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Abstract
Background
Apical periodontitis is caused by bacteria present in the root canal space. The removal of the
infection is crucial to obtain healing. Canal irrigation is among one of the most important steps
in eliminating bacteria. Sodium hypochlorite (NaOCl) is still the preferred irrigant due to its
disinfecting and pulpal dissolution abilities. Heating NaOCl improves those abilities. However,
the ability of intracanal heated NaOCl to kill bacteria has not yet been evaluated.

Objectives
This study compared the disinfecting ability of different irrigation regimens using NaOCl with
and without sonic and ultrasonic agitation, and with and without intracanal heating of NaOCl.

Methods
The canals of extracted mandibular premolars were prepared, sterilized and infected with E.
faecalis for 28 days. The canals were then assigned to eight groups of 10 teeth depending on the
NaOCl irrigation protocol. Group CONV: conventional irrigation with syringe and needle;
Group END: NaOCl sonic agitation with EndoActivator; Group EDD: NaOCl sonic agitation with
EDDY; Group PUI: NaOCl passive ultrasonic agitation; Group H: intracanal heating of NaOCl;
Groups END-H, EDD-H and PUI-H: NaOCl agitation with EndoActivator, EDDY and passive
ultrasound, respectively, followed by intracanal heating of NaOCl. The canals were sampled
before (S1) and after (S2) the different irrigation protocols were performed, the colony-forming
units were counted and the percentage of bacteria reduction was calculated for each group.

Results
The number of bacteria decreased significantly for the different protocols (p < 0.001). The
groups with NaOCl intracanal heating reduced bacteria significantly more than the other groups
(p < 0.001). Five S2 samples in group H were free of bacteria. All of the S2 samples in the groups
with NaOCl sonic and ultrasonic agitation followed by NaOCl heating were free of bacteria.
Intracanal heating of NaOCl was more effective in killing bacteria than conventional irrigation,
and sonic or passive ultrasonic agitation of NaOCl.

Conclusions
Intracanal heating of NaOCl has the potential to be used as an adjunct to root canal irrigation
in order to increase bacterial reduction in comparison to the conventional irrigation techniques
involving sonic or ultrasonic agitation. Agitation of NaOCl followed by intracanal warming of
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the solution seems to be very promising in eliminating bacteria from infected root canals.

Categories: Dentistry
Keywords: intracanal heating of sodium hypochlorite, endoactivator, eddy, passive ultrasonic
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Introduction
Apical periodontitis is mainly caused by bacteria present in the root canal space [1]. One of the
main objectives of a root canal treatment is the removal of bacteria [2]. Root canal irrigation
plays a crucial role in eliminating bacteria and sodium hypochlorite (NaOCl) is still the
preferred irrigant solution due to its increased disinfecting and pulp tissue dissolving abilities
[3].

Heating NaOCl increases its dissolving and disinfecting properties [4-7]. Warming of NaOCl can
be done by either preheating the solution outside of the canal or heating it inside the canal
[4,8]. However, intracanal heating of NaOCl was more effective than pre-heating with regards to
canal cleanliness and presence of debris [9]. Moreover, ultrasonic agitation of intracanal heated
NaOCl resulted in cleaner canals compared to conventional and passive ultrasonic irrigation
[10].

Canal cleanliness and/or the presence of debris have not been shown to influence the repair of
tissues [11]. Indirect evidence suggested that a higher degree of canal cleanliness would not
affect outcome [12]. On the other hand, the presence of bacteria and its adverse influence on
endodontic outcome, and the importance to remove infection to prevent disease or obtain
healing have been well established [13]. Therefore, the objective of the present study was to
evaluate the ability of NaOCl heated in infected canals of extracted mandibular premolars to
kill bacteria. More specifically, this study compared the antibacterial activity of different
irrigation regimens with NaOCl: conventional irrigation, sonic agitation, passive ultrasonic
irrigation, intracanal heating of NaOCl, and sonic and passive ultrasonic NaOCl agitation
followed by intracanal heating of NaOCl.

Materials And Methods
Tooth selection and preparation
Eighty-eight single rooted mandibular premolars previously extracted for orthodontic reasons
and stored in 0.9% saline solution were selected for this ex vivo study. None of the teeth had an
endodontic treatment. The roots were fully developed. All teeth had only one canal, and did not
show root fracture, resorptive defects or canal calcifications. The root surfaces were cleaned
with periodontal curettes. The teeth were re-placed in a 0.9% saline solution until use.

