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Abstract 
 

In contemporary endodontics, the core objective is to thoroughly cleanse and 
disinfect the root canal system. While shaping the canals is an important step, 
it alone is not sufficient. Successful treatment relies on a combined chemo-
mechanical approach, which ensures the removal of organic tissue remnants, 
microbial contaminants, and their by-products from within the canal space. In 
this context, flushing the root canals with appropriate irrigation solutions is of 
great importance. The irrigation solutions used play a critical role in dissolving 
both organic and inorganic tissues and reducing the microbial load. However, 
the effect of irrigation can be further enhanced by actively circulating and 
agitating the solution within the canals. For this reason, activation methods 
such as ultrasonic or sonic activation systems, negative pressure irrigation 
techniques, and laser-assisted methods have become widely used in treatment 
protocols in recent years. In short, successful endodontic treatment is not only 
achieved by shaping the canal; it is also possible through the correct selection 
of irrigation solutions, sufficient duration of use, and effective activation. 
Once these procedures are properly carried out, the root canal system 
becomes more effectively disinfected, which in turn enhances the likelihood 
of achieving a successful long-term treatment outcome. This article 
comprehensively evaluates the activation devices used in today’s endodontic 
practices and the new systems recently introduced to the market in terms of 
their advantages and limitations. Furthermore, current activation techniques 
are discussed comparatively, and their contributions to clinical practice and 
differences in use are debated. 
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1. Introduction 
 

The goal of endodontic treatment is to remove bacteria 
and biofilms from the root canal system and prevent their 
recontamination. The bacterial load is reduced by 
shaping and disinfecting the canal, and the few surviving 
bacteria are sealed off with a good seal. However, 
mechanical instrumentation alone is insufficient; 
approximately half of the root canal surfaces may remain 
untouched, and biofilm and smear layer residues 
negatively affect treatment success. Therefore, for 
effective treatment, mechanical shaping, irrigation with 
disinfectant solutions, and activation of irrigation should 

be applied together (1). 
In the literature, it has been reported that passive 

application of root canal irrigation solutions alone is not 
always sufficient for removing the smear layer; however, 
activating these solutions using various methods 
significantly increases cleaning efficacy (2). Activation 
methods include ultrasonic, sonic, negative pressure 
systems, or laser-assisted approaches, which enable the 
irrigation solution to penetrate deeper into the root 
canal system and remain effective even in anatomically 
complex areas. 

Furthermore, it has been demonstrated that the 
activation of sodium hypochlorite increases this 
solution’s capacity to dissolve organic tissue (3). The 
acoustic cavitation and microcurrent effects generated 
during activation reduce the surface tension of the 
solution, allowing it to penetrate the dentinal tubules 
more effectively. This results in a more successful 
removal of both biofilms and necrotic tissue debris. 
      Ensuring that irrigants come into direct contact with 

the canal walls is essential for improving their cleaning 
efficacy. However, because root canal anatomy is 
typically complex and irregular, relying solely on manual 
instrumentation and passive irrigation may not be 
sufficient to deliver the solution to all regions within the 
canal system. Therefore, activating irrigation increases 
the contact of the solution in both the lateral and apical 
regions, providing more effective disinfection. 

Today, irrigant activation can be performed using 
both manual and automatic (machine-assisted) methods 
to clean the root canal system more effectively and 
increase the disinfection. Among the different activation 
methods, manual dynamic activation (MDA), passive 
ultrasonic irrigation (PUI), and sonic irrigation (SI) are the 
most commonly used and researched methods. Although 
each of these methods aims to increase irrigation 
effectiveness, significant differences in the types of 
devices used, application times, solution concentrations, 
and canal anatomies in the studies conducted lead to 
heterogeneity in the results obtained. Therefore, a 
holistic approach should be adopted when evaluating 

existing literature data, and it does not yet appear 
possible to recommend a specific activation method as a 
standard for all cases in clinical practice (4). 

2. Manual activation 
 

2.1. Conventional Syringe Irrigation (CSI) 

Conventional syringe irrigation is a method that has been 
used for a long time and is widely adopted by physicians. 
In this technique, the irrigation solution is typically 
administered through special irrigation needles attached 
to the syringe. These needles, produced in different 
diameters, can be used passively or with manual back-
and-forth movements. One of the biggest advantages of 
this method is that the clinician can easily control the 
amount of irrigant applied and the depth of needle entry 
into the canal. However, this method also has a 
significant limitation: it is quite difficult to maintain a 
constant flow rate of the irrigation fluid and apply it at 
a standard level (5).   

Studies using computational fluid dynamics (CFD) 
models have detailed the flow behaviors of various 
needle designs within the root canal. These studies have 
provided valuable data on parameters such as flow 
patterns, fluid velocity, shear stress, and apical 
pressure, helping to better understand how the irrigant 
is exchanged within the canal and how this contributes 
to disinfection efficiency (6-8). CFD analyses revealed 
that open-ended needles increased the fluid flow rate 
and shear stress in the apical region. This increase 
contributes to more effective removal of debris and 
biofilms from the root canal (6). In contrast, closed-tip 
lateral hole needles primarily direct the flow laterally, 
which limits irrigant exchange at the apical end of the 
needle tip (7). These results highlight the importance of 
needle positioning in the root canal. Placing open-ended 

needles approximately 2–3 mm from the working length 
is recommended as the optimal approach to increase 
cleaning efficiency while reducing the risk of apical 
extrusion (6). 

Open-ended needles operate largely unaffected by 
changes in flow rate, allowing effective renewal of the 
irrigant within the canal (7). Even if positioned 2–3 mm 
back from the working length (WL), they enable 
effective renewal of the irrigation fluid in the root canal. 
This creates a high-speed jet in the apex direction, 
allowing for better displacement of the irrigation fluid in 
front of the needle and as a result, more effective tissue 
cleaning is achieved (6). This preference for open-ended 
needles is also consistent with evidence demonstrating 
the correlation between needle geometry and flow 
velocity (9). Placing the needle further away from the  
WL increases turbulence and delays the exchange of 
irrigation fluid; however, the apical pressure is lower  
(7). Therefore, it is recommended that closed-tip 
needles be placed 1 mm away from the WL and open-tip 
needles 3 mm away from the WL (6). 

Irrigation needles are available on the market in 
various diameters and lengths and are made from both 
metal and polymer materials.  
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These include: 
 
NaviTip™ (Ultradent Products, South Jordan, UT, USA) 
with open-ended 29G and 30G metal needles (Fig. 1), 

 

 

Figure 1. NaviTip™ irrigation needles (10). 
 

 

30G metal double-sided hole closed-tip irrigation needle 
(Fanta Dental Materials Co. Ltd., Shanghai, China) (Fig. 
2), and 31G metal double-sided NaviTipTM SidePort 
irrigation needle (Ultradent Products, South Jordan, UT, 
USA) (Fig. 3), 
 
 
 
 
 
 
 

 
Figure 2. 30G metal double-sided hole closed-tip irrigation 
needles (11). 
 

 
 

 

 
 

Figure 3. NaviTipTM SidePort irrigation needles (10). 
 
 

TruNatomy™ (Dentsply Maillefer, Ballaigues, 
Switzerland) (Fig. 4) and IrriFlex® (PD Dental, Vevey, 
Switzerland) (Fig. 5), which are 30G polymer needles 
with a closed tip and dual side vents, 
 

 
Figure 4. TruNatomy™ irrigation needle (12). 
 
 
 

 
Figure 5. IrriFlex® irrigation needle (13). 
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Polymer needle tips with diameters of 0.014 and 0.06 
inches for irrigation and aspiration: Endo Tips (Angelus, 
Lindoia, Londrina, PR, Brazil) (Fig. 6).  

 
Figure 6. Endo Tip (14). 

 
 

Chow et al. conducted a study using 23G and 25G 
hypodermic needles to evaluate the effectiveness of root 
canal irrigation. The study findings indicated that 
smaller-diameter needles provided more efficient 
irrigation results (15). Guerreiro-Tanomaru and his team 
examined the effects of different needle sizes (23G, 22G, 
and 30G) on cleaning the apical third of the root canal. 
The data revealed that 30G needles were more effective 
in cleaning the apical region than other needle diameters 
(16). These findings demonstrate that smaller-diameter 
needles are superior in terms of apical cleaning during 
root canal irrigation, and that needle diameter may be a 
critical factor for effective irrigation. 

To achieve the working length even in curved root 
canals, the use of thin, flexible needles in the 30-31G 

range is recommended. Currently, the 30G needle is 
widely accepted as the standard choice in clinical 
practice (17). With the adoption of more conservative 
approaches to root canal shaping, it is likely that 31G 
needles and needles with flexible polyethylene 
structures will become standard practice in the near 
future (18, 19). 

The intracanal negative pressure (iNP) needle 
(Mikuni Kogyo Co., Nagano, Japan) was introduced as a 
successor to the EndoVac irrigation system. This needle 
has an overall length of 32 mm, with an outer diameter 
of 0.65 mm and an inner diameter of 0.50 mm. The final 
4 mm of the needle was tapered by compressing a section 
measuring 0.46 mm in diameter, resulting in a tip with 

an inner diameter of 0.25 mm and an outer diameter of 
0.36 mm (approximately equivalent to 28G). The reduced 
inner diameter at the tip enables efficient delivery of a 
large volume of irrigant, while the smaller outer 
diameter permits the needle to be comfortably 
positioned about 2 mm short of the working length, 
provided that the canal has been prepared to at least size 
40 with a 0.04 taper (20) One study compared the volume 
of irrigant recovered from the apical third of two 
different negative-pressure systems under various flow 
rates. The results of this study showed that the INP 

needle was able to recover more irrigant from the apical 
third than EndoVac at all three flow rates used (20). 

IrriFlex is a flexible polyethylene irrigation needle 
with a closed tip and two lateral outlets, developed to 
improve root canal disinfection. This dual-aperture 
design allows the high-flow irrigant solution to be 
delivered in bidirectional, oblique jets, allowing for 
more effective irrigant circulation across a wider area of 
the canal and reducing the risk of apical overflow. Due 
to its 30/0.04 mm diameter, the needle is recommended 
for use in the apical third, particularly when the canal is 
shaped to at least 30/0.04 mm, allowing for more 
effective cleaning and microbial elimination in this area 
(19). 

Silva et al. compared the effects of straight open-
tip, side-holed, and double-side-holed needles on the 
amount of irrigant and debris extruded from the apical 
region. Their findings indicated that needle design 
directly impacted the amount of material extruded; in 
particular, double-side-holed needles significantly 
reduced apical extrusion compared to other designs (21). 
Bulgu et al. performed a computational flow analysis to 
compare the effectiveness of different root canal 
irrigation needle designs. The analysis revealed that 
double-sided and closed-tip needles significantly 
reduced pressure in the apical region compared to open-
tip needles. This contributes to increased safety and 
control during irrigation (22). 

In all previously reported cases of sodium 
hypochlorite extrusion, syringe irrigation using open-
ended needles has generally been used (7, 23). These 
situations have led to serious complications, such as 
postoperative pain, swelling, tissue necrosis, secondary 
infection, and permanent paresthesia in some cases. 
Therefore, irrigation should be performed carefully 
within the root canal boundaries (24, 25). In this study, 
the capacity of different needle designs to effectively 
distribute irrigant throughout the canal and their safety 
levels were evaluated. Irrigant delivery to the apical 
region and the risk of irrigant leakage into the periapical 
tissues are particularly important parameters. 
Furthermore, it was observed that needles with a smaller 
diameter reach deeper into the canal, thereby providing 
more effective irrigant exchange and debris removal 
(26). 
 
 

2.2. Endodontic brushes 
 

Brush systems are not intended to serve as devices for 
delivering irrigating solutions directly into root canals. 
These instruments are primarily complementary 
irrigation aids used to mechanically remove debris and 
smear layer accumulated on the root canal walls and to 
increase the movement of the irrigant within the canal. 
However, they can also provide indirect irrigation 
support by contributing to a more homogeneous 
distribution of irrigant throughout the canal space. 
Owing to these functions, brush systems have gained 
importance in clinical practice, particularly as a 
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supportive element for mechanical debridement. 
However, due to friction caused by irregularities within 
the canal, there is a risk of brush bristles breaking off. 
Since these bristles are radiolucent, there is a risk that 
they may go unnoticed by clinicians (27). 
 

2.2.1. NaviTip and NaviTip FX brush 
 
NaviTip FX (Ultradent Products Inc, South Jordan, UT); 
30-gauge, brush-tipped irrigation needles are designed to 
indirectly contribute to the delivery of irrigant. However, 
the use of these bristle tips has shown limited cleaning 
effect, particularly in the apical and middle thirds of the 

canal. It is anticipated that this effect could be enhanced 
by applying inward and outward brushing motions during 
irrigation. Nevertheless, such maneuvers may cause 
displacement or deformation of the bristles within the 
canal, necessitating careful use (28). 

Previous studies have shown that NaviTip FX 
significantly improves canal cleanliness and biofilm 
reduction compared to traditional syringe irrigation and 
EndoVac (Fig. 7) (29, 30). 

 
 
 

 

 

Figure 7. NaviTip and NaviTip FX Tips (31). 

 

 

2.3. Manual Dynamic Irrigation (MDA) 

Manual dynamic irrigation is a technique based on sliding 
a properly sized gutta-percha point back and forth in 2–3 
mm movements within a preformed root canal. This 
method creates a hydrodynamic effect in the irrigation 
solutions within the canal, allowing the solution to move 
along the canal and make more effective contact with 
the wall surfaces. Consequently, the aim is to achieve a 
more homogeneous distribution of the irrigant and 
increased cleaning efficiency in different parts of the 
canal, including the apical region. Thapak et al. reported 

that the MDA technique provided markedly better smear 
layer removal in both the middle and apical thirds of the 
root canal system than the GSI approach (32). 

McGill et al. reported that automated dynamic 
irrigation with the RinsEndo® device was significantly 
less effective than manual dynamic irrigation. This result 
was attributed to the fact that the frequency of the 
push-pull movements of the gutta-percha cone within 
the canal in the manual technique (approximately 33 Hz; 
100 strokes in 30 s) is much higher than the frequency of 
the positive-negative hydrodynamic pressure cycles 
generated by the RinsEndo® system (1.6 Hz). It has been 
reported that the higher frequency creates stronger 
turbulence within the canal, increasing the distribution 
and contact efficiency of the irrigant (33). 

Virdee et al. investigated how various irrigation 
activation techniques influence the ability of sodium 
hypochlorite to penetrate root dentin. Their results 
indicated that manual dynamic activation, passive 
ultrasonic irrigation, and sonic irrigation enhanced the 
depth of sodium hypochlorite penetration within the 
dentinal tubules across the entire root canal system, 
including the apical area, compared with conventional 
syringe irrigation (34). 

 

 

3. Activation with the help of 
machines 
 
3.1. Brushes used with rotating heads 

 

Brush systems developed to support the removal of 
debris and smear layer formed during root canal 
treatment were first introduced by Ruddle in 1994 (35). 
The types currently used commercially are the 
Endobrush and CanalBrush. 

 
3.1.1. Endobrush 

 
It is a spiral-shaped brush consisting of nylon bristles 
mounted on bent metal wires, developed for use in 
endodontic procedures. The Endobrush (C&S 
Microinstruments Ltd., Markham, Ontario, Canada) 

system is designed to support the mechanical 
debridement of root canal walls. In studies conducted by 
Keir et al. in the early 1990s, the findings indicated that 
the use of canal brushes could improve canal cleaning. 
However, because of the structural dimensions of the 
Endobrush, it is difficult to advance it effectively to the 
working length, which may increase the risk of debris 
accumulation in the apical region after brushing. 
Therefore, although effective cleaning is achieved with 
the use of the Endobrush, insufficient access to the 
apical region is considered a potential limitation (36, 
37). 
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3.1.2. CanalBrush 
 
CanalBrush (Coltène Whaledent, Langenau, Germany), 
which is entirely molded from polypropylene, is 
extremely flexible and can be used with a manual rotary 
motion. Weise et al. reported that the use of CanalBrush 
increases the effectiveness of smear removal from 
morphological irregularities in the apical regions of 
simulated lateral canal extensions and inclined root 
canals (38).  

CanalBrush has the potential to mechanically 
displace medications placed inside the canal, owing to 
its bristles that come into contact with the canal walls. 

