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ABSTRACT

Aim of the study: This study aimed to compare the effectiveness of four irrigation protocols in removing residual
dentinal debris from root canal walls: citric acid, EDTA, a combination of sodium hypochlorite and EDTA, and
sodium hypochlorite activated with ultrasound. Materials and Methods: A total of 40 extracted single-rooted
permanent teeth were selected and randomly divided into four groups (n = 10) based on the irrigant and method
used. After access cavity preparation, working length determination, and rotary instrumentation using the
ProTaper system, canals were irrigated according to their group protocols. The teeth were then sectioned
longitudinally and evaluated under an endodontic microscope. RDD was scored on a 3-point scale: 0 — absent, 1
— moderate, 2 — slight presence. Results: The combination of sodium hypochlorite and EDTA (Group 3) showed
the highest efficacy, with 5 canals free of RDD and 5 with moderate presence. Ultrasonically activated sodium
hypochlorite (Group 4) resulted in mostly moderate presence and one canal with no debris. EDTA alone (Group
2) and citric acid (Group 1) showed lower efficacy, with no canals completely free of debris. Conclusion: The
combination of sodium hypochlorite and EDTA proved to be the most effective irrigation protocol. Ultrasonic
activation of sodium hypochlorite showed improved results compared to citric acid and EDTA alone, but did not
outperform the NaOCI-EDTA combination. These findings highlight the importance of using both effective
chemical agents and proper activation techniques for optimal root canal debridement.

Key words: endodontics; root Canal irrigants; Sodium Hypochlorite; Ethylenediaminetetraacetic Acid; Citric
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INTRODUCTION complete disinfection through mechanical
instrumentation alone [3,4]. Studies have
The infection of the dental root canal shown that conventional —mechanical
system is called an endodontic infection. preparation can leave up to 35% of the canal
Most endodontic infections are caused by surface untouched, especially in curved and
bacteria which can cause an apical periodon- oval canals [5,6].
titis [1]. Endodontic therapy aims to
eliminate microorganisms, necrotic tissue, The untouched areas within the root
and debris from the root canal system to canal system can harbor residual bacteria
ensure long-term periapical healing and and necrotic tissue, potentially leading to
tooth retention [2]. However, the complex persistent infections and treatment failures
internal anatomy of the root canal system, [7]. To address these limitations, chemical
including lateral canals, apical deltas, and irrigation has become an essential adjunct to
isthmuses, presents significant challenges to mechanical preparation, aiming to enhance

the cleaning and disinfection process [8].
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Sodium hypochlorite (NaOCl) is widely
used for its antimicrobial and tissue-
dissolving properties [9]. However, its
effectiveness is limited by its inability to
reach all areas of the root canal system when
delivered through conventional syringe
irrigation [10].

This limitation has led to the
development of various irrigation activation
techniques, including passive ultrasonic
irrigation (PUI), which uses acoustic energy
to enhance the penetration and efficacy of
irrigants [11]. Recent studies have
demonstrated that PUI  significantly
improves debris removal and smear layer
elimination compared to conventional
irrigation methods [12,13]. Moreover, PUI
has been shown to be more effective in
cleaning complex root canal anatomies, such
as isthmuses, than syringe irrigation [14].
However, the optimal parameters for PUI,
including activation time and irrigant
sequence, remain subjects of ongoing
research [15].

In addition to PUI, other advanced
irrigation techniques, such as laser-activated
irrigation and multisonic ultracleaning, have
been investigated for their potential to
enhance root canal disinfection [16,17].
These methods have shown promising
results in improving the removal of biofilms
and debris, particularly in minimally
invasive preparations [18]. Nevertheless,
PUI remains a widely accessible and cost-
effective option for clinicians [19]. Despite
the advantages of PUI, its adoption in
clinical practice varies, partly due to the lack
of standardized protocols and inconsistent
outcomes reported in the literature [20].
Therefore, further research is needed to
establish evidence-based guidelines for the
effective use of ultrasonic activation in
endodontic irrigation [21].

