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Background:

The primary cause of endodontic treatment failure is persistent intraradicular infection,
reinfection, or persistent extraradicular infection. Intra- and extraradicular biofilms are
difficult to control chemically due to the EPS matrix barrier and the spatial heterogeneity
of the 3D biofilm structure. The complexity of root canal anatomy also renders current
mechanical instrumentation ineffective — studies have shown that 48% of the root canal
wall remains uninstrumented after cleaning and shaping procedures (73%
uninstrumented at the apical third!) (Figure 1). Antimicrobial and antibiofilm irrigating
solutions (such as NaOCI, EDTA, etc.) are used to dissolve pulp tissue remnants and
biofilm and remove hard tissue debris and the smear layer. In root canals with complex
anatomy, the irrigant needs to be “activated” (by sonic or ultrasonic agitation, or by
laser, e.g., Er: Yag irradiation) to increase its dispersion and penetration into niches,
tubules, or branches, thus improving the antimicrobial efficacy. Other agents with
antimicrobial properties, such as silver, chitosan, and antimicrobial peptides, were also
explored to facilitate the killing and removal of the bacteria in the root canal with varying
degrees of success.

Figure 1: Complex root canal after instrumentation. Red:
Instrumented area; Green: Uninstrumented area. From:
Rl ¢ & . Solomonov et al, J Endo. 2012 38(2):209-14

After instrumentation and disinfection, root canals are obturated with polymer materials
(such as gutta percha) and often sealed with a paste to prevent reinfection. This
strategy is sometimes unsuccessful, especially in complex canals where unfilled voids



and hard-to-reach areas may continue to harbor bacteria, and bacteria may also reinfect
the canal if the sealing is not tight.

More effective instrumentation that can adapt to complex root canal anatomy, more
effective irrigants that can disperse and penetrate into niches and tubules with an
effective activator system, and more effective obturation that can prevent reinfection are
keys to improving root canal therapy's success.

Current advances in root canal instrumentation, disinfection and obturation

Below is a summary of recent textbooks and other literature that describe current
practices in these three key areas:

1. Adaptive Instrumentation for Complex Root Canal Anatomy

Over the past decade, major progress has been made toward anatomy-adaptive
instrumentation. Traditional rotary systems often fail to contact 30—70% of canal walls,
especially in the apical third or isthmuses. Studies highlight newer file
systems—XP-endo Shaper, TRUShape, Gentlefile, and ProTaper Gold—that use
metallurgical memory alloys (NiTi MaxWire, M-Wire) to adapt dynamically to canal
morphology. These designs maintain canal integrity while achieving greater
circumferential wall contact (Mishra et al., 2022).

Advanced heat-treated NiTi files provide improved flexibility and reduced transportation
in curved canals, while reciprocating motion systems decrease cyclic fatigue and
improve shaping consistency. Importantly, micro-CT analyses show up to a 35-50%
increase in canal coverage with adaptive file systems compared to standard rotary
approaches (Plotino et al., 2016).

2. Irrigant Activation and Penetration Enhancement Systems

Sonic and Ultrasonic Activation: Sonic (e.g., EDDY®, EndoActivator) and passive
ultrasonic irrigation (PUI) remain the backbone of irrigant activation. They generate
acoustic microstreaming and cavitation that enhance debris removal, improve NaOCI
penetration, and dislodge biofilm from canal irregularities (Khaidarov et al., 2024).
Comparative studies confirm that PUI removes significantly more smear layer and
tubular debris than syringe irrigation or sonic systems alone (Paixao, 2022).

Laser-Activated Irrigation (LAI): Recent years have seen a surge in Er:YAG-based
photoacoustic techniques, notably PIPS (Photon-Induced Photoacoustic Streaming) and
SWEEPS (Shock Wave Enhanced Emission Photoacoustic Streaming).
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LAl produces photoacoustic shock waves that propagate deeply into dentinal
tubules, resulting in significantly improved bacterial and biofilm reduction (Meire
& De Moor, 2024).

In vitro and clinical studies report LAl to be 30-50% more effective in removing
biofilm than ultrasonic activation, especially in isthmus-containing and curved
canals (Wiese, 2023).

A 10-year review of irrigation methods found PIPS and SWEEPS outperforming
sonic and ultrasonic agitation in apical cleaning and minimizing irrigant extrusion
risk (Isaac, 2023).

