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Endodontics

Traditional and Contemporary 
Techniques for Optimizing Root 
Canal Irrigation
Abstract:  Canal irrigation during root canal treatment is an important component of chemo-mechanical debridement of the root canal 
system. Traditional syringe irrigation can be enhanced by activating the irrigant to provide superior cleaning properties. This activation 
can be achieved by simple modifications in current technique or by contemporary automated devices. Novel techniques are also being 
developed, such as the Self-adjusting File (Re-Dent-Nova, Ra’anana, Israel), Ozone (Healozone, Dental Ozone, London, UK), Photo-
activated Disinfection and Ultraviolet Light Disinfection.

This paper reviews the techniques available to enhance traditional syringe irrigation, contemporary irrigation devices and 
novel techniques, citing their evidence base, advantages and disadvantages.
Clinical Relevance: Recent advances in irrigation techniques and canal disinfection and debridement are relevant to practitioners 
carrying out root canal treatment.
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that mechanical instrumentation left 
between 36% and 57% of the canal surface 
uninstrumented which may, of course, 
harbour pathogenic organisms.

Iatrogenic complications 
can further complicate anatomy and 
affect working length accessibility. 
Complications produced during canal 
instrumentation can include transportation 
(alteration in canal curvature and ledge 
formation), perforations, stripping and 
broken instruments.3 Gorni and Gagliani3 
found that teeth with altered root canal 
morphology had significantly poorer root 
canal retreatment success rates.

Retreatment cases can be 
particularly challenging as not only do 
these teeth have the potential iatrogenic 
complications associated with previous 
canal instrumentation, but they also have 
the difficulty of achieving access through 
extra-coronal restorations, posts and 
canals filled with gutta-percha. Ng et al4 

Endodontic treatment encompasses a 
range of procedures for the prevention or 
treatment of apical periodontitis. These 
include treatments to maintain the health 
of the vital pulp, and to treat teeth of 
which the pulps are irreversibly damaged 
or necrotic, with the aim of retaining 
functional tooth units. This ultimately 
presents clinicians with the challenge 
of negotiating, disinfecting, debriding 
and filling anatomy that is complex 
and infected with a plethora of micro-

organisms and that may be inaccessible to 
conventional instruments.

The challenges of removing 
micro-organisms and their 
substrate
Complex and altered anatomy

There are many challenges 
involved with achieving disinfection of the 
root canal system. Root canal anatomy is 
highly varied and often presents with many 
difficulties in terms of allowing access to 
the whole canal system. A recent study1 
investigated the effect of anatomical factors 
on working length accessibility and found, 
unsurprisingly, that complex anatomy 
such as canal curvature and calcification 
significantly increased the difficulty of 
achieving working length. Other variations 
include multiple and lateral canals, apical 
deltas and variations in the transverse 
plane such as C-canals. Peters et al2 showed 
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found the apical extent of the root filling 
to have a significant effect on endodontic 
retreatment success rates, with long root 
fillings having poorest prognosis. One 
significant factor which they cited was 
the presence of a more resistant biofilm, 
that was likely to be composed of micro-
organisms such as Enterococcus faecalis.

Biofilm and microbial resistance
Micro-organisms can exist in 

two main forms, either as loose collections/
suspensions (planktonic) or as dense 
plaque-like aggregates (biofilm). Biofilms 
form through a series of events, starting 
with the deposition of a macromolecule 
conditioning film. Adhesion and cohesion 
of micro-organisms then occurs, followed 
by their multiplication and metabolism, 
leading to the development of a structurally 
organized mixed microbial community.5 
Biofilms are organized in micro-colonies 
of micro-organisms, often forming tower 
or mushroom shapes, embedded in 
an extracellular polysaccharide matrix 
containing open water channels.5

