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Pulp tissue dissolution when the use of
sodium hypochlorite and EDTA alone or associated

Dissolucéo do tecido pulpar quando do uso do
hipoclorito de sédio e EDTA isoladamente ou associados

Abstract

Purpose: The aim of the present study was to evaluate the tissue dissolving capacity of various
concentrations of sodium hypochlorite either alone or in combination with 17% EDTA.

Methods: Eighty bovine pulp fragments were prepared, and their weight was determined using a
precision balance. Each pulp fragment was immersed for 2 hours in a solution/mixture that was
based on the following groups: G1 — saline solution; G2 — 0.5% NaOCI; G3 - 1.0% NaOCl;
G4 - 2.5% NaOCl; G5 -17% EDTA; G6 — 0.5% NaOCl+17% EDTA; G7 — 1.0% NaOCl+
17% EDTA; and G8 — 2.5% NaOCI+17% EDTA. The final weight was measured, and the
weight loss was calculated. A statistical analysis was performed using either the Student’s t-test
for paired samples or an ANOVA and Tukey tests (P<0.05 was considered to be significant).

Results: We measured a significant difference between the sample weight before and after
treatment for each of the tested groups (P<0.05). The 2.5% sodium hypochlorite solution (G4)
completely dissolved the pulp tissue within the test period. NaOCI+EDTA was less effective
than sodium hypochlorite alone at dissolving the pulp tissue (P<0.05), and EDTA alone (G5)
did not markedly dissolve the pulp tissue.

Conclusion: Using EDTA together with NaOCl reduced the tissue dissolving properties compared
with NaOCl alone, regardless of the concentration of NaOCl that was used.
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Resumo

Obijetivo: O objetivo do presente estudo foi avaliar a capacidade de dissolucdo tecidual
de vdrias concentracdes de hipoclorito de sédio, isoladamente ou em combinacdo com o
EDTA 17%.

Metodologia: Oitenta fragmentos de polpa bovina foram preparados e seus pesos foram
determinados através de uma balanga de precisdo. Cada fragmento pulpar foi imerso por
2 horas em cada uma das solugdes/misturas e formaram os seguintes grupos: G1- Solucdo
salina; G2- NaOCl 0,5%; G3- NaOCl 1%; G4- NaOCl 2,5%; G5- EDTA 17%; G6- NaOCl
0,5% + EDTA 17%; G7- NaOCI 1,0% + EDTA 17%; G8- NaOCl 2,5% + EDTA 17%. O
peso final foi medido e a perda de peso calculada. A andlise estatistica foi realizada através
do teste t de Student para amostras pareadas, ou ANOVA e teste de Tukey.

Resultados: Verificaram-se diferencas entre os pesos das amostras antes e depois do fratamento
para cada um dos grupos testados (P< 0,05). A solucéo de hipoclorito de sédio 2,5% (G4)
dissolveu completamente o tecido pulpar dentro do perfodo teste. O hipoclorito de sédio +
EDTA foi menos efetivo na dissolucédo do tecido pulpar do que o hipoclorito de sédio sozinho
(P < 0,05), e 0 EDTA (G5) néo dissolveu o tecido pulpar.

Concluséo: O uso do EDTA misturado com o hipoclorito de sédio reduziu a propriedade de
dissolucéo tecidual comparado ao hipoclorito de sédio sozinho, a despeito das concentracées
de hipoclorito de sédio.
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Introduction

Several different techniques and substances are commonly
used to clean and shape the root canal system. At least 35%
of the walls of the root canal are not reached using files and
rotary instruments after chemomechanical preparation (1).
The use of an auxiliary chemical substance can improve root
canal debridement, thereby promoting the removal of tissue
debris and microorganisms (2-3).

Sodium hypochlorite (NaOCl) is widely used to irrigate
the root canal in endodontic procedures. The properties of
NaOCl are based on the solution’s concentration, temperature
and pH (4-5). NaOCl has low superficial tension (6) and
has antimicrobial action (7), the ability to reduce endotoxic
load (8), and the capacity to dissolve organic tissue (9-10).
Sé et al. (9), Spano et al. (11) and Okino et al. (12) reported
that high concentrations of NaOCI rapidly dissolve tissue.

Although NaOCI appears to be suitable for endodontic
irrigation, it does not alter the inorganic content of the
radicular dentin and does not remove the smear layer that is
formed in the root canal walls after the canal is prepared (3).
Demineralizing agents such as ethylenediaminetetraaceticacid
(EDTA) have been recommended as adjuvants in root canal
therapy (3). According to D’ Arcangelo et al. (13), EDTA has
limited potential to act on organic tissues. Pécora et al. (14)
reported that the combination of NaOCl and EDTA enhanced
dentin permeability. Furthermore, Saquy et al. (15) reported
that the chelating ability of EDTA solutions was not modified
when it was combined with NaOCI.

Although many studies have investigated the separate
dissolving potentials of NaOCl and EDTA, there is no
report regarding the effect of combining these two agents
in dissolving pulp tissue. Therefore, the aim of the present
study was to evaluate the tissue dissolving ability of several
various concentrations of sodium hypochlorite either alone
or combined with 17% EDTA.