The access cavity was created. Patency was established using a #8 hand file (Maillefer,
Ballaigues, Switzerland) inserted in the canal until its tip was visible at the apical foramen. The
crown was then reduced to standardize the length of the teeth. The working length (WL) was
established a 17 mm, 1 mm shorter than the apical foramen. All canals were instrumented to
working length with Reciproc 25 (0.25 mm at the tip) (VDW GmbH, Munich, Germany) followed
by a Reciproc 50 (0.50 mm at the tip) (VDW GmbH). The instruments were used according to the
manufacturer’s instructions for use. The canals were irrigated during the preparation procedure
with 6 ml of 5.25% NaOCl using a syringe and a NaviTip 31-ga endodontic irrigation needle
with double sideport (Ultradent Products Inc., South Jordan, UT). The final irrigation protocol
consisted of 3 ml of 17% ethylenediaminetetraacetic acid (EDTA) (Ultradent Products Inc.), 3 ml
of distilled water and 3 ml of 5.25% NaOCl, each for 2 minutes. The NaOCl was inactivated with
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3 ml 10% sodium biosulfate for 2 minutes. Sterile Reciproc 50 paper points (VDW GmbH) were
used to dry the canals. The root surfaces and the apex of each tooth were sealed with
cyanoacrylate. The teeth were mounted in silicone blocks. The specimens were distributed into
eight groups of 11 specimens each. All the specimens were then sterilized at 121°C for 30
minutes.

Control of sterilization
One canal from each group was selected randomly to serve as a negative control and confirm
sterilization. It was incubated and cultured in the same manner as described later for the root
canal sampling procedure.

Specimen contamination
E. faecalis, derived from ATCC 19433, was used and cultured aerobically on blood agar at 35°C
for 48 h. Inoculum was prepared in sterile BHI broth and turbidity was set to 0.5 McFarland

corresponding to approximately 1.5 × 108 colony forming units per milliliter (CFU/mL).

Ten canals from each group were inoculated with 10 μL of the E. faecalis culture. The specimens
were incubated for 28 days at 37°C. The inoculum was refreshed every day.

Experimental groups
Each experimental group included 10 specimens. The eight groups were as follows:

1- Group CONV (n = 10): Each canal was irrigated with room temperature 5.25% NaOCl for 3
minutes using a syringe and a NaviTip 31-gauge endodontic irrigation needle with double
sideport (Ultradent Products Inc.). A sterile stopper was placed on the needle to verify its
insertion to 1 mm short of the working length. The needle was moved up and down over 3-5
mm during the irrigation. Each canal was rinsed with 9 mL of 5.25% NaOCl.

2- Group END (n = 10): Each canal was filled with room temperature 5.25% NaOCl. The
EndoActivator sonic device (Dentsply, Ballaigues, Switzerland) was used to agitate the solution
in the canal with a specifically designed tip according to the manufacturer’s recommendations
[14]. The tip was introduced to 1 mm less than the WL. The solution agitation with the
EndoActivator tip was repeated three times. The canal was flushed with 3 mL room temperature
5.25% NaOCl after each activation cycle to refresh the solution.

3- Group EDD (n = 10): Each canal was filled with room temperature 5.25% NaOCl. The EDDY
sonic device (VDW GmbH) was used to agitate the solution in the canal with a specifically
designed tip according to the manufacturer’s recommendations [15]. The tip was introduced to
1 mm less than the WL. The solution agitation with the EDDY tip was repeated three times. The
canal was flushed with 3 mL room temperature 5.25% NaOCl after each activation cycle to
refresh the solution.

4- Group PUI (n = 10): Each canal was filled with room temperature 5.25% NaOCl. An ultrasonic
tip with a noncutting end (Irrisafe tip K20/21 mm; Acteon, Mt Laurel, NJ) mounted in a
piezoelectric ultrasonic device (P5; Satelec Acteon, Merignac, France) was inserted to 1 mm less
than the WL and activated at the power setting of 4 for 20 seconds. Passive ultrasonic agitation
(PUI) was repeated three times. The canal was flushed with 3 mL room temperature 5.25%
NaOCl after each activation cycle to refresh the solution [16].