Endodontic biofilms have 
mainly been discussed with regard to 
root tip surfaces in non-vital teeth in 
cases of refractory periapical pathology. 
Biofilms inside root canals have been less 
extensively studied, perhaps due to their 
inaccessible nature.5 However, we know 
micro-organisms in biofilms are generally 
more resistant to antimicrobials, compared 
to planktonic micro-organisms, with 
rates of 2−1000 times being reported.5 
Several hypotheses for this have been 
suggested.6 Firstly, the slow penetration 
of antimicrobials through the biofilm with 
absorption by the extracellular matrix 
and de-activation. The redox potential 
of the biofilm could also have an effect, 
with oxygen being completely consumed, 
producing stable anaerobic conditions in 
the depth of the biofilm. Some antibiotics 
require aerobic conditions and hence 
deeper micro-organisms may be protected. 
Biofilm bacteria are also more likely to be 
in a non-growing state and hence resistant 
to antimicrobials that target growing 
states, eg cell wall synthesis. It has also 
been suggested that bacteria in a biofilm 
can form a phenotypic state, having a 
significant resistant to antimicrobials.

Apical periodontitis in 

untreated root canals typically consists 
of a polymicrobial mix of gram-positive 
and gram-negative obligate or facultative 
anaerobes, whereas post-treatment 
disease is predominantly facultative gram-
positive organisms with a very limited 
species distribution, perhaps even being 
monoinfections.7,8 This can be illustrated 
in part by the high detection rates of 
Enterococcus faecalis.9 This organism has 
numerous survival and virulence factors. It 
has been recovered from a high proportion 
of teeth with post-treatment disease, 
and has been implicated as a significant 
pathogen in 67−77% of studies when using 
contemporary molecular identification 
techniques.9 When dentine blocks were 
inoculated with E. faecalis, it was found to 
be difficult, if not impossible, to kill, even 
with a prolonged period of incubation 
in calcium hydroxide and NaOCl.6 This 
bacterium has been shown to have an 
ability to survive prolonged starvation at 
high pH levels as a result of a proton pump 
and antibiotic resistance.10,11

Smear layer
Another challenge in 

allowing complete canal disinfection is 
the smear layer produced during canal 
instrumentation, with debris being 
spread over the canal walls. This is 
composed largely of inorganic dentine 
but also contains organic matter, such as 
odontogenic processes, micro-organisms 
and necrotic pulpal material. Smear layer 
formation is greatest during motorized 
canal preparation compared to hand filing.12

The smear layer can potentially 
have several adverse effects on root canal 
treatment outcomes. The smear layer could 
compromise the coronal and apical seal, 
leading to microleakage. The layer may act 
as a substrate13 for bacteria and, indeed, 
can contain bacteria, their by-products 
and necrotic tissue.14 It also blocks dentinal 
tubules and limits optimum penetration 
of disinfecting irrigation solutions. Some 
have suggested that the smear layer may 
be beneficial and should be retained as it 
prevents the exchange and penetration 
of bacteria into dentinal tubules.15 A 
systematic review evaluating leakage of 
root-filled teeth and smear layer removal 
concluded that 41% of the papers were in 
favour of smear layer removal, 5% in favour 

of keeping it and 54% found no significant 
difference.16

The potency of optimal 
chemo-mechanical preparation has 
been demonstrated in classical papers 
by Byström and Sundqvist.17,18,19 In their 
initial study,17 they irrigated canals with 
physiologic saline during instrumentation, 
which left 53% of the root canals infected. 
In subsequent studies, they irrigated 
with 0.5% NaOCl, leaving 20% of the 
canals infected19 and then placed calcium 
hydroxide as an intracanal dressing, leaving 
under 3% of the canals infected.19

This paper aims to review canal 
irrigation techniques and methods for 
optimizing irrigation. Traditional syringe 
irrigation will be discussed, along with 
contemporary methods of enhancing 
irrigant penetration and dynamics. Novel 
techniques will also be considered.

Traditional methods of 
cleaning (disinfecting and 
debriding) root canals
Irrigation

Intra-operative disinfecting 
solutions or irrigants have three main roles; 
lubrication during instrumentation of the 
canals, flushing out instrumentation debris 
and to dissolve and disrupt the bacterial 
biofilm and remaining pulpal tissues. All 
three roles are crucial in delivering a patent 
root canal which is free from pathogenic 
levels of micro-organisms.

