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Abstract

Aim: The aim of this in vitro study was to evaluate the effect of different irrigation protocols on apical microleakage in root canals obturated with the single-cone technique.
Materials and Methods: Eighty extracted single-rooted human teeth were randomly divided into four groups according to the irrigation protocol. The protocols included
sodium hypochlorite (NaOCI) and ethylenediaminetetraacetic acid (EDTA) with ultrasonic activation, NaOCI with ultrasonic activation, NaOCI with EDTA without activation,
and a control group irrigated with saline solution. After irrigation and obturation using the single-cone technique, apical microleakage was evaluated by the methylene blue
dye penetration method under light microscopy. Results: Ultrasonic activation significantly enhanced the performance of irrigants, producing lower microleakage values
compared with non-activated protocols. The NaOCI + EDTA protocol with ultrasonic activation achieved the lowest apical microleakage, whereas the saline control group
exhibited the highest values. Statistical analysis confirmed statistically significant differences among the groups, demonstrating the strong influence of irrigation protocols
on apical microleakage. Conclusion: Activated irrigation, particularly with NaOCI and EDTA, creates cleaner canal walls and provides more favorable conditions for seal-
er adaptation. Incorporating such protocols into clinical practice can help reduce apical microleakage and support the long-term success of endodontic treatment.
Keywords: root canal irrigation, ultrasonic activation, apical microleakage, single-cone obturation, methylene blue dye penetration.

AncTpakr

Llen: LienTa Ha oBaa in vitro cTyavja GeLue Aa ce OLieHN BNjaHUeTO Ha pasnuyHI NPOTOKOMW 3a vpuraLiuja Bp3 anukanHaTa MUKpOMPOMYyCTAMBOCT Kaj KOPEHCKITE KaHamm
OnTypUpaHN co TexHukata single-cone. Matepujan u metoau: OcymaeceT ekcTpaxvpaHyu eaHOKOPEHN XymMaHn 3abu bea crnyyajHo MoAeneHy BO YETUpK rpynk Cropen;
NpYMEHETUOT npoTokon 3a mpwrauyja: Hatpuym xumoxnoput (NaOCl) u etunenavamuHTeTpaouetHa kucenuHa (EDTA) co yntpassyyna aktveauuja; NaOCl co
yntpa3syyHa aktusaLyuja; NaOCI co EDTA 6e3 akTvBaLmja; 1 KOHTPONHA Tpyna upurpaHa camo co dunomnoLukv pacTsop. 1o 3aBplueHaTa upuraupja v onTypauuja co
TeXHuKaTa single-cone, anukanHata MUKpPOMPOMYCTMBOCT Belue eBanyvpaHa Co METOAOT Ha MEHeTpaLyja Ha METUMEHCKO CHHO M Belle aHanuaupaHa co CBETOCHa
Mukpockonuja. Pesyntatu: YnTpassyyHaTa akTvBaupja 3HauMTENHO ja 3romemu euKacHOCTa Ha WPUraHcUTe, OBO3MOXYBAjKM MOHMCKA BPEAHOCTM Ha
MMKPOMPONYCTAMBOCT BO cropeaba co HeakTveupanute npotokonn. Mpotokonot co NaOCl + EDTA co ynTpasByyHa akTvBaLMja MOCTUTHA HajHUCKA amuKanHa
MVKPOMPONYCTANBOCT, A0AEKa KOHTPOMHATa rpyna TpeTpaHa co (huanonoLLKM pacTBOp UMaLLe HajBUCOKM BpepHocT. CTaTucTuykata aHanmaa noTepAu 3HAYMTENHM
Pa3nikv MOMery rpynuTe, ykaxyBajkin Ha 3Ha4ajHOTO BNMjaHKe Ha MPOTOKONNTE 3a MpuraLivja BP3 anvkanHata MYKPONpPONyCTAMBOCT. 3akmyuok: AKTvBUpaHaTa upuraumja,
ocobeHo co NaOCl u EDTA, o6e36efyBa no4McTit SUA0BM Ha KaHanuTe M Co3aaBa MoroBONHY YCIOBM 3a afanTaluja Ha MaTepujanoT 3a onTypauuja. BknyuyBakeTo Ha
BakB/ MPOTOKONM BO KMWHWYKATa MpakTvka MOXe Aa MOMOTHe BO HamanyBarbe Ha amukanHata MUKPOMPOMYCTNIMBOCT W ia MPUAOHECe 3a [ONTOPOYHUOT YCmeX Ha
EHAOAOHTCKVOT TpeTMaH. KnyyHu 360poBu: vpuraumja Ha KOpeHCKN kaHan, ynTpasByyHa akTviBauuja, anukanHa MMKpOMpPOMyCTAMBOCT, single-cone onTypaumja,
neHeTpaLmja Ha METUNEHCKO CUHO.

