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Dissolution of bovine pulp tissue in 
solutions consisting of varying NaOCl 
concentrations and combined with EDTA

Abstract: This in vitro study evaluated (1) the dissolution of bovine pulp 
tissue in solutions consisting of varying NaOCl concentrations and com-
bined with EDTA; and (2) the pH of these solutions before and after 
the experiment. The independent variables were the concentration and 
the volume of the solution. Thirty bovine pulps were divided in equal 
fragments, resulting in 90 fragments of pulp tissue. Each fragment was 
immersed in one of the following solutions: 1% NaOCl (4 ml), 2.5% 
NaOCl (4 ml), 1% NaOCl + 17% EDTA (2 ml : 2 ml), 1% NaOCl + 17% 
EDTA (1 ml : 3 ml), 2.5% NaOCl + 17% EDTA (2 ml : 2 ml), and 2.5% 
NaOCl + 17% EDTA (1 ml : 3 ml). The test solutions were dichotomized 
as either able or not able to dissolve the tissue, the latter being attributed 
when the dissolution of the pulp tissue was not complete within 48 hours. 
When the samples were able to dissolve the tissue, the time required for 
complete tissue dissolution was submitted to statistical analysis. The pH 
of the solutions was measured before and after the experiment. The pH 
variable was dichotomized as either changed or unchanged. The results 
demonstrated that the NaOCl solutions combined with 17% EDTA were 
not able to dissolve the tissue. The t-test revealed that the 2.5% NaOCl 
solution presented a lower mean dissolution time than the 1% NaOCl so-
lution (p < 0.001). The pH of the solutions with equal volumes of NaOCl 
and EDTA decreased in 48 hours. 

Descriptors: Hydrogen-ion concentration; Sodium hypochlorite; 
Dissolution; Dental pulp.

Introduction
Successful root canal therapy depends on thorough chemomechani-

cal debridement of pulp tissue, dentin debris, and infective microorgan-
isms.1,2 Mechanical instrumentation alone is not able to reduce the mi-
crobial population and leave dentinal surfaces free of a smear layer.3,4 
Even in well-shaped canals, there are remnants of pulp tissue and inor-
ganic debris, especially in areas where instruments cannot reach.4

The use of a combination of sodium hypochlorite (NaOCl) and EDTA 
is effective in the removal of organic and inorganic debris.5,6,7,8 NaOCl is 
known for its antibacterial properties and its ability to dissolve organic 
components.9,10 EDTA is a Ca+2 chelating agent and therefore capable of 
removing the smear layer.3,5,11,12 EDTA may be used as a final flush to 
open up dentinal tubules, thus allowing a greater number of lateral ca-
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nals to be filled,13 or may also be used alternately 
with sodium hypochlorite during the whole prepa-
ration of the root canal.5,14

Many authors have reported the significant influ-
ence of a variety of factors, like concentration, time, 
temperature, tissue-irrigating contact area, canal 
preparation size, volume, tissue type, and mechani-
cal action, on the ability of NaOCl to dissolve both 
necrotic and vital tissues.10,15,16,17,18,19 Christensen et 
al.20 reported that concentration, time, and pH all 
play important roles in determining the amount of 
tissue dissolution. Higher concentrations and great-
er time periods all lead to greater amounts of tissue 
dissolution. Although antibacterial power may in-
crease, tissue dissolution decreases as pH decreases.

However, the related literature lacks more con-
sistent information on the tissue dissolution results 
obtained when NaOCl is combined with EDTA.

Thus, the purpose of this in vitro study was to 
evaluate (1) the dissolution of bovine pulp tissue in 
solutions consisting of varying NaOCl concentra-
tions and combined with EDTA; and (2) the pH of 
the solutions before and after the experiment. The 
independent variables of this study were the concen-
tration and the volume of the solution.

Materials and Methods
This study was submitted to the local Ethical 

Committee for evaluation and was approved. Bovine 
pulp tissue was used to test the dissolving ability 
of different NaOCl concentrations, and of NaOCl 
combined with EDTA. 