Methods

The present study was approved by the Research Board
and to the Ethics Committee in Research at the University
of Passo Fundo (Passo Fundo, RS, Brazil).

The sodium hypochlorite solutions (Farmacia Marcela,
Porto Alegre, RS, Brazil) were manufactured 1 week prior to
the experiment. The chloride concentration was confirmed by
titration analysis performed at the College of Pharmaceutical
Sciences, University of Caxias do Sul, Porto Alegre, RS,
Brazil.

Forty central and lateral incisors were extracted from
the upper arches of 2-year-old bovine immediately before
the experiment. The roots were scaled with curettes, and
the tissues were removed with surgical blades. Two grooves
were cut in the buccal and palatine surfaces of each tooth,
without reaching the pulp chamber, using a low-speed
diamond-covered disc (Microdent, Ribeirdo Preto, SP,
Brazil). The tooth was split by inserting a chisel into the
grooves.
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The entire pulp tissue was carefully removed from the
root canal and placed over a filter paper. The tissue was
divided into 9-10-mm fragments, and their weight was
determined in a precision balance (Bioprecisa FA-2104N,
Sao Paulo, SP, Brazil). The specimen was then transferred
to a plastic vial.

The test groups comprised 10 samples and corresponded
to the substance that was used for the pulp dissolution assay
as described in Table 1. The pulp samples were exposed
to 10 mL of each substance/mixture. For the combined
NaOCI+EDTA solutions, 5 mL of each substance was mixed
by vortexing at 23°C.

Table 1. The substances tested in the experiment.

Sample size

Group Substance/Mixture n)
Gl Saline Solution (10 mlL) 10
G2 0.5% NaOCl Solution (10 mL) 10
G3 1.0% NaOClI Solution (10 mL) 10
G4 2.5% NaOCl Solution (10 ml) 10
G5 17% EDTA Solution (10 mL) 10
Gé 0.5% NaOCl Solution (5 mL)+ 10
17% EDTA Solution (5 ml)

G7 1.0% NaOClI Solution (5 mL)+ 10
17% EDTA Solution (5 ml)

G8 2.5% NaOCl Solution (5 mL)+ 10

17% EDTA Solution (5 ml)

The pulp fragments were immersed in the respective
solution/mixture for a 2-hour period. The fragments were
then removed and placed over a filter paper for 3 min to
remove any excess moisture. The final sample weight was
measured in the precision balance. The difference between
the initial and final weights was used to calculate the weight
loss, thereby representing the dissolving ability of each
substance/mixture.

Statistical analyses were performed using PASW
Statistics 18.0 (SPSS Inc., Chicago, IL, USA). A Student’s
t-test for paired samples was used to compare the sample
weights before and after immersion in each substance. An
ANOVA followed by a Tukey’s Test was used to compare the
dissolving ability of the various substances or mixtures.

Results

The mean and standard deviation values for the pulp
tissue weights before and after the dissolving test are shown
in Table 2. There was a significant difference between the
sample weight before and after treatment for the following
groups: G2, G3, G4, G5, G6, G7 and G8 (P<0.05, t-test for
paired samples). The 2.5% sodium hypochlorite solution
completely dissolved the pulp tissue within the test period.

The reduction in pulp tissue weight in each of the tested
groups is shown in Table 3. Regardless of the concentration
of NaOCl, when EDTA was combined with the NaOCl,
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the resulting combination was less effective than sodium
hypochlorite alone in dissolving pulp tissue (P<0.05, ANOVA
and Tukey’s test). The 2.5% NaOCI+EDTA solution caused
the highest amount of tissue dissolution of all of the EDTA/
NaOCI mixtures. EDTA alone did not markedly dissolve the
pulp tissue. There was no statistical difference among the
groups that were treated with 0.5% NaOCI+EDTA, 1.0%
NaOCI+EDTA, EDTA alone, and saline.

Table 2. Mean and standard deviation values for the pulp tissue
weight (in mg) before and after the dissolving fest.

Before* After*

Saline Solution 26.75 (= 3.31) 8 25.76 (= 3.19) 8
0.5% NaOCl 28.71 (+ 4.48) 8 13.38 (= 5.14)»
1.0% NaOCl 27.29 (+ 2. 84) J 3.65 (+ 3.89) A
2.5% NaOCl 28.37 (= 3.42) 8 0~

17% EDTA 27.79 (+ 34)B 26.41 (+ 3.56) A
0.5% NaOCI+EDTA  25.96 (= 4.45)8  23.43 (+ 3.68) A
1.0% NaOCI+EDTA 25.96 (= 4.41) 8 21.87 (= 4.74) A
2.5% NaOCI+EDTA  29.07 (+ 3.32)¢  22.85 (+ 4.18) 4

* Different uppercase lefters in the same line represent statistical difference
between groups (a=0.05, t-test for paired samples).

Table 3. Mean and standard deviation tfissue dissolution values
(expressed in absolute weight loss and as a percentage) after
exposure fo the indicated solutions.

