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Abstract: Background: Enhancement of the temperature of sodium hypochlorite (NaOCl) solution
would increase its cleaning potential and decontamination of the root canal system. Therefore, the
aim of the present in vitro investigation was to compare the efficacy of different methods of NaOCl
heating by evaluating the temperature profiles developed at different levels of the root canal system.
Methods: Five thermocouples were applied at different levels of the root canal system of extracted
human premolars. NaOClI solution was heated according to two methods: extraoral heating (50 °C,
60 °C, and 70 °C) using a magnetic hotplate heater and intracanal heating by F-06, XF-30/04, and
ML-12 pluggers at 100 °C, 150 °C, and 180 °C. Results: The extraoral heating method was ineffective
to produce a significant temperature increase at the root apex. Comparable results were obtained
using the intracanal heating method through the ML-12 plugger that showed slightly better results
only when set at 180 °C. On the other hand, negligible differences were observed in terms of
temperature maintenance at several levels of the root between the F-06 and XF-30/04 pluggers, even
though the time intervals were higher in case of XF-30/04. Conclusions: The intracanal heating
method provided a better temperature persistence in the middle third of the root canal system.
Conversely, extraoral heating was ineffective to produce a significant temperature increase at the
apex of the root. Comparable results were obtained even using the ML-12 plugger.
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1. Introduction

Endodontic success is strictly related to the removal of pulp tissue and to the
disinfection of root canal system that may be colonized by microorganisms [1]. Irrigation
is reported to have an important antimicrobial/antibiofilm effect through the whole root
canal, as well as the ability to remove the smear layer and/or debris produced by
mechanical instrumentation [2,3]. Moreover, the use of irrigants may enhance the cutting
ability of endodontic files decreasing their friction with dentinal tissue as well as the risk
of fractures [3,4].

The irrigation procedure in endodontics is clinically based on sodium hypochlorite
(NaOCl), due to its antibacterial effects and ability to dissolve the organic tissue, coupled
with ethylenediaminetetraacetic acid (EDTA), used to remove the smear layer. Finally,
the rinsing agents may be used with different effective techniques to promote deep
penetration into the entire anatomical aspect of the endodontic canal system, even those
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not reached by mechanical instrumentation [5]. The correct combination of endodontic
irrigants and mechanical preparation techniques would contribute to provide an ideal
cleaning [6].

Temperature has a positive effect on the antibacterial and lytic action of NaOClI [7];
indeed, an enhancement in the temperature of NaOCI solution would increase the
cleaning potential as well as the decontamination effect of the root canal system [7]. In
addition, hot NaOCI solution removes organic debris from dentin crisps better than
unheated solution [8]. NaOCI at 25 °C used for five minutes was demonstrated to be
effective in the elimination of Enferococcus faecalis, showing a 100-fold increase in its
efficacy [9]. In addition, preheating to 37 °C enhances NaOCl effectiveness on Candida
albicans at five minutes of contact time showing a significant antifungal property [9].
Moreover, heating of NaOCl may allow the use of a less concentrated solution; indeed,
the ability of NaOCl to dissolve human dental pulp at 1% and at a temperature of 45 °C is
reported to be equivalent to that at 5.25% and 20 °C [10]. The enhancement of the
temperature of NaOCl may be obtained through extraoral (in special containers or by
preheating of a syringe), intracanal using heat carriers (pluggers), or by means of
ultrasonic inserts or laser devices.

Therefore, the aim of the present in vitro investigation was to compare the efficacy of
different methods of NaOCI heating by evaluating the temperature profiles developed at
different levels of the root canal system.

2. Materials and Methods
2.1. Sample Preparation

Twelve human single-rooted and one canal second lower premolars extracted for
orthodontic reasons, free of caries or cracks, were selected for this study. The study was
approved by the Ethics Committee of the University of Naples Federico II (protocol n.
1372017). The freshly extracted teeth were placed in 5.25% water solution of sodium-
hypochlorite (NaOCI) for 5 min and stored in 0.9% saline solution at a temperature of 4
°C. Root canal treatment was performed in each tooth using a rotary Protaper Next system
(Dentsply Maillefer, Tulsa, OK, USA) until the X3 File reached the working length (WL).
Disinfection of the canals was obtained using 5.25% NaOCl and 17% EDTA. Then,
standardized holes were created on the root surfaces 5 and 10 mm above the apex by a
high-speed round burr under abundant irrigation.