Irrigation of a small complex 
space, such as the root canal, is challenging. 
The confined geometry limits turbulence 
over much of the canal volume, making 
dispersion and mixing of irrigant difficult. 
Root canals can be described as ‘closed 
systems’ and difficulty in achieving 
adequate canal cleaning has been 
described.20

Irrigants have both chemical and 
physical actions. Physical actions are largely 
comprised of shear stresses generated 
by fluid flow during irrigation. The shear 
stresses produced by injecting irrigant into 
a root canal are small and unlikely to disrupt 
the biofilm or smear layer significantly.21

Several irrigants are available 
including:
 Saline;
 Chlorhexidine (CHX);
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 Alcohol;
 Hydrogen peroxide;
 Citric acid;
 Ethylenediamine tetra-acetic acid (EDTA);
 Proteolytic enzymes; and
 Sodium hypochlorite (NaOCL).

Sodium hypochlorite is the 
irrigant of choice owing to its tissue-
dissolving properties and antibacterial 
effects.22 Synergic and antagonistic effects 
have been reported when using NaOCl 
and EDTA. Byström and Sundqvist found 
enhanced bacteria killing23 but, more 
recently, Clarkson et al showed significant 
reductions in the amount of active chlorine 
available from NaOCl when used with 
EDTA.24 Care should be taken with CHX and 
NaOCl as neutralizing chemical reactions 
occur with a reduced combined effect, and 
also the potential for the production of a 
toxic precipitation.25

Surfactants have been added 
to irrigation solutions to reduce the 
surface tension and attempt to enhance 
the cleaning ability of the solution. Smear 
Clear (SybronEndo, Orange, CA, USA) 
contains 17% EDTA, cationic and anionic 
surfactants. However, studies have shown 
Smear Clear to give statistically similar 
results to EDTA alone.26,27

Syringe irrigation
Syringe irrigation has been 

the mainstay of treatment for many years 
and studies have shown it to provide 
disinfection and debridement of the root 

canal system.28,29 There are, however, 
challenges with syringe irrigation and 
studies have shown that irrigant rarely 
passes 1 mm deeper than the needle 
tip,30 forming a stagnation plane of non-
irrigated canal21 (Figure 1b).

Needle tip designs can be 
divided into side-venting or open-
ended flat needles. The latter deliver 
better apical penetration and a smaller 
stagnation plane but are not commonly 
used for the risk of apical extrusion. 
Side-venting needles have poorer apical 
penetration but concentrate the irrigant 
flow against the canal walls and produce 
high local velocity gradients, increased 
shear stresses and greater biofilm 
disruption.21,31 However, this is limited to 
straight regions of the canal which have 
sufficient width to accommodate the 
irrigation needle.

Manually activated irrigation 
is simple and cost-effective, utilizing 
existing endodontic armamentarium. 
Techniques such as agitation of a 
well-fitting master gutta-percha point 
enhances mixing of the canal fluids and 
increases the shear stress on the canal 
walls.32,33 Likewise, moving the irrigation 
needle34 or other endodontic instruments 
in a reciprocating corono-apical motion 
will have similar effects.35 Factors such 
as proximity of the irrigation needle to 
the apex, larger irrigation volume and 
smaller-gauge irrigation needles can 
improve irrigant efficacy.36

Entrapment of gas at the apical 
end of the canal may prevent irrigant 
penetrating fully to the apex (vapour 
lock effect).37 This gas could be air, gases 
such as chlorine formed when NaOCl 
dissolves organic tissue, or from microbial 
metabolism. It has been shown that, if 
fluid is left in the canal, it will eventually 
flood the whole canal and displace the 
gas. However, this takes hours to days, a 
time frame not practical clinically. A simple 
solution is to place a well-fitting master 
GP point to working length. This removes 
the air by displacement and carries a film 
of irrigant to the working length. This 
simple procedure is shown in Figure 1. A 
similar effect will occur with passage of 
files, but these are rarely so well fitting. 
Manually activated irrigation using a GP 
point has been shown to be superior 
to static irrigation and an automated 
system (RinsEndo system, Durr Dental Co, 
Germany) in removing a stained collagen 
bio-molecular film from root canal walls 
in ex-vivo models.32,33 The GP point should 
be moved in 3 mm coronal-apical motions 
at a rate of 33 Hz which translates to 100 
strokes/30 seconds.32 As described by McGill 
et al33 ‘some clinicians balk at the laborious 
nature of such a task while others applaud 
its utter simplicity and cost effectiveness’. 
There are concerns regarding apical 
extrusion, with a ex-vivo study finding 
significantly greater apical extrusion with 
dynamic irrigation compared to static 
irrigation methods.38