5- Group H (n = 10): Each canal was filled with room temperature 5.25% NaOCl. The solution
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was heated in the canal for 10 s using a Touch’n Heat XF (size 0.30 mm and 0.04 mm/mm taper)
electric heat carrier (Analytic Endodontics, Orange, CA), attached to a System B unit (Analytic
Endodontics) [17]. The temperature was set at 150°C. The heat carrier was inserted to 1 mm
short of the working length. This procedure was repeated three times. The canal was flushed
with 3 mL room temperature 5.25% NaOCl after each activation cycle to refresh the solution.
During the heating procedure, the heat carrier was moved with small, in- and out-movements
in the canal. Care was taken to avoid wedging the heat carrier in the canal.

6- Group END-H (n = 10): Sonic agitation was performed three times as described for group
END. After each time, NaOCl was aspirated, the canal was filled again with room temperature
5.25% NaOCl which was heated in the canal in the same manner as described for group H. Three
cycles of heating were performed as for group H.

7- Group EDD-H (n = 10): Sonic agitation was performed three times as described for group
EDDY. After each time, NaOCl was aspirated, the canal was filled again with room temperature
5.25% NaOCl which was heated in the canal in the same manner as described for group H. Three
cycles of heating were performed as for group H.

8- Group PUI-H (n = 10): Passive ultrasonic agitation was performed three times as described
for group PUI. After each time, NaOCl was aspirated, the canal was filled again with room
temperature 5.25% NaOCl which was heated in the canal in the same manner as described for
group H. Three cycles of heating were performed as for group H.

At the end of each procedure, the NaOCl was then inactivated with 3 mL of 10% sodium
biosulfate for 2 minutes.

All solutions were delivered into the canal using a 3-mL syringe and a NaviTip 31-gauge
endodontic irrigation needle with double sideport (Ultradent Products Inc.).

Root canal sampling procedures
Ten canals from each group were sampled.

A first sample (S1) was taken from each canal prior to implementing the tested protocols. The
canal was filled with a sterile saline solution. A #15 hand file (Maillefer) was used to loosen
biofilm bacteria by scraping the root canal walls for 15 s. A sterile Reciproc 50 paper point was
inserted in the canal to the working length. The paper point was left in the canal for 1 minute
and placed in sterile BHI broth for 20 minutes. The solution was homogenized by vortex,
serially diluted, plated on blood agar and incubated for 48 h at 37°C. Colony-forming units
(CFUs) were counted.

A second sample (S2) was taken from each canal after implementing the investigated irrigation
protocol. The number of CFUs was determined as described for S1.

Statistical analysis
The Statistical Package Software for Social Science (SPSS for Windows, Version 22.0, Chicago,
IL, USA) was used to perform the statistical analysis. The level of significance was set at p ≤
0.05. Kolmogorov-Smirnov tests were conducted to evaluate the normality distribution of
continuous variables. Wilcoxon tests were performed to compare colony-forming units before
and after irrigation for the eight groups. The percentage of variation of CFU after irrigation was
compared among the eight groups using Kruskal-Wallis tests, followed by Mann-Whitney tests.
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Results
The results are shown in Table 1.

Irrigation protocols†† S1*† S2*† Percentage of S2-S1‡

CONV 8.53 x 108 ± 3.6 x 108 10.03 x 106 ± 5.6 x 106 98.824 ± 0.421a

EDD 1.11 x 109 ± 2.9 x 108 6.07 x 105 ± 5.8 x 105 99.942 ± 0.059b

END 8.29 x 108 ± 2.6 x 108 10.26 x 106 ± 1.3 x 106 99.852 ± 0.218b

PUI 8.07 x 108 ± 1.9 x 108 5.57 x 105 ± 3.9 x 105 99.926 ± 0.049b

HEAT 1.36 x 109 ± 5.1 x 108 91.10 ± 121.85 99.999 ± 1.0 x 10-5c

EDD-HEAT 1.06 x 109 ± 3.4 x 108 0 100.00 ± 0.00c

END-HEAT 7.60 x 108 ± 2.4 x 108 0 100.00 ± 0.00c

PUI-HEAT 1.17 x 109 ± 3.6 x 108 0 100.00 ± 0.00c

TABLE 1: Mean and standard deviation of CFUs in each group, for S1, S2 and the
percentage of difference in CFUs between S2 and S1.
*Sample taken before (S1) and after (S2) irrigation.