Pulp tissue collection
The pulp tissue of the animals used was obtained 

from a meat packing plant in the city of Montene-
gro, RS, Brazil. The bone tissue containing the up-
per incisors was collected immediately after their 
death. The tissue was kept refrigerated in 100% hu-
midity until the teeth were removed with the help of 
a number 7 carver (Golgran, São Paulo, SP, Brazil) 
and a Lecron carver (Golgran, São Paulo, SP, Bra-
zil). Subsequently, pilot grooves were prepared on 
the buccal and oral aspects of the crowns using a 
diamond-coated fissure bur (Dentsply Maillefer, 
Ballaigues, Switzerland) without entering the pulp 

chamber. The teeth were then carefully split into 
two fragments using a number 2 Ochsenbein mi-
cro-chisel (Golgran, São Paulo, SP, Brazil), and the 
entire pulp tissue was removed from the pulp cham-
ber and the root canals using a number 17 spoon 
excavator (Golgran, São Paulo, SP, Brazil). Thirty 
pulp specimens were immersed in a 0.9% saline so-
lution (Pharmacy-School of the Lutheran University 
of Brazil/ULBRA, Canoas, RS, Brazil) at room tem-
perature for 30 min. Next, the 30 pulps were divid-
ed into equal 5-mm-long fragments by a number 15 
scalpel blade (Swann-Morton, Sheffield, England), 
resulting in 90 fragments of pulp tissue. 

Three fragments from each pulp were removed 
from the first 15 mm of the coronal region. The 
tissue remainder (apical third) was discarded. The 
sizes of 90 fragments were very similar. Length, as 
well as buccolingual and mesiodistal diameters were 
measured with a digital caliper (799 Starret, Itu, SP, 
Brazil). Uniform volumes of all fragments were pre-
pared to prevent any interference with the dissolu-
tion time. 

pH of the solutions
The solutions of NaOCl and EDTA were ob-

tained from the Pharmacy-School of the University 
where the experiment was conducted, the Lutheran 
University of Brazil/ULBRA, Canoas, RS, Brazil. 
The pH of the solutions was measured before and 
after the experiment was performed, by pH measur-
ing tapes (Merck KgaA, Darmstadt, Germany). The 
variable pH was dichotomized as either changed or 
unchanged. In samples where there was change, the 
final and initial pH values were recorded.

Tissue dissolution
Each fragment of bovine pulp tissue was im-

mersed in 4 ml of solution. The solutions of NaOCl 
combined with EDTA were mixed with a plastic 
spatula (Golgran, São Paulo, SP, Brazil) before im-
mersion of the fragment. Next, the solution was left 
to rest. The fragments were immersed in the test so-
lutions through a randomized process conducted by 
someone who did not belong to the research group.

The solutions containing the fragments of pulp 
tissue were stored in glass containers with a rub-
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ber stopper (Vidraria Sul Brasil S/A, Canoas, RS, 
Brazil). All glass containers were kept on a shelf at 
room temperature and protected from light. Fifteen 
samples were prepared for each type of solution (Ta-
ble 1).

The room temperature measured by thermom-
eter (Cotergavi, São Paulo, SP, Brazil) on the experi-
ment days was 22°C. The variable dissolution abil-
ity was dichotomized as either able or not able to 
dissolve the tissue. A chronometer (Casio Computer 
Co. Ltd., Shibuyaku, Japan) measured the time from 
pulp tissue immersion to its complete dissolution. 
Complete dissolution meant that the tissue was not 
visible through a 4X magnification loupe (Pró Vista 
Imp Com Materiais Óticos Ltda, São Paulo, SP, Bra-
zil).

The maximum time set for the experiment was 
48 hours. The dissolution process was followed dur-
ing this time by two researches (A.Z.M. and J.S.P.) 
in 6-hour shifts. If the pulp tissue was not com-
pletely dissolved after 48 hours, the solution sample 
was considered as not able to dissolve the tissue. 
For samples that were able to dissolve the tissue, the 
time required for complete dissolution was submit-
ted to statistical analysis. 