With this feature, it is considered an effective aid in 
removing intracanal medications, such as calcium 

hydroxide [Ca(OH)₂]. A study conducted by Markovic et 
al. showed that CanalBrush significantly improved the 
removal of Ca(OH)₂. However, compared with sonic 
activation, there was no notable difference in 
performance. The CanalBrush system was still identified 
as a useful instrument for the removal of calcium 
hydroxide (39). Türker et al. reported that the SAF and 
EndoVac irrigation systems were considerably more 
successful than CanalBrush in removing calcium 
hydroxide from the apical third of the root canal. The 
study indicated that the CanalBrush did not adequately 
eliminate Ca(OH)₂ in this region; instead, it tended to 
push the material further apically, leading to 
accumulation at the apex rather than effective removal 
(40). When these two studies are evaluated together, it 
is understood that CanalBrush is somewhat useful in 
removing calcium hydroxide [Ca(OH)₂] from the root 
canal, but its effectiveness varies depending on the 

irrigation/activation system used and, in particular, the 
region of the canal. 
 
 

3.2. Special endodontic files 

3.2.1. Self-Adjusting File (SAF) system 

 
The self-adjusting file (SAF) system (SAF, ReDent-

Nova, Ra’anana, Israel) is a root canal file made of a 
nickel-titanium alloy, featuring thin walls, a cylindrical 
shape, a hollow interior, and high flexibility. Its 
compressible structure allows it to conform to the canal 
anatomy. The abrasive structure on the outer surface of 
the file enables shaping of the canal walls through back-
and-forth and vibratory movements, while its hollow 
design ensures that the irrigation solution is continuously 
delivered and activated throughout the root canal. It has 
been reported that this system significantly increases its 
effectiveness by providing an uninterrupted solution flow 
during canal preparation (Fig. 8) (41).  

If the canal is straight, narrow, or round, most files 
can adequately achieve their shaping goals. However, 
when the canal is oval or curved, rotary files, whether 
the latest or traditional, may be insufficient to address 
these challenges. The most important factors 

determining successful root canal treatment are three-
dimensional cleaning, shaping, or filling of oval and 
curved canals, the microbiome of infected canals, and 
preservation of the integrity of the radicular dentin. The 
SAF system assists in this regard by providing natural 
three-dimensional shaping, cleaning, and, in particular, 
irrigation of narrow, oval, or round-sectioned straight 
canals, which are often overlooked. It allows for 
continuous irrigant flow during preparation (43, 44). 

 

Figure 8. Self-Adjusting File (SAF) system (42). 

 

 

SAF is generally available in two different sizes: 1.5 
mm and 2.0 mm, and these files can be compressed quite 
effectively. The 1.5 mm diameter file (available in 
lengths of 21, 25, and 31 mm) can be compressed to 

approximately a 20-gauge K-file size, whereas the 2.0 
mm diameter file can be compressed to a size similar to 
a 35-gauge K-file (45). The 1.5 mm diameter file is 
designed for canals with an apical size of ISO 20–40, 
whereas the 2.0 mm diameter file is used for wider 
canals with an initial apical size of ISO 35–60. Rather than 
forcibly changing the shape of the canal, it adapts to the 
original shape of the canal, both longitudinally and 
circumferentially. The working surface of this file is 
rough. When inserted into the SAF canal, it compresses 
and adapts to the canal's cross-section; it takes on a 
round cross-section in a round canal and takes on that 
shape in an oval or flat-section canal, providing three-
dimensional adaptation by applying continuous light 
pressure around the entire canal (41, 46). 
 

3.2.2. XP-Endo Finisher (XPF) file 
 
The XP-Endo Finisher (XPF; FKG Dentaire SA, La Chaux-
de-Fonds, Switzerland) is a next-generation nickel-
titanium (NiTi) instrument developed to enhance 
irrigation efficiency in complex root canal anatomies. 
Designed to provide effective cleaning in areas difficult 
to reach with conventional shaping systems, this 
flexible, shape-memory instrument adapts to the canal 



Taşyürek & Adıgüzel Int Dent Res 2025; 15(2): 92-115  

 

 

 

International Dental Research 

 

 98 

morphology during operation. Owing to the patented 
MaxWire (Martensite–Austenite–Electropolish–Flex) 
temperature-sensitive alloy used in its manufacture, it 
has a 27-gauge tip diameter and a .01 taper in the 
martensitic phase at room temperature. Upon reaching 
body temperature (approximately 35°C and above), it 
transitions to an austenitic phase, expanding to a 30-
gauge tip diameter and a .04 taper. According to the 
manufacturer, the innovative design and special alloy 
structure of the XPF optimizes mechanical debridement 
by establishing more effective contact with the canal 
walls. This feature leaves less uncleaned area on the root 
canal surface compared to traditional shaping systems 
(47, 48). 

The XPF should be operated at approximately 800 
rpm when used with irrigation solutions. It should be 
applied only after the root canal has been shaped to at 
least size #25 or larger (Fig. 9a). 
 

3.2.3. XP-Endo Finisher Retreatment file 
 
In recent years, another component of the system, XP-
Endo Finisher Retreatment (XP-Endo Finisher R, FKG 
Dentaire SA, La Chaux-de-Fonds, Switzerland), has been 
developed. This instrument, with a #30 tip size, achieves 
a flexible, sinuous, “snake-like’’ shape at body 
temperature owing to a special alloy called MaxWire 
(Martensite–Austenite Electropolish Flex). This feature 
conforms to root canal anatomy, making it more 
effective for removing residual filling material, 
especially during retreatment. During rotary motion, the 
tip adopts a “spoon-like’’ shape, abrading the canal walls 
and aiding in the removal of filling material residue. 
Recent micro-computed tomography (micro-CT) studies 
have shown that the XP-Endo Finisher R can reduce the 
amount of filling material remaining in the root canal; 
however, it has also been reported that it cannot 
completely remove debris from the canal, as is the case 
with passive ultrasonic irrigation (PUI) (Fig. 9b) (50-52). 
 
 

  
Figure 9. (a) XP-Endo Finisher and, (b) XP-Endo Finisher 
Retreatment (53). 

In their study, Silva et al. (54), evaluated the phase 
transition temperatures of XP-Endo Finisher instruments 
and the irrigation temperatures within the root canal 
during rest and activation. According to the study 
findings, the reverse phase transition occurred at a lower 
temperature than that reported by the manufacturer. In 
addition, there was no notable variation in the 
temperature of the irrigating solution inside the canal 
when comparing the resting phase with the activation 
phase (54). 

Silva et al. evaluated whether supplementing 
reciproc file use with an XP-Endo Finisher would improve 
the removal of bioceramic-based filling material from 
the canal walls. Their results demonstrated that 
incorporating the XP-Endo Finisher led to a significantly 
greater reduction of residual filling material compared 
to using reciprocation (55). 

In a study assessing the ability of the XP-Endo 
Finisher R to eliminate remaining filling material from 
curved mesiobuccal canals of maxillary molars, its 
performance was compared with PUI. The results 
indicated that both techniques enhanced the removal of 
residual filling material during retreatment. However, 
the XP-Endo Finisher R achieved a greater degree of 
material removal than PUI in curved canals (52). 
Especially in curved and hard-to-reach canals, the ability 
of the XP-Endo Finisher R to conform to the canal walls 
and change shape can provide a significant advantage in 
retreatment cases by enabling more effective and 
comprehensive removal of the existing filling material. 

 
3.2.4. F-file 
 
The F-file (Engineered Endodontics, Menomonee Falls, 
WI, USA) is a rotary finishing instrument made from a 
polymer material and coated with diamond particles. It 
features an apical diameter equivalent to a size 20 and 
a 0.04 taper. This instrument was designed to enhance 
the removal of dentinal debris and promote better 
circulation of irrigants without requiring further 
enlargement of the prepared root canal. Studies have 
shown that it is effective in removing the smear layer 
from the entire canal system. For clinical use, the file is 
introduced to a position 1–2 mm short of the working 
length and operated with a torque-controlled electric 
micromotor at approximately 900 rpm, using passive 
insertion combined with gentle rotary axial movements, 

as recommended by the manufacturer (56, 57). 
Ballal et al. found that the XP-Endo Finisher 

achieved a reduction in colony-forming units comparable 
to that obtained with passive ultrasonic activation during 
clinical root canal procedures. In contrast, the use of the 
F-file resulted in a higher number of colony-forming units 
than both the XP-Endo Finisher and ultrasonic activation; 
however, it still performed significantly better than 
conventional syringe irrigation alone. The authors 
emphasized that further research, particularly 
employing molecular diagnostic techniques, is 
necessary, especially for cases involving complex root 
canal anatomies (57). 
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3.2.5. Gentlefile system, Finisher GF brush 
 
The Gentlefile system (MedicNRG, Kibbutz Afikim, Israel) 
is a modern root canal instrumentation system that 
consists of a cordless handpiece, files for root canal 
shaping, and a Gentlefile Finisher Brush for irrigant 
activation. The files in the system are based on a central 
braided wire with a diameter of <0.15 mm in the apical 
third, which is wrapped around a second wire with a 
diameter of <0.20 mm. A third wire with a diameter of 
<0.35 mm surrounds the second wire in the mid- and 
coronal regions. All files have a 4% fixed taper and a non-
cutting passive tip. Tip diameters of 0.21, 0.23, 0.26, 

0.29, and 0.34 mm do not directly conform to the 
standard ISO instrument sizes. The key difference 
between this system and traditional rotary NiTi files is 
that they remove dentin not by cutting, but by controlled 
abrasion from the surface. The files of the Gentlefile 
system are activated by a special micromotor operating 
at a speed of approximately 6500 rpm, and its automatic 
settings cannot be changed (58, 59). 

The Gentlefile system includes a finishing brush, 
known as the GF Brush, which is composed of six flexible 
stainless-steel strands. When used with a handpiece 
operating at approximately 6500 rpm, these wires 
expand outward automatically, allowing the brush to 
adapt to the shape of the root canal walls (Fig. 10) (58, 
59). 

 
Figure 10. Gentlefile system, Finisher GF Brush (60). 
 

 

Neelakantan et al. found the least amount of pulp 
residue was found in root canals shaped with the 
Gentlefile system and subsequently activated with the 
Finisher GF Brush. When root canals were prepared to a 
larger size (e.g., size 25), activating the irrigant with the 
Finisher GF Brush was found to be significantly superior 
to irrigation with the syringe alone in removing residual 
tissue (58). 

Pawar et al. evaluated the ability of the Finisher 
Gentlefile brush, XP-Endo Finisher, and PUI to remove 
calcium hydroxide from root canals. Their findings 
indicated that the Gentlefile brush achieved significantly 
better cleaning outcomes than both the XP-Endo Finisher 
and ultrasonic irrigation. Notably, its superior 

performance was consistent regardless of the canal’s 
anatomical shape or the specific intracanal medicament 
used, highlighting it as a particularly effective and 
promising option (61). 
 

3.2.6. Easy Clean plastic file 
 
The newly launched Easy Clean plastic file (BassiEndo, 
Minas Gerais, Brazil) features an innovative design aimed 
at enhancing the effectiveness of irrigants in root canal 
treatment. This 25/0.04-sized device resembles a rotary 
endodontic instrument and stands out with its “aircraft 
wing” shaped cross-section that used in both 

reciprocating or rotary motion to enhance endodontic 
cleaning and disinfection. It is manufactured from 
acrylonitrile butadiene styrene (ABS) plastic to provide 
high flexibility. Owing to its unique structure, it aims to 
increase the effectiveness of irrigation by creating 
effective fluid movement within the root canal (62, 63). 

Easy Clean operates using a reciprocal motion 
mechanism that rotates 180° clockwise and then 90° 
counterclockwise. This kinematic model provides safe 
use by reducing the risk of the file breaking or jamming 
inside the canal. Studies have shown that Easy Clean 
allows the irrigation solution to effectively penetrate 
simulated lateral canals and provides superior results 
compared to PUI in removing the smear layer in the 
apical triad region (Fig. 11) (62, 63). 
 

 

 
 

Figure 11. Easy Clean plastic file (64). 
 

 

3.2.7. Easy Clean Maxx plastic file 
 
Easy Clean Maxx (BassiEndo, Minas Gerais, Brazil) 
combines the efficiency of advanced technologies with 
practical ease of use, offering effective solutions to 
problems associated with ultrasonic and laser systems, 
according to the manufacturer’s statements. This 
increases safety during use and significantly reduces the 
risk of breakage. The product is available in three 
different diameter options (#20, #30, and #40 mm) with 
a .04 taper, allowing the operator to use the device in a 
manner suitable for the unique anatomy of each canal. 
Furthermore, its design, which is 6 mm shorter than the 
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previous model, facilitates placement, particularly in the 
posterior regions of the arch, increasing its usability in 
difficult cases. The fact that each diameter option is 
uniquely identified by a color (yellow, blue, and black) 
provides professionals with greater practicality during 
the procedure (Fig. 12) (64). 
 
 
 

Figure 12. Easy Clean Maxx plastic file (64). 

 
 
 
 
 

The product, offered by the manufacturer in a 
practical and sterile packaging concept, is prepared in a 
sterile blister form and delivered to users in packs of 
three or five. On the other hand, Easy Clean Maxx is an 
upgraded version of Easy Clean that retains all its 
advantages while offering enhanced safety, versatility, 
and ease of use. The manufacturer states that it is an 
ideal choice for professionals seeking high quality 
without compromising on simplicity and budget-friendly 
solutions in clinical applications (64). 
 

 
3.3. Continuous irrigation during 
instrumentation with rotary instruments 

3.3.1. Quantec-E irrigation system 
 
The Quantec-E irrigation system (Sybron Endo, Orange, 
CA, USA) is an irrigation unit with an integrated fluid 
delivery mechanism. The system consists of a pump 
console, two separate irrigation solution reservoirs, and 
connection lines that provide uninterrupted irrigation 
during the rotary instrumentation. Continuous and active 

movement of the irrigant during rotary file use increases 
the irrigant volume, prolongs the solution contact time 
within the canal, and allows the irrigant to reach the 
deeper areas of the root canal. These features help 
achieve more effective root canal debridement 
compared to traditional syringe-needle irrigation (65).  

A study has shown that the Quantec-E irrigation 
system is effective in improving the cleanliness of the 
canal wall surfaces. The results indicate that this system 
removes debris and smear layers, particularly in the 
coronal third of the canal, better than other methods 
(66). 

3.4. Sonic Irrigation 

Sonic irrigation operates at a lower frequency range (1-
10 kHz) than ultrasonic irrigation. This lower frequency 
results in lower fluid velocity and lower shear stresses 
applied to the walls. However, sonic activation produces 
vibrations at wider amplitudes (especially in horizontal 
tip movements). Sonic and ultrasonic devices differ in 
terms of vibration (oscillation) patterns. In sonic 
instruments, the points where the vibration is at its 
minimum level are defined as nodes, whereas the points 
where it is at its maximum level are defined as 
antinodes. Sonic tips typically have a node at the device 
connection point and an antinode at the free tip (34). 

If the free movement of these ends is restricted in 
any way, the horizontal oscillations cease, and the 
vibrations continue only in the longitudinal direction. 
This type of vibration pattern is particularly effective in 
root canal cleaning, as this mode can move with a large 
amplitude without experiencing a loss of performance 
under load (27). 

The results of a recently published meta-analysis of 
15 in vitro studies revealed significantly lower smear 
layer scores, particularly in the apical region, in root 
canals treated with sonic activation. In contrast, the 
push-out bond strength, which refers to the bond 
between the root canal filling material and dentin, was 
reported to be significantly higher in root canals treated 
with ultrasonic irrigation. However, no significant 
differences were observed between the two methods in 
terms of the amount of debris removed during 
endodontic treatment, rate of canal cleaning, or depth 
of irrigant penetration into the dentinal tubules (67). 

While older-generation sonic agitation devices 

(e.g., Ripsisonic and Shapersonic, Micro-Mega, Besançon, 
Cedex, France) used metal files to vibrate the irrigant, 
the preferred sonic activation systems today operate 
with flexible, non-cutting polymer tips. The oscillations 
generated by these polymer tips, driven by sound 
energy, create a hydrodynamic effect called acoustic 
current, which aims to disrupt the smear layer and 
bacterial biofilms on the canal walls (68-70). Examples 
of modern sonic activation devices include the 
EndoActivator (Dentsply Sirona, Charlotte, NC, USA), 
EDDY system (VDW, Munich, Germany), and recently 
launched SmartLite Pro EndoActivator (Dentsply Sirona, 
Charlotte, NC, USA). 
 

3.4.1. Rispisonic, Helisonic, Shapersonic file 

Rispisonic, Shaper, and Heliosonic are traditional sonic 
tools that operate at sonic frequencies and have cutting 
ability (71).  Several variables can influence the cutting 
performance of the sonic instruments. These include the 
structural differences among devices such as the 
Heliosonic (with grooves), Rispisonic, and Shaper (with 
spikes), as well as the adjustment of the handpiece’s air 
inlet ring, which has been reported to have an optimal 
clearance setting. In addition, the amount of force 
applied by the clinician also plays an important role in 
their cutting efficiency (72-74). 
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3.4.2. Vibringe irrigation device 
 
Vibringe (Cavex Holland BV, Haarlem, Netherlands) is a 
device that combines manual solution delivery with sonic 
activation. It is a wireless handpiece designed to be 
attached to a specially designed, single-use syringe 
compatible with any irrigation needle. It delivers 
irrigation fluid directly into the root canal through a 
standard needle in a continuous, vibrating manner. It 
works by combining sonic flow technology with acoustic 
flow (Fig. 13) (75). 
 