†Number of colony-forming units was significantly less after irrigation compared to before irrigation for the different groups (p < 0.001).

‡Percentage of S2-S1: percentage of bacteria reduction. Different superscript letters (a, b and c) indicate statistical difference.

††CON: Conventional irrigation; EDD: Agitation of NaOCl with EDDY sonic device; END: Agitation of NaOCl with EndoActivator sonic
device; PUI: Passive ultrasonic agitation of NaOCl; HEAT: Intracanal heating of NaOCl; EDD+HEAT: Sonic agitation of NaOC with
EDDY device followed by intracanal heating of NaOCl; END+HEAT: Sonic agitation of NaOC with EndoActivator device followed by
intracanal heating of NaOC; PUI+HEAT: Passive ultrasonic agitation of NaOC followed by intracanal heating of NaOCl.

The number of CFUs decreased significantly between S1 and S2 for the different groups (p <
0.001).

The percentage of bacteria reduction was very high for the CONV, END, EDD, PUI and H groups
but significantly different from 100% (p < 0.05). The percentage of bacteria reduction was
higher for END, EDD, PUI and H groups compared to group CONV (p < 0.001). Group H
performed better than groups END, EDD and PUI (p < 0.05).

The CONV, END, EDD and PUI protocols were not able to completely remove bacteria in any of
the 10 specimens. Five S2 samples were free of bacteria in Group H. All of the S2 samples in the
groups in which the NaOCl was activated and heated were free of bacteria.

The percentage of bacteria reduction was statistically significant between groups in which
NaOCl was not heated and the other groups (p < 0.001). The percentage of bacteria reduction
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was not statistically significant among H, END-H, EDD-H and PUI-H (p = 0.166).

Discussion
This was the first study to evaluate ex vivo effect of intracanal heating of NaOCl on the
elimination of bacteria.

The methodology of the present study and the choice of E. faecalis were similar to other studies
[18, 19]. However, the results should be interpreted carefully considering the limitations
associated with this conventional sampling technique [20].

Heating NaOCl, and its sonic and ultrasonic agitation enhance its decomposition [21].
Therefore, it was important to refresh NaOCl after each heating and/or agitation.

Increasing heating temperatures leads to a faster and greater antibacterial activity [7, 22-24].
For this reason, the System B was set at 150°C in the present study. The other reason was
that when the System B was set at 150°C and an XF electric heat carrier was used, the
temperature on the root surface did not exceed 47°C at which the periodontal tissues could be
damaged [25].

The results showed that the different irrigating protocols reduced significantly the bacteria
counts. However, as expected and similar to previous studies, conventional irrigation without
agitation (Group CONV) was the least effective compared to the other groups in reducing the
number of bacteria [19, 26].

In agreement with previous studies, sonic and ultrasonic agitation of NaOCl without heat were
not successful in eliminating bacteria completely [19, 27]. NaOCl sonic agitation (groups END
and EDD) and ultrasonic agitation (group PUI) without intracanal heating of NaOCl were
similar in their ability to reduce the number of bacteria as demonstrated in a recent study [19].

Heating NaOCl reduced the number of bacteria significantly in in vitro studies [7, 23, 24].
Interestingly, group H was associated with a higher percentage of bacteria reduction in
comparison to the groups without the use of heat (groups CONV, END, EDD and PUI).
Therefore, it can be assumed that the application of intracanal heat was more effective than
conventional irrigation and the irrigation protocols involving only sonic and ultrasonic
agitation of NaOCl. This result could be explained by the enhanced efficiency of intracanal
heated NaOCl associated with the increased antibacterial and pulpal dissolving abilities. It may
be assumed that the increased dissolving ability enhanced the bacterial elimination by exposing
more bacteria to the action of the heated NaOCl; hence, five samples out of 10 in Group H were
bacteria-free after applying the corresponding irrigation protocol. None of the sample in the
groups without heat activation was free of bacteria.