Results
Table 2 shows the mean times (in minutes) of the 

bovine pulp tissue dissolution for each solution.
Since the solutions of NaOCl combined with 

17% EDTA were unable to dissolve the pulp tissue, 
the statistical analysis was applied only to the pure 
solutions of NaOCl in order to assess if there was 
any statistically significant difference in dissolu-
tion ability between the 1% NaOCl and the 2.5% 
NaOCl solutions. The t-test revealed that the 2.5% 
NaOCl (4 ml) solution presented a significantly low-
er mean dissolution time (p < 0.001) than the 1% 
NaOCl (4 ml) solution (Table 3). 

Only the pH values that changed after the exper-
iment are reported in Table 4. The pH in all other 
solutions remained the same at the end of the ex-
periment as in the beginning.

Table 1 - Concentration and volume of the solutions ana-
lyzed.

Group

Solution
Number of 

samplesConcentration
Volume 

(ml)

G1 1% NaOCl 4 15

G2 2.5% NaOCl 4 15

G3 1% NaOCl + 17% EDTA 2 : 2 15

G4 1% NaOCl + 17% EDTA 1 : 3 15

G5 2.5% NaOCl + 17% EDTA 2 : 2 15

G6 2.5% NaOCl + 17% EDTA 1 : 3 15

Group

Solution
Number of 

samples
Mean dissolution time (min)

Concentration
Volume 

(ml)

G1 1% NaOCl 4 15 76.44

G2 2.5% NaOCl 4 15 34.95

G3 1% NaOCl + 17% EDTA 2 : 2 15 Not able to dissolve the tissue

G4 1% NaOCl + 17% EDTA 1 : 3 15 Not able to dissolve the tissue

G5 2.5% NaOCl + 17% EDTA 2 : 2 15 Not able to dissolve the tissue

G6 2.5% NaOCl + 17% EDTA 1 : 3 15 Not able to dissolve the tissue

Table 2 - Mean times (in 
minutes) of bovine pulp tissue 

dissolution promoted by the 
solutions analyzed.

Group n
Dissolution time (min)

p
Mean Standard deviation

G1 1% NaOCl 15 76.44 10.18
< 0.001

G2 2.5% NaOCl 15 34.95 	 4.89

Table 3 - Application of the t-test 
to the mean dissolution time (in 

minutes) of bovine pulp tissue 
dissolution promoted by the 1% 

NaOCl and 2.5% NaOCl solutions.
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Discussion
Many authors have reported the significant in-

fluence of a variety of factors, like concentration, 
time, temperature, tissue-irrigating contact area, 
canal preparation size, volume, tissue type, and me-
chanical action, on the ability of NaOCl to dissolve 
both necrotic and vital tissues.10,15,16,17,18,19 Our study 
focused on the effect of varying NaOCl concentra-
tions, on the effect of varying NaOCl concentrations 
combined with EDTA, and on measuring possible 
pH variations during the experiment.

The validity of the in vitro experimental outline 
is confirmed by the possibility of standardizing not 
only the solutions but also the fragments of pulp tis-
sue in terms of their origin, surface size and storage 
conditions. In so doing, an evaluation can be made 
of the dissolution ability of NaOCl solutions and 
possible variations in pH for each solution without 
the interference of other factors. In vitro studies are 
also extremely valid because of their ability to gen-
erate hypotheses that may be tested later in other 
studies.

The results of the present study demonstrated 
that when NaOCl, in any of the concentrations and 
volumes tested, was combined with 17% EDTA, the 
solution was unable to dissolve the bovine pulp tis-
sue in 48 hours. EDTA strongly reduces the available 
chlorine in the NaOCl solutions, possibly rendering 
them ineffective.21,22 Zehnder et al.23 confirmed that 
EDTA solutions caused an almost complete loss of 
free available chlorine immediately upon mixing 
with NaOCl. 

