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ABSTRACT

This study aimed to evaluate the effect of sodium hypochlorite (NaOCl) and ethylene diamine 
tetra-acetic acid (EDTA) on the bonding and sealing ability of different root repair materials.

Methodology: for the push-out bond strength test, ninety dentine discs with 2 mm thickness 
and a central opening of 1.5 mm were used. The discs were randomly distributed into 3 groups 
(n=30) based on the repair material used (white MTA Angelus, Biodentine, and Well-Root putty). 
The materials were condensed inside each disc and allowed to be initially set for 10 minutes. Then 
each group was further subdivided into 3 subgroups (n=10) based on the irrigant used (NaOCl, 
EDTA, and no irrigation was used in the 3rd control group) and immersed into the corresponding 
irrigant for 30 minutes. After complete setting for 72 hours, the bond strength was evaluated with a 
universal testing machine. For the sealing ability, the same methodology was followed but instead 
of using dentine discs, we used human-extracted lower molar teeth (n=72) with a standard furcation 
perforation. After 72 hours, the specimens were subjected to the dye penetration test to assess the 
sealing ability.

Results: Well-Root putty showed the highest bond strength and Biodentine showed the highest 
sealing ability.

Conclusion: NaOCl had a positive effect on the bond strength and sealing ability of both 
Biodentine and Well-Root putty while the EDTA had a negative effect on the properties of the three 
tested repair materials.
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INTRODUCTION 

The success of root canal treatment depends 
mainly on proper chemomechanical preparation 
and three-dimensional obturation of the root canal 
system, so our main target during and after the 
endodontic therapy is to achieve what is called a 
“hermetic seal” that ensures complete isolation of 
the root canal system.

Root Perforation is a direct communication 
between the root canal system and the periodontium. 
Perforation prognosis depends on the size, site, time 
of occurrence, time of repair, and material of repair. 
So ideally it is important to repair any perforation as 
soon as possible after occurrence to achieve better 
tissue healing (1).

The ideal perforation repair material should be 
biocompatible, dimensionally stable, antibacterial, 
easy to manipulate, radiopaque, and unaffected by 
blood contamination, tissue fluid, and different root 
canal irrigation solutions (2).

Nowadays many different materials are used for 
perforation repair with more ease of manipulation 
properties that enable them to compete with MTA 
and Biodentine, these materials include Bioceramic 
putty which comes in the form of paste consistency 
providing a very ease of use in comparison to MTA.

Therefore, conducting a study to evaluate 
the effect of the most common irrigant solutions 
(NaOCl and EDTA) on different perforation repair 
materials was thought to be of value.

Our Hypothesis is that NaOCl and EDTA have 
no effect on the tested root repair materials.

MATERIALS AND METHODS 

Sample preparation and grouping  

For the push-out test, ninety extracted human 
single-rooted teeth were used to prepare dentine 
discs (n=90). The sample size was calculated based 
on a previous study (3).

The mid-root of each tooth was sectioned 
horizontally into slices with a thickness of (2 ± 0.01) 
using a diamond disc and mandrel. The canal space 
of each slice was enlarged with a complete pass of 
Gates Glidden burs sizes 2, 3, 4, 5, and 6 (Dentsply 
Maillefer, Switzerland)  to achieve a diameter of 1.5 
mm. Then the samples were randomly divided into 
3 groups (n=30) based on the repair material used 
(MTA, Biodentine, and Well-Root putty).

After mixing the materials according to the 
manufacturer’s instructions, the repair materials 
were condensed inside the canal space with an 
endodontic plugger and allowed to be initially set 
for 10 minutes at 37°C and 100% humidity, then 
each group was subdivided into 3 subgroups (n=10) 
based on the irrigant used (NaOCl, EDTA, and no 
irrigant in the control group). The samples were 
immersed in the irrigants for 30 minutes. 

After rinsing the samples of the two experimental 
groups, all samples were wrapped with moist cotton 
pellets and allowed to be completely set for 72 hours 
at 37°C and 100% humidity. After that, Loading was 
performed by a universal testing machine at a speed 
of 0.5 mm/min until deboning occurs.

