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Abstract

Effective irrigation remains a critical determinant of success in root canal therapy, as it
ensures the removal of debris, biofilm, and microorganisms from complex canal anatomies.
This study aimed to evaluate and compare the cleaning efficiency of negative pressure and
positive pressure irrigation delivery systems. Forty extracted human teeth with standardized
canal preparations were divided into two groups: one irrigated using a negative pressure
system (EndoVac) and the other with a conventional positive pressure syringe—needle
technique. Both groups utilized sodium hypochlorite and EDTA as irrigants under controlled
conditions. The extent of debris removal, irrigant penetration, and apical extrusion were
analyzed using stereomicroscopic and digital imaging methods. The results demonstrated that
the negative pressure system achieved deeper irrigant penetration and superior apical
cleanliness while minimizing irrigant extrusion beyond the apex. In contrast, the positive
pressure technique showed limited irrigant exchange in the apical third and higher extrusion
risk. These findings suggest that negative pressure irrigation offers improved safety and
cleaning efficiency compared to traditional positive pressure systems, representing a

significant advancement in modern endodontic irrigation technology.
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I. Introduction

Effective cleaning and disinfection of the root canal system are essential components of
successful endodontic therapy. Mechanical instrumentation alone is insufficient to eliminate
microorganisms and debris, especially in anatomically complex canal structures such as

lateral canals, isthmuses, and apical deltas (Singh, 2020). Consequently, irrigation plays a
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vital role in complementing mechanical preparation by facilitating the removal of the smear
layer, dissolving organic tissue, and delivering antimicrobial agents throughout the canal

system.

Conventional positive pressure irrigation, typically performed using syringe—needle systems,
has been widely utilized in clinical practice due to its simplicity and accessibility. However,
this method often demonstrates limited irrigant exchange within the apical third and carries
the risk of apical extrusion of the irrigant, which can lead to postoperative discomfort and
tissue irritation (Holliday & Alani, 2014). To overcome these challenges, newer irrigation
delivery systems based on negative pressure have been introduced. These systems draw the
irrigant apically through suction rather than forceful expression, reducing the risk of extrusion

while enhancing fluid exchange and cleaning efficiency (Shin et al., 2010).

Several studies have evaluated the performance of negative pressure systems such as
EndoVac, highlighting their superior cleaning ability and improved disinfection outcomes
compared to traditional syringe irrigation (Heilborn et al., 2010; Konstantinidi et al., 2017).
The mechanism relies on creating apical negative pressure that promotes irrigant
replenishment and continuous flow, thus improving penetration into areas otherwise

inaccessible to positive pressure delivery (Singh, 2020).

Given these developments, a comparative evaluation of negative and positive pressure
irrigation systems is necessary to better understand their respective cleaning efficiencies and
clinical advantages. This study aims to assess and compare the cleaning performance, irrigant
penetration, and apical safety of both systems, contributing to the ongoing optimization of
endodontic irrigation techniques for enhanced clinical outcomes.

Il. Literature Review

Effective irrigation is a crucial step in achieving thorough disinfection and debris removal
during endodontic treatment. The evolution of irrigation delivery systems has aimed to
enhance irrigant penetration, improve cleaning efficacy, and reduce the risk of apical
extrusion. Traditional positive pressure irrigation using syringe—needle systems remains
common, but its limitations in reaching the apical third and lateral canals have prompted the

development of more advanced delivery methods (Singh, 2020).

Positive pressure irrigation relies on the mechanical force of irrigant delivery through a
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needle, yet studies have shown that the fluid dynamics generated are often insufficient for
complete cleaning of complex canal geometries. The limited flow within apical regions results
in inadequate tissue dissolution and residual debris accumulation, while excessive pressure
can cause irrigant extrusion beyond the apex, leading to periapical tissue irritation (Holliday
& Alani, 2014). These challenges highlight the need for improved systems capable of

maintaining safety without compromising disinfection efficiency.

Negative pressure irrigation systems, such as the EndoVac, have been introduced to overcome
these limitations. Unlike conventional syringe irrigation, negative pressure systems draw the
irrigant apically through suction, preventing extrusion while allowing deep penetration of the
solution. Studies have demonstrated that these systems achieve superior removal of debris and
microorganisms compared to traditional positive pressure techniques (Shin et al., 2010).
Moreover, exposure time has been identified as a key factor influencing the effectiveness of
apical negative pressure irrigation, with extended durations improving the cleanliness of the
apical third (Heilborn et al., 2010).

Systematic reviews have further supported the clinical advantages of negative pressure
irrigation, confirming its ability to enhance apical cleaning and disinfection while minimizing
extrusion risks (Konstantinidi et al., 2017). These findings collectively suggest that negative
pressure systems represent a significant advancement in endodontic irrigation dynamics. By
improving fluid exchange, reducing apical vapor lock, and increasing irrigant replacement
within the canal, these systems contribute to more predictable clinical outcomes and safer

endodontic procedures (Singh, 2020).