2.2. Experimental Setup

Five K-type thermocouples (RS components, Corby, UK) for each tooth were applied
as follows: 3 were inserted through holes drilled from the root surface to the root canal
(Figure 1a) and positioned at the apical foramen (Ta), at the apical third 5 mm from the
apex (T5mm), and at 10 mm from the apex (T10mm), respectively (Figure 1b); 1
thermocouple was applied on the radicular external surface at 3 mm from the anatomic
apex (Text) (Figure 1b); the last was inserted in the root canal (Tc) at the cervical third
level (Figure 1b). Then, each specimen was cemented with resin (Duralay, Reliance Dental
Manufacturing LLC, Alsip, USA) into an aluminum tube (Figure 1c), and a thermo-
controlled heater (ThermoBlock system, Falc, Genova, Italy) containing an aluminum
block (Figure 1d) was used to control the temperature of the tooth environment (37 °C).
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Figure 1. Specimen preparation and setup. Instrumented root canal and holes drilled through the
root (a); thermocouple placement (b); aluminum tubes and block (c); and thermostatic and heating
systems (d).

Thermocouples were connected to the NI DAC interface (MOD National Instruments
Corporation, Austin, TX, USA), and signals were recorded through the LabView system
(MOD National Instruments Corporation, Austin, TX, USA) at a rate of 10 points per
second for 300 s.

Then, 5% water solution of NaOCI was heated according to 2 methods: extraoral
heating using a magnetic hotplate heater (MS-H-PRO+, DLAB, Scientific Inc., City of
Industry, CA, USA) and intracanal heating by System B (SybronEndo, Kerr Corporation,
Detroit, MI, USA). For the extraoral heating technique, a glass beaker containing 25 mL of
5% NaOCl water solution was heated at 50 °C, 60 °C, and 70 °C. Then, 5 mL of the heated
NaOCl solution was aspired into using a 5 mL plastic syringe supporting a 30-G irrigation
needle (Ultradent Products Inc., South Jordan, UT, USA) and immediately injected into
the root canal. Conversely, F-06 (tip diameter 0,50 mm/conicity 06), XF-30/04 (tip diameter
0,40 mm/conicity 04), and ML-12 (tip diameter 0,50 mm/conicity 12) pluggers
(SybronEndo, Kerr Corporation, Detroit, MI, USA) were used for intracanal heating and
temperature settings at 100 °C, 150 °C, and 180 °C were investigated.

A thermocamera Fluke Til0 (Fluke Corporation, Everett, WA, USA) was used to
record the effective temperature profiles along each plugger, and temperature analysis
was performed through the SmartView software (Fluke Corporation, Everett, WA, USA).

Analysis of variance through the OriginLab Pro7 software (OriginLab Corporation,
Northampton, MA, USA) at a significance level of 0.05 using the Bonferroni method was
performed to compare temperature data.

3. Results
3.1. Extraoral Heating

Temperature profiles in the different regions of the tooth through the extraoral
heating method at 50 °C, 60 °C, and 70 °C are reported in Figure 2.
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Figure 2. Temperature profiles in different regions of the tooth by extraoral heating of sodium-
hypochlorite at 50 °C (a), 60 °C (b), and 70 °C (c).

A marked temperature drop, quantified by the difference between the temperature
setting of the extraoral heating system and the peak temperature measured by the
thermocouple (Tc) positioned at the cervical third level (Figure 2), was recorded as NaOCl
solution was injected into the root canal. The temperature drop of 6.5 °C (¥1.9 °C), 11.3 °C
(#2.2 °C), and 13.7 °C (2.8 °C) was obtained at heating of 50 °C, 60 °C, and 70 °C,
respectively. Concerning extraoral heating at 50 °C (Figure 2a), a negligible temperature
increase was recorded by the Text, TI0mm, and T5mm thermocouples suggesting that the
NaOCl solution quickly cools down in all the root regions. A slight temperature increase
of about 2 °C was observed as NaOCl solution was heated to 60 °C (Figure 2b). Finally, in
case of NaOCl solution heated at 70°, temperature peak levels of 44 °C (+2.5 °C) and 42 °C
(2.6 °C) were recorded by the T10mm and T5mm thermocouples, respectively (Figure
2¢).