Other Activation Enhancements:

Negative-pressure irrigation systems (EndoVac) reduce apical extrusion risk
while maintaining high irrigant turnover.

Nanobubble and ozone-enhanced irrigants are emerging adjuncts, improving
antimicrobial efficacy and tissue dissolution capacity.

Hybrid systems like Vibringe, combining syringe delivery with sonic vibration,
have shown promising results in vivo (Shilpa, 2019).

3. Obturation and Reinfection Prevention

Bioceramic Sealers: Modern obturation success depends not only on canal filling but

on establishing a chemically integrated, bacteria-impermeable seal.

Bioceramic sealers (e.g., TotalFill BC, EndoSequence, BioRoot RCS) are
bioactive, hydrophilic, and slightly expanding on setting, reducing voids and
enhancing micromechanical adhesion to dentin walls (Meire & De Moor, 2024).

These materials induce hydroxyapatite formation, reinforcing the sealer-dentin
interface and improving resistance to microleakage.

Thermoplasticized Techniques: Compared to lateral condensation, warm vertical

compaction and continuous wave obturation methods demonstrate superior adaptation
to canal irregularities and accessory canals.

Micro-CT imaging shows significantly fewer voids and higher sealer homogeneity
in thermoplasticized techniques (Mishra et al., 2022).

Antimicrobial Sealers and Nanomaterials: Emerging nanocomposite sealers

incorporating silver, chitosan, and calcium silicate nanoparticles exhibit sustained
antibacterial effects against Enterococcus faecalis, the most common cause of
post-treatment failure.
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These sealers reduce bacterial regrowth up to 30 days post-obturation and
complement mechanical and chemical cleaning by acting as a biological sealant
layer (Patil, 2020).

Table 1: Summary of Trends and Clinical Implications

Phase Current Practices Key Outcomes
Instrumentation  Adaptive NiTi systems +40-50% wall contact,
(XP-endo, TRUShape) preserved anatomy
Irrigation LAl (PIPS/SWEEPS), Deeper irrigant penetration,
Activation Ultrasonic, Sonic superior biofilm removal
Obturation Bioceramic and Hermetic seal, antimicrobial
nanoparticle-based sealers barrier, reduced reinfection

Collectively, the decade’s research has shifted root canal therapy toward an
anatomy-responsive, energy-enhanced, and bioactive-sealed paradigm,
addressing each critical point of potential microbial persistence or reinfection.

Current market leaders in root canal instrumentation, disinfection and obturation
Instrumentation (Top 5 systems)

ProTaper Ultimate (Dentsply Sirona) : full workflow (slider/shaper/finishers)
designed to cover a wide range of canal anatomies, integrated with matching
cleaning/obturation steps. Good “do-it-all” system for consistency across cases.
Dentsply Sirona+1

TruNatomy (Dentsply Sirona) : heat-treated, slim NiTi core with off-center
cross-section and regressive taper to preserve dentin and respect natural
anatomy; excellent access in molars. Dentsply Sirona+1

HyFlex EDM (COLTENE) : EDM-manufactured, highly flexible and
fatigue-resistant files that can be pre-bent; strong option for severely curved
canals with fewer instruments. Coltene+1

RECIPROC blue (VDW) : single-file reciprocating system with heat-treated NiTi
for flexibility and cyclic-fatigue resistance; efficient especially in retreatment.
VDW GmbH+2VDW GmbH+2

XP-endo (FKG; XP-endo Rise / XP-3D Shaper) : adaptive “expandable” design
(MaxWire/Adaptive Core) to better contact irregularities with conservative dentin
removal. Useful in ovals/isthmuses. FKG Dentaire+2XP NiTi+2

Activation for Disinfection (Top 5 systems)
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GentleWave System (Sonendo) : multisonic cleaning with negative pressure
fluid dynamics; deep penetration into complex anatomy, strong clinical adoption
and outcomes reporting. Good where you want maximal non-instrumented
cleaning. gentlewave.com+2gentlewave.com+2

EDDY (VDW) : polymer, sonic tips that deliver PUl-like effectiveness with lower
wall contact risk; versatile for irrigant activation and Ca(OH),/sealer
placement/removal. Budget-friendly, easy to adopt. VDW GmbH+1