Because of its elevated alkalinity, the sodium hy-
droxide resulting from the dissociation of NaOCl 
has the ability of dissolving organic matter through 
the saponification of fats.8,9 Another explanation for 
the non-dissolution of the organic matter in sam-
ples where hypochlorite was combined with EDTA 
is that the sodium hydroxide provided ions to the 

EDTA, which is originally dissodium, turning it into 
trissodium, tetrassodium, and pentassodium. Some 
authors have already demonstrated that, in the pres-
ence of NaOCl, the chemical structure of EDTA has 
increased sodium.24

Although it is difficult to make clinical practice 
inferences from the results of in vitro studies be-
cause of the different variables that may be present 
in studies with patients, the authors suggest that the 
ability to dissolve organic tissue in an alternating ir-
rigating regimen is damaged because of the reactivi-
ty of NaOCl with EDTA. This fact has prompted us 
to indicate the use of EDTA as a final flush, instead 
of using it alternately with sodium hypochlorite dur-
ing canal preparation. 

Although possible changes in the antimicrobial 
ability of solutions combining NaOCl and EDTA 
were not evaluated in this study, other authors 
have already demonstrated that the reduction in 
the available chlorine content possibly damages the 
formation of chloramines, impairing the power of 
the solution to inhibit bacterial enzymes, ultimately 
leading to reduced antiseptic action.18,23

Studies have shown that both the antibacte-
rial properties and the tissue-dissolving properties 
of 5.25% NaOCl decrease when diluted. Based on 
the results of the present study, the ability to dis-
solve organic matter is directly proportional to the 
NaOCl concentration in the solution.9,10,17,19,25,26,27,28 
However, it is important to remember that serious 
incidents have been reported when concentrated hy-
pochlorite solutions were inadvertently forced into 
periodontal tissues,29 or when such a solution leaked 
through the rubber dam onto the patient’s skin.30 

As regards the volume of the solutions, since our 
study used the same volume (4 ml) for all pure solu-
tions of NaOCl, no dissolution ability variation was 
observed owing to this factor. Further studies are 
recommended to analyze the effect of different vol-

Group

Solution
Number of 

samples 
Initial pH Final pH

Concentration
Volume 

(ml)

G3 1% NaOCl + 17% EDTA 2 : 2 15 10 8

G5 2.5% NaOCl + 17% EDTA 2 : 2 15 10 8

Table 4 - pH variation 
of the solutions measured 

before and after the 
experiment (48 hours).
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umes of pure solutions of NaOCl, while maintain-
ing the same concentration.

Regarding pH change, the pH of the solution de-
creased in all the samples where NaOCl was com-
bined with EDTA in an equal volume proportion. 
An interesting fact was that the pH did not change 
in the solutions where the volume of EDTA was 
greater than that of NaOCl. We believe that EDTA 
induces an increased availability of negative ions by 
removing Na+ from NaOCl, leading to a reduction 
in pH. When a greater volume of EDTA was used, 
the EDTA also removed sodium ions, but the lower 
concentration of NaOCl led to a reduced availabil-
ity of negative ions, thus leaving the pH unchanged. 
Further studies to elucidate this finding should be 
conducted. The fact that the samples presented a de-
crease in pH also may have contributed to the non-

dissolution of the bovine pulp tissue. Cristhensen 
et al.20 and Zehnder23 demonstrated that higher pH 
levels resulted in greater tissue dissolution.

Conclusion
In conclusion, the concentration of NaOCl and 

its association with EDTA had an important effect 
on the ability to dissolve bovine pulp tissue. Only the 
samples with 1% and 2.5% NaOCl not combined 
with EDTA and at equal volumes (4 ml) were able to 
dissolve the tissue in the time set for the experiment. 
A greater dissolution ability (measured by the mean 
time necessary for dissolution) was observed in the 
samples with greater concentration (2.5%). The pH 
of the solutions with equal volumes of NaOCl and 
EDTA decreased after the test time of 48 hours.
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