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ABSTRACT
Effective elimination of microbes, dentin disinfection, and fluid-tight seal of the prepared canal system are the determining 
factors in the long-term success of the root canal therapy. Although mechanical instrumentation has a major role in canal 
formation, it will inevitably result in a smear layer which blocks dentinal tubules hindering the absorption of endodontic 
sealers. Intrusion of the sealers into such tubules is regarded as a favorable effect, which advances mechanical interlocking, 
decreases microleakage, and leads to bacterial entrapment. The irrigation protocol that is used in the course of root canal 
preparation is a very critical one that defines the dentinal tubule openness and sealer penetration.
Sodium hypochlorite is the most common irrigant in dissolving organic tissues and antimicrobial action, however, it 
fails to act on the inorganic part of the smear layer. The removal of this inorganic fraction can be successfully done using 
chelating agents like ethylenediaminetetraacetic acid (EDTA) and citric acid, and this increases the tubule exposure. 
Moreover, the order and process of delivery of irrigation such as syringe irrigation process, negative pressure, ultrasonic 
or sonic agitation, and laser activation have a significant impact on irrigant penetration and cleanliness. Concurrent 
application of sodium hypochlorite and a chelating agent especially when advanced agitation methods are used has been 
repeatedly proved to enhance sealer penetration.
The physicochemical characteristics of sealers are also important, in terms of viscosity, flow, setting time and interaction 
with the dentin substrate. Epoxy resin based and bioceramic sealers exhibit increased tubular penetration over traditional 
zinc oxide-eugenol based formulations particularly in the event of optimal irrigation being undertaken.
In summary, irrigation protocols have a great effect on the level of sealer penetration into dentinal tubules, for which the 
resultant effect is on the quality of root canal seal and the long-term outcomes of the treatment.
Keywords: root canal irrigation, dentinal tubules, sealer penetration, EDTA, sodium hypochlorite, activation techniques, 
bioceramic sealers
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INTRODUCTION
Success of endodontic therapy requires comprehensive 
canal debridement, effective control of microbes and 
hermetic sealing of the root canal system. The complicated 
canal anatomy cannot be entirely cleansed with mechanical 
instrumentation and some debris and microorganisms are 
left behind.

Irrigation protocols are important in complementing 
the instrumentation by dissolving organic tissue, disinfecting 
the canal walls and eliminating the smear layer. Smear 
layer, which forms in the process of instrumentation, is 
composed of dentinal debris, microorganisms and organic 
matter, which block dentinal tubules and decrease dentin 
permeability.

The sealer penetration in dentinal tubules is one of 
the key elements of a successful treatment. Penetration 

improves interfacial adaptation of filling materials, 
mechanical retention and entrapment of residual bacteria, 
which decreases the microleakage and potential re-infection.
The condition of the dentin surface is another significant 
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factor that affects the effect of sealer penetration and can 
be altered with the help of the sequence of irrigation, the 
concentration of irrigants, and the possibility to use some 
activation methods.

Research focus
The behavior of the sealer and interaction with the irrigation 
protocols are critical to understand in order to maximize the 
outcomes. Various activation strategies and irrigants have 
been investigated and the best method of differentiation is 
yet to be agreed upon.

Purpose
This paper discusses the effect of irrigation procedures on 
sealer penetration into dentinal tubules with the focus on 
clinical implications and gaps in the research.

IRRIGATION DYNAMICS AND SMEAR LAYER 
REMOVAL

Smear layer characteristics
Instrumentation produces a layer of debris composed of 
inorganic dentin particles, organic tissue remnants, and 
microbial components. This layer occludes dentinal tubules, 
preventing sealer penetration and potentially harboring 
bacteria.

Sodium hypochlorite (NaOCl)
The most widely used irrigant for its ability to dissolve 
organic matter and kill microbes. However, it is ineffective 
in removing the inorganic fraction of the smear layer.

Chelating agents (EDTA, citric acid)
Critical for demineralizing the inorganic portion of the 
smear layer and exposing dentinal tubule orifices. When 
used in combination with NaOCl, they produce more 
complete smear layer removal.

Chlorhexidine (CHX)
Offers antimicrobial substantivity but lacks smear layer 
removal capacity. It is generally considered an adjunct 
rather than a primary irrigant.

Activation methods

Ultrasonic agitation
Produces acoustic streaming and cavitation, enhancing 
smear removal and irrigant penetration.

Sonic agitation (EndoActivator)
Improves irrigant distribution but with less energy than 
ultrasonics.

Laser-activated irrigation (PIPS, Er:YAG)

Increases smear layer removal efficiency, particularly in 
deeper regions.

Novel devices (XP-endo Finisher, GentleWave)
Enhance irrigant flow and effectiveness in complex 
anatomies.

Clinical significance
Proper irrigant choice, sequence, and activation are essential 
for creating dentin surfaces conducive to sealer penetration.

SEALER PROPERTIES AND TUBULAR PENE-
TRATION

Epoxy resin–based sealers (e.g., AH Plus)
Characterized by low solubility, good flow, and strong 
adhesion. Their penetration into dentinal tubules is 
enhanced when smear layer removal is effective.

