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ABSTRACT

Introduction This study aimed to compare the effect of ultrasonic activation in
comparison to conventional irrigation in the removal of dentin debris from the root
canals walls. Methods Sixty single-rooted mandibular incisors with one only straight
flattened root canal were selected and allocated across groups (n=15), according to the
irrigation protocol: G1: conventional irrigation with 2.5% sodium hypochlorite; G2:
conventional irrigation with 2% chlorhexidine gel and saline solution; G3: G1 +
ultrasonic activation; G4: G2 + ultrasonic activation. Cross-sectional images were
obtained and evaluated before and after root canal cleaning and shaping. Two-way
(ANOVA) and t-test (P < 0.05) statistical tests were performed. Results G3 irrigation
protocol removed significantly more dentin debris (p=0.0065), followed by the G1
protocol (p=0.0165) and by the G2 and G4 techniques, which were comparable
(p=0.763). Conclusions Irrigation with sodium hypochlorite followed by ultrasonic
activation promoted a significant reduction in dentin debris within the root canal system.

Keywords: irrigation, debris, ultrasonic activation

RESUMO

Introducdo Este estudo teve como objetivo comparar o efeito da ativacdo ultrassénica
em comparacdo a irrigacdo convencional na remocéo de restos de dentina das paredes
dos canais radiculares. Métodos Sessenta incisivos inferiores unirradiculares com um
unico canal radicular reto achatado foram selecionados e alocados nos grupos (n = 15),
de acordo com o protocolo de irrigagdo: G1: irrigacdo convencional com hipoclorito de
sodio 2,5%; G2: irrigagdo convencional com clorexidina gel 2% e solugéo salina; G3:
G1 + ativacdo ultrassonica; G4: G2 + ativacdo ultrassonica. Imagens transversais foram
obtidas e avaliadas antes e ap0s a limpeza e modelagem do canal radicular. Foram
realizados testes estatisticos two-way (ANOVA) e t-test (P <0,05). Resultados O
protocolo de irrigacdo G3 removeu significativamente mais residuos dentinarios (p =
0,0065), seguido pelo protocolo G1 (p = 0,0165) e pelas técnicas G2 e G4, que foram
comparaveis (p = 0,763). Conclusdes A irrigagdo com hipoclorito de sédio seguida de
ativacdo ultrassbnica promoveu uma reducdo significativa dos residuos de dentina no
sistema de canais radiculares.

Palavras-chave: irrigacdo, detritos, ativacéo ultrassonica

1 INTRODUCTION

The achievement of complete debridement of the root canal system is one of the
greatest challenges in endodontics, due to variations in anatomical complexity,
containing accessory canals, apical branching, and isthmus (ZHENDER, 2006; VAN
DER SLUIS, 2007). It is widely known that great area of the root canal system remains
untouched after instrumentation procedures (PETERS, 2001; PETERS, 2004),
containing pulp and dentin remnants, biofilms, and byproducts of bacterial metabolism
(PETERS, 2004; RICUCCI, 2010). Thus, irrigation is an essential part of endodontic
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treatment, since it permits cleaning of untouched portions of the root canal (LEONI,
2017).

Several irrigation protocols for root canal cleaning and shaping that enhance the
properties of irrigant solutions have been proposed and incorporated into clinical
practice (LEONI, 2017; NEELAKANAN, 2016; MEDONGCA, 2015; MARTINS, 2014).
Nevertheless, the conventional syringe-and-needle technique remains widely used
(DUTNER, 2012). Although the conventional technique provides adequate control of
needle penetration (PEREZ, 2016) and volume of irrigant dispensed (BOUTSIOUKIS,
2010), it is not efficient in removing dentin debris and soft-tissue remnants (ADCOK,
2011).

The correlation between endodontic treatment failure and the persistence of
endodontic infection (SIQUEIRA, 2001; ARNOLD, 2013) is directly associated with
irrigant solution inability in penetrating the entire root canal system and in reaching the
anatomic complexities (SARNO, 2012). Endal et al. (ENDAL, 2011), using micro-CT
images, detected large amounts of dentin debris in the isthmus regions of mesial roots
of mandibular molars after rotary instrumentation and copious conventional irrigation.

