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Abstract

Proper cleaning of the root canal is key to the success of endodontic treatment as 
it allows more effective diffusion of medication throughout the dentinal tubules. The  
aim of this in vitro study was to investigate the efficacy of 17% ethylenediaminetetraacetic  
acid (EDTA) in enhancing diffusion of hydroxyl (OH−) and calcium ions (Ca2+) 
throughout the root canal in primary teeth. The canals of 25 primary tooth roots were  
cleaned with endodontic files and 1% sodium hypochlorite. Three groups (G) were then  
established: GI, in which final irrigation was performed with 1% sodium hypochlorite; 
GII, in which 17% EDTA was used; and GIII, in which no irrigation was performed. The 
roots canals in GI and GII were filled with a calcium hydroxide-based paste labeled  
with the radioisotope calcium-45. Diffusion of OH− was detected with pH strips and  
Ca2+ analyzed by measuring radioactivity in counts per min. Group II differed statistically  
from the other groups in diffusion of OH− at 24 hr (p<0.05), but no significant  
difference among groups was found at the day 7 evaluation; GII also differed statistically  
from the other groups in diffusion of Ca2+ at 24 hr (p<0.05). These results suggest that 
application of 17% EDTA in primary tooth enhances diffusion of OHˉ and Ca2+.
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Introduction

The aim of endodontic treatment in  
primary teeth is elimination of infection and 
conservation until physiological exfoliation  
and replacement with a permanent successor  
can take place. Thus, health, function, and 
esthetics are maintained. Cleaning and disin-
fection of the root canal are key to the success  
of a pulpectomy. The proper combination of 
dental instruments, irrigation with effective 
solutions, temporary dressing, and correct 
filling of the root canal increase the odds of 
success14).

The chelating agent ethylenediaminetet-
raacetic acid (EDTA) can be used to remove 
the smear layer formed during the chemical-
mechanical preparation of the canal15,19). The 
presence of this smear layer can compromise 
the outcome of treatment, as it serves as a 
shelter for microorganisms in the dentinal 
tubules and blocks the action of medication, 
exerting a negative influence on the prog
nosis21). The removal of the smear layer allows  
greater permeability of the dentin and greater  
diffusion of intra-canal medication2).

Calcium hydroxide is also used as an  
intra-canal medication in the endodontic 
treatment of infected primary teeth due to  
its antiseptic action and ability to stimulate 
conditions favorable to tissue repair22). In the 
presence of water, calcium hydroxide breaks 
down into hydroxyl ions (OHˉ) and calcium 
ions (Ca2+), which are responsible for its 
therapeutic action. Diffusion of OHˉ raises 
the pH7,13), destroying bacteria and inactivat-
ing their enzymes, while that of Ca2+ reduces  
osteoclastic activity and activates alkaline 
phosphatase, which is involved in tissue  
re-mineralization4).

A 17% EDTA solution is a common choice 
in treating root canals in primary teeth1,11). 
However, few studies have investigated its 
efficacy and applicability in conjunction with 
calcium hydroxide in the endodontic treat-
ment of these teeth.

The use of radioisotopes and radioactivity 
analysis is a sensitive technique for determin-
ing diffusion of drugs throughout dentinal  

tubules16). Calcium-45 (45Ca) is the most  
commonly used, because it is a low-energy 
beta emitter and does not readily penetrate 
enamel. Radioactive isotopes provide finer 
detail in diffusion studies as the small isotope  
molecules measure only 40 nm and can  
penetrate spaces of only 1–2 µm9).

The aim of this in vitro study was to inves
tigate the efficacy of 17% EDTA in diffusing 
45Ca-labeled OHˉ and Ca2+ throughout the 
root dentin of primary teeth. The results  
were compared with those obtained by using 
sodium hypochlorite 1% for the final irriga-
tion. The hypothesis was that irrigation with 
17% EDTA would result in greater diffusion 
throughout the tooth root.