MATHERIALS AND METHODS

The study was conducted on a sample of 40
extracted permanent single-rooted teeth. the
extractions were performed either for
orthodontic purposes or due to periodontal
pathology. none of the roots exhibited
curvature defects, fracture lines, or root
resorptions. all donors provided written
informed consent for the use of their extracted

and anonymized teeth for research purposes.

The 40 teeth were randomly divided into four
groups, with 10 teeth in each group, according
to the type of irrigating solution used and the
method of application, as follows:

. group 1: 40% citric acid-based
solution
. group 2: 17%

ethylenediaminetetraacetic acid (edta) solution
. group 3: combination of 5.25%
sodium hypochlorite solution and 17% edta
solution

. group 4: 5.25% sodium hypochlorite

solution activated using ultrasound (Table 1)

Table 1. The allocation of teeth by irrigant

type
Endodontic Number of
Irrigating Solution Instrumented
g 8 Teeth
40% Citric acid 10
17% EDTA 10
5.25% Sodium
hypochlorite + 17% 10
EDTA
5.25% Sodium
hypochlorite with 10

ultrasonic activation

For the purpose of performing endodontic
irrigation, the first step involved preparing
the access cavity. An endodontic probe was
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used to locate and identify the root canal
orifices.

The next step consisted of working length
determination, which was carried out using
both radiographic and electronic methods.
By embedding the teeth in alginate, it was
possible to measure the working length with
the aid of an apex locator, which simulates
the same impedance as human periodontal
tissue. Canal patency was established using
size 10 K-type files.

Rotary instrumentation was performed using
the ProTaper system, employing the Sx—F2
sequence in conjunction with the irrigation
protocols described in the present study.
This stage aimed to disinfect, debride, and
solubilize organic matter within the root
canal system.

To evaluate the effectiveness of the
irrigation solutions and the contribution of
ultrasonic  activation, the teeth were
longitudinally  sectioned using a
carborundum disc mounted on a micromotor
and subsequently examined under an
endodontic microscope.

Materials and instruments used:

o Diagnostic set — Endodontic probe

e Spherical and cylindrical burs

o Kerr endodontic files

o ProTaper rotary system
Additional materials:

o Syringe with irrigation needles

o Rubber dam

e Dental phantom model

e Suction tip
e Endodontic microscope

RESULTS AND DISCUSSIONS

Evaluation Criteria

DOl

654

Following  the  final = microscopic
examination of the sectioned teeth, all 40
samples were analysed to assess the efficacy of
the four irrigation protocols in removing
residual dentinal debris from the canal wall

surfaces.

A scoring system was used to classify the
amount of remaining dentinal debris observed
after irrigation, as follows:

Score 0 — No residual dentinal debris
present

Score 1 — Moderate presence of residual
dentinal debris

Score 2 — Slight presence of residual
dentinal debris

In Group 1 (citric acid), a moderate
presence of residual dentinal debris was
observed in five root canals, while a slight
presence of residual dentinal debris was
recorded in the remaining five canals. The
results are expressed as percentages and
illustrated in Figure 1, Figure 2.

CITRIC ACID
Residual Residual
dentinal dentinal
debris — debris —
slight moderate
presence presence

Figure 1. Group 1 (Citric acid)

: 10.62610/RJOR.2025.2.17.59
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Figure 2. Group 1 (Citric acid)-the
internal surface of the root canal
In Group 2 (EDTA), the following results
were obtained: a moderate presence of residual
dentinal debris was observed in seven root
canals, while a slight presence was noted in
three root canals. The results are presented as
percentages in Figure 3, Figure 4.

Residual EDTA
dentinal
debris —

slight
presence ‘
30% Residual
dentinal
debris —
moderate
presence

70%
Figure 3. Group 2 (EDTA)

Figure 4. Group 2 (EDTA)-the internal
surface of the root canal

In Group 3 (EDTA + sodium
hypochlorite), the following results were
obtained: residual dentinal debris was absent
in five root canals, while the remaining five
canals exhibited a moderate presence of
debris. None of the ten root canals recorded a
score of 2 (slight presence of residual dentinal
debris). The results are presented as
percentages in Figure 5, Figure 6.