 

 
 

 

 

Figure 13. Vibringe irrigation device (76). 
 

 

 

 
3.4.3. EndoActivator system 
 
The EndoActivator system (Dentsply Sirona, Charlotte, 
NC, USA) is a sonic device designed to enhance irrigant 

activation by promoting vigorous fluid agitation inside 
the root canal. Studies have demonstrated that it 
improves the effectiveness of irrigation compared to 
conventional syringe delivery. The system includes a 
cordless handpiece and three single-use flexible polymer 
tips available in sizes 20/0.02, 25/0.04, and 30/0.06, 
which are color-coded yellow, red, and blue, 
respectively. Notably, these polymer tips are gentle on 
dentin and do not produce canal wall abrasion (Fig. 14) 
(77). 

 

Figure 14. EndoActivator system (78). 
 
 
The combination of the tip’s horizontal movement 

and short vertical movements creates a powerful 
hydrodynamic effect within the root canal, working in 
synergy. This action enables the irrigating solution to 
reach areas of the canal that are otherwise difficult to 
access, improving fluid circulation and movement, which 
in turn enhances the overall cleaning effect. However, 
one drawback of the polymer tips used with the 
EndoActivator is their radiolucency. Although the tips 
are intended for single use and are generally resistant to 
breakage, if a fragment separates within the canal, it 
may be challenging to locate it on a radiograph  (27). 
This situation becomes even more important when 
working in narrow and curved root canals. This is because 
the tips are more susceptible to mechanical stress in 
such anatomical areas, which can increase the risk of 
fracture. If a fragment that is not visible on the 
radiograph remains undetected in the canal, it can lead 
to continued infection, symptom recurrence, and 
treatment failure. 
 

3.4.4. SmartLite Pro EndoActivator system 
 

Similar to the first-generation EndoActivator, the 
second-generation SmartLite Pro EndoActivator system is 
available with three different sizes of polymer tips (small 
22 mm: 15 gauge/0.02 taper; medium 22 mm: 25 
gauge/0.04 taper; long medium 28 mm: 25 gauge/0.04 
taper). The long medium tip was specifically developed 
for effective access in teeth with longer root lengths. 
However, unlike the first-generation tip, the second-
generation tip feature a variable cross-section design. 
They operate with a higher frequency elliptical motion, 
allowing for more effective movement of the irrigant 
within the canal. Unlike the circular tip of the first 
generation, the second-generation tips have a paddle-
like and parallelogram-shaped cross-section. The 
SmartLite Pro EndoActivator features a removable 
treatment head that can be replaced with a light-curing 
head, if necessary. The device operates at two different 
speed settings (3,000 rpm and 18,000 rpm), providing 
elliptical movement and increased energy transfer 
during irrigant activation (Fig. 15) (79). 

Zeng et al. reported that, based on the constraints 
of their in vitro investigation, the two sonic irrigation 
activation systems, EndoActivator and SmartLite Pro 
EndoActivator, did not show a statistically significant 
difference in their ability to reduce bacterial load within 
the root canal (79). 
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Figure 15. SmartLite Pro EndoActivator system (78). 
 

In a study by Bolla et al., the effectiveness of sonic 
activation in root canal decontamination was assessed 
using an endocator adenosine triphosphate (ATP) 
measurement system. Their results showed that the four 
experimental groups demonstrated reductions in initial 
ATP levels of 99.8%, 99.9%, and up to 100%. Notably, the 
combination of 1% NaOCl irrigation with the SmartLite 
Pro EndoActivator achieved complete elimination of 
detectable ATP after just two activation cycles, and this 
result was maintained consistently through the ninth 
cycle, without any rebound in ATP or colony-forming unit 
(CFU) levels. These findings indicate that when the initial 
bacterial load is low, complete microbial reduction 
within the canal may be achieved rapidly and with 
relative ease (80). The varying results obtained in studies 
conducted with the SmartLite Pro EndoActivator 
regarding bacterial elimination necessitate a 
reassessment of the effectiveness of irrigation protocols, 
not only for this device but also for other activation 
systems. Therefore, further comparative studies with 
different activation devices are essential to determine 
the most effective irrigation strategies for microbial 
elimination. 

Myint et al. demonstrated that the SmartLite Pro 
EndoActivator was superior to both the EndoActivator 
and syringe irrigation in terms of cleaning effectiveness 
without the need for multiple vertical strokes. However, 
they emphasized that clinicians should avoid excessive 
vertical strokes because of the risk of irrigant extrusion 
beyond the root apex (81). 
 

3.4.5. EDDY sonic irrigation system 
 
The EDDY (VDW, Munich, Germany) was developed as a 

sonic energy irrigation activation system manufactured 
from a flexible polyamide material measuring 25.04 mm. 
The manufacturer states that this system enables 
effective cleaning of complex root canal anatomies 
without the limitations of ultrasonic devices. The EDDY 
is activated using an air-powered handpiece (Air Scaler) 
at a frequency of approximately 5000–6000 Hz. During 
this activation, passive ultrasonic irrigation generates a 
three-dimensional oscillation that generates cavitation 
and acoustic current, two important physical effects that 
increase cleaning success. It is also emphasized that the 
EDDY is a non-cutting, sterile, and single-use instrument 
(Fig. 16) (82).  

In studies comparing Endoactivator and EDDY in 
relation to the reduction of intracanal bacteria, Zeng et 
al. demonstrated that, within the limitations of their 
current study, there was no difference in antibacterial 
efficacy between the two sonic-assisted root canal 
irrigation activation systems tested using 2% NaOCl (84). 
Swimberghe et al., in their study using a simulated canal 
isthmus model examining the removal of a biofilm-
mimicking hydrogel, reported that EDDY provided a 
higher level of hydrogel removal and demonstrated 
better performance compared to EndoActivator (85). In 
another study by Swimberghe et al., EDDY provided a 
higher level of hydrogel removal than EndoActivator in 
the removal of a biofilm-mimicking hydrogel (BMH) in 
simulated curved root canals (86). Differences were 
observed in the results obtained in the studies 
mentioned above. These inconsistencies may largely be 
due to differences in the irrigation solutions used, 
experimental design, and sample types. Particularly in 
sloped and isthmus channels, the EDDY system appears 
to yield more effective results in terms of biofilm 
removal. However, more controlled and standardized 
studies are needed to strengthen the evidence in this 
area and enable a clearer clinical evaluation of the 
findings. 
 
 

 

 

Figure 16.  EDDY sonic irrigation system (83). 

 
 
 
In a meta-analysis comparing the cleaning efficacy 

of EDDY and ultrasonic-activated irrigation in root 
canals, qualitative and quantitative evaluations of the 
included studies indicated that, based on the limited 
available evidence, EDDY was at least as effective as PUI 
ex vivo in removing the smear layer, debris, soft tissue 
debris, and bacteria. Given the potential for damage to 
the canal walls caused by the metal tips used in 



International Dental Research 

Taşyürek & Adıgüzel 
 

Int Dent Res 2025; 15(2): 92-115  

 

 

 

 

 
103 

ultrasonic systems, EDDY may be a suitable alternative 
to PUI for activating irrigation solutions. However, due to 
discrepancies between in vitro studies and actual clinical 
conditions, it was emphasized that further randomized 
clinical trials are needed to assess the generalizability of 
these results to clinical practice (87). 

Donnermeyer et al. found no statistically significant 
difference between EDDY and ultrasonic irrigation in 
removing calcium hydroxide from root canals (88). The 
break-resistant flexible polyamide tips of the EDDY can 
generate acoustic currents by creating spiral vortices 
along the tip. Although the EndoActivator uses flexible 
polymer tips, they are not as effective as EDDY’s 
polyamide tips. EDDY’s superior performance of EDDY in 
the removal of calcium hydroxide can be attributed to 
the higher oscillation frequency of the system compared 
that with of other sonic activation methods. The reason 
EDDY sonic activation is more effective in the apical triad 
region may be its elastic tips, which can provide an 
advantage over the rigid metal tips typically used in PUI 
applications (82). 

Salas et al. evaluated the penetration of 2% 
chlorhexidine (CHX) into dentinal tubules using the CSI, 
EDDY, and PUI techniques. The three tested irrigation 
methods showed that the depth and area of the  
penetration of CHX into the cervical and mid-level 
dentinal tubules were similar. Statistically significant 
differences were found only in the apical region, where 
the mean for the PUI group was higher than that for the 
EDDY group (89). In another study, EDDY, XPF, PUI, and 
CSI were compared in the cleaning of modified triple 
antibiotic paste (mTAP) from artificially created grooves 
in root canals. In terms of mTAP removal, the EDDY group 
yielded better results than the CSI, PUI, and XPF groups 
(90). These results indicate that irrigation effectiveness 
may vary depending on the solution used, regional 
characteristics of the canal, the targeted clinical goal. 
The EDDY system may be more effective in removing 
medication and debris adhering to the canal walls, 
whereas the PUI method may offer advantages, 
particularly in the apical region, by allowing the 
irrigation solution to penetrate deeper into the dentinal 
tubules. 
 

3.5. Passive Ultrasonic Irrigation (PUI) 

Passive ultrasonic irrigation (PUI) was first described by 
Weller et al. in 1980. Although the term “passive” is 
used, the process is actually active; this term was chosen 
to emphasize the non-cutting properties of the 
ultrasonically activated file when the method was first 
introduced. PUI is based on the principle of ultrasonic 
waves transferring acoustic energy to the irrigating 
solution via a vibrating file or smooth wire. This 
transferred energy can cause acoustic currents and 
cavitation effects within the irrigant (91). Acoustic flow 
is defined as the rapid vortex-like circulation of irrigation 
fluid around a vibrating file. Cavitation, on the other 
hand, is a phenomenon that occurs when vapor bubbles 
form within the fluid, or when existing bubbles expand, 
contract, or change shape (92). Temporary cavitation 

occurs only when the file vibrates freely within the canal 
or lightly contacts the walls. When the canal is pre-
shaped, the file or wire can move more freely, allowing 
the irrigant to reach the apical regions of the root canal 
more easily, thus increasing cleaning efficiency (92, 93). 

In PUI, acoustic energy is transmitted from the 
ultrasonic tip to the irrigant within the root canal, 
typically at operating frequencies between 25 and 45 
kHz. This activation promotes the elimination of 
intracanal medicaments by increasing the temperature 
of the irrigant, inducing acoustic microstreaming and 
microbubble activity, and generating cavitation effects 
(94), and provides more effective cleaning than the 
traditional needle technique (91). However, despite this 
method, curved channels (95), oval channels (96), and 
remnants of medication are still found in the canals of 
the isthmus regions located in the roots of molars and 
premolars (94). 

Conversely, PUI generates acoustic waves that lead 
to the formation of cavitation bubbles in the irrigant. 
When these bubbles collapse, the released energy is 
directed toward the canal walls, helping to dislodge 
debris and remove the remaining medicament from the 
root canal system (97, 98). However, some studies have 
reported that ultrasonic tips cannot move freely, may 
adhere to walls and block acoustic flow and cavitation, 
and that this situation can lead to insufficient 
debridement, protrusion formation, and uncontrolled 
cutting in oval channels (99). 

A review examining sonic and ultrasonic activation 
of endodontic sealer to improve root canal filling quality 
provides evidence that these two methods can increase 
sealer penetration into the dentinal tubules. However, 
the effect of these activation techniques on sealer-to-
dentin bond strength remains unclear, and uncertainties 
persist in this area (100). 

Elmaasaravi et al. evaluated the effects of different 
endodontic treatment protocols on tooth survival. A 
comprehensive treatment protocol (Protocol 3), which 
included the use of an apex locator, reciproc system, 
ultrasonic irrigation, and ethylenediaminetetraacetic 
acid (EDTA) application, showed superior results in terms 
of the tooth survival time in the mouth after root canal 
treatment and its survival in the mouth without requiring 
additional intervention (extraction, retreatment, or 
surgical retreatment). Compared to other protocols, this 
protocol reduced the need for additional intervention by 
approximately 30% to 40% (101). 

During PUI application, the irrigation process can be 
performed using two different methods: continuous 
activation or intermittent application. 

Continuous Ultrasonic Irrigation (CUI) is an irrigation 
method that promotes physical effects, such as micro-
acoustic currents and cavitation, enabling the irrigant to 
be delivered into the canal in a continuous flow. In this 
system, the irrigation solution is delivered into the canal 
via a needle directly connected to the ultrasonic unit, 
and the solution is activated as it passes through the 
needle tip. This approach eliminates the need to place 
the needle up to the WL, as effective irrigation can be 
safely achieved in more coronal regions (102). 
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One of the fundamental effects expected from 
ultrasonic-activated irrigation methods, namely the 
formation of acoustic microcurrents, is critically 
dependent on the canal being completely filled with the 
irrigant. In this context, the regular replacement of the 
irrigant ensures the continuity of effective irrigation. 
However, the intermittent ultrasonic irrigation method is 
applied to a fixed irrigant volume, and this volume is 
depleted over time as the irrigant is transported from the 
ultrasonic tip in the coronal direction, thus potentially 
disrupting acoustic microcurrent formation (102). 

PUI has been used in various protocols. In some 
studies, intermittent activation in three cycles of 20 s 
each was preferred (103, 104). On the other hand, it can 
also be used in a continuous activation mode for 60 s in 
a single cycle (105, 106). Another recommended protocol 
is to perform ultrasonic activation continuously for 3 min 
(107).  

Some researchers have reported that the inclusion 
of EDTA in PUI protocols increases the debris removal 
efficiency (108, 109). However, some studies have not 
observed a similar effect and have found no significant 
difference between the use and non-use of EDTA. 
Another study found that EDTA/PUI removed significantly 
more debris in the cervical third compared to the use of 
EDTA alone (108). 

In a study by Plazza et al., a 20-second PUI protocol 
(NaOCl-EDTA-NaOCl) in three cycles, a 60 s protocol in 
two cycles (EDTA-NaOCl), or a 60 s protocol in a single 
cycle (NaOCl) was more effective in removing debris and 
exposing dentin tubules (110). 

Ultrasonic tips can be manufactured from various 
materials, such as stainless steel, zirconium nitride, 
nickel-titanium, or polymer, and can have different 
shapes, angles, and surface properties. These tips can 
operate at different frequency ranges, depending on the 
power level (111). 

Metal tips with higher hardness and density create 
higher amplitude and energy density during vibration, 
whereas polymer-based tips demonstrate greater 
flexibility and allow safer irrigant activation in complex 
root canal anatomies (112). Furthermore, the length, 
taper, and overall geometric design of the tips determine 
the energy delivery efficiency and oscillation 
characteristics. Therefore, tips with shorter and more 
pronounced tapers are reported to direct energy more 
intensely to the apex region (112, 113).  

When ultrasonic tips are applied to the root canal, 

vibration frequencies may be affected by different root 
anatomies, which can impact the cleaning and 
disinfection of root canals (114-116), agitation of 
irrigation solutions  (114), and removal of canal-based 
medications (94, 116). Notably, this can compromise the 
clinical outcomes and quality of endodontic treatment. 
Therefore, metal tips may be inadequate for 
accommodating complex anatomies, particularly in 
canals with significant curvatures. In contrast, polymer 
tips offer significant advantages in curved, oval, or 
isthmus-like canal morphologies; they readily adapt to 
intracanal irregularities and effectively support both 

irrigant movement and debris removal throughout the 
working length (117). 

Endosonic Blue (Maruchi, Wonju, South Korea) is a 
PUI  system and features Ni-Ti files manufactured using 
R-Phase technology (118). This manufacturing 
technology provides excellent flexibility to the files and 
enhances their resistance to cyclic fatigue. In the 
Endosonic Blue system, the Ni–Ti file used has a size of 
15/0.2 and operates with sonic oscillation at 
approximately 30 kHz (119). In the study conducted by 
Choi et al., Endosonic Blue demonstrated higher 
antibacterial efficacy and biofilm removal success 
compared to the Irrisafe PUI with a stainless steel tip; 
this is likely due to its metallurgical properties and file 
design (Fig. 17) (120). 
 
 
 

 

 
Figure 17. Endosonic Blue (121). 