Materials and Methods

1. Ethical considerations
The protocol of this study was approved  

by the Human Research Ethics Committee of 
this institute (Approval number: 750).

2. Sample
Twenty-five primary tooth roots from maxil-

lary and mandibular incisors and molars were  
obtained through transverse sectioning with  
a double-sided diamond-cutting disk (number 
7016, KG Sorensen®, São Paulo, Brazil) 2.0 mm  
short of the cemento-enamel junction. At 
least two thirds of each root was left intact.  
There was no resorption in the apical, medial,  
or cervical third; no calcification; and no 
accentuated curvature.

3. Preparation of roots
The length of each root was standardized 

to 7 mm and the apices sealed with Super 
Bonder Gel (Loctite®, São Paulo, Brazil). 
Each canal was individually cleaned, first with 
a series of dental files (Dentsply-Maillefer®, 
São Paulo, Brazil), beginning with the file 
that best fit the canal, and then with two 
subsequent files. Cleaning was performed  
throughout the 7 mm working length, making  
15 circumferential movements with each file. 
A new set of files was used for each set of  
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roots. The canal was irrigated with 3 ml of 1% 
sodium hypochlorite solution (Miyako®, São 
Paulo, Brazil) and simultaneously aspirated.

The specimens were then randomly divided  
into 3 experimental groups (G): GI (n=10), 
in which final irrigation was performed with  
1 ml of 1% sodium hypochlorite for 3 min; GII  
(n=10), in which final irrigation was per-
formed with 1 ml of 17% EDTA (Biodinâmica,  
Ibiporã, Paraná, Brazil) for 3 min; and GIII 
(n=5), in which no final irrigation was per-
formed. The canals were dried with absorbent  
paper points (Dentsply-Maillefer®) and bathed  
in ultrasound (Ultrasonic 1440®-Odontobrás, 
São Paulo, Brazil) for 15 min to remove any  
remaining sodium hypochlorite or 17% EDTA.

4. Preparation of medication
The calcium hydroxide-based solution was  

prepared in a chamber, mixing 200 µl calcium  
hydroxide paste (SS White®, Rio de Janeiro,  
Brazil) with 500 µl 45Ca (Radiofarmácia-IPEN,  
São Paulo, Brazil). The mixture was blended 
by using a glass stirrer until a homogeneous 
fluid solution was obtained. The solution was  
then left to rest for 5 min. A 1-ml hypodermic  
syringe was used to deliver the final solution 
to the canals. Only the specimens in GI and 
GII received 10 µl calcium hydroxide/45Ca 
solution; GIII was maintained as a negative 
control. Wax (Dentsply-Maillefer®) was used 
to seal the entrance of the root canal. Resto
ration was performed over the seal with a 
light-curing resin composite (Opallis®, FGM, 
Santa Catarina, Brazil).

The crown region of each specimen was 
attached to a metal rod by means of a light-
curing resin composite. The rod was made  
of orthodontic wire 0.6 mm in thickness and 
3 cm in length. To simulate the level of pH  
in periapical lesions, which is reported to  
be within the range of 6.00 to 7.0312), boric 
acid was added to saline solution to achieve  
a pH of approximately 6.00. Each specimen 
was then placed in a 1.8-ml acrylic recipient 
containing 1 ml saline solution (pH=6.00), 
which was replaced after each evaluation.  
All specimens remained immersed in this 
solution, and a constant temperature of 37°C 

and 100% relative humidity were maintained 
throughout the experiment.

5. Determination of pH
The pH of the medium (saline solution)  

was determined using pH strips (Merk®,  
Darmstadt, Germany) inserted individually 
into each recipient. Readings were taken at 
regular intervals in all groups (initial, 24 hr,  
3 days, and 7 days). The pH values were  
recorded based on the coloration of the strips  
and the standard measure.