Introduction system and the effective sealing of the canal space to pre-
vent reinfection. Despite thorough mechanical instrumen-

Predictable and long-term success in endodontic treat-  tation, complex anatomical areas such as lateral canals,
ment depends primarily on two key objectives: the com-  isthmuses, and apical deltas often remain untouched,
plete elimination of microorganisms from the root canal  allowing residual pulp tissue, debris, and microbial biofilm
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to persist'®. Although mechanical shaping is essential for
preparing the main canal, it alone cannot ensure complete
debridement of these intricate regions®. Therefore, a well-
designed irrigation protocol that complements mechanical
instrumentation is crucial.

One of the main obstacles to achieving an adequate api-
cal seal is the smear layer that forms on the canal walls dur-
ing preparation. This layer, consisting of both organic and
inorganic materials as well as microorganisms, can hinder
sealer adhesion to dentinal surfaces and provide a substrate
for bacterial proliferation’. Effective removal of this layer
is thus a critical step in the cleaning and shaping process, as
it directly affects the quality of the apical seal and, conse-
quently, the long-term success of the treatment®.

Modern endodontic irrigation has evolved from simply
choosing suitable chemical agents to optimizing their
method of delivery. Sodium hypochlorite (NaOCl) remains
the irrigant of choice due to its strong tissue-dissolving and
antimicrobial properties’. Ethylenediaminetetraacetic acid
(EDTA), on the other hand, is typically used to chelate and
eliminate the inorganic portion of the smear layer, enhanc-
ing the interface between dentin and obturation materials’.
However, both agents have limitations when used with
conventional passive irrigation techniques, especially in the
apical third of the canal.

To overcome these limitations, clinicians increasingly
employ activation systems such as passive ultrasonic irri-
gation (PUI), which enhances the dynamics of irrigant flow
within the root canal. Ultrasonic activation produces
acoustic streaming and cavitation effects that allow irrig-
ants to penetrate more deeply into complex spaces, dis-
lodging debris and disrupting biofilms more efficiently"".

The present study evaluates how different irrigation
protocols influence apical microleakage. The results con-
firm that activated irrigation-particularly when NaOCI and
EDTA are used in combination with ultrasonic activation-
achieves a more effective reduction of apical leakage than
non-activated methods. These findings reinforce the impor-
tance of selecting an appropriate irrigation protocol to
achieve a reliable apical seal and emphasize its critical role
in the long-term success of endodontic treatment.

Table 1. Group Division and Protocols

Materials and methods

This in vitro study was conducted on 80 extracted sin-
gle-rooted human teeth. Immediately after extraction, all
specimens were cleaned of soft tissue residues and disin-
fected in 3 % sodium hypochlorite (NaOCI) for 24 hours’.
The teeth were then stored in distilled water at 4 °C until
use. To standardize root length, the crowns were sectioned
at the cemento-enamel junction using a low-speed diamond
disc under continuous water cooling. Working length was
determined by inserting a size #10 K-file into the canal
until the tip was visible at the apical foramen, and then sub-
tracting 1 mm from that measurement.

Canal preparation was performed with ProTaper
Universal rotary instruments (Dentsply Maillefer), com-
pleting instrumentation up to size F2. After each file, 5 mL
of the respective irrigant was delivered using a 27-gauge
side-vented needle inserted passively into the canal without
binding to the canal walls.

The specimens were randomly assigned to four experi-
mental groups according to the irrigation protocol used
(Table I):

e Group 1: 2.5 %NaOCl + 17 % EDTA with ultra-
sonic activation™,

*  Group 2: 2.5 %NaOCI with ultrasonic activation,

*  Group 3: 2.5 %NaOCl + 17 % EDTA without acti-
vation’,

* Group 4: (Control): physiological saline solution

Following instrumentation, all canals were obturated
using the single-cone technique with F2 gutta-percha cones
and AH Plus resin-based sealer".