EndoActivator / SmartLite Pro EndoActivator (Dentsply Sirona) : ergonomic
sonic activation to energize irrigants safely in well-shaped canals; widely
available with simple workflow. Dentsply Sirona+2Dentsply Sirona+2

Fotona LightWalker PIPS/SWEEPS (Er:YAG LAl) : photoacoustic
streaming/shock-wave activation for deep debridement (isthmuses, fins, tubules)
beyond standard agitation. Best where you need maximum penetration and have
laser access. fotona.com+2fotona.com+2

EndoVac (Kerr) — Apical Negative Pressure : pulls irrigant to working length
while minimizing extrusion risk; pairs well with NaOCI/EDTA protocols in sensitive
apices. Kerr Dental+2store.kerrdental.com+2

Obturation / Reinfection Prevention (Top 5 systems)

EndoSequence® BC Sealer / BC Sealer HiFlow (Brasseler USA) : premixed
bioceramic sealers (HiFlow optimized for warm techniques) that are hydrophilic
and form hydroxyapatite; strong match with single-cone or warm fill. Brasseler
USA - Dental+2shop.brasselerusa.com+2

AH Plus® Bioceramic Sealer (Dentsply Sirona) : fast set, high washout
resistance, radiopaque; integrates within DS obturation workflows (e.g., ProTaper
Ultimate + GuttaCore). devshopse.dentsplysirona.com+2Dentsply Sirona+2

BioRoot® RCS / BioRoot® Flow (Septodont) : calcium-silicate, hydrophilic
bioactive sealers with strong dentin adhesion; good for cold single-cone, auxiliary
canals, and when moisture control is challenging. Septodont USA+2Septodont
USA+2

GuttaCore® Carrier-Based Obturators (Dentsply Sirona) : thermosoftened
3-D warm gutta-percha around a cross-linked GP core for predictable fill and
easy retreatment; complements most shaping systems. Dentsply
Sirona+2Dentsply Sirona+2
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e elements™ IC (Kerr) —- Downpack + Backfill : cordless continuous-wave
downpack and backfill extruder; efficient warm vertical compaction with strong

clinical usability and awards. Kerr Dental+1

Summary Tables:

Instrumentation — “Anatomy-Responsive” Systems

System Manufacturer Key Features Strengths Ideal Use
ProTaper Dentsply Multi-file progressive Controlled shaping, = General use;
Ultimate Sirona taper; full workflow reduced fracture risk teaching hospitals
integration
TruNatomy Dentsply Slim NiTi core, Dentin preservation, Narrow or curved
Sirona off-center design, glide efficiency canals
regressive taper
HyFlex EDM COLTENE EDM-processed NiTi, Flexibility, reduced Complex molar
fatigue-resistant, transportation anatomy
pre-bendable
RECIPROC VDW Single-file Efficiency, low Retreatment or
blue reciprocation, learning curve emergency cases
heat-treated
XP-endo FKG Dentaire  MaxWire adaptive Contacts 3D Irregular/oval
Shaper / expansion anatomy; canals, apical third
XP-3D conservative work

Trend Insight: Adaptive metallurgy and motion design now achieve 35-50% greater canal wall contact
than traditional rotary systems.

Activation — “Energy-Enhanced” Disinfection

System Type Mechanism Advantages Considerations
GentleWave® Multisonic, Hydrodynamic Deep cleaning, High equipment
System (Sonendo) negative streaming + minimal extrusion  cost

pressure cavitation
EDDY® (VDW) Sonic Polymer tip Safe, flexible, Best for mid-root

oscillation (6 kHz) effective regions
EndoActivator / Sonic Acoustic Widely adopted, Limited apical
SmartLite Pro microstreaming ergonomic penetration
(Dentsply Sirona)
PIPS /| SWEEPS Photoacoustic Laser shockwave  Deep tubule High cost, laser
(Fotona Er:YAG activation penetration, expertise required
Laser) 30-50% higher
biofilm removal

EndoVac (Kerr) Negative Apical suction No extrusion, Slower workflow

pressure irrigation apical control

Trend Insight: Photoacoustic and multisonic irrigation outperform traditional ultrasonic and sonic
activation, particularly in curved canals and isthmuses

Obturation — “Bioactive-Sealed” Systems
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System Manufacturer Type Highlights Use Case