The disinfecting ability of sonic and ultrasonic agitation of NaOCl was similar when NaOCl was
heated. All the S2 samples from the groups exposed to NaOCl agitation and intracanal heating
of NaOCl were free of bacteria, in comparison to only five in heat-only group (group H).
Although the difference in the percentage of bacteria reduction between the heat- and
agitation-groups, and the heat-only group was not statistically significant, this finding could
indicate the importance of sonic and ultrasonic agitation in association with heat application
to render canals free of bacteria. The removal of the pulp tissue with sonic or ultrasonic
activation of NaOCl prior to heat application would allow a better exposure of the bacteria to
the heated NaOCl. A recent study showed that the ultrasonic agitation of intracanal heated
NaOCl enhanced the penetration of NaOCl in the dentinal tubules and resulted in cleaner
canals compared to PUI alone and conventional irrigation [10]. In another study, ultrasonic
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agitation of heated NaOCl rendered artificial canals cleaner than heating NaOCl alone [28].

Conclusions
One of the main objectives of the root canal treatment is to eliminate bacteria. Irrigation during
and the end of the canal preparation plays a major role in the elimination of infection. Sodium
hypochlorite is widely used as an irritant due to its antibacterial and pulp dissolution abilities.
Warming of NaOCl inside of the canal enhanced pulp tissue dissolution and resulted in cleaner
canals. However, the antibacterial ability of intracanal heated NaOCl has never been evaluated.
The present study showed that intracanal warming of 5.25% NaOCl could be considered as an
alternative to conventional irrigation protocols with sonic or ultrasonic agitation. The agitation
of 5.25% NaOCl sonically or ultrasonically followed by intracanal heated NaOCl is very
promising with regards to the removal of infection. Further evaluation is needed.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three
years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that
could appear to have influenced the submitted work.

References
1. Kakehashi S, Stanley HR, Fitzgerald RJ: The effects of surgical exposures of dental pulps in

germ-free and conventional laboratory rats. Oral Surg Oral Med Oral Pathol. 1965, 20:340-
349. 10.1016/0030-4220(65)90166-0

2. Sabeti M, Nekofar M, Motahhary P, Ghandi M, Simon JH: Healing of apical periodontitis after
endodontic treatment with and without obturation in dogs. J Endod. 2006, 32:628-633.
10.1016/j.joen.2005.12.014

3. Zehnder M: Root canal irrigants. J Endod. 2006, 32:389-398. 10.1016/j.joen.2005.09.014
4. Cunningham WT, Balekjian AY: Effect of temperature on collagen-dissolving ability of

sodium hypochlorite endodontic irrigant. Oral Surg Oral Med Oral Pathol. 1980, 49:175-177.
10.1016/0030-4220(80)90313-8

5. Abou-Rass M, Oglesby SW: The effects of temperature, concentration, and tissue type on the
solvent ability of sodium hypochlorite. J Endod. 1981, 7:376-377. 10.1016/s0099-
2399(81)80059-3

6. Stojicic S, Zivkovic S, Qian W, Zhang H, Haapasalo M: Tissue dissolution by sodium
hypochlorite: effect of concentration, temperature, agitation, and surfactant. J Endod. 2010,
36:1558-1562. 10.1016/j.joen.2010.06.021

7. Sirtes G, Waltimo T, Schaetzle M, Zehnder M: The effects of temperature on sodium
hypochlorite short-term stability, pulp dissolution capacity, and antimicrobial efficacy. J
Endod. 2005, 31:669-671. 10.1097/01.don.0000153846.62144.d2

8. Woodmansey KF: Intracanal heating of sodium hypochlorite solution: an improved
endodontic irrigation technique. Dent Today. 2005, 24:114-116.

9. Iandolo A, Amato M, Dagna A, Poggio C, Abdellatif D, Franco V, Pantaleo G: Intracanal
heating of sodium hypochlorite: scanning electron microscope evaluation of root canal walls.
J Conserv Dent. 2018, 21:569-573. 10.4103/JCD.JCD_245_18

10. Iandolo A, Abdellatif D, Amato M, Pantaleo G, Blasi A, Franco V, Neelakantan P: Dentinal
tubule penetration and root canal cleanliness following ultrasonic activation of intracanal‐
heated sodium hypochlorite. (Epub ahead of print). Aust Endod J. 2019, 10.1111/aej.12393