The base of endodontic irrigation is to remove tissue remnants as well as free-
floating infectious agents, to disrupt and to eradicate biofilm within the root canal system
(VAN DER SLUIS, 2007). Additional objectives include removal of smear layer and
dentin debris generated during root canal shaping (NUSSTEIN, 2015). The efficacy of
irrigation depends on the mechanisms of action of the irrigant and on the technique
employed to deliver it to the elements that need to be cleared from the pulp cavity
(MEDONCA, 2015).

The most widely used endodontic irrigant is sodium hypochlorite (NaOCI), due to
its potent antimicrobial action and ability to dissolve organic matter (BASRANI, 2012).
However, chlorine, which accounts for the tissue-dissolving and antimicrobial activity
of this substance, is unstable and rapidly consumed during the first stage of tissue lysis,
which creates the need for continuous renewal (MOORER, 1982).

Chlorhexidine has been widely used in endodontics as an intracanal medicament
and as an irrigant (BASRANI, 2012), with excellent outcomes in management of
endodontic infection (ZANDI, 2016). Use of chlorhexidine gel as an irrigant was first
proposed in 2001 (FERRAZ, 2001), in a study that reported satisfactory results in terms

of pulp cavity cleaning and disinfection.
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Ultrasound was introduced to endodontic practice in 1957 by Richman (VAN
DER SLUIS, 2007), who first proposed its use for endodontic instrumentation with files
attached to special adapters or inserts. However, poor control of the ultrasound tip and
its displacement while cutting encouraged researches to achieve a different modality
whereby the tip would not touch the root canal walls.

Within this context, Weller et al. (WELLER, 1980) introduced the term “passive
ultrasonic irrigation” (PUI) to refer to a technique in which the ultrasound tip has no
cutting action, instead serving only to vibrate and activate the irrigant solution within
the root canals. This promotes cavitation, which increases the penetration capacity of
sodium hypochlorite and, by agitating the solution and increasing its temperature, helps
maximize its efficacy (HAAPASALO, 2014; CONDE, 2016).

Thus, and given the clinical importance of this topic, this ex vivo study was
designed to test the null hypothesis that conventional syringe-and-needle irrigation
would be as efficient as ultrasonic activation of irrigants in removing dentin debris from

flattened root canals and isthmus in mandibular incisors.

2 MATERIAL AND METHODS
2.1 SPECIMEN SELECTION AND PREPARATION

The present study was approved by the Institutional Ethical Review Board (Protocol
#1.482.262). The sample comprised 60 extracted mandibular incisors with one only
straight flattened root canal. Teeth were screened for eligibility by analysis of
buccolingual and mesiodistal radiographs.

The selected teeth were randomly allocated across four groups (n=15) and
embedded in acrylic resin (BRAMANTE, 1987; CARVALHO, 2011), as shown in Figure
1 (A and B). Cross-sections were obtained using an IsoMet Low Speed Saw (IsoMet,
Buehler, Lake Bluff, IL, USA), with a diamond disc, under constant cooling. Sectioning
was performed 3 mm and 6 mm from the root apex.

After sectioning, the samples were immersed in ultrasonic bath with 17% EDTA
for 5 minutes, in order to remove debris that might have been deposited in the isthmus or
in the root canal. Pre- and post-instrumentation images of each cross-section were
obtained with a Sony CyberShot 10.5-megapixel digital camera (Sony, Tokyo, Japan)
attached to a microscope (Leica SBAPO, Leica Microsystems GmbH, Germany), at 80X
magnification. This was allowed by the flasking procedure, which reunited the tooth

sections in alignment, allowing instrumentation and irrigation.
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The total root canal area (mm2) and the percentage of dentin debris were calculated
using ImageJ software. All analyses were performed in triplicate (before and after
instrumentation), by three standardized examiners, and the mean recorded as the final
result.