The bond strength value in megapascals (Mpa) 
was computed by dividing the maximum load 
needed to dislodge the filling material in Newtons 
(N) by the bonded interfacial area (mm2)

Bond strength=
Maximum load at dislodgement (N)
Bonding surface area (mm2)

   For the sealing ability test, seventy-two extracted 
human lower molar teeth were used and the sample 
size was calculated based on a previous study (4). 
After the access cavity preparation, the molar teeth 
were decoronated 3 mm above the cervical line 
and the roots were amputated 3 mm apical to the 
furcation to facilitate the sample standardization. A 
standard perforation was made in the furcation area 
using a round bur size 2.
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Then each molar was covered with 2 layers of 
nail polish including the access cavity walls except 
2 mm around the perforation and the orifices of 
canals were blocked by the flowable composite. 
The samples then were divided into 3 groups (n=24) 
based on the repair material used (MTA, Biodentine, 
and Well-Root putty).

After repairing the perforation, the repair materials 
were allowed to be initially set for 10 minutes then 
each group was subdivided into 3 subgroups (n=8) 
according to the irrigant used (NaOCl, EDTA, and 
no irrigant in the control group). Each access was 
filled with the corresponding irrigant for 30 minutes 
except for the control group that wasn’t exposed 
to any irrigant. After rinsing the two experimental 
groups, all samples were allowed to be completely 
set for 24 hours at 37°C and 100% humidity.  

After the complete setting, the access cavities 
were filled with 2 % Methylene blue dye for 72 
hours. After that, the dye was rinsed properly for 30 
minutes, each tooth was sectioned longitudinally in 
a buccolingual direction and the highest amount of 
dye penetration in millimeters (mm) was measured 
using computer software on the image captured by 
a digital camera mounted on the stereomicroscope 
with a magnification of 16x.

Statistical analysis

Categorical data were presented as frequency 
and percentage values and were analyzed using 
fisher’s exact test. Numerical data were present-
ed as mean and standard deviation (SD) values.  

They were explored for normality by checking the 
data distribution and using Kolmogorov-Smirnov 
and Shapiro-Wilk tests. Data showed parametric dis-
tribution so one-way ANOVA followed by Tukey’s 
post hoc test was used for intergroup comparisons 
and repeated measures ANOVA followed by Bon-
ferroni post hoc test was used for intragroup com-
parisons. The significance level was set at p ≤ 0.05. 
Statistical analysis was performed with R statistical 
analysis software version 4.1.2 for Windows(5).

RESULTS

For the push-out test

For the MTA group, there was a negative 
significant effect of both NaOCl and EDTA on the 
push-out strength of MTA. With the highest value 
for control (53.02 ±11.83) and the lowest value for 
NaOCl (17.02 ±6.27) (p<0.05).

For the Biodentine group, while NaOCl had a 
positive significant effect on the push-out strength 
of Biodentine, EDTA had no significant effect on 
push out of Biodentine. With the highest value for 
NaOCl (26.33 ±11.22) and the lowest value for 
EDTA (5.37 ±2.60) (p<0.05).

For the Putty group, while NaOCl had a positive 
significant effect on the push-out of Putty, EDTA had 
a negative significant effect on push-out of Putty. 
With the highest value for NaOCl (72.28±17.54) 
and the lowest value for EDTA (47.11±13.70) 
(p=0.097).

TABLE (1) Mean and standard deviation values (mm) of the dye penetration for intergroup comparison

Control NaOCl EDTA P-value

MTA 0.0745 ±0.1521 a 0.5453 ±0.1814 b 0.1026 ±0.1443 a <0.05

Biodentine 0.0760 ±0.1123 a 0.0955 ±0.1843 a 0.0904 ±0.1404 a 0.964

Putty 0.199 ±0.340 a 0.0999 ±0.1397 a 0.8518 ±0.0817 b <0.05

Different superscript letters indicate a statistically significant difference within the same horizontal row *; significant 
(p ≤ 0.05) ns; non-significant (p > 0.05)



(804) Hager Mamdouh Mohammed, et al.E.D.J. Vol. 69, No. 1

For the sealing ability test

  As shown in (table 1)

For the MTA group, while NaOCl had a 
negative significant effect on the sealing ability of 
MTA, EDTA had no significant effect on the sealing 
ability of MTA. With the lowest value for control 
(0.0745 ±0.1521) and the highest value for NaOCl 
(0.5453 ±0.1814) (p<0.05).

For the Biodentine group, there was no 
significant effect of both NaOCl and EDTA on the 
sealing ability of Biodentine. With the highest value 
for control (0.0760 ±0.1123) and the lowest value 
for NaOCl (0.0955 ±0.1843) (p=0.964).