Figure 1. (a, b) The ‘vapour lock effect’ with irrigant being prevented from reaching the apical end of the canal due to air entrapment. (c) Placing a well-
fitting master gutta-percha point displaces the air and carries a film of irrigant to the apical end of the canal, achieving a fully saturated canal (d).

a           b         c     d
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Contemporary automated 
methods for activating 
irrigation
Sonic and ultrasonic irrigation systems

Sonic and ultrasonic 
instrumentation transmits energy from 
an oscillating instrument to the irrigant 
in the root canal by means of sonic or 
ultrasonic waves and induces acoustic 
streaming and cavitation of the irrigant 
(Figure 2). Cavitation is the growth and 
subsequent violent collapse of small gas 
bubbles formed due to a drop in pressure 
in the fluid.39 Acoustic streaming is the 
phenomenon of bulk movement of a fluid 
when pressure waves are projected through 
it, forming a circular or vortex-like motion 
around a vibrating object.40 Both of these 
effects allow the irrigant to be activated.

Acoustic streaming can 
produce sufficient shear forces to dislodge 
debris in instrumented canals and causes 
de-agglomeration of bacterial biofilms, 
rendering the resultant planktonic bacteria 
more susceptible to the NaOCl.41

Cavitation might cause 
temporary weakening of the cell membrane 
and increase permeability to NaOCl.32

In addition to the effect 
of acoustic streaming and cavitation, 
heat is produced by the ultrasonic 
instruments and a temperature rise seen 
in the irrigant.42 Heating of NaOCl leads 
to improved effectiveness with improved 
tissue dissolving properties and enhanced 
antibacterial effect.43

Powerful ultrasonic systems 
have been shown to be more efficient 
than sonic irrigation systems, with more 
dentine debris removal and higher acoustic 
streaming velocity.44 Sonic devices, such as 
the Vibringe (Vibringe BV Corp, Amsterdam, 
Netherlands), have been developed for 
endodontic irrigation and been shown to 
be more effective than syringe irrigation, 
but not as effective as ultrasonic systems, at 
removing artificially placed dentine debris.45

Ultrasonic instruments are 
widely used in several areas of dentistry 
and most dental surgeries will have ready 
access to a unit. Ultrasonic units can be 
either piezoelectric or magnetostrictive 
systems. The piezoelectric system transfers 
more energy to the files and generates 
little heat, hence not needing handpiece 
cooling. Specially shaped tips are available 

for the piezoelectric systems which can be 
used for conservative removal of dentine/
pulp stones from pulp chambers and canals. 
They have the advantage that the tips are 
small and visibility is significantly increased 
over a conventional bur. Additionally, 
ultrasonic units can be used to provide 
activated irrigation through files, smooth 
wires, plastic inserts or irrigation needles.46

Ultrasonic irrigation is described 
as ‘passive’ because the intention is for the 
file not to engage the canal walls, which 
could lead to uncontrolled and irregular 
dentine cutting. Passive ultrasonic irrigation 
(PUI) has been shown to be effective in 
removing pulp tissue and the smear layer, 
with the action being most effective when 
the file is loose and allowed to oscillate 
freely in the canal.47 Hence PUI should be 
completed after canal preparation and 
enlargement to allow the free movement of 
the file.

Two irrigating methods have 
been discussed with PUI:
 A continuous flush of irrigant from the 
ultrasonic handpiece; or
 An intermittent flush from a syringe 
between activations, similar to the 
technique used between files in 
conventional root treatment.