2020 Yared et al. Cureus 12(2): e6975. DOI 10.7759/cureus.6975 7 of 8

https://dx.doi.org/10.1016/0030-4220(65)90166-0
https://dx.doi.org/10.1016/0030-4220(65)90166-0
https://dx.doi.org/10.1016/j.joen.2005.12.014
https://dx.doi.org/10.1016/j.joen.2005.12.014
https://dx.doi.org/10.1016/j.joen.2005.09.014
https://dx.doi.org/10.1016/j.joen.2005.09.014
https://dx.doi.org/10.1016/0030-4220(80)90313-8
https://dx.doi.org/10.1016/0030-4220(80)90313-8
https://dx.doi.org/10.1016/s0099-2399(81)80059-3
https://dx.doi.org/10.1016/s0099-2399(81)80059-3
https://dx.doi.org/10.1016/j.joen.2010.06.021
https://dx.doi.org/10.1016/j.joen.2010.06.021
https://dx.doi.org/10.1097/01.don.0000153846.62144.d2
https://dx.doi.org/10.1097/01.don.0000153846.62144.d2
https://www.dentistrytoday.com/endodontics/1067--sp-834627713
https://dx.doi.org/10.4103/JCD.JCD_245_18
https://dx.doi.org/10.4103/JCD.JCD_245_18
https://dx.doi.org/10.1111/aej.12393
https://dx.doi.org/10.1111/aej.12393


11. Torneck CD: Reaction of rat connective tissue to polyethylene tube implants . Oral Surg Oral
Med Oral Pathol. 1967, 24:674-683. 10.1016/0030-4220(67)90215-0

12. Liang Y-H, Jiang L-M, Jiang L, et al.: Radiographic healing after a root canal treatment
performed in single-rooted teeth with and without ultrasonic activation of the irrigant: a
randomized controlled trial. J Endod. 2013, 39:1218-1225. 10.1016/j.joen.2013.06.024

13. Haapasalo M, Shen Y, Ricucci D: Reasons for persistent and emerging post-treatment
endodontic disease. Endod Topics. 2008, 18:31-50. 10.1111/j.1601-1546.2011.00256.x

14. EndoActivator system kit. (2019). Accessed: November 3, 2019:
https://www.dentsplysirona.com/en-ca/products/endodontics/irrigation-
activation.html/Endodontics/Irrigation-%2526-Act....

15. FAQs about EDDY. (2019). Accessed: November 3, 2019: https://www.vdw-
dental.com/en/service/faq/eddy/.

16. Pladisai P, Ampornaramveth RS, Chivatxaranukul P: Effectiveness of different disinfection
protocols on the reduction of bacteria in enterococcus faecalis biofilm in teeth with large root
canals. J Endod. 2016, 42:460-464. 10.1016/j.joen.2015.12.016

17. Simeone M, Valletta A, Giudice A, Di Lorenzo P, Iandolo A: The activation of irrigation
solutions in Endodontics: a perfected technique. G Ital Endod. 2015, 29:65-69.
10.1016/j.gien.2015.08.005

18. Swimberghe RCD, Coenye T, De Moor RJG, Meire MA: Biofilm model systems for root canal
disinfection: a literature review. Int Endod J. 2019, 52:604-628. 10.1111/iej.13050

19. Hage W, De Moor RJG, Hajj D, Sfeir G, Sarkis DK, Zogheib C: Impact of different irrigant
agitation methods on bacterial elimination from infected root canals. Dent J. 2019, 7:64.
10.3390/dj7030064

20. Sathorn C, Parashos P, Messer H: How useful is root canal culturing in predicting treatment
outcome?. J Endod. 2007, 33:220-225. 10.1016/j.joen.2006.11.006

21. Mason TJ, Newman A, Lorimer JP, Lindley J, Hutt K: Ultrasonically assisted catalytic
decomposition of aqueous sodium hypochlorite. Ultrason Sonochem. 1996, 3:53-55.
10.1016/1350-4177(95)00031-3

22. Cunningham WT, Joseph SW: Effect of temperature on the bactericidal action of sodium
hypochlorite endodontic irrigant. Oral Surg Oral Med Oral Pathol. 1980, 50:569-571.
10.1016/0030-4220(80)90443-0

23. Dychdala GR: Chlorine and chlorine compounds. Disinfection, Sterilization and Preservation.
Block SS (ed): Lea & Febiger, Philadelphia; 1991. 131. 10.1177/146642406908900527

24. Costigan SM: Effectiveness of hot hypochlorites of low alkalinity in destroying
mycobacterium tuberculosis. J Bacteriol. 1936, 32:57-63.

