and irrigation time with the solutions,
as well as the effect of removing the smear layer over
calcium hydroxide dressing action.

Regarding the irrigating solutions, it is well known that
NaOCl appears to be the most employed solution due to

Table 1. Compressive strength (MPa, mean+standard deviation) values

Groups and solutions Compressive strength

Control Group: saline 151.23+94.36 @

GroupN0®: 19 NaOCl 167.50+57.29 2
GroupfP™ : 1700 EDTA 108.79+99.88

GroupFPTA+Na0Cl: 1700EDTA, 1% NaOCl 60.12492.10 P

Different letters indicate statistically significant difference (p<0.05)
between groups (Tukey HSD test).



its bactericidal activity (4,5,7,8), excellent lubrication (2),
ability to dissolve organic components (1,6), bleaching
capacity and low surface tension (1,2). However, adverse
effects of NaOCI irrigation on dentin's mechanical
properties (3,10,11,13,19) have been reported, including
decrease of microhardness (10), flexural strength (11) and
elastic modulus (3). Sodium hypochlorite promoted loss of
dentinal organic components (19) because this solution is
a non-specific proteolytic agent. Organic phase depletion
may change mechanical properties (9), due to the fact that
dentin has 22% organic material, especially type | collagen.
Collagen plays an important role during dentin structural
formation and it is responsible for sustaining dentinal
mineral content (19). By losing this organic content,
dentinal elastic module and flexural strength decline (3,10).

EDTA is widely used as chelate and cleaning agent
during endodontic treatment (1). This solution is able to
remove the smear layer and significantly reduce the amount
of microorganisms inside the root canal (7). Studies have
observed that any irrigating solution is capable of removing
both organic and inorganic components from smear layer
after canal preparation (1,2,6). Thus, to remove efficiently
the smear layer, EDTA is usually recommended, followed
by NaOCl (6).

Nevertheless, this association leads to dentinal tubule
orifice opening, intertubular dentinal erosion (12,20) and
dentin microhardness reduction (21). When NaOCl was used
alone asanirrigating agent, the exposed inorganic material
prevented further dissolution of dentine. However when the
solutions are used alternately, both organic and inorganic
contents are removed (6). Niu et al. (20) demonstrated that
final irrigation with 6% NaOCI after treatment with 15%
EDTA causes erosion of peritubular and intertubular dentin.
Surface dentin was neither smooth nor flat and dentinal
tubule orifices were irregularly enlarged (20).

In the present study, it may be assumed that irrigation
time and the NaOCI-EDTA combination might have resulted
in a significant root dentin strength decrease compared
with the control group. It is important to emphasize that
20 min irrigation with EDTA may have affected the results.
EDTA is mostly used only for final irrigation, after canal
preparation and for short periods (1 to 5 min) to remove
the smear layer (6). Periods longer than 10 min may cause
severe peritubular and intertubular dentinal erosion (12)
and dentinal tubule enlargement. When NaOCI was used
after irrigation with EDTA, also for 20 min, changing the
solutions at every 10 min, there was a major decrease of
dentin strength. The use of EDTA for longer periods (20
to 40 min) attempted to simulate its use in atresic canals.
In these situations, EDTA is used along all root canal
preparation, improving the file actions by lubrication and
decalcification of dentin structure (2,19).
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Evaluating the impact of using 2.5% NaOCl and 17%
EDTA in different sequences on dentin elastic modulus
and flexural strength, Marending et al. (11) observed that
samples exposed to NaOCl for 24 min had their flexural
strength reduced. However, EDTA used for shorter periods,
before or after NaOCl irrigation, did not affect the
outcomes. Itisimportant to remind that those authors (11)
employed dentin bars, which remained totally immersed
in hypochlorite, while in our study, only the root canal
remained in contact with the solutions, although there
was alternate irrigation with EDTA for 20 min. This may
have led to higher hypochlorite penetration into dentinal
tubules, increasing its action and consequently causing
more damage to dentinal collagen matrix. Dentin becomes
more fragile and brittle when this matrix is destroyed.

Mineral components in hard tissues contribute to
their strength and elastic modulus, whereas the organic
component is associated with tissue toughness (22).
Collagen matrix destruction in mineralized tissue results
in a more brittle and friable substratum that can lead to
fatigue crack propagation during cyclic stresses (23).