Bioceramic sealers (calcium silicate–based)
Hydrophilic and bioactive, capable of deeper penetration in 
moist dentin. They also promote hydroxyapatite formation 
and chemical bonding to dentin.

Zinc oxide–eugenol sealers
Historically common but limited in tubular penetration due 
to high viscosity and dimensional instability.

Glass ionomer–based sealers
Exhibit chemical adhesion to dentin but less tubular 
penetration than resins or bioceramics.

Determinants of sealer penetration

Viscosity and flowability
Lower viscosity favors deeper penetration.

Setting time
Longer working time increases opportunities for sealer 
ingress.

Surface energy of dentin
Conditioned dentin surfaces, especially after chelating 
irrigation, enhance wettability and penetration.

Clinical implication
The interaction between sealer properties and the dentin 
surface prepared by irrigation ultimately determines the 
quality of tubule penetration and sealing.

COMPARATIVE ANALYSIS OF IRRIGATION 
PROTOCOLS

Conventional syringe irrigation
Limited ability to reach canal irregularities and overcome 
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apical vapor lock, resulting in restricted smear layer removal 
in deeper regions.

NaOCl + EDTA protocol
Considered the gold standard; NaOCl dissolves organic 
tissue, while EDTA effectively removes inorganic smear 
components. Sequential use exposes dentinal tubules for 
better sealer penetration.

NaOCl + citric acid
An effective alternative to EDTA. Citric acid at appropriate 
concentrations provides comparable smear removal but may 
risk dentin erosion at higher concentrations.

NaOCl + CHX combination
Provides antimicrobial substantivity, but precipitate 
formation and lack of smear removal limit its role in 
enhancing sealer penetration.

Activated irrigation protocols

Ultrasonically activated irrigation (UAI)
Significantly improves sealer penetration depth compared 
with syringe irrigation.

Sonic activation
Effective in increasing irrigant distribution, though less 
powerful than UAI.

Laser-activated irrigation
Demonstrates superior smear layer removal and deeper 
penetration, especially in apical and curved canals.

Negative pressure systems (EndoVac)
Enhance irrigant exchange in the apical region and support 
uniform dentin conditioning.

Key conclusion
Protocols combining NaOCl and chelating agents, 
particularly with activation methods, consistently show 
superior outcomes for sealer penetration.

CLINICAL IMPLICATIONS

Sealing ability
Deeper sealer penetration improves adaptation to canal 
walls and reduces microleakage.

Mechanical retention
Penetration into tubules enhances interlocking between 
dentin and sealer, potentially increasing the stability of 
root canal fillings.

Antimicrobial benefits
Entrapment of bacteria within dentinal tubules by sealers 

contributes to reducing reinfection risk.

Material–protocol interaction
Resin-based sealers benefit most from smear removal, 
while bioceramic sealers additionally exploit moisture for 
deeper penetration.

Clinical decision-making
Selection of irrigant type and sequence should consider 
smear layer removal efficacy and material compatibility.
Use of activation systems is recommended in complex canal 
morphologies for improved irrigant effectiveness.
Cost, time, and practicality influence the adoption of 
advanced irrigation devices.

Overall significance
Optimized irrigation directly impacts long-term treatment 
success by enhancing the quality of obturation.

LIMITATIONS AND RESEARCH GAPS

In vitro variability
Studies assessing sealer penetration employ different models 
and methods such as confocal laser scanning microscopy, 
scanning electron microscopy, and micro-computed 
tomography which complicates direct comparisons.

Lack of standardization
Variability in irrigant concentrations, exposure times, and 
activation techniques across studies prevents consensus on 
the ideal protocol.

Clinical translation challenges
Laboratory conditions do not fully replicate the complexities 
of the in vivo environment, such as fluid dynamics and host 
responses.

Outcome correlation
While deeper sealer penetration is desirable, definitive 
evidence linking penetration depth to improved clinical 
success is limited.

Future directions
Well-designed randomized clinical trials evaluating 
irrigation–sealer interactions.
Long-term outcome studies correlating penetration with 
reduced failure rates.
Development of standardized protocols for irrigation and 
penetration assessment.

Summary
Current evidence supports irrigation protocol optimization, 
but stronger clinical data are required to establish guidelines 
with universal applicability.
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CONCLUSION
The maximization of the root canal irrigation procedures is 
also a primary step towards increasing sealer penetration 
into the dentinal tubules. The existence of evidence has 
proven that combinations of sodium hypochlorite and 
chelating agents like EDTA or citric acid particularly when 
used with activation methods, are always good at enhancing 
smear layer removal and dentinal permeability. Flowability 
and chemical affinity to conditioned dentin are properties of 
sealers that also determine the penetration of tubules even 
more. Although there are strong in vitro data: in support of 
the clinical advantages of optimized irrigation, standardized 
procedures and properly designed clinical trials are required 
to prove the long-term results and prove the evidence-based 
guidelines on the standard clinical endodontic practice.
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