 
 
 

Ultra X (Eighteeth, Changzhou City, China) is a 
wireless ultrasonic device featuring three specially 
designed tips for activating irrigation solutions. These 
tips (X Silver, X Gold, and X Blue) have been specifically 
developed for irrigant activation. The tips are available 
in two different lengths (18 mm for X Gold and X Blue, 
21 mm for X Silver) and two different sizes (20/.02 or 
25/.02). According to the manufacturer, these tips have 
a smooth surface coating, and the X Blue and X Silver tips 
provide an additional flexibility. A study suggests that 
the titanium-aluminum composition and smoother 
surface of Ultra X Silver likely contribute to its greater 
flexibility, making it ideal for angled canals. In contrast, 
Ultra X Gold's stainless steel composition may provide 
higher durability, but this may come at the expense of 
flexibility (Fig. 18) (122).  
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Figure 18. Ultra X (123). 

 

 

EndoSonic PS (SelectD, Seoul, Korea) is a recently 
introduced ultrasonic-assisted irrigation activation 
system made of autoclavable flexible polymer material 
with tip sizes ranging from 20/0.03 to 25/0.03. The 
manufacturer states that this system is designed for use 
in both straight and curved root canals and allows for the 
safe removal of debris and smear layer. Furthermore, in 
the event of a fracture, the broken fragment can be 
easily removed from the canal using irrigation. A 
comparative study evaluated the smear and debris 
removal effectiveness of the EndoSonic PS, EDDY, and 
Irrisafe (metal-tipped PUI) systems. The results indicated 
that EndoSonic PS performed successfully in the coronal 
and mid-canal regions and was similar to the other two 
techniques in terms of debris removal in the apical 
region. However, EndoSonic PS was found to be less 
effective than the other two activation protocols in 
removing the smear layer in the apical region (124). 

Güven et al. evaluated several irrigant activation 
methods for their ability to remove calcium hydroxide. 
Their results indicated that EDDY and Ultra X achieved 
superior removal of calcium hydroxide from artificial 
grooves on root canal walls compared to the Endosonic 
Blue and EndoActivator systems (125). 

When these findings are evaluated overall, it is seen 
that the effectiveness of ultrasonic activation systems 
depends not only on the technology used but also on the 
clinical decision-making process. While each system 
offers advantages in specific anatomical situations, there 
is no single option that can be universally described as 
the “best” approach. For example, metal tips with high 
rigidity are effective in straight and wide canals, whereas 
flexible polymer or NiTi tips can provide a more suitable 
performance in terms of both safety and irrigant 
activation in curved or oval canals. Therefore, the 
clinician’s accurate assessment of the canal anatomy and 
adaptation of the activation protocol to the canal 
geometry directly affects the success of the treatment. 
Furthermore, studies have shown that different systems 
perform at different levels in specific areas, suggesting 
that irrigation should not be limited to a single technique 

and that combined approaches or region-specific 
activation strategies may be more effective when 
necessary. In conclusion, when irrigation activation is 
approached as “selecting the appropriate tools and 
methods for the situation” rather than “device 
selection,” it is clear that both the level of disinfection 
and clinical success rates will increase. 

 

3.6. Generate sequential pressure systems 

Due to the challenges of safely and effectively delivering 
irrigant to the most apical regions of the root canal 
system and the risk of unintentional irrigant extrusion 
beyond the apical foramen, the apical negative pressure 
(ANP) irrigation technique has been developed in 
endodontics. Numerous studies have shown that this 
technique provides more effective cleaning and 
disinfection than positive pressure (PP) irrigation and 
significantly reduces apical extrusion. This method is 
thought to eliminate the vapor lock that forms in the 
apical region, allowing for more efficient irrigant flow, 
thus making apical root canal debridement more 
effective (126). 
 

3.6.1. EndoVac system 
 
The EndoVac system (Discus Dental, Smart Endodontics, 
Culver City, CA, USA) is designed to irrigate the root 
canal using ANP, allowing the irrigants to be safely drawn 
down to the apex and into areas that are otherwise 
difficult to access. The system is composed of three 
primary elements: a master delivery tip for introducing 
the irrigant, a plastic macrocannula with a 0.55 mm 
diameter and 0.02 taper for removing coarse debris from 
the coronal and middle thirds, and a stainless-steel 
microcannula with a 0.32 mm diameter and a closed end. 
When the canal has been enlarged to at least a size 35 
preparation, the microcannula can be advanced to the 
full working length for effective apical cleaning (126). 

To examine the antimicrobial efficacy of the 
EndoVac system, Cohenca et al. compared ANP irrigation 
with conventional irrigation and a triantibiotic intracanal 
dressing for root canal disinfection in canines. ANP 
irrigation with EndoVac was found to be a promising 
disinfection method for immature teeth with apical 
periodontitis, as this technique provided bacterial 
reduction as effective as conventional positive-pressure 

irrigation supplemented with a triple antibiotic paste. In 
conclusion, the study demonstrates that adequate 
disinfection is possible with safe and effective irrigation 
systems such as EndoVac, and that intracanal antibiotic 
use may not be necessary in all cases (127). 

Mancini et al. compared the effects of different 
irrigation systems (EndoActivator, EndoVac, and PUI) on 
the removal of the smear layer and canal cleaning. The 
results showed that the EndoVac system removed 
statistically significantly more smear layer than all other 
groups at 1, 3, 5, and 8 mm from the apex. No significant 
difference was found between PUI and EndoVac at 5 and 
8 mm from the apex; however, both systems provided 
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significantly better cleaning than the control groups 
(105). 

Karataş et al. compared apical debris extrusion 
using different irrigation techniques. According to the 
study results, the SAF and EndoVac groups caused less 
extrusion than the PUI group (128). 

In conclusion, studies in the literature show that the 
EndoVac system is both an effective and safe option for 
root canal disinfection. The ANP principle, it ensures that 
the irrigation solution reaches the apex region in a 
controlled manner, thereby increasing bacterial 
elimination and reducing the outward transport of debris 
from the apex. Furthermore, its disinfection success 
rate, which is similar to that of antibiotic-impregnated 
dressings, suggests that it may reduce the need to place 
medication inside the canal in some clinical situations. 
The positive results obtained in removing the smear layer 
and protecting apical tissues also demonstrate that the 
EndoVac system offers a significant advantage in 
endodontic treatments, where the safe and effective 
cleaning of the apical region is targeted. 
 

3.6.2. Total Vac system 
 
The TotalVac system (Brasseler, Savannah, GA, USA) was 
developed to mimic the ANP principle of EndoVac. The 
system consists of a TotalVac tube with a suction head 
designed similar to the EndoVac main delivery tip, which 
delivers a large-volume irrigant to the pulp chamber. It 
also includes a plastic suction tip similar to a 
macrocannula to aid in the removal of coarse tissue 
debris. A 30-gauge side-hole needle is used to create the 
microcannula effect of the EndoVac. Brasseler, the 
manufacturer, promotes TotalVac as an economical and 
versatile option that combines the advantages of positive 
and negative pressure irrigation during root canal 
treatment (Fig. 19) (129). 
 
 
 
 
 
 

 
 

Figure 19. Total Vac (130). 
 

 

3.6.3. PulpSucker system 
 
The Pulp Sucker (PlanB Dental, Goleta, CA, USA) is a 
device developed to facilitate the removal of pulp tissue 
and debris from the root canal. This system creates 
negative pressure in the pulp chamber, allowing 
automatic, continuous, and multichannel irrigation 
throughout the root canal system. As a result, irrigation 
solutions are passively and completely controlled drawn 
out from the tips of the cannulas, and fresh irrigation 
solutions are delivered to the canal. A kit containing the 
equipment to be used in the final irrigation phase is 
available for each tooth type. This kit includes 

equipment such as the SmearOff injector (17% EDTA + 
CHX), placement device, placement tool, VacuSeal, and 
Clor-XTRA Plus (enhanced 8.0% NaOCl) (Fig. 20) (131). 
 

 

 

 

 
Figure 20. PulpSucker (132). 
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3.6.4. iVac system 
 
The iVac system (Pac-Dent, Brea, CA, USA) combines 
three different activation techniques (131): 

1. Piezoelectric ultrasonic activation: According 
to the manufacturer, it can generate vibrations 
in the approximate 30 kHz frequency range, 
creating temporary cavitation and 
microstreaming effects. 

2. Negative pressure: This allows irrigants to flow 
from the pulp chamber toward the apical tip, 
but no extrusion occurs outside the foramen. 

3. Simultaneous irrigation: This technique ensures 

that the irrigant volume is continuously 
replenished in large quantities, thereby 
maintaining the effectiveness of the irrigants. 

 
The flexible polymer tip used for activation and 

aspiration with ANP in the iVac system operates at lower 
frequencies because of its material properties. This is 
because polyethylene has acoustic absorption properties, 
its elastic modulus ranges from 1 to 5 GPa, and its density 
ranges from 0.9 to 2 g/cm³ (133). 

Additionally, this material has a high damping 
capacity due to its vibration absorption and reduction 
properties; therefore, it operates with lower vibration 
intensity and dissipates some ultrasonic energy by 
converting it into heat. This feature makes it suitable for 
more sensitive processes (112, 113). In addition, 
polymers may exhibit a range of structural arrangements, 
from semi-crystalline to fully amorphous forms. The 
polymer chains are connected by relatively weak 
intermolecular interactions, including van der Waals 
forces and hydrogen bonding. This type of bonding 
network contributes to the characteristic flexibility of 
the material (134, 135). 

Therefore, metal tips may be limited in their ability 
to adapt to complex root canal anatomy, particularly 
those with significant curvatures. In contrast, polymer 
tips offer a distinct advantage in curved, oval, or 
isthmus-shaped canals. They adapt easily to the internal 
structure of the canal, helping to effectively remove 
both debris and irrigant throughout the working length 
(117). Therefore, the use of flexible polymer tips, such 
as iVac, can be considered an effective alternative in 
clinical situations requiring safety and flexibility while 
maintaining canal cleaning and disinfection efficacy 
(136). 

In a study evaluating the performance and frequency 
characteristics of polymer, steel, and titanium ultrasonic 
tips for intraroot medicament removal, the frequencies 
generated by these tips were examined using acoustic 
wave analysis. Furthermore, the effectiveness of PUI 
with the iVac system in removing calcium hydroxide-
based intraroot medicament was compared with 
conventional irrigation techniques and analyzed using 
micro-CT. The micro-CT results revealed that the iVac 
system demonstrated the highest efficacy in removing 
root canal medicament debris compared to both PUI and 
conventional irrigation (Fig. 21) (136). 

 
 

 
 

Figure 21. iVac system (132). 

 
 
 
Arıcan et al. compared the effectiveness of PUI, 

EDDY, iVac, Pulp Sucker, and CSI techniques in removing 
Ca(OH)₂ from simulated internal resorption defects. The 
study findings showed that PUI and EDDY removed 
significantly more Ca(OH)₂ than Pulp Sucker, CSI, and 
iVac. Furthermore, no statistically significant difference 
was found between the Pulp Sucker and CSI (137).  Atav 
et al. compared the effectiveness of the control group, 
conventional irrigation, PUI, laser-activated irrigation 
(LAI) with distilled water, PulpSucker, and iVac 
techniques in removing the smear layer in root canals. 
The study determined that iVac provided the most 
successful results in removing the smear layer, 
particularly in the apical third. The researchers stated 
that the superior cleaning efficiency of iVac compared to 
other methods may be due to the combined action of 
different mechanisms, which enhances the fluid 

dynamics of the system and, consequently, allows for 
more effective chemical disinfection (131). When both 
studies are evaluated together, it is understood that 
different techniques can demonstrate varying levels of 
success in different clinical scenarios. Therefore, in 
order to speak of a definite superiority among irrigation 
systems, there is a need for larger-scale studies with high 
standardization that reflect real clinical conditions. 
Furthermore, investigating whether the combination or 
sequential use of these techniques contributes to 
efficacy would be valuable for future studies. 
 

3.6.5. Endo Irrigator Plus (K Dent dental 

system) 
 
The Endo Irrigator Plus (Dombivli, Mumbai, Maharashtra, 
India) is an irrigation system developed by Dr. Mandar 
Pimprikar and operates on the principle of activated 
continuous warm irrigation and drainage system (ACWIS). 
The device uses a pressure-assisted mechanism that 
creates both positive and negative pressure within the 
root canal. Controlled by a foot pedal, the system 
features a built-in heating unit that warms the NaOCl 
solution to approximately 50°C and an integrated suction 
module that ensures safe irrigant removal. Continuous 
heating of the irrigant allows for better NaOCl 
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penetration into the lateral and accessory canals, while 
the powerful vacuum prevents the irrigant from being 
carried into the periapical tissues. Gadaalay et al. 
reported that the Endo Irrigator Plus's cleaning efficacy 
was superior to similar irrigation systems. Another study 
demonstrated that the Endo Irrigator Plus significantly 
reduced the amount of residual material transported into 
the periapical region. Therefore, it is known that this 
system provides effective disinfection and cleaning and 
does so in a relatively safe environment (138, 139). 
 
 

3.7. Multisonic activation: GentleWave® 

system 
 

A new device known as the multisonic ultracleaning 

system (GentleWave®, Sonendo, Laguna Hills, CA, USA) 
has recently been developed for cleaning root canals. 
The system operates via a handpiece placed on the 

occlusal surface of a previously accessed tooth and is 
activated from a computer console. Additionally, the 
system incorporates a technology called multi-sonic 
ultrasonic cleaning, which relies on energy generated by 
various sound wave frequencies across a wide range. This 
technology is accompanied by irrigant solutions such as 
sodium hypochlorite (3%), pure water, and EDTA; 8%. The 
machine alters the flow of the irrigation fluid, allowing 
it to interact with the fluid remaining in the pulp 
chamber; this interaction creates a shear force that 
generates microbubbles via hydrodynamic cavitation 
(140). 

In the GentleWave® system irrigation protocol, the 
irrigant is delivered at a rate of approximately 50 mL per 
minute over an 8-minute activation period, resulting in a 
total volume of approximately 400 mL being circulated 
through the root canal system under multisonic 
activation (141). 

GentleWave® system has an integrated suction 
feature that removes fluids and debris owing to the 
negative pressure created within the root canal system, 
ensuring cleanliness at the crown-apex level (142, 143). 
Additionally, according to the manufacturer, the canals 
can be treated with minimal instrumentation and do not 
need to be enlarged beyond the ISO 15 size; thus, the 
tooth structure is preserved (143).  

Recently, the GentleWave® G4 System, supported 
by the ProControl™ software update, has been 
introduced, enabling precise adjustment of NaOCl 
concentration up to 5% in cases involving vital tissue and 
allowing optimized debridement in anatomically complex 
root canal systems. In a study conducted by Gündoğar et 
al., existing conventional and advanced irrigation 
activation techniques were compared in necrotic oval 
root canals following minimally invasive instrumentation. 
According to the histological analysis results, the 
GentleWave system used with the updated software 
demonstrated a statistically significantly higher 
debridement efficacy in the removal of residual necrotic 
tissue and debris in the apical region compared with 

passive ultrasonic activation, laser-activated irrigation 
methods (Er:YAG and Er,Cr:YSGG), and CSI (144). 

Cleanflow is a next-generation GentleWave® system 
handpiece that can be used on all tooth types, unlike 
handpieces designed for anterior/premolar or molar 
teeth. In traditional designs, the soundbar of the molar 
handpiece is positioned outside the handpiece to induce 
hydrodynamic cavitation in the pulp chamber and 
provide multisonic activation throughout the root canal 
system. With CleanFlow, this design has been revisited, 
and the soundbar is integrated into the body of the 
handpiece. This innovation aims to simplify system use 
while maintaining efficiency (141). 

A study comparing the efficacy of GentleWave® 
system CleanFlow in removing Enterococcus faecalis 
biofilm in uninstrumented and minimally instrumented 
root canal systems found that both irrigation protocols 
resulted in a significant reduction in E. faecalis cultures 
compared to the positive control group. However, no 
statistically significant difference was  observed 
between the tested protocols (141). 

Crozeta et al. evaluated the effectiveness of the PUI 
and GentleWave® systems as auxiliary techniques for 
removing residual filling material from oval-shaped root 
canals. PUI demonstrated better performance by 
removing 18% of the residual filling material, whereas 
the GentleWave® system was able to remove 
approximately 10% (145).  

In a study evaluating postoperative pain in patients 
treated with the GentleWave® system, patients in the 
control group received endodontic treatment with 
conventional side-hole needle irrigation and ultrasonic 
activation, whereas the second group received 
treatment with the GentleWave® system. Postoperative 
pain was reported at least once in 72.2% of patients 
treated with standard treatment compared with 83.3% in 
the GentleWave® group. However, no statistically 
significant difference was found in the severity and 
frequency of postoperative pain in either group (146). 