The samples were incubated at 37 °C in 100 % humid-
ity for 7 days to ensure complete setting of the sealer.

Once set, the external root surfaces were coated with two
layers of nail varnish, leaving a 2 mm window around the
apical foramen uncoated to allow dye penetration. The teeth
were immersed in 2 % methylene blue for 24 hours, then
rinsed under running water and sectioned longitudinally in a
bucco-lingual direction using a low-speed diamond disc.

Group Irrigation Protocol Obturation Method Sealer
1 NaOCI+EDTA+ UA Single-cone AH Plus
2 NaOCI + UA Single-cone AH Plus
3 NaOCI+EDTA Single-cone AH Plus
4 Saline Single-cone AH Plus
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The extent of apical dye penetration was observed
under a light microscope at 10x magnification, and meas-
urements were recorded in millimeters. Statistical analysis
was performed using SPSS software (version 25.0; IBM
Corp., Armonk, NY, USA). Descriptive statistics (mini-
mum, maximum, mean, and standard deviation) were cal-
culated for each group. Differences among the groups were
analyzed using one-way ANOVA, followed by Tukey’s
post hoc test. Statistical significance was set at p< 0.05.

Results

Descriptive analysis demonstrated clear differences in
the extent of apical dye penetration among the experimen-
tal groups. The lowest level of microleakage was recorded
in Group 1 (mean value: 1.05 mm), where canals were irri-
gated with NaOCl and EDTA with ultrasonic activation.
This protocol consistently provided the most effective api-
cal seal, reflected by minimal dye penetration values.

By contrast, the highest microleakage was observed in
Group 4(mean value: 2.45 mm), the control group irrigated
only with physiological saline solution, which highlighted

the limited capacity of simple saline to adequately clean
and prepare the canal walls for sealing.

Intermediate microleakage values were noted in
Groups 2 and 3. Specifically, ultrasonic activation of
NaOCl Group 2(mean value: 1.12 mm) produced lower
microleakage values compared to NaOCl + EDTA without
activation Group 3 (mean value: 1.78 mm), underscoring
the beneficial role of activation in enhancing irrigant effec-
tiveness. The inclusion of standard deviation (SD) values in
the results provides a clearer understanding of how consis-
tent the data were within each experimental group. When
the standard deviation is small, it shows that most of the
measured values are close to the average, meaning the sam-
ples behaved in a fairly consistent way. On the other hand,
a larger standard deviation means that the values were
spread out more widely, indicating greater differences in
how the samples responded. In the present study, the
groups with ultrasonically activated irrigation showed the
lowest SD values, suggesting that activation contributed
not only to lower mean microleakage but also to more sta-
ble and reproducible outcomes across specimens. (Table
D).

Table 2. Micro leakage results-minimum, maximum, mean values and sfor each group

Group N Min (mm) Max (mm) | Mean (mm) | SD (mm)
1 20 0.2 2.0 1.05 0.51
2 20 0.5 2.1 1.12 0.45
3 20 1.1 25 1.78 0.39
4 20 2.2 2.7 2.45 0.25

Mean apical microleakage (mm)
3
2.5
2
1.5
1
0.5
0
Group 1 Group 2 Group 3 Group 4

Figure 1. Mean apical microleakage (mm) across all experimental groups

MakenoHcku ctomaronowuku nperned. ISSN 2545-4757, 2025; 48 (3-4): 85-89. 87



Table 3. Micro leakage results-minimum, maximum, mean values and sfor each group

Comparison Mean Difference (mm) p-value | Significance | Interpretation
Group 1 vs Group 2 0.205 0.287 NS No significant
difference

Group 1 vs Group 3 0.760 <0.001 s Group 1 lower
leakage

Group 1 vs Group 4 1.390 <0.001 s Group 1 much

lower leakage

Group 2 vs Group 3 0.555 <0.001 s Group 2 lower
leakage

Group 2 vs Group 4 1.185 <0.001 s Group 2 much

lower leakage

Group 3 vs Group 4 0.630 <0.001 s Group 3 lower
leakage

Statistical comparisons confirmed that the differences  Discussion

among groups were significant, indicating that the type of
irrigant used and its activation protocol exert a decisive
influence on the degree of apical microleakage. Taken
together, the results indicate that activated irrigation, espe-
cially with NaOCl and EDTA, not only reduces apical
microleakage but also creates cleaner canal walls, thereby
supporting improved adaptation and sealing effectiveness
of the root canal sealer (Figure 1).