3.2. Intracanal Heating

Temperature profiles along the F-06, XF-30/04, and ML-12 pluggers at the
temperature settings of 100 °C, 150 °C, and 180 °C are reported in Figure 3. Higher
temperature peak levels closer to the setting temperatures (102 °C, 143 °C, and 155 °C, at
settings of 100 °C, 150 °C, and 180 °C, respectively) were detected for the XF-30/04 plugger
(Figure 3b). Conversely, the ML-12 plugger provided much lower temperature peak levels
than the setting temperatures (54 °C, 65 °C, and 71 °C, at settings of 100 °C, 150 °C, and

° . .
180 °C respectively) (Figure 3c).
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Figure 3. Temperature profiles along the pluggers at temperature settings of 100 °C, 150 °C, and 180
°C. F-06 plugger (a); XF-30/04 plugger (b); and ML-12 plugger (c). Along the scale bar, it is possible
to see the temperature profiles obtained by each heating system at different temperature settings.
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3.2.1. F-06 Plugger

Statistically significant higher temperature peak levels (p < 0.05) were recorded by
the T10mm thermocouple using the F-06 plugger irrespective of the temperature settings
(Figure 4), suggesting that the NaOCI solution located in the middle third region of the
root had the highest temperature levels. Concerning the T5mm thermocouple, registered
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temperature peak levels were higher (p < 0.05) than the apical region (Ta), at all evaluated
temperature settings. The Text thermocouple recorded a peak temperature of 50.1 °C (+3.9
°C) by setting the heating system at 180 °C (Figure 4c), and this value was significantly
higher (p < 0.05) than that of 42.9 °C (3.1 °C) obtained at a setting of 100 °C (Figure 4a).
Temperature increases of 2.5 °C, 3.3 °C, and 4 °C were recorded by the thermocouple Ta
at the settings of 100 °C, 150 °C, and 180 °C, respectively. At all temperature settings, the
starting temperature recorded by the Tc thermocouple positioned in the cervical third
region was slightly lower than that obtained by the other thermocouples (Figure 4). In
addition, the temperature profile recorded by the Tc quickly dropped to values close to
room temperature when the NaOClI solution was injected into the canal, then it quickly
increased as the heating plugger was activated. Temperature peak levels of the Tc were
40.2 (4.8 °C), 44.7 (5.1 °C), and 50.5 (5.7 °C) at 100 °C, 150 °C, and 180 °C, respectively.
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Figure 4. Temperature profiles in different regions of the tooth by heating sodium-hypochlorite
through the F-06 plugger using temperature set at 100 °C (a), 150 °C (b), and 180 °C (c).

3.2.2. XF-30/04 Plugger

Higher temperature levels were observed with the TSmm thermocouple using the
XF-3004 plugger (Figure 5). However, the peak recorded by the TSmm thermocouple was
not significantly higher than that of the T10mm, irrespective of the temperature settings.
Conversely, the peak recorded by the TSmm thermocouple was statistically higher (p <
0.05) than the Text, Ta, and Tc. Temperature profiles of the Ta and Text using XF-30/04
plugger (Figure 5) were similar to those reported for the F-06 plugger (Figure 4). In
particular, the Text showed a peak temperature of 51.2 °C (4.3 °C) at 180 °C (Figure 5c),
significantly higher (p < 0.05) than that of 41.6 (+3.6 °C) obtained at a setting of 100 °C
(Figure 5a). A temperature increase of 4.8 °C (+0.9 °C) was registered by the thermocouple
Ta at 180 °C. Similar to the F-06 plugger, the temperature profile recorded by the Tc
quickly dropped to values close to room temperature as the NaOCl solution was injected
into the canal, then it increased as the XF-30/04 plugger was activated. Temperature peak
levels of Tc were 41.1 (+4.8 °C), 42.7 (+4.2 °C), and 51.8 (+4.9 °C) at 100 °C, 150 °C, and 180
°C, respectively.
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Figure 5. Temperature profiles in different regions of the tooth by heating sodium-hypochlorite
through the XF-30/04 plugger using temperature set at 100 °C (a), 150 °C (b), and 180 °C (c).
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3.2.3. ML-12 Plugger