Compared to traditional methods, GentleWave®  
system has demonstrated significantly higher cleaning 
capacity and greater debris removal success in the 
mesiobuccal and mesiolingual canals of lower molars and 
mesiobuccal canals of upper molars (142). 

Recently, a review was published explaining the 
results of GentleWave® system in endodontic treatment. 
Overall, the results showed that GentleWave® system  
reduced bacterial DNA, accelerated the dissolution of 

organic matter, and supported deeper penetration of 
sodium hypochlorite into the dentinal tubules (147). 

Based on these varying results, it is evident that 
there is no consensus in the literature regarding the 
effectiveness of the GentleWave® system for endodontic 
treatment. While some studies suggest that the system 
may offer advantages in terms of cleaning capacity and 
irrigation effectiveness, other studies have shown that it 
does not offer clear superiority over traditional methods 
in terms of clinical outcomes. Another comprehensive 
review noted that the existing evidence for GentleWave® 
system is largely based on in vitro studies and for clinical 
studies, and therefore, knowledge regarding the use of 
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this technology is still quite limited. It was emphasized 
that caution should be exercised in clinically 
recommending GentleWave® system, as evidence of its 
superiority has been obtained solely from in vitro studies. 
Furthermore, considering its high cost compared to other 
systems on the market, it was stated that the lack of an 
assessment of its cost-effectiveness is a significant 
shortcoming (148). 

Therefore, in order to make a definitive 
recommendation regarding the routine use of 
GentleWave® system, there is a need for clinical studies 
that evaluate more comprehensive and long-term results 
are needed. 

 

3.8. Photoactive disinfection (PAD) 

Photoactive disinfection (PAD) is a novel approach based 
on the principle of applying a photosensitizer (a non-
toxic dye) to the dental canal, which then interacts with 
low-intensity light to release reactive oxygen species. 
The dye binds to the cells and, when exposed to a 
specific light source, releases free oxygen, damaging the 
cell membrane. As Komerik et al. pointed out, this dye 
has a lower affinity for human cells (149). 

Examples of photosensitizers applied to the root 
canal include methylene blue, tolonium chloride, 
polyethyleneimine and chlorine (e6), Phenothiazinium, 
Chitosan, Rose Bengal, Malachite green, and indocyanine 
green. There is significant evidence for indocyanine 
green, toluene chloride, and methylene blue; however, 
evidence for rose bengal, malachite green, and 
indocyanine green is quite limited. Although the role of 

tholonyum chloride in photoactive disinfection has been 
established, further studies are needed in the future to 
reach definitive conclusions regarding the value of using 
these other agents alone or in combination (150). 

PAD is an antimicrobial method effective not only 
against bacteria but also against fungi, viruses, and other 
microorganisms. During application, a photosensitizer 
dye is placed in the root canal and left in place for 
approximately 60 s, followed by 30 s of light activation. 
Bunsor and Schlafer have shown this method to be 
effective in eliminating microorganisms. However, PAD 
should not be considered a standalone method to replace 
irrigation, but rather a complementary technique to 
support irrigation protocols (151, 152). 

PAD has been shown to decrease bacterial levels in 
root canal therapy in both laboratory and clinical studies. 
Previous systematic reviews have indicated that this 
method is effective against E. faecalis when applied 
within the root canal system (153, 154).  

In acute exacerbations occurring during endodontic 
treatment, strictly anaerobic microorganisms such as 
Porphyromonas endodontalis are often among the 
primary pathogens. Similar to other gram-negative 
bacteria in the root canal system (e.g., Prevotella 
intermedia), such microorganisms are highly sensitive to 
singlet oxygen and are therefore easily inactivated. This 
feature supports the addition of PAD as an effective 

complementary approach to existing chemomechanical 
root canal preparation methods (155, 156).  

Photoactivation using methylene blue may be 
valuable in cases of retreatment performed with 
traditional (anterograde) endodontics or in surgical 
endodontic applications. This method, when combined 
with traditional treatment, can further reduce the 
bacterial load and improve the prognosis of the case 
after treatment (157). A methylene blue concentration 
between 0.001% and 0.1% appears to be the most 
effective range for singlet oxygen production (158). An 
illumination time of only 30 s may not provide adequate 
antimicrobial activity, whereas extending the irradiation 
of the photosensitizer to 60 s or 120  s has been shown 
to markedly enhance its antibacterial effectiveness 
(159). 

In general, one of the most useful applications of 
PAD may be to eliminate persistent endodontic 
infections in cases where traditional methods have failed 
(160). 
 

3.9. Laser activation 

Root canal disinfection can be achieved using various 
methods, one of which is the use of laser light. Diode and 
Nd:YAG lasers produce thermal energy to destroy 
bacteria; however, this heat can potentially cause 
thermal damage to surrounding tissues, especially if 
pigment is present in the root canal (161). However, 
while these lasers cannot remove the smear layer, near-
infrared lasers can provide both debris removal and 
bacterial elimination (Fig. 22) (161). Another issue in 
diode and Nd:YAG laser applications is that the fiber tip 
must reach the end of the channel. This depends on the 

shape of the channel and can be limiting in angled 
channels, as it carries the risk of damaging the channel’s 
tip (162). 
 
 

 
Figure 22. Current and advanced application areas of lasers in 
endodontic treatment. 
 

Laser-assisted irrigation (LAI) was first introduced 
years ago as an adjunct technique to root canal irrigation 
(163). In this technique, fiber tips are used to create 
microcavitation bubbles in the irrigation solution. The 
volumetric expansion and contraction of the bubbles 
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causes the fluid to move at high speed, displacing the 
biofilm and debris in the root canal along its longitudinal 
axis. The resulting continuous and powerful flow allows 
debris attached to the canal walls to be dissolved, 
dislodged, and then effectively removed (164). 

Photon-induced photoacoustic streaming (PIPS), an 
emerging LAI technique, was introduced for clinical use 
in 2012. Compared to traditional LAI methods, PIPS offers 
features such as low energy (10 or 20 mJ) and a short 
pulse duration (50 μs) (164). Moreover, by positioning the 
working tip in the coronal region of the canal, this 
technique helps avoid excessive heat transfer to the 
canal walls and surrounding periapical tissues, thereby 
minimizing the risk of thermal damage (165). 

A study evaluating the antibacterial effect of the 
PIPS technique in root canals prepared with different 
diameters and tapers observed that increasing the canal 
width increased the bactericidal effect of PIPS when 
applied at the same taper value. However, it was 
reported that increasing the taper in #25 canals did not 
significantly improve the antimicrobial success of PIPS. 
PIPS exhibited a stronger antibacterial effect in canals 
with narrower diameters and lower tapers. Furthermore, 
PIPS effectively removes the smear layer in the coronal 
region of the root canal and facilitates the opening of 
dentinal tubules (165). 

The Shock Wave-Enhanced Emission Photoacoustic 
Streaming (SWEEPS) technique was developed to 
enhance the debridement effectiveness of the PIPS 
method. While SWEEPS is similar in principle to PIPS, its 
mechanism of action is different; in this method, 
sequential (double-pulsed) laser energy is delivered to 
the irrigation fluid. The pressure waves generated by 
SWEEPS are stronger than the single-pulsed Er:YAG laser 
application used in the standard PIPS protocol, thus 
significantly enhancing the photoacoustic streaming 
effect within the fluid (166).  As the initial cavitation 
bubble starts to collapse, a second laser pulse was 
delivered into the irrigant, creating a new cavitation 
bubble. This second bubble enhances and accelerates the 
collapse of the first bubble, resulting in a forceful 
implosion that produces a shock wave. In addition, 
secondary cavitation bubbles that form and collapse 
close to the root canal walls release further shock waves, 
helping to dislodge and remove debris that is adhered to 
the canal surfaces (167).  

In a study using micro-CT, the effectiveness of the 
PUI, PIPS, and SWEEPS activation methods in removing 

hard tissue debris accumulated in the root canal system 
of mandibular molars was compared. In distal canals, 
PIPS and PUI demonstrated similar cleaning performance. 
However, PIPS was found to be more effective than PUI, 
especially in the mesial root canals of lower molars. 
Anatomical differences, such as the shape, curvature, 
and diameter of the root canals, were found to be 
decisive in the results obtained. Furthermore, PIPS was 
determined to perform better than PUI in mesial roots 
containing an isthmus. Among all groups, SWEEPS was the 
method that removed the most hard tissue debris in both 
mesial and distal root canals, especially in mesial roots 
containing an isthmus (166). 

4. Conclusion 
 
Successful endodontic treatment depends on effective 
cleaning and disinfection of the root canal system, which 
cannot be achieved by mechanical instrumentation 
alone. The complex anatomy of root canals necessitates 
the use of irrigation activation methods to enhance the 
efficacy of irrigating solutions. Current evidence 
demonstrates that various activation technique, such as 
manual dynamic activation, sonic and ultrasonic 
systems, negative pressure devices, laser-assisted 
irrigation, and emerging multisonic technologies 
significantly improve irrigant penetration, debris 

removal, and microbial reduction. However, no single 
method has proven universally superior in all clinical 
situations. Therefore, irrigation activation should be 
selected based on canal anatomy, clinical requirements, 
and safety considerations rather than device preference 
alone. Combining appropriate irrigants with suitable 
activation strategies can enhance disinfection and 
contribute to improved clinical outcomes. 
 
 
 
 
 
_______________________________________________ 

Disclosures 
 
 
Peer-review: Externally peer-reviewed. 
 
Author Contributions: Conception – M.T.; Design – M.T., Ö.A.; 
Supervision – Ö.A.; Materials – Ö.A.; Data Collection and/or 
Processing – M.T., Ö.A.; Analysis and/or Interpretation – M.T., 
Ö.A.; Literature Review – M.T., Ö.A.; Writer –M.T.; Critical 
Review – M.T., Ö.A.  
 
Conflict of Interest: No conflict of interest was declared by the 
authors.  
 
Funding: The authors declared that this study has received no 
financial support. 

________________________________________________ 

 
 
 
References 
 
 

1. Tonini R, Salvadori M, Audino E, Sauro S, Garo ML, Salgarello 
S. Irrigating solutions and activation methods used in clinical 
endodontics: a systematic review. Front Oral Health. 
2022;3:838043. https://doi.org/10.3389/froh.2022.838043  

2. Pladisai P, Ampornaramveth RS, Chivatxaranukul P. 

Effectiveness of different disinfection protocols on the 
reduction of bacteria in Enterococcus faecalis biofilm in 
teeth with large root canals. J Endod. 2016;42(3):460-464.  
https://doi.org/10.1016/j.joen.2015.12.016  

https://doi.org/10.3389/froh.2022.838043?referrer=grok.com
https://doi.org/10.1016/j.joen.2015.12.016


International Dental Research 

Taşyürek & Adıgüzel 
 

Int Dent Res 2025; 15(2): 92-115  

 

 

 

 

 
111 

3. Stojicic S, Zivkovic S, Qian W, Zhang H, Haapasalo M. Tissue 
dissolution by sodium hypochlorite: effect of concentration, 

temperature, agitation, and surfactant. J Endod. 
2010;36(9):1558-1562. 
https://doi.org/10.1016/j.joen.2010.06.021  

4. Gomes BP, Aveiro E, Kishen A. Irrigants and irrigation 
activation systems in Endodontics. Braz Dent J. 2023;34(4):1-
33. https://doi.org/10.1590/0103-6440202305577  

5. Yilmaz A, Yalcin TY, Helvacioglu-Yigit D. Effectiveness of 

various final irrigation techniques on sealer penetration in 
curved roots: a confocal laser scanning microscopy study. 
Biomed Res Int. 2020;2020:8060489.  
https://doi.org/10.1155/2020/8060489  

6. Boutsioukis C, Lambrianidis T, Verhaagen B, Versluis M, 
Kastrinakis E, Wesselink PR, et al. The effect of needle-

insertion depth on the irrigant flow in the root canal: 
evaluation using an unsteady computational fluid dynamics 
model. J Endod. 2010;36(10):1664-1668.  
https://doi.org/10.1016/j.joen.2010.06.023  

7. Boutsioukis C, Verhaagen B, Versluis M, Kastrinakis E, 
Wesselink PR, van der Sluis LW. Evaluation of irrigant flow in 
the root canal using different needle types by an unsteady 

computational fluid dynamics model. J Endod. 
2010;36(5):875-879. 
https://doi.org/10.1016/j.joen.2009.12.026  

8. Boutsioukis C, Gogos C, Verhaagen B, Versluis M, Kastrinakis 
E, Van der Sluis L. The effect of apical preparation size on 
irrigant flow in root canals evaluated using an unsteady 

Computational Fluid Dynamics model. Int Endod J. 
2010;43(10):874-881.  
https://doi.org/10.1111/j.1365-2591.2010.01761.x  

9. Reddick AD, Ronald J, Morrison WG. Intravenous fluid 
resuscitation: was Poiseuille right? Emerg Med J. 
2011;28(3):201-202. 

https://doi.org/10.1136/emj.2009.083485  
10. NaviTip™ Tips. Available from: 

https://www.ultradent.com.tr/products/categories/tips-
syringes/tips/endodontic-tips/navitip-tips.  

11. Irrigation needle. Available from: http://www.fanta-
dental.com/product/40.html.  

12. TruNatomy irrigation needle. Available from: 

https://www.dentsplysirona.com/en-gb/shop/product-
page.html/E-BP-1000158088/trunatomy-irrigation-
needle.html.  

13. IrriFlex®. Available from: https://pd-
dental.com/products/irriflex/  

14. Endo Tips. Available from: 

https://angelus.ind.br/en/produto/endo-tips/.  
15. Chow TW. Mechanical effectiveness of root canal irrigation. 

J Endod. 1983;9(11):475-479.  
https://doi.org/10.1016/S0099-2399(83)80162-9  

16. Guerreiro-Tanomaru JM, Loiola LE, Morgental RD, Leonardo 
RdT, Tanomaru-Filho M. Efficacy of four irrigation needles in 
cleaning the apical third of root canals. Braz Dent J. 

2013;24(1):21-24.  
https://doi.org/10.1590/0103-6440201302153  

17. Boutsioukis C, Arias‐Moliz MT. Present status and future 
directions-irrigants and irrigation methods. Int Endod J. 
2022;55:588-612. https://doi.org/10.1111/iej.13739  

18. Gluskin AH, Peters CI, Peters OA. Minimally invasive 

endodontics: challenging prevailing paradigms. Br Dent J. 
2014;216(6):347-353. 
https://doi.org/10.1038/sj.bdj.2014.201  

19. Baasch A, Ramírez-Muñoz A, Navarrete N, Navarro-Candel M, 
Koury-González JM, Esteves-Nieves O, et al. Influence of 
irrigation needle design on cleaning efficiency in 3D 

mandibular molar models. Odontology. 2025;113(3):1180-
1188. https://doi.org/10.1007/s10266-025-01064-x  

20. Adorno CG, Fretes VR, Ortiz CP, Mereles R, Sosa V, Yubero 
MF, et al. Comparison of two negative pressure systems and 
syringe irrigation for root canal irrigation: an ex vivo study. 
Int Endod J. 2016;49(2):174-183.  
https://doi.org/10.1111/iej.12431  

21. Silva PB, Krolow AM, Pilownic KJ, Casarin RP, Lima RKP, 
Leonardo RdT, et al. Apical extrusion of debris and irrigants 

using different irrigation needles. Braz Dent J. 2016;27(2): 
192-195. https://doi.org/10.1590/0103-6440201600382  

22. Bulgu S, Yıldızeli A, Çadırcı S, Yıldırım S. Computational 
investigation of the tip effects of various root canal needles 
on irrigation performance. Essent Dent. 2021;1(1):30-37.  
https://doi.org/10.5152/EssentDent.2021.21007  

23. Hülsmann M, Hahn W. Complications during root canal 
irrigation-literature review and case reports. Int Endod J. 
2000;33(3):186-193.  

https://doi.org/10.1046/j.1365-2591.2000.00303.x  
24. Romualdo PC, de Oliveira KMH, Nemezio MA, Küchler EC, 

Silva RAB, Nelson‐Filho P, et al. Does apical negative 
pressure prevent the apical extrusion of debris and irrigant 
compared with conventional irrigation? A systematic review 
and meta‐analysis. Aust Endod J. 2017;43(3):129-137.  

https://doi.org/10.1111/aej.12162  
25. Mehdipour O, Kleier D, Averbach D, Kleier DJ, Averbach RE. 

Anatomy of sodium hypochlorite accidents. Compend Contin 
Educ Dent. 2007;28(10):544-546, 548, 550.  