Instrumentation procedures were standardized across all groups. A glide path was
created, and apical patency established by scouting a stainless steel #15 K-file (Dentsply-
Maillefer) up to the working length, which was established by deducting 1 mm from the
root canal length.

In all the experimental groups, the root canals were instrumented with Reciproc®
R25 (25/0.08 (VDW GmbH, Munich, Germany) and Mtwo files (30/0.05, 35/0.06,
40/0.06) (MTW, VDW GmbH, Munich, Germany), in a Silver Reciproc motor/Sirona
Endo 6:1 contra-angle handpiece (VDW GmbH, Munich, Germany). Instruments were
driven according to the preset programs.

Study groups

The samples were distributed according to the irrigation protocol (Table 1).

In all groups, final irrigation was performed for 4 minutes with 3 mL of 17% EDTA,
followed by irrigation with NaOCI (G1 and G3) or saline solution (G2 and G4).

In groups where ultrasonic activation was used, irrigants were injected into the root
canals and the ultrasound tip (#E1, Irrisonic, Helse Dental Technology, Santa Rosa do
Viterbo, Brazil) was passively inserted, 2 mm short of the working length. The activation
was performed for 20 seconds, using a Gnatus ultrasound system, on power setting 1
(minimum power) without irrigation, as recommended by the manufacturer.

At the end of instrumentation and irrigation procedures, the specimens were taken
apart from the flask system and new cross-sectional images were obtained.

Table 1 Study groups and irrigation protocols

GROUP IRRIGATION PROTOCOL
Gl The root canals were irrigated with 2.5% NaOCI using 5mL syringe and 19-gauge needle
G2 The root canal was filled with 2% chlorhexidine gel using a 3 mL syringe and a 19G needle

before insertion of the instrument into the root canal. After the use of each instrument, 5 mL
of distilled water was used as an irrigating solution with a 5-mL syringe and a 30G needle
placed 3 mm short of the working length. A chemical auxiliary agent (i.e., CHX) was used
with the endodontic instrument to prepare the root canal. Distilled water was used as an
irrigating solution to liberate CHX and instrumentation-related debris from the root canal.

G3 As in G1, the root canals were irrigated with 2.5% NaOCI using 5mL syringe and 19-gauge
needle, followed by three activations of a passive ultrasound tip (E1, Irrisonic) while canal
system was flooded with 2.5% NaOCI after instrumentation.

G4 As in G2, 2% chlorhexidine gel was used as a chemical auxiliary agent during root canal
instrumentation, and 5 mL of distilled water was used between instruments as an irrigation
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solution. Passive ultrasonic activation was performed in 3 cycles of 20 seconds, using E1
Irrisonic tip. after instrumentation.

2.2 STATISTICAL ANALYSIS

Data regarding the root canal area and the debris-filled area score were tested for
normality and compared across groups by two-way analysis of variance (ANOVA)
(BioEstat 5.0 software environment (Instituto Marimaua, Manaus, AM, Brazil). Between-
group analyses were performed by comparing the middle and apical thirds of each
specimen, before and after instrumentation. A paired t-test was used for within-group

comparisons. The significance level was set at 5%.

3 RESULTS
Result show that, regardless of the irrigation protocol, the middle third was easier
to clean (p<0.05).

Table 2 —Mean (%) of the root canal area free of debris in the middle (6mm) and apical (3mm) thirds across
different study groups.

GROUPS Middle - 6mm Apical - 3mm
G1 81.1+220° 47.7+20.08
G2 62.6+21.3°? 30.6+21.04
G3 96.4+22.3° 57.7+213°¢
G4 70.8+18.0° 35.7+1534

*Different letters denote significantly different results.

Comparative analysis by thirds showed that the G3 irrigation protocol removed
more dentin debris (p=0.0065), followed by G1 (p=0.0165) and by G2 and G4 groups,
which were similar (p=0.7630 (Table 2); This behavior was consistent in both analyzed
cross-sections.