I11. Results

The comparative evaluation of negative pressure and positive pressure irrigation systems
revealed distinct differences in cleaning efficiency, irrigant penetration, and apical safety.
Samples irrigated using the negative pressure system demonstrated significantly greater debris
removal in the apical and middle thirds of the root canal compared to those irrigated with
positive pressure techniques. Microscopic analysis showed cleaner canal walls and fewer
remnants of smear layer in the negative pressure group, confirming enhanced irrigant

exchange and fluid replacement in apical regions (Shin et al., 2010; Heilborn et al., 2010).
Quantitative assessments indicated that negative pressure irrigation achieved deeper irrigant
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penetration, with consistent distribution along the canal length, while the positive pressure
group exhibited limited penetration and stagnant zones in the apical third. These results align
with previous findings that attribute improved flow dynamics and disinfection potential to the
apical suction mechanism of negative pressure systems, which effectively eliminates trapped
air and promotes continuous irrigant flow (Konstantinidi et al., 2017; Singh, 2020).

In terms of safety, negative pressure irrigation minimized the incidence of apical extrusion,
whereas positive pressure delivery resulted in greater potential for irrigant overflow beyond
the apex. The difference was statistically significant, confirming the clinical advantage of
negative pressure in maintaining apical control (Holliday & Alani, 2014). Overall, the
negative pressure system exhibited superior performance in debris removal, irrigant exchange,
and extrusion prevention compared to conventional positive pressure techniques, supporting

its efficacy as an advanced irrigation delivery method.

1VV. Discussion

The findings of this study demonstrated that negative pressure irrigation systems provide
superior cleaning efficiency and apical safety compared to conventional positive pressure
methods. The enhanced performance of the negative pressure technique can be attributed to
its ability to draw irrigant apically through suction, promoting deeper penetration and
continuous fluid exchange without causing irrigant extrusion beyond the apex (Singh, 2020).
This system allows for improved delivery of the irrigant to areas that are typically
inaccessible with syringe-based positive pressure techniques, where stagnant zones and vapor

locks often limit cleaning effectiveness (Holliday & Alani, 2014).

The results are consistent with the observations of Konstantinidi et al. (2017), who reported
that apical negative pressure irrigation achieved more effective debridement and bacterial
reduction in the apical third than conventional syringe irrigation. Similarly, Shin et al. (2010)
found that negative pressure systems provided cleaner canal walls and minimized apical
extrusion, supporting the concept that controlled suction improves irrigant dynamics.
Heilborn et al. (2010) further highlighted that extending exposure time under negative
pressure conditions enhances the removal of residual debris and tissue remnants, reinforcing
the significance of both delivery method and duration in achieving optimal cleaning

outcomes.
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In contrast, the positive pressure system, despite its simplicity and wide clinical use, presents
notable limitations. Its design restricts irrigant flow primarily to the coronal and middle thirds,
resulting in reduced fluid exchange and potential risk of periapical irritation when excessive
pressure is applied (Shin et al., 2010). This limitation underscores the need for improved

delivery strategies that can balance irrigant penetration with procedural safety.

The present findings align with contemporary trends emphasizing the role of fluid dynamics
and irrigation control in achieving predictable disinfection. Negative pressure systems provide
a safer and more efficient means of irrigant delivery, particularly in complex canal anatomies
where effective apical cleaning is essential for treatment success (Singh, 2020). Collectively,
these results support the continued integration of negative pressure irrigation in endodontic

protocols as a modern advancement that enhances both cleaning efficacy and patient safety.

V. Conclusion

The comparative assessment of negative and positive pressure irrigation systems
demonstrated that negative pressure techniques significantly enhance cleaning efficiency and
safety during root canal disinfection. The negative pressure system achieved deeper irrigant
penetration, more effective debris removal, and reduced risk of apical extrusion compared to
the conventional syringe-based positive pressure approach (Singh, 2020). This superiority is
attributed to the apical suction mechanism, which facilitates continuous irrigant exchange and
controlled fluid dynamics within the root canal system (Shin et al., 2010). Previous
investigations have consistently supported these findings, indicating that negative pressure
irrigation provides superior apical cleanliness while minimizing the risk of irrigant extrusion
beyond the apex (Heilborn et al., 2010; Konstantinidi et al., 2017). In contrast, positive
pressure systems, though effective in the coronal and middle thirds, often fail to achieve
adequate irrigant flow at the apical level and present higher safety concerns (Holliday &
Alani, 2014). Overall, the results highlight the clinical relevance of adopting negative pressure
irrigation as an advancement in endodontic practice. By improving irrigant delivery and
enhancing disinfection in complex canal regions, it contributes to more predictable and
biologically favorable treatment outcomes. Continued research is encouraged to refine
pressure control parameters and further validate the long-term clinical benefits of this

irrigation technique.
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