Van der Sluis et al48 found both 
the methods to be equally effective at 
removing dentine debris from grooves he 
had cut into canal walls in vitro. For the 
intermittent flush technique, he activated 
2% NaOCl ultrasonically for 3 minutes, 
delivering 2 mL by syringe every 30 
seconds.

Carver et al49 developed 
a continuous flush device which is 
essentially a clamp attaching an irrigation 
needle to an ultrasonic tip, transferring 
the ultrasonic motion to the irrigation 
needle. It has been shown to have a high 
ultrasonic output, producing cavitation in 
instrumented canals. It has been reported 
that significantly cleaner canals resulted 
from using this method, with significant 
reductions in colony-forming units and 
positive cultures. A contributory factor 
may be the continuous delivery of fresh 
active irrigant into the canals. NaOCl loses 
its tissue dissolution properties rapidly 
and hence, for optimal effect, it should be 
constantly replenished. A concern with 
this technique is the extrusion of irrigant 
through the apex.

A key point to note with 
ultrasonic activation is that acoustic 
streaming and cavitation can only occur in 
liquids and hence, if an apical gas bubble 
exists and the tip passes into this, there will 
be no effect in this region. This air bubble 
should be eliminated using a well-fitting 
master GP point, as previously described.29

There are specially designed, 
non-cutting nickel-titanium inserts that can 
be fitted to conventional ultrasonic devices, 
eg ESI ENDO SOFT (EMS Optident (UK) 
Limited, Ilkley, West Yorkshire, UK) or Irrisafe 
Tips (Figure 3) and Saltelec piezoelectric 
scaling unit (Satelec ACTEON, St Neots, 
UK). Alternatively, normal endodontic 
instruments, such as files and irrigation 
needles, can be ‘engaged’ and ‘indirectly 
activated’ by an ultrasonic scaler tip, 
transferring the ultrasonic action to the 
instrument.

There are also several 
specifically produced devices, including 
the EndoActivator (Dentsply Tulsa Dental 
Specialties, York, USA) (Figure 4) and the 

Figure 2. Ultrasonic mechanisms of action: (a) 
cavitation and (b) acoustic streaming. (Figures 
kindly provided by EMS, Electro Medical Systems.)

a

b
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ProUltra®PiezoFlow™ (Dentsply Tulsa 
Dental Specialties, York, USA) (Figure 5). 
MiniEndo II (SybronEndo, California, USA) 
is an ultrasonic unit specially designed for 
endodontic procedures.

EndoActivator
The EndoActivator is a 

sonically driven canal irrigation system 
(Figure 4). It is presented with a portable 
handpiece and disposable non-cutting 
polymer tips. It has been shown to have 
significantly better debris removal and 
opening of lateral canals when compared 
to conventional syringe irrigation and 
passive ultrasonic irrigation.50 The smooth 
polymer tips have the advantage of being 
non-cutting and hence reducing the 
risk of creating iatrogenic damage. The 
knowledge that this tip is non-cutting 
allows the operator to provide additional 
up and down vertical strokes in addition 
to the sonic motion, a factor which may 
explain why studies46 have found this 
sonic technique to be superior to the more 
powerful ultrasonic techniques. The tips, 
however, have been criticized for being 
radiolucent; a potential problem in the 
event of future fracture.36

ProUltra®PiezoFlow™
The ProUltra®PiezoFlow™ is an 

ultrasonic irrigation device. It consists of a 
disposable irrigation needle which is fitted 
to an ultrasonic headpiece. Irrigant is flown 
through the needle from either a handheld 
Luer-lock syringe or mechanical syringe 
pump (Figure 5). This is not currently 
available in the UK.

Future developments
Contemporary irrigation systems

A recent systematic review51 
looking at factors for endodontic success 
found insufficient direct evidence relating 
irrigation type to endodontic success. 
However, procedural factors, such as 
instrumentation to the apex and bacterial 
load reduction, did have significant 
improvements on endodontic success and 
good quality root canal irrigation will, of 
course, play a crucial role in both of these.