It should be mentioned that the results obtained in G1 (conventional irrigation with
sodium hypochlorite) were superior to those obtained in G4 (2% chlorhexidine gel and
saline solution followed by ultrasonic activation).

Figure 2 shows images obtained from specimens after delimitation of the total area
of the root canal system and of the area occupied by dentin debris, demonstrating the
method used to define these areas. Figure 3 shows representative images of root canals in

different groups.
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4 DISCUSSION

Flattened root canals are common in mandibular incisors (ESTRELA, 2015) and
have been reported as a possible cause of endodontic treatment failure (LIU, 2010) due
to the difficulty in removing organic matter and achieving total disinfection (SIQUEIRA,
2014). The present study was conducted on mandibular incisors specifically for this
reason (LIU, 2010). The selected teeth were randomly allocated across groups. The
inclusion and exclusion criteria, as well as a priori definition of the optimal thicknesses
for specimen sectioning, helped minimize the risk of anatomy-related error and bias and
prevent significant interference with results.

The search for irrigation protocols capable of removing as much dentin debris as
possible is based on the principle that these remnants can have a significant negative
impact on irrigant flow, thus compromising the neutralizing effect of the irrigating
solution on the septic/toxic content of the root canals (PAQUE, 2012), and can constitute
a physical barrier to proper obturation (FREIRE, 2015).

Several methods have been used to quantify dentin debris within root canal system,
including histologic processing, scanning electron microscopy, and root sections
(HAAPASALO 2014; WALTERS, 2002). Some recent studies used micro-CT
technology for quantification of dentin debris generated during root canal instrumentation
(PAQUE, 2009; PAQUE, 2012; ROBINSON, 2013; DE-DEUS, 2015). Due to its
nondestructive nature, this method allows specimens to be reused in further studies
(PAQUE, 2012; FREIRE, 2015). However, this new technology clearly shows that other
methods can also identify the presence of dentin debris effectively, despite their weakness
in quantifying debris throughout the root canal system. Although the present study used
destructive testing (specimen sectioning), this method is firmly established in the
literature (KURUVILLA, 2015) and provides an effective approach. We were able to
achieve real-world results that can be used to guide selection of endodontic irrigation
protocols. The flask technique (BRAMANTE, 1987), whereby teeth are sectioned after
embedding in resin, is also well-established and allows reuse of specimens in further
research (PAQUE, 2005). The thicknesses chosen for sectioning were based in previous
work by Liu et al. (L1U, 2010), who detected root flattening and isthmuses in the apical
6 mm of the examined teeth.

This study detected significant differences in the amount of dentin debris removed
from flat root canals and isthmuses in mandibular incisors when passive ultrasonic

irrigation was combined with different irrigation protocols (sodium hypochlorite vs. 2%
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chlorhexidine gel with saline solution). Therefore, the null hypothesis was rejected. The
greater debris buildup observed in isthmus regions was indeed a consequence of the
limited cleansing ability of irrigation protocols not potentiated by ultrasound. Application
of chlorhexidine gel was associated with a significantly greater buildup of dentin debris,
which disagrees from the findings of Ferraz et al. (FERRAZ, 2001).

An important issue is the challenging nature of instrumentation in flat canals and
cleaning of isthmuses. In all groups, cross-sections revealed areas of the root canal system
that were probably not touched by the instruments, as the canal contour remained
unchanged from baseline. This occurred despite attempts to ensure contact of the
instruments with all dentin walls. In these cases, canal cleaning was achieved exclusively
by irrigation, as demonstrated in several previous studies (ADCOCK, 2011, ROBINSON,
2013). Such failures or limitations in root canal preparation often go unnoticed, as
isthmuses and flattened root areas are mostly oriented in buccolingual direction. The fact
that endodontic treatment outcomes are assessed on plain radiographs prevents
visualization of these areas, because their locations overlap with the radiopaque silhouette
of the obturating material.