6. Determination of radioactivity
After each pH reading, diffusion was  

investigated by determining the level of  
radioactivity in the specimen-containing saline  
solution. Each specimen was removed from 
the recipient and the solution poured into a  
test tube placed in a Gamma Counter (D5002,  
Cobra II, Autogamma, Canberra Packard,  
Meriden, Connecticut, USA) to measure radio-
activity in counts per minute (CPM) for 1 min.

7. Statistical analysis
The SPSS 19 program (SPSS Inc., Chicago, 

Illinois, USA) was used for the statistical 
analysis. The Friedman and Wilcoxon tests 
were used to determine differences in pH at  
each sample evaluation. A repeated-measures 
analysis of variance (ANOVA) and the Bonfer-
roni test were used to determine differences 
in diffusion of Ca2+. The Kruskal-Wallis and 
Mann-Whitney tests were used to determine 
differences in pH between groups. A one-
factor ANOVA and the Dunnett and Tukey 
HSD tests were used to determine differences 
in diffusion of Ca2+ between groups.

Results

As shown in Fig. 1, release of a significantly 
greater amount of OH− was observed at the 
24-hr evaluation in GII than in the other 
groups (p=0.008). Although statistically sig-
nificant differences were found among the 
three groups at the day 3 evaluation (p= 
0.002), none was found at the day 7 evaluation  
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(p=0.303). The intra-group analysis revealed  
statistically significant differences in GI and 
GIII, with a greater amount of OH− released 
at the day 7 evaluation; no statistically signifi-
cant differences were found among the three 
time points in GII, however (p=0.261).

Figure 2 shows the results for release of 
Ca2+ in all groups. A significantly greater 
amount of Ca2+ was released in GII than in 
the other groups at the 24-hr evaluation 
(p<0.001). No statistically significant differ-
ence was found among the three groups at 
the day 3 evaluation (p=0.524). A significant  
difference was observed between GII and GIII  

at the day 7 evaluation (p=0.042), but both 
groups were statistically similar to GI. The 
intra-group analysis revealed no statistically 
significant difference in GI (p=0.107) or  
GIII (p=0.152) among the three time points;  
release of Ca2+ was significantly greater at the 
24-hr evaluation in GII, however (p<0.001).

Discussion

Radioisotopes are unstable atoms that dis-
integrate, giving off radiation. In this study, a  
radioisotope method was selected rather than  

Fig.  2  Schematic of Ca2+ release in each group over 3 time points assessed

Values linked by bar are statistically different (p<0.05). Values with asterisk represent 
statistical difference with control group (p<0.05).

Fig.  1  Schematic of OH− release in each group over 3 time points assessed

Values linked by bar are statistically different (p<0.05). Values with asterisk represent 
statistical difference with control group (p<0.05).
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a chemical one as emission of radiation makes  
them easy to detect1), even when present in  
only very low quantities. The isotope selected,  
the low energy beta emitter 45Ca, showed 
selective and deep diffusion into the dentinal 
tubules.

The cervical and apical portions of the 
specimens were sealed, so the only means  
of passage were the dentinal tubules and 
cementum, proving that OH− and Ca2+ were 
released through the root, which is similar  
to findings reported in previous studies with 
primary3,14) and permanent teeth20,24).

To assess diffusion of OH− and Ca2+,  
the roots were immersed in saline solution 
(pH=6.00). The length of immersion was 
established in reference to clinical reports  
on periradicular lesions17,24). Unlike in other 
studies14,21), however, here the saline solution  
into which the root was immersed was replaced  
after each evaluation to allow maximal dif
fusion of ions without saturation of the 
medium8).

The minimal amount of OH− required  
to make the medium unviable for bacterial 
proliferation (neutralization of the acidic 
medium) remains to be established. There-
fore, in alkalinizing the medium, it is desirable  
to use a material that releases the largest 
possible number of these ions3,23). A more 
acidic external medium results in greater 
diffusion of OH− and a subsequent tendency 
toward neutralization, which may occur in 
inflammatory processes related to the roots 
of primary teeth.