25. Eriksson AR, Albrektsson T: Temperature threshold levels for heat-induced bone tissue injury:
a vital-microscopic study in the rabbit. J Prosthet Dent. 1983, 50:101-107. 10.1016/0022-
3913(83)90174-9

26. Al Shahrani M, DiVito E, Hughes CV, Nathanson D, Huang G T-J: Enhanced removal of
enterococcus faecalis biofilms in the root canal using sodium hypochlorite plus photon-
induced photoacoustic streaming: an in vitro study. Photomed Laser Surg. 2014, 32:260-266.
10.1089/pho.2014.3714

27. Balić M, Lucić R, Mehadžić K, Bago I, Anić I, Jakovljević S, Plečko V: The efficacy of photon-
initiated photoacoustic streaming and sonic-activated irrigation combined with QMiX
solution or sodium hypochlorite against intracanal E. faecalis biofilm. Lasers Med Sci. 2016,
31:335-342. 10.1007/s10103-015-1864-9

28. Amato M, Pantaleo G, Abdellatif D, Blasi A, Gagliani M, Iandolo A: An in vitro evaluation of
the degree of pulp tissue dissolution through different root canal irrigation protocols. J
Conserv Dent. 2018, 21:175-179. 10.4103/JCD.JCD_49_18

2020 Yared et al. Cureus 12(2): e6975. DOI 10.7759/cureus.6975 8 of 8

https://dx.doi.org/10.1016/0030-4220(67)90215-0
https://dx.doi.org/10.1016/0030-4220(67)90215-0
https://dx.doi.org/10.1016/j.joen.2013.06.024
https://dx.doi.org/10.1016/j.joen.2013.06.024
https://dx.doi.org/10.1111/j.1601-1546.2011.00256.x
https://dx.doi.org/10.1111/j.1601-1546.2011.00256.x
https://www.dentsplysirona.com/en-ca/products/endodontics/irrigation-activation.html/Endodontics/Irrigation-%2526-Activation/Irrigants/EndoActivator/p/TUL-EAS100/c/1000241.html
https://www.dentsplysirona.com/en-ca/products/endodontics/irrigation-activation.html/Endodontics/Irrigation-%2526-Activation/Irrigants/EndoActivator/p/TUL-EAS100/c/1000241.html
https://www.vdw-dental.com/en/service/faq/eddy/
https://www.vdw-dental.com/en/service/faq/eddy/
https://dx.doi.org/10.1016/j.joen.2015.12.016
https://dx.doi.org/10.1016/j.joen.2015.12.016
https://dx.doi.org/10.1016/j.gien.2015.08.005
https://dx.doi.org/10.1016/j.gien.2015.08.005
https://dx.doi.org/10.1111/iej.13050
https://dx.doi.org/10.1111/iej.13050
https://dx.doi.org/10.3390/dj7030064
https://dx.doi.org/10.3390/dj7030064
https://dx.doi.org/10.1016/j.joen.2006.11.006
https://dx.doi.org/10.1016/j.joen.2006.11.006
https://dx.doi.org/10.1016/1350-4177(95)00031-3
https://dx.doi.org/10.1016/1350-4177(95)00031-3
https://dx.doi.org/10.1016/0030-4220(80)90443-0
https://dx.doi.org/10.1016/0030-4220(80)90443-0
https://dx.doi.org/10.1177/146642406908900527
https://dx.doi.org/10.1177/146642406908900527
https://jb.asm.org/content/32/1/57
https://dx.doi.org/10.1016/0022-3913(83)90174-9
https://dx.doi.org/10.1016/0022-3913(83)90174-9
https://dx.doi.org/10.1089/pho.2014.3714
https://dx.doi.org/10.1089/pho.2014.3714
https://dx.doi.org/10.1007/s10103-015-1864-9
https://dx.doi.org/10.1007/s10103-015-1864-9
https://dx.doi.org/10.4103/JCD.JCD_49_18
https://dx.doi.org/10.4103/JCD.JCD_49_18

	Antibacterial Ability of Sodium Hypochlorite Heated in the Canals of Infected Teeth: An Ex Vivo Study
	Abstract
	Background
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Tooth selection and preparation
	Control of sterilization
	Specimen contamination
	Experimental groups
	Root canal sampling procedures
	Statistical analysis

	Results
	TABLE 1: Mean and standard deviation of CFUs in each group, for S1, S2 and the percentage of difference in CFUs between S2 and S1.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