26. Devi AA, Abbott PV. Comparison of the flow characteristics 
of irrigants with standard and Max‐i‐Probe needles. Aust 
Endod J. 2012;38(2):50-54.  

https://doi.org/10.1111/j.1747-4477.2012.00354.x  
27. Gu L-s, Kim JR, Ling J, Choi KK, Pashley DH, Tay FR. Review 

of contemporary irrigant agitation techniques and devices. J 
Endod. 2009;35(6):791-804.  
https://doi.org/10.1016/j.joen.2009.03.010  

28. Tashkandi N, Alghamdi F. Effect of chemical debridement 

and irrigant activation on endodontic treatment outcomes: 
An updated overview. Cureus. 2022;14(1):e21525.  
https://doi.org/10.7759/cureus.21525  

29. Al-Hadlaq SM, Al-Turaiki SA, Al-Sulami U, Saad AY. Efficacy 
of a new brush-covered irrigation needle in removing root 
canal debris: a scanning electron microscopic study. J Endod. 

2006;32(12):1181-1184. 
https://doi.org/10.1016/j.joen.2006.07.019  

30. Sasanakul P, Ampornaramveth RS, Chivatxaranukul P. 
Influence of adjuncts to irrigation in the disinfection of large 
root canals. J Endod. 2019;45(3):332-337.  
https://doi.org/10.1016/j.joen.2018.11.015  

31. NaviTip™ FX™ Tip. Available from: 

https://www.ultradent.com.tr/products/categories/tips-
syringes/tips/endodontic-tips/navitip-fx-tips.  

32. Thapak G, Arya A, Grewal MS, Arora A. A comparative 
evaluation of smear layer removal using erbium: YAG laser-
activated irrigation, sonic irrigation, and manual dynamic 
irrigation: a scanning electron microscope study. J Lasers 

Med Sci. 2021;12:e22.  
https://doi.org/10.34172/jlms.2021.22  

33. McGill S, Gulabivala K, Mordan N, Ng YL. The efficacy of 
dynamic irrigation using a commercially available system 
(RinsEndo®) determined by removal of a collagen 'bio‐
molecular film' from an ex vivo model. Int Endod J. 
2008;41(7):602-608.  

https://doi.org/10.1111/j.1365-2591.2008.01408.x  
34. Virdee SS, Farnell DJJ, Silva MA, Camilleri J, Cooper PR, 

Tomson PL. The influence of irrigant activation, 
concentration and contact time on sodium hypochlorite 
penetration into root dentine: an ex vivo experiment. Int 
Endod J. 2020;53(7):986-997.  

https://doi.org/10.1111/iej.13290  
35. Ragul P, Dhanraj M, Jain AR. Irrigation technique used in 

cleaning and shaping during endodontic treatment-A review. 
Drug Invent Today. 2018;10(5):739-743.  

36. Keir DM, Senia ES, Montgomery S. Effectiveness of a brush in 
removing postinstrumentation canal debris. J Endod. 

1990;16(7):323-327.  
https://doi.org/10.1016/S0099-2399(06)81942-4  

37. Teja KV, Ramesh S, Vasundhara KA, Janani K, Jose J, 
Battineni G. A new innovative automated root canal device 
for syringe needle irrigation. J Taibah Univ Med Sci. 2021; 
17(1):155. https://doi.org/10.1016/j.jtumed.2021.07.011  

38. Weise M, Roggendorf M, Ebert J, Petschelt A, Frankenberger 

R. Four methods for cleaning simulated lateral extensions of 
curved root canals-a SEM evaluation: R2. 39. Int Endod J. 
2007;40(12):991-992.  

https://doi.org/10.1016/j.joen.2010.06.021?referrer=grok.com
https://doi.org/10.1590/0103-6440202305577
https://doi.org/10.1155/2020/8060489
https://doi.org/10.1016/j.joen.2010.06.023
https://doi.org/10.1016/j.joen.2009.12.026
https://doi.org/10.1111/j.1365-2591.2010.01761.x
https://doi.org/10.1136/emj.2009.083485
https://www.ultradent.com.tr/products/categories/tips-syringes/tips/endodontic-tips/navitip-tips?referrer=grok.com
https://www.ultradent.com.tr/products/categories/tips-syringes/tips/endodontic-tips/navitip-tips?referrer=grok.com
http://www.fanta-dental.com/product/40.html?referrer=grok.com
http://www.fanta-dental.com/product/40.html?referrer=grok.com
https://www.dentsplysirona.com/en-gb/shop/product-page.html/E-BP-1000158088/trunatomy-irrigation-needle.html
https://www.dentsplysirona.com/en-gb/shop/product-page.html/E-BP-1000158088/trunatomy-irrigation-needle.html
https://www.dentsplysirona.com/en-gb/shop/product-page.html/E-BP-1000158088/trunatomy-irrigation-needle.html
https://pd-dental.com/products/irriflex/
https://pd-dental.com/products/irriflex/
https://angelus.ind.br/en/produto/endo-tips/
https://doi.org/10.1016/S0099-2399(83)80162-9
https://doi.org/10.1590/0103-6440201302153
https://doi.org/10.1111/iej.13739
https://doi.org/10.1038/sj.bdj.2014.201
https://doi.org/10.1007/s10266-025-01064-x
https://doi.org/10.1111/iej.12431
https://doi.org/10.1590/0103-6440201600382
https://doi.org/10.5152/EssentDent.2021.21007
https://doi.org/10.1046/j.1365-2591.2000.00303.x
https://doi.org/10.1111/aej.12162
https://doi.org/10.1111/j.1747-4477.2012.00354.x
https://doi.org/10.1016/j.joen.2009.03.010
https://doi.org/10.7759/cureus.21525
https://doi.org/10.1016/j.joen.2006.07.019
https://doi.org/10.1016/j.joen.2018.11.015
https://www.ultradent.com.tr/products/categories/tips-syringes/tips/endodontic-tips/navitip-fx-tips
https://www.ultradent.com.tr/products/categories/tips-syringes/tips/endodontic-tips/navitip-fx-tips
https://doi.org/10.34172/jlms.2021.22
https://doi.org/10.1111/j.1365-2591.2008.01408.x
https://doi.org/10.1111/iej.13290
https://doi.org/10.1016/S0099-2399(06)81942-4
https://doi.org/10.1016/j.jtumed.2021.07.011


Taşyürek & Adıgüzel Int Dent Res 2025; 15(2): 92-115  

 

 

 

International Dental Research 

 

 112 

39. Markovic L, Booth F, Zimmer S. Use of the CanalBrush 
improves removal of calcium hydroxide paste from 

instrumented straight root canals. J Dent Sci. 
2015;10(3):233-239.  
https://doi.org/10.1016/j.jds.2015.04.003  

40. Aktemur TS, Koçak MM, Koçak S, Sağlam BC. Comparison of 
calcium hydroxide removal by self adjusting file EndoVac and 
CanalBrush agitation techniques An in vitro study.  

41. Misgar BA, Goyal V, Goyal P, Koul T, Sharma D, Kour T. 

Endodontic file systems with special emphasis on self-
adjusting files: a comprehensive review. J Oper Dent Endod. 
2021;6(1):14-23.  
https://doi.org/10.5005/jp-journals-10047-0108  

42. SAF System - The Revolution in Root Canal Treatment. 
Available from: https://www.redentnova.com/ 

43. Metzger Z. The self-adjusting file (SAF) system: An evidence-
based update. J Conserv Dent Endod. 2014;17(5):401-419. 
https://doi.org/10.4103/0972-0707.139820  

44. Capar ID, Ari Aydinbelge H. Effectiveness of various irrigation 
activation protocols and the self‐adjusting file system on 
smear layer and debris removal. Scanning. 2014;36(6):640-
647. https://doi.org/10.1002/sca.21171  

45. Metzger Z. From files to SAF: 3D endodontic treatment is 
possible at last. Alpha Omegan. 2011;104(1-2):36-44.  

46. Sharma P, Goel M, Verma S, Sachdeva G, Sharma N, Kumar V. 
Entering a new era in endodontics with revolutionary single 
file systems: A comprehensive review. EC Dent Sci. 
2016;5:1100-1122.  

47. De-Deus G, Belladonna FG, de Siqueira Zuolo A, Cavalcante 
DM, Carvalho MS, Marinho A, et al. 3-dimensional ability 
assessment in removing root filling material from pair-
matched oval-shaped canals using thermal-treated 
instruments. J Endod. 2019;45(9):1135-1141.  
https://doi.org/10.1016/j.joen.2019.06.003  

48. Uzunoglu‐Özyürek E, Küçükkaya Eren S, Karahan S. 
Contribution of XP‐Endo files to the root canal filling 
removal: a systematic review and meta‐analysis of in vitro 
studies. Aust Endod J. 2021;47(3):703-714.  
https://doi.org/10.1111/aej.12503  

49. Machado R, da Silva I, Comparin D, de Mattos BAM, Alberton 
LR, da Silva Neto UX. Smear layer removal by passive 

ultrasonic irrigation and 2 new mechanical methods for 
activation of the chelating solution. Restor Dent Endod. 
2021;46(1).  
https://doi.org/10.5395/rde.2021.46.e11  

50. Silva EJ, de Lima CO, Barbosa AF, Ferreira CM, Crozeta BM, 
Lopes RT. Efficacy of an arrow‐shaped ultrasonic tip for the 

removal of residual root canal filling materials. Aust Endod J. 
2021;47(3):467-473. https://doi.org/10.1111/aej.12505  

51. Silva EJ, Belladonna FG, Zuolo AS, Rodrigues E, Ehrhardt IC, 
Souza EM, et al. Effectiveness of XP‐endo Finisher and XP‐
endo Finisher R in removing root filling remnants: a micro‐CT 
study. Int Endod J. 2018;51(1):86-91.  
https://doi.org/10.1111/iej.12788  

52. Matoso FB, Quintana RM, Jardine AP, Delai D, Fontanella VRC, 
Grazziotin-Soares R, et al. XP Endo Finisher-R and PUI as 
supplementary methods to remove root filling materials from 
curved canals. Braz Oral Res. 2022;36:e053.  
https://doi.org/10.1590/1807-3107bor-2022.vol36.0053  

53. Finisher. Available from: https://fkg.ch/finisher/.  

54. Silva FdM, Macedo IFA, Resende PD, Tavares WLF, Buono VTL, 
Santos LdA, et al. XP‐Endo Finisher behaviour and irrigant 
temperature in intracanal environment: Clinical 
measurements. Int Endod J. 2025;58(1):141-149.  
https://doi.org/10.1111/iej.14146  

55. Da Silva V, Loroño G, Valencia de Pablo O, Estevez R, Conde 

AJ, Rossi‐Fedele G, et al. The supplementary use of XP‐endo 
Finisher R after Reciproc enhances the removal of a 
bioceramic sealer in oval root canals. Aust Endod J. 
2023;49:156-161. https://doi.org/10.1111/aej.12705  

56. Kumar BS, Shenvi S. An in vitro Study to Compare the 
Effectiveness of F-file with Ultrasonically Activated K-file to 
Remove Smear Layer by using a Scanning Electron 

Microscope. J Contemp Dent Pract. 2014;14(5):825-829. 
https://doi.org/10.5005/jp-journals-10024-1410  

57. Ballal NV, Gandhi P, Shenoy PA, Dummer PM. Evaluation of 
various irrigation activation systems to eliminate bacteria 

from the root canal system: a randomized controlled single 
blinded trial. J Dent. 2020;99:103412.  
https://doi.org/10.1016/j.jdent.2020.103412  

58. Neelakantan P, Khan K, Li K, Shetty H, Xi W. Effectiveness of 
supplementary irrigant agitation with the Finisher GF Brush 
on the debridement of oval root canals instrumented with 
the Gentlefile or nickel titanium rotary instruments. Int 

Endod J. 2018;51(7):800-807.  
https://doi.org/10.1111/iej.12892  

59. Moreinos D, Dakar A, Stone NJ, Moshonov J. Evaluation of 
time to fracture and vertical forces applied by a novel 
Gentlefile system for root canal preparation in simulated 
root canals. J Endod. 2016;42(3):505-508.  

https://doi.org/10.1016/j.joen.2015.12.023  
60. Gentlefile. Available from: 

https://medicnrg.com/products/ 
61. Pawar O, Nayak G, Pradeep P, AR VP, Nambiar DD, Ravi R, et 

al. Effect of Finisher Gentlefile brush, XP-endo Finisher and 
ultrasonic irrigation for the removal of calcium hydroxide 
paste from root canal. Bioinformation. 2024;20(9):1052. 

https://doi.org/10.6026/9732063002001052  
62. Andrade-Junior CV, Batista RM, Marceliano-Alves M, Alves 

FRF, Silva E. Efficacy of a new activation device in irrigant 
penetration into simulated lateral canals. Eur Endod J. 
2016;1(1):1-4.  

63. Kato AS, Cunha RS, da Silveira Bueno CE, Pelegrine RA, 

Fontana CE, de Martin AS. Investigation of the efficacy of 
passive ultrasonic irrigation versus irrigation with 
reciprocating activation: an environmental scanning electron 
microscopic study. J Endod. 2016;42(4):659-663.  
https://doi.org/10.1016/j.joen.2016.01.016  

64. Products - Easy Clean. Available from: 

https://bassiendo.com/products/products-easy-clean/ 
65. Pasricha SK, Makkar S, Gupta P. Pressure alteration 

techniques in endodontics-a review of literature. J Clin Diagn 
Res. 2015;9(3):ZE01.  
https://doi.org/10.7860/JCDR/2015/9249.5613  

66. Walters MJ, Baumgartner JC, Marshall JG. Efficacy of 
irrigation with rotary instrumentation. J Endod. 

2002;28(12):837-839.  
https://doi.org/10.1097/00004770-200212000-00011  

67. Paixao S, Rodrigues C, Grenho L, Fernandes MH. Efficacy of 
sonic and ultrasonic activation during endodontic treatment: 
a meta-analysis of in vitro studies. Acta Odontol Scand. 
2022;80(8):588-595. 

https://doi.org/10.1080/00016357.2022.2061591  
68. Macedo R, Verhaagen B, Rivas DF, Versluis M, Wesselink P, 

van der Sluis L. Cavitation measurement during sonic and 
ultrasonic activated irrigation. J Endod. 2014;40(4):580-583.  
https://doi.org/10.1016/j.joen.2013.09.018  

69. Niu L-n, Luo X-j, Li G-h, Bortoluzzi EA, Mao J, Chen J-h, et 
al. Effects of different sonic activation protocols on 

debridement efficacy in teeth with single-rooted canals. J 
Dent. 2014;42(8):1001-1009.  
https://doi.org/10.1016/j.jdent.2014.05.007  

70. Haupt F, Meinel M, Gunawardana A, Hülsmann M. 
Effectiveness of different activated irrigation techniques on 
debris and smear layer removal from curved root canals: a 

SEM evaluation. Aust Endod J. 2020;46(1):40-46.  
https://doi.org/10.1111/aej.12342  

71. Lumley PJ. Cutting ability of Heliosonic, Rispisonic, and 
Shaper files. J Endod. 1997;23(4):221-224. 
https://doi.org/10.1016/S0099-2399(97)80050-7  

72. Lumley PJ, Harrington E, Walmsley AD, Marquis PM. Taper 

and stiffness of sonic endodontic files. Dent Traumatol. 
1996;12(2):77-82.  
https://doi.org/10.1111/j.1600-9657.1996.tb00101.x  

73. Lumley PJ, Walmsley AD, Marquis PM. Effect of air inlet ring 
opening on sonic handpiece performance. J Dent. 
1994;22(6):376-379.  
https://doi.org/10.1016/0300-5712(94)90093-0  

74. Lumley PJ, Walmsley AD, Harrington E, Marquis PM. 
Variations in stroke rate and loading using hand sonic or 

https://doi.org/10.1016/j.jds.2015.04.003
https://doi.org/10.5005/jp-journals-10047-0108
https://www.redentnova.com/
https://doi.org/10.4103/0972-0707.139820
https://doi.org/10.1002/sca.21171
https://doi.org/10.1016/j.joen.2019.06.003
https://doi.org/10.1111/aej.12503
https://doi.org/10.5395/rde.2021.46.e11
https://doi.org/10.1111/aej.12505
https://doi.org/10.1111/iej.12788
https://doi.org/10.1590/1807-3107bor-2022.vol36.0053
https://fkg.ch/finisher/
https://doi.org/10.1111/iej.14146
https://doi.org/10.1111/aej.12705
https://doi.org/10.5005/jp-journals-10024-1410
https://doi.org/10.1016/j.jdent.2020.103412
https://doi.org/10.1111/iej.12892
https://doi.org/10.1016/j.joen.2015.12.023
https://medicnrg.com/products/
https://doi.org/10.6026/9732063002001052
https://doi.org/10.1016/j.joen.2016.01.016
https://bassiendo.com/products/products-easy-clean/
https://doi.org/10.7860/JCDR/2015/9249.5613
https://doi.org/10.1097/00004770-200212000-00011
https://doi.org/10.1080/00016357.2022.2061591?referrer=grok.com
https://doi.org/10.1016/j.joen.2013.09.018
https://doi.org/10.1016/j.jdent.2014.05.007
https://doi.org/10.1111/aej.12342
https://doi.org/10.1016/S0099-2399(97)80050-7
https://doi.org/10.1111/j.1600-9657.1996.tb00101.x
https://doi.org/10.1016/0300-5712(94)90093-0