Weight reduction

% reduction *
(mg)

Saline Solution 0.99+0.36 3.70 E
0.5% NaOCl 15.33+4.26 53.40 C
1.0% NaOCl 23.64+4.08 86.63 B
2.5% NaOCl 28.37+3.42 100.00 A
EDTA 1.38+1.76 4.97 E
0.5% NaOCI+EDTA 2.53+1.88 9.75 DE
1.0% NaOCI+EDTA 4.09+2.12 15.76 DE
2.5% NaOCI+EDTA 6.22+1.25 21.40 D

* The capital letters in the column represent statistical differences between

the groups (a=0.05, ANOVA and Tukey’s test).

Discussion

Although it is known that sodium hypochlorite can affect
organic tissues, little is known with regard to its dissolving
ability when combined with other auxiliary chemical
substances. We used an in vitro protocol that allowed us
to compare the ability of NaOCl and NaOCI + EDTA to
dissolve bovine pulp tissue.

During endodontic treatment, the solvent action of sodium
hypochlorite is a desirable, as this can remove the pulp tissue
remnants. Various experimental models have been tested
to determine the dissolving effect of sodium hypochlorite
solutions (9-10,16-17). These methods assessed the weight
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loss of the sample (9-10,18), the time to dissolution (19-20),
or provided data for microscopic examination (16) and a
visual assessment of the size of the remaining tissue (21).
Both pulp weight loss and the time to sample dissolution
provide results that can be quantified, thereby allowing
a more reliable analysis and minimizing any intrinsic
bias.

Tissue dissolution depends on the frequency of agitation,
the amount of organic tissue in relation to the amount of
NaOCl and the surface area of the sample that is being
dissolved (18). Several studies did not report whether the
solutions were agitated or not (10,17). In the present study,
we used no mechanical agitation to allow the measurement
of only the intrinsic ability of each solution to dissolve the
tissue. Furthermore, each sample was immersed in the same
volume of NaOCl or NaOCI+EDTA. Organic tissues, such as
human pulp (16), rabbit liver (18), rat tongue (9), and porcine
palatal mucosa (10), have been used in dissolution assays in
endodontics. Koskinen et al. (22) reported that bovine pulp
tissue is similar to human pulp tissue. Moreover, it can be
easily isolated from bovine teeth, providing an adequate
amount of tissue testing and allowing standardization of the
weight and length of each sample. In the present study, the
pulp samples were of similar weight (with a mean weight
of 27.49+1.20 mg) and length.

In the present study, the NaOCIl solutions dissolved
the pulp tissue in a concentration-dependent manner. The
smallest degree of dissolution was observed with the 0.5%
NaOCl solution, which is similar to a previous report by
Tiirkiin and Cengiz (23). Therefore, an increase in the tissue
dissolving ability of low-strength NaOCl solutions might be
achieved by frequently changing the irrigation solution (20)
or by using a larger volume (18). The present study found
that only the 2.5% NaOCI solution completely dissolved
the samples within 2 hours. Koskinen et al. (22) reported
that 2.5% NaOCI was twice as effective as 0.5% NaOCI.
The results demonstrate the proteolytic activity of NaOCl
solutions in bovine pulp tissue. Additional studies should be
performed to determine the clinical impact of this effect on
the tissue remnants, particularly inside the root canal system,
where diffusion and the amount of solution that can reach
irregularities tend to be reduced.

The tissue solubility of 17% EDTA was similar to saline
solution. D’ Arcangelo et al. (13) also reported low values
for tissue dissolution when pulp fragments were exposed
to EDTA for various time periods. In the present study,
the small difference that was observed in sample weight
before and after the immersion period might be associated
with removing the excess liquid after the test rather than
the intrinsic solving activity of the irrigant. Several studies
support the notion that EDTA acts on the inorganic matrix
of the root canal and also enhances removal of the smear
layer by chelating calcium ions (22).

An alternating irrigation regimen with NaOCl and EDTA
may be a reasonable approach to complement the mechanical
action of the instruments during preparation of the root canal
system, as each substance can act on a different substrate



(i.e., the organic tissues and/or inorganic matrices). Such a
protocol is often used to reduce the presence of the smear
layer in the root canal walls (24). Irrigating the root canal
with a mixture of NaOCl and EDTA in varying proportions
was suggested by Pécora et al. (14) and Saquy et al. (15).
Irala et al. (25) measured the time that was required for
the complete dissolution of pulp fragments and found
that NaOCI+EDTA did not completely dissolve the tissue
fragments. In the present study, we measured the reduction
in weight following the immersion period, which provided
more reliable data regarding the dissolving properties of
both NaOCI solution and combined NaOCl+17% EDTA

Sé et al.

solutions. As stated above, low-concentration NaOCl
solutions have a limited ability to dissolve pulp tissue. It
is possible that combining these solutions decreased the
final chloride concentration and/or the solution’s pH, both of
which are important chemical properties that are associated
with the ability to dissolve tissue.

In summary, the present study suggests that the combined
use of NaOCI+EDTA reduces the tissue-dissolving
properties of NaOCl, regardless the initial concentration
of NaOCI. Further studies should be conducted to assess
the antimicrobial and chemical properties of the combined
solution.
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