Temperature levels using the ML-12 plugger (Figure 6) were lower than those
reported for the F-06 and XF-30/04 pluggers (Figures 4 and 5). This result was consistent
with the lower temperature levels developed by the ML-12 plugger (Figure 2c). At all
temperature settings, the peak level measured by the T10mm was higher (p < 0.05) than
those recorded by the T5mm, Ta, and Text (Figure 6). A slight temperature increase of
about 2 °C was recorded by the TSmm and Text thermocouples, as the plugger
temperature was set at 180 °C (Figure 6c). A remarkable temperature increase was
measured by the Tc thermocouple, suggesting that the NaOCI solution located in the
cervical third region of the root was at higher temperature levels.

Temperature ['C]

Temperature [*C]
Temperature [C]

. . .
o 50 100 150 200 250 300
Time [s]

Figure 6. Temperature profiles in different regions of the tooth by heating sodium-hypochlorite
through the ML-12 plugger using temperature set at 100 °C (a), 150 °C (b), and 180 °C (c).

3.3. Temperature Mantainance along the Root Canal

Concerning the extraoral heating method, temperatures lower than 70 °C did not
produce a significant temperature increase. On the other hand, in the case of heating at 70
°C, the TSmm and T10mm thermocouples recorded a temperature level slightly higher
than 40 °C for 5.1 s and 5.8 s, respectively (Table 1). Intracanal heating by the F-06 plugger
at 100 °C, showed temperature levels higher than 40 °C for a significant prolonged time
(p < 0.05) at the TSmm (33.9 s) and T10mm (48.6 s) thermocouples than that recorded for
the extraoral heating method at 70 °C (Table 1).

According to the results of the present study, the extraoral heating method was
ineffective to produce a significant temperature increase at the apex of the root, as
suggested by the Ta thermocouple. Similar results were obtained using the intracanal
heating method through the ML-12 plugger. Only by using a setting level of 180 °C was it
possible to observe a remarkable time interval through which the apical region was at a
temperature higher than 40 °C (Table 1).

Table 1. Time interval (seconds) in which temperature at the apical and middle third regions of the
root canal persisted higher than 40 °C, 50 °C, or 60 °C. Numbers in brackets represent the standard
deviation.

Ta T5mm T10mm
Method Temperature At [s] for At [s] for At[s] for  At[s] for At [s] for At[s] for  At[s] for
Setting [°C] T >40°C T>40°C T>50°C T>60°C T>40°C T>50°C T>60°C
Extraoral >0 i ) i i ) ) )
. 60 - - - - - - -
heating
70 - 5.1 (2.8) - - 5.8 (3.1) - -
100 - 33.9 (5.0) - - 48.6 (7.4) 10.2 (4.8) -
SystemB
F-06 150 1.2(0.7) 57.0 (7.4) 5.5(2.9) - 82.8 (8.1) 149 (5.2) 8.8(3.7)
180 48.0 (7.2) 83.5(8.2) 9.0 (3.6) - 89.8 (7.9) 19.7(5.8) 105(4.1)
100 - 27.3 (5.6) 2.8 (1.4) - 25.7 (5.1) - -
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SystemB 150 09(05)  741(9.1)  82(3.1) - 611(58)  55(2.8) -
XF-30/04 180 57.6(63) 1084 (9.8) 182(58) 33(12) 101.6(13.8) 14.4 (49) ;
100 - ; ) 29.1 (4.8) - -

B
Sﬁierlr; 150 ; - - 29.8 (4.9) ; ;
180 - ; ; 362(54)  40(2.1) -

4. Discussion

Heating of the NaOCl solution used as intracanal irrigant would increase cleanliness
and the decontamination potential of the root canal system [6], although ideal NaOCl
concentration and temperature should be further evaluated [11]. Moreover, the
maintenance of a high intracanal temperature strictly depends on the heating procedures
and on heat dissipation. Therefore, the aim of the present in vitro study was to compare
the efficacy of different methods of NaOCI heating evaluating the temperature levels
reached at different regions of root canal system as well as time interval of high
temperature level persistence.