International Dental Research 

Taşyürek & Adıgüzel 
 

Int Dent Res 2025; 15(2): 92-115  

 

 

 

 

 
113 

ultrasonic instrumentation. Dent Traumatol. 1993;9(4):153-
156. https://doi.org/10.1111/j.1600-9657.1993.tb00266.x  

75. Bolles JA, He J, Svoboda KK, Schneiderman E, Glickman GN. 
Comparison of Vibringe, EndoActivator, and needle irrigation 
on sealer penetration in extracted human teeth. J Endod. 
2013;39(5):708-711. 
https://doi.org/10.1016/j.joen.2013.01.006  

76. CAVEX VIBRINGE. Available from: 
https://www.cavex.nl/producten/devices-and-disposables-

en/disposables-en/cavex-vibringe/?lang=en 
77. Alakshar A, Saleh ARM, Gorduysus MO. Debris and smear layer 

removal from oval root canals comparing XP-Endo Finisher, 
EndoActivator, and manual irrigation: A SEM evaluation. Eur 
J Dent. 2020;14(04):626-633.  
https://doi.org/10.1055/s-0040-1714762  

78. EndoActivator. Available from: 
https://www.dentsplysirona.com/tr-tr 

79. Zeng C, Hu P, Egan CP, Bergeron BE, Tay F, Ma J. Bacteria 
debridement efficacy of two sonic root canal irrigant 
activation systems. J Dent. 2024;140:104770.  
https://doi.org/10.1016/j.jdent.2023.104770  

80. Bolla N, Garlapati R, Vemuri S, Basam RC, Bolla L, Sahitya Y. 

Evaluation of the efficacy of sonic activation in root canal 
cleaning with an endocator adenosine triphosphate tester: An 
in vitro study. J Conserv Dent Endod. 2025;28(2):175-181.  
https://doi.org/10.4103/JCDE.JCDE_764_24  

81. Myint PYA, Watanabe S, Chen Y, Saito R, Okiji T. Cleaning 
efficacy and apical pressure in sonically-activated irrigation 

systems: Impact of tip vertical stroke. J Dent Sci. 2024.  
https://doi.org/10.1016/j.jds.2024.12.003  

82. Urban K, Donnermeyer D, Schäfer E, Bürklein S. Canal 
cleanliness using different irrigation activation systems: a 
SEM evaluation. Clin Oral Investig. 2017;21(9):2681-2687. 
https://doi.org/10.1007/s00784-017-2070-x  

83. EDDY, Innovative Sonic Powered Irrigation. Available from: 
https://www.vdw-dental.com/en/products/detail/eddy/ 

84. Zeng C, Everett J, Sidow S, Bergeron BE, Tian F, Ma J, et al. 
In vitro evaluation of efficacy of two endodontic sonic-
powered irrigant agitation systems in killing single-species 
intracanal biofilms. J Dent. 2021;115:103859.  
https://doi.org/10.1016/j.jdent.2021.103859  

85. Swimberghe R, De Clercq A, De Moor R, Meire M. Efficacy of 
sonically, ultrasonically and laser‐activated irrigation in 
removing a biofilm‐mimicking hydrogel from an isthmus 
model. Int Endod J. 2019;52(4):515-523.  
https://doi.org/10.1111/iej.13024  

86. Swimberghe RC, Buyse R, Meire MA, De Moor RJ. Efficacy of 

different irrigation technique in simulated curved root 
canals. Lasers Med Sci. 2021;36(6):1317-1322.  
https://doi.org/10.1007/s10103-021-03263-8  

87. Chu X, Feng S, Zhou W, Xu S, Zeng X. Cleaning efficacy of 
EDDY versus ultrasonically-activated irrigation in root canals: 
a systematic review and meta-analysis. BMC Oral Health. 
2023;23(1):155.  

https://doi.org/10.1186/s12903-023-02875-6  
88. Donnermeyer D, Wyrsch H, Bürklein S, Schäfer E. Removal of 

calcium hydroxide from artificial grooves in straight root 
canals: sonic activation using EDDY versus passive ultrasonic 
irrigation and XPendo Finisher. J Endod. 2019;45(3):322-326.  
https://doi.org/10.1016/j.joen.2018.11.001  

89. Salas H, Castrejon A, Fuentes D, Luque A, Luque E. Evaluation 
of the penetration of CHX 2% on dentinal tubules using 
Conventional Irrigation, Sonic Irrigation (EDDY) and Passive 
Ultrasonic Irrigation (PUI) techniques: An in vitro study. J Clin 
Exp Dent. 2021;13(1):e37. 
https://doi.org/10.4317/jced.57065  

90. Güven Y, Uygun AD, Arslan H. Efficacy of EDDY, ultrasonic 
activation, XP‐endo finisher and needle irrigation on the 
removal of mTAP from artificially created grooves in root 
canals. Aust Endod J. 2021;47(3):639-644.  
https://doi.org/10.1111/aej.12535  

91. Van der Sluis L, Versluis M, Wu M, Wesselink P. Passive 
ultrasonic irrigation of the root canal: a review of the 

literature. Int Endod J. 2007;40(6):415-426.  
https://doi.org/10.1111/j.1365-2591.2007.01243.x  

92. Ahmad M, Ford TRP, Crum LA. Ultrasonic debridement of root 
canals: acoustic streaming and its possible role. J Endod. 

1987;13(10):490-499.  
https://doi.org/10.1016/S0099-2399(87)80016-X  

93. Lumley PJ, Walmsley AD, Laird WRE. Streaming patterns 
produced around endosonic files. Int Endod J. 
1991;24(6):290-297.  
https://doi.org/10.1111/j.1365-2591.1991.tb00138.x  

94. Yoo Y-J, Kim J-H, Hwang J-J, Sigurdsson A, Kim H-C. Efficacy 

of different irrigation needles and ultrasonic activation on 
calcium hydroxide removal: a micro-CT study using 3D-
printed endodontic models. J Endod. 2024;50(10):1478-1483.  
https://doi.org/10.1016/j.joen.2024.07.008  

95. Kim NY, Kim HJ, Min KS. The efficacy of three passive 
ultrasonic irrigation systems on intracanal medicament 

removal in a novel standardised three‐dimensionally printed 
model. Aust Endod J. 2023;49:288-293.  
https://doi.org/10.1111/aej.12731  

96. Guiotti FA, Kuga MC, Duarte MAH, Sant'Anna A, Faria G. 
Effect of calcium hydroxide dressing on push-out bond 
strength of endodontic sealers to root canal dentin. Braz Oral 
Res. 2014;28(1):1-7.  

https://doi.org/10.1590/S1806-83242014.50000002  
97. Timponi Goes Cruz A, Antoniw Klemz A, Ribeiro Rosa EA, 

Soares Grecca F, Mattos B, Piasecki L, et al. Cleaning and 
disinfection of the root canal system provided by four active 
supplementary irrigation methods. Sci Rep. 2024;14(1):3795. 
https://doi.org/10.1038/s41598-024-53375-8  

98. Xu X, Li Z, Jiang P, Zheng C, Dou L. Effect of conventional 
needle irrigation, passive ultrasonic irrigation, sonic 
irrigation and XP‐endo finisher in removing intracanal 
Vitapex paste. Aust Endod J. 2023;49:374-380. 
https://doi.org/10.1111/aej.12747  

99. Boutsioukis C, Verhaagen B, Walmsley AD, Versluis M, Van 

der Sluis L. Measurement and visualization of file‐to‐wall 
contact during ultrasonically activated irrigation in 
simulated canals. Int Endod J. 2013;46(11):1046-1055.  
https://doi.org/10.1111/iej.12097  

100. Pauletto G, Padoin Y, de Pellegrin SF, Bier CAS. The use of 
sonic and ultrasonic activation of endodontic sealer to 
improve sealer filling quality in the root canal: a scoping 

review. Odontology. 2024;112(3):657-671. 
https://doi.org/10.1007/s10266-024-00901-9  

101. Elmaasarawi A, Mekhemar M, Bartols A. Influence of 
different endodontic treatment protocols on tooth survival: 
A retrospective cohort study with multistate analysis and 
group balancing. Int Endod J. 2025.  

https://doi.org/10.1111/iej.14271  
102. Layton G, Wu W-I, Selvaganapathy PR, Friedman S, Kishen A. 

Fluid dynamics and biofilm removal generated by syringe-
delivered and 2 ultrasonic-assisted irrigation methods: a 
novel experimental approach. J Endod. 2015;41(6):884-889.  
https://doi.org/10.1016/j.joen.2015.01.027  

103. Leoni GB, Versiani MA, Silva‐Sousa Y, Bruniera JFB, Pécora 

JD, Sousa‐Neto MDd. Ex vivo evaluation of four final 
irrigation protocols on the removal of hard‐tissue debris from 
the mesial root canal system of mandibular first molars. Int 
Endod J. 2017;50(4):398-406.  
https://doi.org/10.1111/iej.12630  

104. van der Sluis LW, Vogels MP, Verhaagen B, Macedo R, 

Wesselink PR. Study on the influence of 
refreshment/activation cycles and irrigants on mechanical 
cleaning efficiency during ultrasonic activation of the 
irrigant. J Endod. 2010;36(4):737-740.  
https://doi.org/10.1016/j.joen.2009.12.004  

105. Mancini M, Cerroni L, Iorio L, Armellin E, Conte G, Cianconi 

L. Smear layer removal and canal cleanliness using different 
irrigation systems (EndoActivator, EndoVac, and passive 
ultrasonic irrigation): field emission scanning electron 
microscopic evaluation in an in vitro study. J Endod. 
2013;39(11):1456-1460. 
https://doi.org/10.1016/j.joen.2013.07.028  

106. Zeltner M, Peters OA, Paqué F. Temperature changes during 

ultrasonic irrigation with different inserts and modes of 
activation. J Endod. 2009;35(4):573-577.  
https://doi.org/10.1016/j.joen.2009.01.007  

https://doi.org/10.1111/j.1600-9657.1993.tb00266.x
https://doi.org/10.1016/j.joen.2013.01.006
https://www.cavex.nl/producten/devices-and-disposables-en/disposables-en/cavex-vibringe/?lang=en&
https://www.cavex.nl/producten/devices-and-disposables-en/disposables-en/cavex-vibringe/?lang=en&
https://doi.org/10.1055/s-0040-1714762
https://www.dentsplysirona.com/tr-tr
https://doi.org/10.1016/j.jdent.2023.104770
https://doi.org/10.4103/JCDE.JCDE_764_24
https://doi.org/10.1016/j.jds.2024.12.003
https://doi.org/10.1007/s00784-017-2070-x
https://www.vdw-dental.com/en/products/detail/eddy/
https://doi.org/10.1016/j.jdent.2021.103859
https://doi.org/10.1111/iej.13024
https://doi.org/10.1007/s10103-021-03263-8
https://doi.org/10.1186/s12903-023-02875-6
https://doi.org/10.1016/j.joen.2018.11.001
https://doi.org/10.4317/jced.57065
https://doi.org/10.1111/aej.12535
https://doi.org/10.1111/j.1365-2591.2007.01243.x
https://doi.org/10.1016/S0099-2399(87)80016-X
https://doi.org/10.1111/j.1365-2591.1991.tb00138.x
https://doi.org/10.1016/j.joen.2024.07.008
https://doi.org/10.1111/aej.12731
https://doi.org/10.1590/S1806-83242014.50000002
https://doi.org/10.1038/s41598-024-53375-8
https://doi.org/10.1111/aej.12747
https://doi.org/10.1111/iej.12097
https://doi.org/10.1007/s10266-024-00901-9
https://doi.org/10.1111/iej.14271
https://doi.org/10.1016/j.joen.2015.01.027
https://doi.org/10.1111/iej.12630
https://doi.org/10.1016/j.joen.2009.12.004
https://doi.org/10.1016/j.joen.2013.07.028
https://doi.org/10.1016/j.joen.2009.01.007


Taşyürek & Adıgüzel Int Dent Res 2025; 15(2): 92-115  

 

 

 

International Dental Research 

 

 114 

107. Agrawal VS, Kapoor S. An in vitro scanning electron 
microscopic study comparing the efficacy of passive 

ultrasonic and syringe irrigation methods using sodium 
hypochlorite in removal of debris from the root canal 
system. J Ir Dent Assoc. 2012;58(3):156-161.  

108. Castagna F, Rizzon P, da Rosa RA, Santini MF, Barreto MS, 
Hungaro Duarte MA, et al. Effect of passive ultrassonic 
instrumentation as a final irrigation protocol on debris and 
smear layer removal-A SEM analysis. Microsc Res Tech. 

2013;76(5):496-502. https://doi.org/10.1002/jemt.22192  
109. Justo AM, da Rosa RA, Santini MF, Ferreira MBC, Pereira JR, 

Duarte MAH, et al. Effectiveness of final irrigant protocols for 
debris removal from simulated canal irregularities. J Endod. 
2014;40(12):2009-2014.  
https://doi.org/10.1016/j.joen.2014.08.006  

110. Plazza FA, Dal-Fabbro R, Cosme-Silva L, Duarte PC, Loureiro 
C, Custódio VZ, et al. Effectiveness of passive ultrasonic 
irrigation protocols in simulated complex root canal cavities. 
Oral. 2022;3(1):1-10. https://doi.org/10.3390/oral3010001  

111. Berto LA, Ettmayer JB, Stutzer D, Nietzsche S, Niederhauser 
T, Burger J, et al. In-vitro effects of novel periodontal scalers 
with a planar ultrasonic piezoelectric transducer on 

periodontal biofilm removal, dentine surface roughness, and 
periodontal ligament fibroblasts adhesion. Clin Oral Investig. 
2024;28(5):294.  
https://doi.org/10.1007/s00784-024-05671-w  

112. Ono K. A comprehensive report on ultrasonic attenuation of 
engineering materials, including metals, ceramics, polymers, 

fiber-reinforced composites, wood, and rocks. Appl Sci. 
2020;10(7):2230. https://doi.org/10.3390/app10072230  

113. Fahad BM, Al-Jadiri RSF. Acoustic Impedance Evaluation of 
the Polymer-Polymer hybrid composites as insulator building 
materials. Polymers. 2023;15(16):3479.  
https://doi.org/10.3390/polym15163479  

114. Donnermeyer D, Dust PC, Schäfer E, Bürklein S. Comparative 
analysis of irrigation techniques for cleaning efficiency in 
isthmus structures. J Endod. 2024;50(5):644-650.e1.  
https://doi.org/10.1016/j.joen.2024.02.008  

115. Auerbach D, Alaugaily I, Davis S, Azim AA. A promising 
approach utilising photothermal energy to disinfect the root 
canal system: An in vitro investigation. Aust Endod J. 

2024;50(3):571-579. https://doi.org/10.1111/aej.12872  
116. Er Karaoğlu G, Aydın ZU. The effect of different irrigation 

activation methods on the penetration of the irrigation 
solution into the dentinal tubules in teeth with calcium 
hydroxide applied and oval‐shaped canals: Confocal laser 
scanning microscope analysis. Microsc Res Tech. 

2024;87(9):2194-2203.  
https://doi.org/10.1002/jemt.24594  

117. de Oliveira Neto RS, de Souza Lima LA, Titato PCG, de 
Andrade FB, Vivan RR, Alcalde MP, et al. Effectiveness of a 
new endodontic irrigation system for removing smear layer 
and dissolving simulated organic matter. Clin Oral Investig. 
2023;28(1):10. https://doi.org/10.1007/s00784-023-05418-z  

118. Park SY, Kang MK, Choi HW, Shon W-J. Comparative analysis 
of root canal filling debris and smear layer removal efficacy 
using various root canal activation systems during endodontic 
retreatment. Medicina. 2020;56(11):615.  
https://doi.org/10.3390/medicina56110615  

119. Oh Y-R, Ku H-M, Kim D, Shin S-J, Jung I-Y. Efficacy of a nickel-

titanium ultrasonic instrument for biofilm removal in a 
simulated complex root canal. Materials. 2020;13(21):4914.  
https://doi.org/10.3390/ma13214914  

120. Choi MJ, Kim MA, Choi Y, Neelakantan P, Yu MK, Min KS. A 
novel three‐dimensionally printed model to assess biofilm 
removal by ultrasonically activated irrigation. Int Endod J. 