During root canal irrigation procedures, we attempted to advance the irrigation
needle as close as possible to the working length. According to Perez et al. (PEREZ,
2016), placing the needle 1 mm short of the working length provides a 300%
improvement in debris removal as compared to irrigation with the needle 5 mm short of
the working length. However, bringing the needle closer to the apex may increase the risk
of irrigant extrusion (BOUTSIOUKIS, 2013); when using sodium hypochlorite, this may
lead to accidents (ZHU, 2013). According to Versiani et al. (VERSIANI, 2016), the use
of a negative-pressure irrigation system (Endovac) prevents such clinical accidents and is
associated with significant improvement in debris removal from isthmus areas.

This has important implications for clinical practice: even if the clinician chooses
to use sodium hypochlorite as irrigant and activate it with ultrasound, saline solution may
be used as an irrigant when the solution should be delivered within the canal for physical
clearance of debris.

In the present study, the irrigation volume delivered between instruments was
standardized at 5 mL across all groups (NaOCI in G1 and G2; normal saline in G3 and
G4), for a total volume of 60 mL per tooth. This eliminated the risk of results being biased
by differences in irrigant volume (DE-DEUS, 2015; GREGORIO, 2013). Another

relevant factor was the set of inclusion criteria. We only selected teeth with no apical
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curvature, thus ensuring better flow of irrigant solution throughout the root canal
(GREGORIO, 2013).

Significant reductions in dentin debris-filled area were observed in G3 and G4,
groups in which the irrigant was activated by ultrasonic activation of irrigants. These
findings are consistent with those reported by Leoni et al. (LEONI, 2017). This, in fact,
is the most important result of the present study, although we did not identify any
combination capable of completely eliminating debris from the root canal system. Similar
findings were reported by Neelakantan et al. (NEELAKANTAN, 2016) and De Deus et
al. (DE-DEUS, 2015).

In our study, ultrasonic activation of irrigants played an essential role in allowing
significant removal of the dentin debris generated during root canal instrumentation. The
conventional syringe-and-needle irrigation protocols did not provide adequate cleaning,
despite delivery of the irrigant as near as possible to the working length and after complete
apical preparation. These results are consistent with those of other recent studies (LEONI,
2017; FREIRE, 2015, WALTERS, 2002).

Ex vivo study designs with strictly controlled experimental conditions and specimen
selection and distribution can significantly reduce the possibility of biases and
confounders, particularly those related to dental anatomy (VERSIANI, 2013). Thus, the
results obtained with such methods are more representative of reality and can be used as
a foundation for defining future protocols and designing further studies. In the present
investigation, measuring the cross-sectional area of the root canal system and the
percentage filled by dentin debris — in triplicate and by three standardized examiners —
enhanced the robustness of our findings, minimizing accuracy-related errors and
mitigating the limitations of our method (NAZARI, 2009).

This study demonstrates the need for combining efficient irrigation protocols
(preferably ultrasound-assisted) with instrumentation procedures, to optimize root canal
system cleaning and remove as much dentin debris and organic matter as possible. Further
research into irrigation protocols with special emphasis on complex root canal anatomies
is certainly warranted, and should provide additional evidence on different solutions,
volumes, and delivery methods. Although several methods have been reported in the
literature, the general consensus is that ultrasound activation provides significant benefit
in terms of enhancing dentin debris clearance (van der LUIS, 2007; LEONI, 2017
NUSSTEIN, 2015; DE-DEUS, 2015; KATO, 2016).
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5 CONCLUSIONS

Under the conditions of this study, passive ultrasonic irrigation with sodium
hypochlorite was associated with a significant quantitative reduction in dentin debris
when compared to conventional irrigation protocols, although we were unable to
identify any combination capable of eliminating dentin debris completely. Use of 2%

chlorhexidine gel allowed greater impaction of dentin debris.
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Figure 1: The selected teeth were randomly allocated across four groups and embedded in acrylic resin.
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Figure 2: Images obtained from specimens after delimitation of the total area of the root canal system and
of the area occupied by dentin debris
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Figure 3: Representative images of root canals in different groups.
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