EDTA + SODIUM
HYPOCHLORITE

Residual
Residual dentinal
dentinal debris debris —
— moderate absent
presence 50%
50%

Figure 5. Group 3 (EDTA + sodium
hypochlorite)

Figure 6. Group 3 (EDTA + sodium
hypochlorite)-the internal surface of the root

canal

In Group 4 (sodium hypochlorite
activated with ultrasound), one root canal
showed an absence of residual dentinal debris,
seven root canals exhibited a moderate
presence, and two root canals showed a slight
presence of residual debris. The results are
presented as percentages in Figure 7, Figure 8.

Sodium hypochlorite
activated with ultrasound

R_esidual ) Residual dentinal
dentinal debris debris — absent

— slight 10%

presence
Residual dentinal
debris — moderate
presence
70%

20%
Figure 7. Group 4 (sodium hypochlorite
activated with ultrasound)
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Figure 8. Group 4 (sodium hypochlorite
activated with ultrasound)- the internal surface
of the root canal

Based on the results obtained, we compared
the efficacy of residual dentinal debris removal
across all four groups by analysing and
confronting the recorded values Figure 9.

Efficiency of dentinal debris removz

across all four groups

7
6
5 ﬂ I—
4
3
2
1
0
Citric acid EDTA EDTA + Sodium
sodium hypochlorite
hypochlorite  activated
with
ultrasound
M Residual dentinal debris — absent
® Residual dentinal debris — moderate presence

Residual dentinal debris — slight presence

Figure 9. The efficacy of residual dentinal
debris removal in the four groups

The ability to effectively clean a root canal
depends on both the technique and the
irrigating solutions used during endodontic
lavage.

The removal of the smear layer can be
achieved  through  efficient irrigation

656

techniques using irrigants capable of
dissolving both the organic and inorganic
components of this layer.

Based on this principle, the excellent
results obtained with the combined use of
sodium hypochlorite, which dissolves the
organic component of the residual debris, and
EDTA, which reacts with calcium ions to
dissolve the inorganic component, are fully
supported.

Although the ultrasonic activation
method showed inferior results compared to
the combination of sodium hypochlorite and
EDTA, it outperformed both citric acid and
EDTA when used independently. This was
demonstrated by its ability to achieve complete
removal of residual dentinal debris in at least
one root canal.

The effectiveness of root canal irrigation is
pivotal in endodontic therapy, aiming to
eliminate microorganisms, necrotic tissue, and
the smear layer to ensure long-term periapical
healing and tooth retention [1].

In this study, we compared the efficacy
of four irrigation protocols in removing
residual dentinal debris (RDD) from root canal
walls.

Group 3, which utilized
combination of 5.25% sodium hypochlorite
(NaOCl) and 17% ethylenediaminetetraacetic
acid (EDTA), demonstrated superior efficacy,
with 50% of canals showing complete absence
of RDD. This aligns with findings from Zand
et al., who reported that the sequential use of
NaOCl and EDTA effectively removes both
organic and inorganic components of the
smear layer [22]. However, it's important to
note that mixing EDTA and NaOCI can reduce
the available chlorine in NaOCI, potentially
diminishing its antimicrobial efficacy [23].

Group 4, employing 5.25% NaOCl

a
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activated with ultrasound, showed a moderate
presence of RDD in 70% of canals and a slight
presence in 20%. Ultrasonic
enhances the penetration and efficacy of
irrigants, particularly in hard-to-reach areas
like isthmuses and apical deltas [24].
Nonetheless, some studies suggest that
ultrasonic activation may not significantly
outperform conventional irrigation methods in
all scenarios [25].

Group 2, using 17% EDTA alone,
resulted in a moderate presence of RDD in
70% of canals and a slight presence in 30%.
While EDTA is effective in chelating calcium
ions and removing the inorganic component of
the smear layer, it lacks the ability to dissolve

activation

organic tissue [26]. Therefore, its use is often
recommended in conjunction with NaOCI for
comprehensive smear layer removal [27].
Group 1, which utilized 40% citric
acid, showed a moderate presence of RDD in
50% of canals and a slight presence in the
remaining 50%. Citric acid is recognized for
its chelating properties and effectiveness in
smear layer removal, particularly in the
coronal and middle thirds of the root canal
[28]. However, its efficacy in the apical third
is less pronounced, and it may cause dentin
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