The post hoc Tukey test revealed clear and statistically
significant differences among the experimental groups
(Table III).

Group 1 (NaOCI + EDTA with ultrasonic activation)
demonstrated the lowest level of apical microleakage,
showing a statistically significant difference compared to
all other groups. Group 2 (NaOCI with ultrasonic activa-
tion) also showed favorable results, though slightly less
effective than the combined NaOCl + EDTA protocol.

Group 4 (control with physiological saline) recorded
the highest microleakage values, confirming that irrigation
with saline alone cannot provide an adequate apical seal.

Overall, the intergroup comparisons underline the piv-
otal role of ultrasonic activation and the combined use of
NaOCl and EDTA in minimizing apical microleakage.
These findings emphasize that the irrigation protocol plays
an important role in reducing apical microleakage by
improving canal cleanliness and dentin surface conditions,
thereby facilitating a more effective apical seal and con-
tributing to the long-term success of endodontic treatment.

The results of this study clearly demonstrate that the
irrigation protocol plays an important role in the degree of
apical microleakage in teeth obturated with the single-cone
technique. Among the tested regimens, the combination of
sodium hypochlorite (NaOCl) and ethylenediaminete-
traacetic acid (EDTA) with ultrasonic activation provided
the lowest levels of microleakage, underscoring the impor-
tance of using an enhanced irrigation strategy to optimize
canal cleanliness and sealer adaptation. This finding is con-
sistent with previous research that highlights how ultrason-
ic activation increases the penetration and efficacy of irrig-
ants through cavitation and acoustic streaming, facilitating
the removal of smear layer and debris even in anatomical-
ly complex areas of the root canal system'*"".

In contrast, canals irrigated with physiological saline
solution showed the highest levels of microleakage, con-
firming that the absence of active chemical agents signifi-
cantly compromises the sealing ability of the obturation.
Furthermore, when NaOCl and EDTA were applied without
ultrasonic activation, apical microleakage values remained
comparatively higher than those observed in the activated
groups. This finding suggests that the chemical action of irrig-
ants on its own cannot ensure ideal sealing conditions; activa-
tion is necessary to improve canal cleanliness and surface
preparation, thereby facilitating a more effective apical sea”*".

Interestingly, NaOCl with ultrasonic activation alone
also achieved favorable results, showing significantly less

88 Macedonian Dental Review. ISSN 2545-4757, 2025; 48 (3-4): 85-89.



microleakage compared to non-activated regimens. This
suggests that, in certain clinical situations, a simplified
irrigation strategy based solely on activated NaOCl could
provide a balance between effectiveness and practicality,
particularly when access to multiple irrigants is limited”".

Taken together, these results highlight that the irriga-
tion protocol plays an important role in reducing apical
microleakage. Because persistent microleakage at the
apex is one of the leading causes of endodontic failure,
our findings underscore the clinical importance of incor-
porating irrigant activation into routine practice. In par-
ticular, ultrasonically activated NaOCl combined with
EDTA proved to be the most effective irrigation strategy,
providing superior canal cleanliness and minimizing api-
cal microleakage, thereby contributing to more pre-
dictable, long-term outcomes in root canal therapy.

Clinically, persistent apical microleakage remains one
of the leading causes of endodontic failure. By showing
that ultrasonic activation of irrigants, especially NaOCl
combined with EDTA, markedly reduces microleakage,
this study offers practical implications for everyday den-
tistry: adopting activated irrigation protocols can support
cleaner canals, more effective sealing, and ultimately
more predictable, long-term success for patients.

Conclusion

This study demonstrated that the irrigation protocol
has a significant impact on apical microleakage in root
canal therapy. The combination of sodium hypochlorite
(NaOCl) and ethylenediaminetetraacetic acid (EDTA)
with ultrasonic activation produced the lowest levels of
apical microleakage, consistently outperforming other
regimens. This outcome reflects the effectiveness of acti-
vated irrigation in enhancing canal cleanliness and creat-
ing favorable conditions for reliable sealing.

These findings underline that effective irrigation, par-
ticularly when supported by ultrasonic activation,
improves cleaning and debridement of the canal system
and reduces the risk of persistent microleakage. By doing
so, it supports the long-term predictability and success of
endodontic treatment. Incorporating such strategies into

routine clinical practice is therefore strongly recommend-
ed to optimize treatment outcomes.
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