With a greater knowledge of 
biofilm mechanics and fluid dynamics, 
new instrumentation systems have been 

developed, with the premise of allowing 
greater biofilm disruption, in the hope that 
this will lead to more predictable healing 
and tooth survival. However, evidence is 
currently lacking in this field and simply 
agitating a GP point may be as effective as 
these novel techniques.

Negative and positive pressure irrigation
Negative and positive pressure 

irrigation devices attempt to overcome 
the difficult balance between trying to 
ensure the canal is completely immersed 
in irrigant on the one hand, eliminating 
any air entrapment and, on the other hand, 
ensuring the canal is not over filled with 
irrigant, risking extrusion through the apex.

Lussi et al52 first experimented 
in this area and developed a ‘non-
instrumentation’ alternating pressure 
device that was able to achieve cleaner 
root canals than conventional step-
back preparation with static irrigation. 
Unfortunately, this was not considered safe 
during in vivo animal studies and was not 
developed further.

In a similar method, negative 
pressure irrigation has been developed 

and is essentially a miniature aspirator 
placed at the apical region of the root 
canal. This could be a very fine needle 
attached to a dental unit suction, or 
there are several commercially available 
systems, such as the EndoVac (SybronEndo, 
California, USA) (Figure 6). The EndoVac 
has a microcannula which extends to the 
working length and a delivery tip which 
delivers irrigant into the pulp chamber. 
The irrigant is sucked from the orifice 
to the apical part of the root canal. The 
benefits of this system are the safety 
improvements with reduced risk of 
irrigant being extruded through the apex, 
avoiding the problem of air entrapment 
and possibly increased cleaning efficiency. 
Clinical data is limited but studies have 
shown EndoVac to be superior to syringe 
irrigation, with regards to debris and 
smear layer removal, particularly when 
examining closer to the working length.53,54 

There are, however, limitations with the 
EndoVac. It is restricted to use in larger 
canals, requiring them to be prepared to 
size 35 or larger, and it would also struggle 
with any significant curvature. There is also 
a significant amount of apparatus with 
the EndoVac which is a challenge for the 

Figure 3. Endodontic irrigation ultrasonic inserts: 
(a) ESI ENDO SOFT ultrasonic insert; (b) Irrisafe 
Tips ultrasonic insert.

a

b

Figure 4. EndoActivator.

Figure 5. ProUltra®PiezoFlow™.

Figure 6. EndoVac.
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clinician and also restricts its use to cases 
with good access.

The RinsEndo system (Durr 
Dental Co, Germany) is an irrigation 
device which is coupled to the air turbine 
delivering irrigant through a single cannula 
at pressure cycles that change 100 times a 
minute. Again, clinical evidence is lacking 
with only early studies. When compared 
to syringe irrigation, Hauser et al55 showed 
enhanced penetration depth of dye-
marked irrigant into root canal dentine with 
higher risk of apical extrusion. Braun et al56 
showed superior tissue removal efficacy. 
However ‘manual-dynamic’ irrigation33 has 
been shown to be more efficient than the 
RinsEndo system at removing a layer of 
stained collagen from canal surfaces in an 
ex-vivo model. Passive ultrasonic irrigation57 
has been shown to be more efficient in 
removing dentine debris than the RinsEndo 
system. The main advantage of this system 
is its simplicity as it attaches to a standard 
turbine couping. Disadvantages include the 
higher risk of apical extrusion of irrigant and 
the conflicting evidence regarding  
its efficacy.

Novel irrigant and 
antimicrobial agents
Self-adjusting File (SAF) (Re-Dent-Nova, 
Ra’anana, Israel)

This new design of file can 
be considered to be an irrigation device 
as it allows continuous irrigation during 
instrumentation of the canal. The file is 
essentially hollow, being a cylindrical nickel-
titanium lattice, comparable to an arterial 
stent, with a lightly abrasive surface (Figure 
7). The file is designed to be compressed 
and adapts itself to the root canal walls, in 
theory applying a uniform cutting action. 
Metzger et al showed that only 17% of the 
canal walls were uninstrumented when 

using the SAF, compared to 55% when 
using conventional rotary instrumentation.58 
Iatrogenic errors may also be reduced as 
the file accepts existing anatomy. One 
of the main advantages of the SAF is the 
irrigation system, with fresh irrigant being 
continuously fed to the canal which is then 
activated by the physical motion of the 
file (0.4 mm vertical oscillations, 5000 per 
minute).