2021;54(10):1871-1877. https://doi.org/10.1111/iej.13579  
121. Endosonic Blue. Available from: 

https://www.endoland.com/en/inc_html/endosonic.html 
122. Silva EJ, Martins JN, Vieira VT, Baruwa AO, De‐Deus G, 

Versiani MA. Impact of Material Composition and Surface 
Finish on the Bending Strength of Ultrasonic Irrigant 
Activation Tips. Aust Endod J. 2025;51:284-290. 

https://doi.org/10.1111/aej.12940  
123. Ultra X. Available from: 

https://www.eighteeth.com/ultrasonic-device/9.html.  

124. Wigler R, Herteanu M, Wilchfort Y, Kfir A. Efficacy of 
different irrigant activation systems on debris and smear 

layer removal: A scanning electron microscopy evaluation. 
Int J Dent. 2023;2023(1):9933524. 
https://doi.org/10.1155/2023/9933524  

125. Güven Y, Ali A, Arslan H. Efficiency of Endosonic Blue, Eddy, 
Ultra X and Endoactivator in the removal of calcium 
hydroxide paste from root canals. Aust Endod J. 
2022;48(1):32-36.  

https://doi.org/10.1111/aej.12608  
126. Jamleh A, Fukumoto Y, Takatomo Y, Kobayashi C, Suda H, 

Adorno CG. A comparison between two negative pressure 
irrigation techniques in simulated immature tooth: an ex vivo 
study. Clin Oral Investig. 2016;20(1):125-131.  
https://doi.org/10.1007/s00784-015-1489-1  

127. Cohenca N, Heilborn C, Johnson JD, Flores DSH, Ito IY, da 
Silva LAB. Apical negative pressure irrigation versus 
conventional irrigation plus triantibiotic intracanal dressing 
on root canal disinfection in dog teeth. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2010;109(1):e42-e46.  
https://doi.org/10.1016/j.tripleo.2009.08.029  

128. Karatas E, Ozsu D, Arslan H, Erdogan A. Comparison of the 

effect of nonactivated self‐adjusting file system, Vibringe, 
EndoVac, ultrasonic and needle irrigation on apical extrusion 
of debris. Int Endod J. 2015;48(4):317-322.  
https://doi.org/10.1111/iej.12317  

129. Shen J. The Efficacy of a New Modified EndoVac Irrigation 
Protocol on Biofilm Removal in Extracted Teeth: The 

University of Texas School of Dentistry at Houston; 2024.  
130. TotalVac™. Available from: 

https://brasselerusadental.com/discover-totalvac  
131. Atav A, Zanza A, Gunes A, Testarelli L, Galli M, Erda Q, et al. 

Recent innovations in endodontic irrigation and effects on 
smear layer removal: an ex-vivo study. Clin Oral Investig. 

2025;29(6):309.  
https://doi.org/10.1007/s00784-025-06387-1  

132. PulpSucker Molar Kit. Available from: 
https://planbdental.com/product/pulpsucker-molar-kit/ 

133. Fu T, Uzoma PC, Ding X, Wu P, Penkov O, Hu H. A novel nano-
spherical tip for improving precision in elastic modulus 
measurements of polymer materials via atomic force 

microscopy. Micromachines. 2024;15(9):1175.  
https://doi.org/10.3390/mi15091175  

134. Pan Z, Huang X, Fan Y, Wang S, Liu Y, Cong X, et al. Synthesis 
and structure of a non-van-der-Waals two-dimensional 
coordination polymer with superconductivity. Nat Commun. 
2024;15(1):9342.  

https://doi.org/10.1038/s41467-024-53786-1  
135. Schulz M, Schäfer M, Saalwächter K, Thurn-Albrecht T. 

Competition between crystal growth and intracrystalline 
chain diffusion determines the lamellar thickness in 
semicrystalline polymers. Nat Commun. 2022;13(1):119.  
https://doi.org/10.1038/s41467-021-27752-0  

136. Dos Santos GNA, Silva-Sousa AC, Torres-Carrillo AJS, de 

Araujo Braz G, Alves TO, Lopes-Olhê FC, et al. Frequency and 
performance analysis of polymer, steel, and titanium 
ultrasonic inserts in intracanal medication removal. J Endod. 
2025.  

137. Arıcan B, Berkdemir N, Koca ATÖ, Kemeç UC, Özyürek T. 
Irrigation techniques for calcium hydroxide removal from 

resorption cavities. Int Dent J. 2024;74:S107-S108.  
https://doi.org/10.1016/j.identj.2024.07.900  

138. Gupta V, Grewal MS, Arya A, Arora A, Goel A. Reaching the 
depths through three-dimensional irrigation-A review. J Evol 
Med Dent Sci. 2021;10:381-386.  
https://doi.org/10.14260/jemds/2021/84  

139. Gadaalay S, Hariramani SI, Dhore P, Kale A, Agrawal M, Doshi 
S. Comparative evaluation of efficacy of three different 
irrigation activation systems in debridement of root canal 
isthmus: An: in vitro: study. Endodontology. 2017;29(1):39-
42.  

140. Sigurdsson A, Garland RW, Le KT, Rassoulian SA. Healing of 
periapical lesions after endodontic treatment with the 

GentleWave procedure: a prospective multicenter clinical 
study. J Endod. 2018;44(3):510-517.  
https://doi.org/10.1016/j.joen.2017.12.004  

https://doi.org/10.1002/jemt.22192
https://doi.org/10.1016/j.joen.2014.08.006
https://doi.org/10.3390/oral3010001
https://doi.org/10.1007/s00784-024-05671-w
https://doi.org/10.3390/app10072230
https://doi.org/10.3390/polym15163479
https://doi.org/10.1016/j.joen.2024.02.008
https://doi.org/10.1111/aej.12872
https://doi.org/10.1002/jemt.24594
https://doi.org/10.1007/s00784-023-05418-z?referrer=grok.com
https://doi.org/10.3390/medicina56110615
https://doi.org/10.3390/ma13214914
https://doi.org/10.1111/iej.13579
https://www.endoland.com/en/inc_html/endosonic.html
https://doi.org/10.1111/aej.12940
https://www.eighteeth.com/ultrasonic-device/9.html
https://doi.org/10.1155/2023/9933524
https://doi.org/10.1111/aej.12608
https://doi.org/10.1007/s00784-015-1489-1
https://doi.org/10.1016/j.tripleo.2009.08.029
https://doi.org/10.1111/iej.12317
https://brasselerusadental.com/discover-totalvac
https://doi.org/10.1007/s00784-025-06387-1
https://planbdental.com/product/pulpsucker-molar-kit/
https://doi.org/10.3390/mi15091175
https://doi.org/10.1038/s41467-024-53786-1
https://doi.org/10.1038/s41467-021-27752-0
https://doi.org/10.1016/j.identj.2024.07.900
https://doi.org/10.14260/jemds/2021/84
https://doi.org/10.1016/j.joen.2017.12.004


International Dental Research 

Taşyürek & Adıgüzel 
 

Int Dent Res 2025; 15(2): 92-115  

 

 

 

 

 
115 

141. Kim KH, Lévesque C, Malkhassian G, Basrani B. Efficacy of the 
GentleWave System in the removal of biofilm from the mesial 

roots of mandibular molars before and after minimal 
instrumentation: An ex vivo study. Int Endod J. 
2024;57(7):922-932. https://doi.org/10.1111/iej.14044  

142. Molina B, Glickman G, Vandrangi P, Khakpour M. Evaluation 
of root canal debridement of human molars using the 
GentleWave system. Journal of endodontics. 2015;41(10): 
1701–5. https://doi.org/10.1016/j.joen.2015.06.018 

143. Charara K, Friedman S, Sherman A, Kishen A, Malkhassian G, 
Khakpour M, et al. Assessment of apical extrusion during root 
canal irrigation with the novel GentleWave system in a 
simulated apical environment. J Endod. 2016;42(1):135-139.  
https://doi.org/10.1016/j.joen.2015.04.009  

144. Gündoğar M, Özdemir O, Gündoğar Ö, Bektaş S, Demir FN, 

Bolat N. Multisonic ultracleaning and laser-activated 
irrigation effect compared to passive ultrasonic activation 
for debridement in minimally invasive instrumentation of 
necrotic oval root canals: an ex vivo histological analysis. J 
Clin Med. 2025;14(8):2597.  
https://doi.org/10.3390/jcm14082597  

145. Crozeta BM, de Souza LC, Silva-Sousa YTC, Sousa-Neto MD, 

Jaramillo DE, Silva RM. Evaluation of passive ultrasonic 
irrigation and GentleWave system as adjuvants in endodontic 
retreatment. J Endod. 2020;46(9):1279-1285.  
https://doi.org/10.1016/j.joen.2020.06.001  

146. Grigsby Jr D, Ordinola-Zapata R, McClanahan SB, Fok A. 
Postoperative pain after treatment using the GentleWave 

system: a randomized controlled trial. J Endod. 
2020;46(8):1017-1022. 
https://doi.org/10.1016/j.joen.2020.04.004  

147. Coaguila-Llerena H, Gaeta E, Faria G. Outcomes of the 
GentleWave system on root canal treatment: a narrative 
review. Restor Dent Endod. 2022;47(1).  

https://doi.org/10.5395/rde.2022.47.e11  
148. Lazzarotto DJ, Prado MC, Dotto L, Sarkis-Onofre R. Use of the 

gentlewave system in endodontics: scoping review. Braz J 
Oral Sci. 2025;24:e254250.  
https://doi.org/10.20396/bjos.v24i00.8674250  

149. Kömerik N, Curnow A, MacRobert A, Hopper C, Speight P, 
Wilson M. Fluorescence biodistribution and photosensitising 

activity of toluidine blue o on rat buccal mucosa. Lasers Med 
Sci. 2002;17(2):86-92.  
https://doi.org/10.1007/s101030200015  

150. Sin JHM, Walsh LJ, Figueredo CM, George R. Evaluation of 
effectiveness of photosensitizers used in laser endodontics 
disinfection: A systematic review. Transl Biophotonics. 

2021;3(1):e202000007. 
https://doi.org/10.1002/tbio.202000007  

151. Bonsor S, Nichol R, Reid T, Pearson G. Microbiological 
evaluation of photo-activated disinfection in endodontics (an 
in vivo study). Br Dent J. 2006;200(6):337-341.  
https://doi.org/10.1038/sj.bdj.4813371  

152. Schlafer S, Vaeth M, Hørsted-Bindslev P, Frandsen EV. 

Endodontic photoactivated disinfection using a conventional 
light source: an in vitro and ex vivo study. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2010;109(4):634-641.  
https://doi.org/10.1016/j.tripleo.2009.12.027  

153. Chrepa V, Kotsakis GA, Pagonis TC, Hargreaves KM. The 
effect of photodynamic therapy in root canal disinfection: a 

systematic review. J Endod. 2014;40(7):891-898.  
https://doi.org/10.1016/j.joen.2014.03.005  

154. Siddiqui SH, Awan KH, Javed F. Bactericidal efficacy of 
photodynamic therapy against Enterococcus faecalis in 
infected root canals: a systematic literature review. 
Photodiagnosis Photodyn Ther. 2013;10(4):632-643.  

https://doi.org/10.1016/j.pdpdt.2013.07.006  
155. Seal G, Ng YL, Spratt D, Bhatti M, Gulabivala K. An in vitro 

comparison of the bactericidal efficacy of lethal 
photosensitization or sodium hyphochlorite irrigation on 
Streptococcus intermedius biofilms in root canals. Int Endod 
J. 2002;35(3):268-274.  
https://doi.org/10.1046/j.1365-2591.2002.00477.x  

156. Pearson G, Bonsor S. Improved restoration in caries and root 
canals using a novel disinfection technique. As published in 
Dentistry. 2004.  

157. Garcez AS, Arantes-Neto JG, Sellera DP, Fregnani ER. Effects 
of antimicrobial photodynamic therapy and surgical 

endodontic treatment on the bacterial load reduction and 
periapical lesion healing. Three years follow up. 
Photodiagnosis Photodyn Ther. 2015;12(4):575-580. 
https://doi.org/10.1016/j.pdpdt.2015.06.002  

158. Ochsner M. Photophysical and photobiological processes in 
the photodynamic therapy of tumours. J Photochem 
Photobiol B. 1997;39(1):1-18.  

https://doi.org/10.1016/S1011-1344(96)07428-3  
159. Silva EJ, Coutinho-Filho WP, Andrade AO, Herrera DR, 

Coutinho-Filho TS, Krebs RL. Evaluation of photodynamic 
therapy using a diode laser and different photosensitizers 
against enterococcus faecalis. Acta Odontol Latinoam. 
2014;27(2):63-65.  

160. George R, Walsh LJ. Laser-assisted endodontics. In: Lasers in 
Dentistry-Current Concepts. Springer; 2017. p. 191-210. 
https://doi.org/10.1007/978-3-319-51944-9_9  

161. Varella CH, Pileggi R. Obturation of root canal system 
treated by Cr, Er: YSGG laser irradiation. J Endod. 
2007;33(9):1091-1093. 
https://doi.org/10.1016/j.joen.2007.05.012  

162. Bhatia S, Kohli S. Lasers in root canal sterilization-a review. 
Int J Sci Study. 2013;1(3):107-111.  

163. De Groot S, Verhaagen B, Versluis M, Wu MK, Wesselink P, 
Van Der Sluis L. Laser‐activated irrigation within root canals: 
cleaning efficacy and flow visualization. Int Endod J. 
2009;42(12):1077-1083.  

https://doi.org/10.1111/j.1365-2591.2009.01634.x  
164. Swimberghe RC, Tzourmanas R, De Moor RJ, Braeckmans K, 

Coenye T, Meire MA. Explaining the working mechanism of 
laser‐activated irrigation and its action on microbial 
biofilms: a high‐speed imaging study. Int Endod J. 
2022;55(12):1372-1384. https://doi.org/10.1111/iej.13824  

165. Wen C, Yan L, Kong Y, Zhao J, Li Y, Jiang Q. The antibacterial 
efficacy of photon-initiated photoacoustic streaming in root 
canals with different diameters or tapers. BMC Oral Health. 
2021;21(1):542.  
https://doi.org/10.1186/s12903-021-01903-7  

166. Yang Q, Liu M, Zhu L, Peng B. Micro‐CT study on the removal 
of accumulated hard‐tissue debris from the root canal system 

of mandibular molars when using a novel laser‐activated 
irrigation approach. Int Endod J. 2020;53(4):529-538. 
https://doi.org/10.1111/iej.13250  

167. Lukač N, Jezeršek M. Amplification of pressure waves in 
laser-assisted endodontics with synchronized delivery of Er: 
YAG laser pulses. Lasers Med Sci. 2018;33(4):823-833.  

https://doi.org/10.1007/s10103-017-2435-z 
 

https://doi.org/10.1111/iej.14044
https://doi.org/10.1016/j.joen.2015.06.018
https://doi.org/10.1016/j.joen.2015.04.009
https://doi.org/10.3390/jcm14082597
https://doi.org/10.1016/j.joen.2020.06.001
https://doi.org/10.1016/j.joen.2020.04.004
https://doi.org/10.5395/rde.2022.47.e11
https://doi.org/10.20396/bjos.v24i00.8674250
https://doi.org/10.1007/s101030200015
https://doi.org/10.1002/tbio.202000007
https://doi.org/10.1038/sj.bdj.4813371
https://doi.org/10.1016/j.tripleo.2009.12.027
https://doi.org/10.1016/j.joen.2014.03.005
https://doi.org/10.1016/j.pdpdt.2013.07.006
https://doi.org/10.1046/j.1365-2591.2002.00477.x
https://doi.org/10.1016/j.pdpdt.2015.06.002
https://doi.org/10.1016/S1011-1344(96)07428-3
https://doi.org/10.1007/978-3-319-51944-9_9
https://doi.org/10.1016/j.joen.2007.05.012
https://doi.org/10.1111/j.1365-2591.2009.01634.x
https://doi.org/10.1111/iej.13824
https://doi.org/10.1186/s12903-021-01903-7
https://doi.org/10.1111/iej.13250
https://doi.org/10.1007/s10103-017-2435-z

	1. Introduction
	2. Manual activation
	2.1. Conventional Syringe Irrigation (CSI)
	2.2. Endodontic brushes
	2.3. Manual Dynamic Irrigation (MDA)
	3. Activation with the help of machines
	3.1. Brushes used with rotating heads
	3.2. Special endodontic files
	3.3. Continuous irrigation during instrumentation with rotary instruments
	3.4. Sonic Irrigation
	3.5. Passive Ultrasonic Irrigation (PUI)
	3.6. Generate sequential pressure systems
	3.7. Multisonic activation: GentleWave® system
	3.8. Photoactive disinfection (PAD)
	3.9. Laser activation
	4. Conclusion
	Disclosures
	References