For the Putty group, while NaOCl had no 
significant effect on the sealing ability of MTA, 
EDTA had a negative significant effect on the 
sealing ability of putty. With the lowest value for 
NaOCl (0.0999 ±0.1397) and the highest value for 
EDTA (0.8518 ±0.0817) (p <0.05).

DISCUSSION

Within the limitation of this study, NaOCl had a 
positive significant effect on the push-out strength 
of both Biodentine and Well-Root putty. But had a 
significant negative effect on the MTA. According 
to Uyanik et al. (6), its positive effect can be justified 
by the high pH environment of NaOCl (10.5-12.9) 
(7) which has a positive influence on the setting 
reaction of the bioceramic materials and enhances 
numerous physical and chemical properties of them. 

These results are in agreement with previous 
studies (8,9,10,11,12) that also found an increase in the 
push-out bond strength of the tested materials after 
exposure to NaOCl.

In our study, the negative effect of the NaOCl 
on the white MTA Angelus group can be explained 
by the study of Zapf AM et al. (13) who found that 
mixing the MTA with NaOCl significantly reduces 
the Ca(OH)2 formation. And another study by 
Yamashita, Kozue, et al. (14) reported that NaOCl 
immersion inhibited the formation of Ca(OH)2 on 

the surfaces of set white MTA discs which can have 
a detrimental effect on the properties of the MTA 
including the push-out bond strength and sealing 
ability. Also, NaOCl inhibited WMTA-induced 
mineralized nodule formation Therefore, NaOCl 
should be firmly removed from root canals that are 
repaired by white MTA after root canal treatment 
to maintain its ability to stimulate hard tissue 
formation.

Regarding the effect of EDTA on the tested 
materials, EDTA had a significant negative effect 
on the MTA and putty groups and an insignificant 
effect on the Biodentine group. These results can be 
justified by that EDTA has a negative influence on 
the hydration properties of calcium silicate cements 
because of its chelating action (15). This causes the 
dissolution of the binding phase of the cement, 
which in turn, inhibits its adhesion to the dentine. 
EDTA chelates the calcium ions released from the 
tricalcium silicate cement during hydration, thereby 
disturbing the formation of hydrated products (16).

  Regarding the effect of NaOCl on the perforation 
repair materials sealing ability, we found that NaOCl 
enhanced the sealing ability of Biodentine and putty 
but on the other hand decreased the sealing ability 
of MTA significantly.

This effect can be justified by that NaOCl is 
a halogenated compound that can cause mineral 
accumulation in human root dentin and expose 
inorganic material which unlike EDTA may prevent 
dentin dissolution or may leave a smear layer of 
mineralized tissue that could increase the Ca/P ratio 
of the dentin surface intensifying the hydration 
process of bioceramic materials that is responsible 
for the strength, barrier properties, and sealing 
ability of these materials (17).

These results are in agreement with previous 
studies (18,19) except for the negative effect of NaOCl 
on the MTA group which can be explained for the 
same reasons as its negative effect on the MTA 
group in the push-out bond strength test that we 
mentioned before.
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Regarding the effect of EDTA on the sealing 
ability of the tested materials, in our study, we found 
that EDTA insignificantly decreased the sealing 
ability of Biodentine and MTA but significantly 
decreased that of the putty group

These results can be explained by the chelating 
action of EDTA that can lead to an increase in the 
solubility of the repair materials which, in turn, 
negatively affects their sealing abilities. Moreover, 
calcium-depleting irrigants such as EDTA are 
capable of dissolving the smear layer rapidly and 
infiltrate into the interfacial layer; where they can 
interfere with the chemical adhesion between repair 
materials and dentin allowing the dye leakage 
through these micro-gaps (18,20).

CONCLUSION

Based on the present results, within the 
circumstances of this in-vitro study, it can be 
concluded that the early exposure to NaOCl had 
a positive effect on the Biodentine and Well-Root 
putty bond strength, sealing ability and vice versa 
for the white MTA Angelus and the early exposure 
to EDTA had a negative effect on the bond strength, 
sealing ability of the whole tested materials.

So  Caution should be taken to avoid exposing the 
perforation repair materials in their early stages of 
setting to EDTA and in particular to NaOCl in case 
of white MTA Angelus in a single visit treatment, 
and perhaps postpone the root canal treatment to the 
next visit to ensure the complete setting of the repair 
materials.
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