This is a uniquely different 
technique and it is inevitable that there 
will be scepticism among endodontists. 
Shortcomings include the need for the 
canal to be prepared to size 20 apically 
before accepting the SAF, concerns 
regarding instrument separation, although 
studies have shown no mechanical failures 
after 29 minutes of operation,59 and the 
steep learning curve with using this new 
technique.60 The manufacturers also 
recommend purchasing an irrigation system 
(electronic pump) which, along with the 
handpiece and files, leads to a significant 
financial outlay. A manual syringe can be 
connected to provide irrigation, although 
an assistant will be required to deliver the 
irrigant during file activation.

The SAF is not currently available 
in the UK.

Ozone (Healozone, Dental Ozone, London, UK)
Ozone is a naturally occurring 

compound consisting of three oxygen 
atoms. It has been found to have powerful 
and reliable antimicrobial effects against 
bacteria, fungi, protozoa and viruses. 
Possible dental uses include arresting caries 
and remineralization, although several 
reviews61,62 conclude that there is a lack of 
reliable evidence to support its use and 
further clinical trials are needed. There 
have been a handful of in vitro studies 
using ozone as a root canal disinfectant 
as compared to 2.5% NaOCl. The results 
were controversial with most of the studies 
concluding NaOCl was superior.63,64

Photo-activation disinfection
Photodynamic therapy (PDT) 

or light-activated therapy (LAT) may have 
endodontic applications because of their 
antimicrobial effectiveness. A photoactive 
compound (toluidine blue O, Methylene 
Blue) is introduced into the root canal, 
preferentially localized in certain tissues 

(bacteria) and is then activated by exposure 
to a specific wavelength. This produces free 
radicals and singlet oxygen which have 
multiple antimicrobial effects. Early studies, 
both ex- and in vivo, have found that if PDT/
LAT is used as an adjuvant to conventional 
endodontic treatments, then significant 
further reductions in planktonic and biofilm 
bacterial load can be achieved, especially 
with regards to drug resistant bacteria.65,66 

There are additional benefits of reducing 
bacterial resistance due to the wide 
spectrum of antimicrobial activity.

Ultraviolet light disinfection
Ultraviolet (UV) light is widely 

used for disinfection purposes, including 
drinking water and surfaces in operating 
theatres. Early studies introducing an 
intracanal UV diffuser into root canals in 
vitro have given promising results when 
the UV light has been used as an additional 
procedure after NaOCl disinfection of 
the canal. One laboratory study achieved 
96% teeth producing negative cultures 
compared to 47% when using conventional 
5% NaOCl.67 Safety issues have also been 
considered, with 100 µm of dentine (the 
thickness of a coat of paint) allowing 
passage of only 1% of the UV light (<3 mJ/
cm2), which is within EU safety limits.68 
Canals with perforations and open apices 
may well be contra-indicated for this 
treatment modality, although illumination 
through the apex could be avoided by 
blocking the tip of the diffuser.

Novel irrigants
Developments are also 

being made with regards to irrigating 
solutions. Electrochemically activated 
water has been used to disinfect dental 
impressions and waterlines and has been 
approved and promoted as an endodontic 
irrigant in the United States since 2006 
(Aquatine Endodontic Cleanser, PuriCore, 
Pennsylvania, USA). Other irrigants showing 
potential include MTAD (Mixture of 
Tetracycline, Acid and Detergent, BioPure, 
Dentsply Tulsa Dental) and CHX-Plus (Vista 
Dental Products, Wisconsin, USA).