According to our results, the extraoral heating method was ineffective to produce
significant temperature increase at the root apex. As previously reported, preheating of
irrigants resulted in a marked intracanal temperature increase during its delivery and a
quick drop thereafter [12]. A slightly better temperature increase was observed when the
NaOCl solution was heated at 70 °C. Conversely, it was reported that a 60 °C preheating
of NaOCl resulted in significantly higher intracanal temperatures than other evaluated
activation systems [13]. Accordingly, Leonardi et al. suggested that the preheating irrigant
at 60 °C and temperature maintenance with thermal activation may be considered an
optimal irrigation protocol [14]. However, it is worth noting that temperature profiles
recorded by the T5m and T10m thermocouples for the NaOCI solution heated at 70 °C
into the glass beaker, aspirated into the syringe, and injected into the root canal were
similar to those recoded by Donnermeyer et al. [13] as the NaOCl water solution was
directly preheated into the syringe at 60 °C, thus, suggesting a cooling of about 10 °C as
the NaOCl solution at 70 °C was aspirated into the graduated syringe.

Comparable results to extraoral heating were obtained using the intracanal heating
method through the ML-12 plugger that showed slightly better results (temperature > 40
and 50 °C) only when set at 180 °C. The ML-12 plugger demonstrated lower temperature
peak levels when compared to F-06 and XF-30/04; on the other hand, the latter reported
the highest temperature peak levels, close to the setting temperature of the heating system.

The F-06 plugger demonstrated the highest temperature levels of the NaOClI solution
located in the middle third region of the root (T10mm). Similar results were obtained even
with the XF-30/04 plugger that did not show significant differences between the TSmm
and T10mm thermocouples; however, the outcomes registered at other levels of the root
reported significantly lower temperature levels. In addition, negligible differences were
observed in terms of temperature maintenance at several levels of the root between the F-
06 and XF-30/04 pluggers, even though the time intervals were higher in the case of the
XF-30/04.

The obtained results support the use of intracanal heating systems that allow a better
temperature persistence and may enable the use of NaOCI at a lower concentration,
maintaining the ability to dissolve organic tissue [15-17]. Nevertheless, it has been
reported that final irrigation with NaOCl at different temperatures resulted in similar
antibacterial effectiveness, even though hot NaOCI (45 °C) caused higher postoperative
pain levels than the same solution used cold (2 °C) [18]. In addition, thermal stimulation
of the surrounding tissues as well as temperature dissipation should be taken into account
and need to be further evaluated in future studies [6].

Noteworthy is the potential effect of temperature on NiTi endodontic files. Indeed, it
has been demonstrated that the enhancement of intracanal temperature by heating NaOCl
resulted in a decrease in the fatigue resistance of the rotatory endodontic instruments [19].
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Moreover, it has been reported that intracanal temperature affected the cyclic fatigue of
NiTi instruments, although it did not influence the fatigue of gold files [20]. This
difference concerning the alloy [21], as well as the impact of the higher temperature on
endodontic files, should be further developed to improve the instruments’” mechanical
performances and increase the success of endodontic treatment.

Even though the present study demonstrated the effectiveness of intracanal heating
by System B pluggers, future research should consider newly developed heating
instruments and should compare the obtained results with other methods used to activate
endodontic irrigants.

5. Conclusions

Within the limitation of the present in vitro study, the intracanal heating method
provided a better temperature persistence in the middle third of the root canal system.
Conversely, extraoral heating was ineffective to produce a significant temperature
increase at the apex of the root. Comparable results were obtained even using the ML-12

plugger.
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