EndoSequence® / Brasseler Bioceramic Hydrophilic, expands Warm or
TotalFill® BC Sealer USA slightly on setting single-cone
HiFlow obturation
AH Plus® Bioceramic Dentsply Epoxy-based Fast-set, strong Multi-cone or
Sirona hybrid adhesion carrier-based
systems
BioRoot® RCS / Flow Septodont Calcium Bioactive, moisture Cold single-cone
silicate tolerant techniques
GuttaCore® Dentsply Carrier-base  Thermoplastic core; Complex canal
Sirona d GP easy retreat filling
elements™ IC Kerr Cordless Continuous-wave Warm vertical
obturation downpack/backfill compaction

Trend Insight: Bioceramic sealers form hydroxyapatite at the dentin interface, reducing microleakage
and improving resistance to reinfection

Strategic Takeaway

The current market convergence reflects three interdependent shifts:
e Anatomy-responsive instrumentation (adaptive NiTi systems)
e Energy-enhanced disinfection (photoacoustic and multisonic)
e Bioactive obturation (hydrophilic sealers with ion exchange)

Together they define a new “clean-shape-seal synergy” that improves outcomes but
still faces challenges in real-world translation due to anatomical complexity and
persistent microbial niches.

Based on current literature and instrument availability, we can adopt the following

instrumentation matrix to maximize success:

Step Best System Pairing
Shaping — Cleaning — Filling
TruNatomy + GentleWave + BC Sealer HiFlow Maximum dentin preservation, minimal extrusion
XP-endo + Fotona SWEEPS + BioRoot Flow Superior cleaning in complex canals
RECIPROC blue + EDDY + AH Plus BC Efficient, cost-effective, warm vertical compatible

References

1. Meire M. & De Moor R.J.G. (2024) Principle and Antimicrobial Efficacy of
Laser-Activated Irrigation

2. Wiese L.B. (2023) Different Irrigation Activation Methods Effect Treating
Asymptomatic Apical Periodontitis



https://lsmu.lt/cris/bitstreams/36ae0839-357d-4264-90df-a92eaf77df22/download
https://lsmu.lt/cris/bitstreams/36ae0839-357d-4264-90df-a92eaf77df22/download
Nathan Li
Highlight

Nathan Li
Highlight

Nathan Li
Highlight

Nathan Li
Highlight


. Isaac P. (2023) Challenges in Irrigation of Complex Root Canal Anatomies

. Mishra R. et al. (2022) Advances in Endodontics: A Complete Guide

. Paixdo A.S.R. (2022) Evaluation of Bacterial Disinfection Using EDDY and
Needle Systems

. Patil V.V.C. (2020) Comparative Efficacy of NaOCI Versus Photoacoustic
Streaming

. Plotino G. et al. (2016) New Technologies to Improve Root Canal Disinfection

. Khaidarov A.M. et al. (2024) Irrigation in Modern Endodontics

. Shilpa V. (2019) Comparison of Laser, Ultrasonic, and Sonic Irrigation
Techniques



https://www.researchgate.net/profile/Isaac-Paul-8/publication/396280739_Challenges-in-Irrigation-of-Complex-Root-Canal-Anatomies-Implications-for-Endodontic-Success-Authors-Details/links/68e562ebffdca73694b5f898
https://books.google.com/books?hl=en&lr=&id=zcNrEAAAQBAJ&oi=fnd&pg=PA5
https://repositorio-aberto.up.pt/bitstream/10216/145160/2/590756.pdf
https://repositorio-aberto.up.pt/bitstream/10216/145160/2/590756.pdf
https://search.proquest.com/openview/d203c5335f4d55e27d39d58fdd425fb0/1?pq-origsite=gscholar
https://search.proquest.com/openview/d203c5335f4d55e27d39d58fdd425fb0/1?pq-origsite=gscholar
https://www.scielo.br/j/bdj/a/k5S7J3Tcpb7G9G7LY3mvwQG/
https://www.researchgate.net/profile/Artur-Hajdarov/publication/378935744_IRRIGATION_IN_MODERN_ENDODONTICS/links/65f1ec9532321b2cff6e6424/IRRIGATION-IN-MODERN-ENDODONTICS.pdf
https://search.proquest.com/openview/508463c9c712002594fae56741df7f03/1?pq-origsite=gscholar
https://search.proquest.com/openview/508463c9c712002594fae56741df7f03/1?pq-origsite=gscholar