The antimicrobial action of calcium hydrox-
ide is related to the alkaline pH. Change in 
dentinal pH due to the presence of OH−  
is slow and depends on several factors that 
can alter the rate of ionic dissociation and 
diffusion, such as the level of hydrosolubility  
of the vehicle employed, difference in viscosity,  
acid-base characteristics, dentinal permeabil-
ity, and level of existing calcification6,10). In  
the analysis of OH− diffusion, GII showed the 
highest pH values at all evaluation times, with  
statistically significant differences in relation 
to the other groups at 24 hr and 3 days.  
This finding demonstrates that removing the 

smear layer with 17% EDTA was effective  
in enhancing the permeability of the den-
tinal tubules in the first few days following 
application of intra-canal medication. More-
over, it suggests that this approach may be 
more effective than application of calcium  
hydroxide-based medication. Similar findings  
have been reported by other authors5,18), who 
noted that removing the smear layer with 
irrigating solutions such as 17% EDTA or 
5.25% NaOCl facilitated diffusion of OH− 
throughout dentinal tubules. To the best of  
our knowledge, no studies to date have shown  
that use of 17% EDTA in primary teeth is 
harmful to the permanent teeth.

At the end of the 7-day analysis period,  
no statistically significant difference in pH 
was observed among the three groups. Çalt  
et al.3) found a reduction in pH throughout  
the analysis period in all groups tested.  
According to the authors, the permeability 
and buffering capacity of the dentin are key 
factors that directly affect the diffusion of 
OH− through the root dentin. Tanomaru-
Filho et al.20) found greater amounts of OH−  
in the first 12 hr of their study, with all groups  
exhibiting similar pH values at the end of a 
7-day analysis. This suggests that 7 days is the 
approximate amount of time necessary for a  
significant volume of material to pass through  
the dentinal tubules without prior removal of  
the smear layer. This demonstrates the effi-
ciency of 17% EDTA in accelerating diffusion  
of calcium hydroxide-based medication.

Release of Ca2+ was observed in all groups  
at some point. A significantly greater amount  
of Ca2+ was released in GII than in the other 
groups at 24 hr, demonstrating the efficacy  
of 17% EDTA in removing the smear layer. 
This is in agreement with findings reported 
by other authors, who, despite observing  
peak diffusion at 7 days, found a high degree 
of diffusion on the first day of analysis3,18). 
However, in disagreement with these results, 
Nunes and Rocha14), using an atomic absorp-
tion spectrophotometer unit, found greater 
diffusion of Ca2+ after 7 days, with maximal 
values reached at day 30. This disparity may  
be related to differences in the methodologies  
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employed in these studies. In the present 
study, the CaOH solution was mixed with 
500 µl 45Ca, resulting in lower viscosity and,  
therefore, better flow of the solution. This can  
be seen in the higher rates of Ca2+ release. 
The time needed for calcium hydroxide to 
optimally disinfect the root canal is still 
unknown and might be related to the type  
of microorganism involved, location of the  
microorganism in the root canal system,  
presence or absence of smear layer, and pres-
ence or absence of root canal exudation14,15). 
Despite not achieving statistical significance 
in the intra-group analysis, peak release of 
Ca2+ occurred on day 3 in GIII. This may be 
attributed to the fact that the tooth itself is 
capable of releasing calcium from its own 
structure, as reported in previous studies3,23).

This study had some limitations. Although 
an attempt was made to approximate clinical 
conditions by using extracted human teeth  
selected in a standardized manner, the results  
are research-based and should therefore be 
extrapolated with care. As described above,  
the consistency of intra-canal medication  
used clinically may vary. Moreover, as with  
any medication or substance used inside the 
primary tooth canal, biocompatibility with 
the germ of the permanent tooth needs to  
be clarified.

Conclusion

Using 17% EDTA to clean the root canal  
in primary teeth resulted in an increase in  
the diffusion of OHˉ and Ca2+.
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