Finally, a greater dentinal tubule opening by smear
layer removal may have improved the effects of calcium
hydroxide. Although all groups received intracanal
medication for the same time, better effects could be
achieved in smear-free canals due to higher hydroxyl ion
diffusion in dentin (24). The authors choose to use manual
instrumentation in order to minimize the presence of
untouched canal walls during preparation, which could
resultin smear layer formation. Furthermore, canal shaping
in the cervical and middle thirds were complemented with
Gates Glidden drills, which produced circular sections and
standardized the amount of calcium hydroxide dressing
inside the canal.

It has been suggested that calcium hydroxide could
decrease dentin resistance in smear layer absence. Reports
have shown that one week of calcium hydroxide medication
can damage dentin resistance (3). Andreasen et al. (17)
demonstrated that extracted sheep incisors filled with
calcium hydroxide for 1/2, 1, 2, 3, 6, 9, or 12 months had
their fracture strength greatly reduced, and this decrease
was proportional to the increase of the experimental
periods. Sahebi et al. (16) reported that dentin cylinders
exposed to calcium hydroxide for 30 days needed a lower
compression load to fracture. Zarei et al. (25) observed
that under in vitro conditions, teeth with instrumented
canals that received calcium hydroxide medication for
periods over 1 month had their fracture strength reduced.
In shorter periods, resistance also decreased, but it was not
statistically significant.

Itis also important to highlight that the control group
(irrigated with saline) had also the root canal filled with
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calcium hydroxide for 30 days. Therefore, the lack of
significant difference between groupsirrigated with saline
and those irrigated with NaOCI could be attributed to the
fact that none of those solutions is capable of removing
the smear layer (2)

Considering our results, final irrigation with EDTA and
NaOCl prior to intracanal medication should be carried out
in the shortest irrigation time possible. This could avoid
adverse effects over root dentin strength. Furthermore,
new studies are needed to observe how irrigation time and
amount of solutions, when used in association and prior
to intracanal dressing, can affect root dentin mechanical
properties.

In conclusion, it was possible to verify that the use of
irrigating solutions prior to calcium hydroxide intracanal
medication may influence root dentin compressive strength.
Canal irrigation with 17% EDTA followed by 1% NaOCl
decreased dentin strength significantly, after 30 days on
calcium hydroxide dressing.

Resumo

O objetivo desse estudo foi avaliar o efeito da irrigacdo intracanal
com hipoclorito de sodio (NaOCl) e acido etilenodiamino tetracético
(EDTA) previamente & medicacdo de hidroxido de calcio na resisténcia
a compresséo da dentina radicular. Quarenta e oito raizes com canais
Unicos e retos tiveram os canais instrumentados pela técnica coroa-apice
com limas Flexofile e brocas Gates Glidden sob irrigacdo com solucao
salina (NaCl) a 0,9%. Os canais radiculares foram separados em 4 grupos
(n=12), de acordo com a solugdo irrigadora: Grupo Controle, NaCl 0,9%;
GrupoN20¢ NaOCl 1%; Grupo™™, EDTA 17%; e GrupotP™+Na0Cl NaQCl 1%
e EDTA 17%. As solucées permaneceram por 40 min, sendo renovadas
a cada 10 min, exceto para o Grupof™+Na0Cl onde as solucdes foram
alternadas a cada 10 min. Os canais foram secos, preenchidos com pasta
de hidréxido de calcio e radiografados. Cada canal foi selado e mantido
a 37 °C por 30 dias. Apos esse periodo, as raizes foram cortadas 1 mm
abaixo da juncdo cemento-esmalte e 6 mm apicalmente a este corte, a
fim de obter cilindros de 6 mm de comprimento. O teste de compressao
foi realizado com velocidade de cruzeta de 1 mm/min. As médias (+SD) da
resisténcia a compressdo em MPa foram: Grupo Controle, 151.23+94.36;
GrupoM°®, 167.50+57.25; Grupof™, 108.79+99.88; GrupofPTA+Na0Cl
60.12492.10. Diferencas estatisticamente significativas foram encontradas
entre os grupos (ANOVA e Tukey; 0.=0,05; p=0,02). O Grupo Controle
e 0 GrupoM20® obtiveram maiores médias de resisténcia & compressio
em relagdo ao GrupotP™+Na0C A jrrigacio intracanal com EDTA 17% e
NaOCl 1% promoveu reducéo significativa da resisténcia a compresséao da
dentina, apos 30 dias de medicacéo intracanal com hidroxido de calcio.
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