Conclusion
This paper has summarized the 

various techniques available to optimize 
Figure 7. Self-adjusting File.
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endodontic irrigation, either through 
manually activating syringe irrigation or 
through using contemporary automated 
devices. Novel techniques also show a 
varying amount of potential in providing 
additional disinfection and debridement of 
root canals.

Acknowledgement
The authors thank Dr John 

Whitworth for his advice during the 
preparation of this manuscript.

References
1. Lu Tang, Tuo-qi Sun, Xiao-jie Gao, Xue-

dong Zhou, Ding-ming Huang. Tooth 
anatomy risk factors influencing root canal 
working length accessibility. Int J Oral Sci 
2011; 3: 135−140.

2. Peters OA, Laib A, Göhring TN, Barbakow 
F. Changes in root canal geometry after 
preparation assessed by high resolution 
computed tomography. J Endod 2001; 27: 
1−6.

3. Gorni FG, Gagliani MM. The outcome of 
endodontic retreatment: a 2-yr follow-up.  
J Endod 2004; 30(1): 1−4.

4. Ng YL, Mann V, Gulabivala K. Outcome 
of secondary root canal treatment: a 
systematic review of the literature. Int 
Endod J 2008; 41(12): 1026−1046.

5. Svensater G, Bergenholtz G. Biofilms in 
endodontic infections. Endod Topics 2004; 
9: 27−36.

6. Portenier I, Waltimo T, Haapasalo M. 
Enterococcus faecalis − the root canal 
survivor and  ‘star’ in post treatment 
disease. Endod Topics 2003; 6: 135−159.

7. Sundqvist G, Figdor D, Persson S, Sjögren 
U. Microbiological analysis of teeth with 
failed endodontic treatment and the 
outcome of conservative re-treatment. 
Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 1998; 85: 86.

8. Sundqvist G, Figdor D. Life as an 
endodontic pathogen. Endod Topics  
2003; 6: 3.

9. Rôças IN, Siqueira JF, Santos KRN. 
Association of Enterococcus faecalis with 
different forms of periradicular diseases.  
J Endod 2004; 30: 315−320.

10. Evans M, Davies JK, Sundqvist G, Figdor D. 
Mechanisms involved in the resistance of 
Enterococcus faecalis to calcium hydroxide. 
Int Endod J 2002; 35(3): 221−228.

11. Figdor D, Davies JK, Sundqvist G. 
Starvation survival, growth and recovery of 
Enterococcus faecalis in human serum. Oral 
Microbiol Immunol 2003; 18(4): 234−239.

12. Violich DR, Chandler NP. The smear layer in 
endodontics − a review. Int Endod J 2010; 
43(1): 2−15.

13. George S, Kishen A, Song KP. The role of 
environmental changes on monospecies 
biofilm formation on root canal wall by 
Enterococcus faecalis. J Endod 2005; 31 
(12): 867−872. 

14. McComb D, Smith D. A preliminary 
scanning electron microscopic study of 
root canals after endodontic procedures.  
J Endod 1975; 1(7): 238−242.

15. Drake DR, Wiemann AH, Rivera EM, Walton 
RE. Bacterial retention in canal walls in vitro: 
effect of smear layer. J Endod 1994; 20(2): 
78−82.

16. Shahravan A, Haghdoost AA, Adl A, Rahimi 
H, Shaifar F. Effect of smear layer on sealing 
ability of canal obturation: a systematic 
review and meta-analysis. J Endod 2007; 
33: 96−105.

17. Byström A, Sundqvist G. Bacteriologic 
evaluation of the efficacy of mechanical 
root canal instrumentation in endodontic 
therapy. Scand J Dent Res 1981; 89 
(4): 321−328.

18. Byström A, Sundqvist G. Bacteriologic 
evaluation of the effect of 0.5 percent 
sodium hypochlorite in endodontic 
therapy. Oral Surg Oral Med Oral Pathol 
1983; 55(3): 307−312.

19. Byström A, Claesson R, Sundqvist G. 
The antibacterial effect of camphorated 
paramonochlorophenol, camphorated 
phenol and calcium hydroxide in the 
treatment of infected root canals. Endod 
Dent Traumatol 1985; 1(5): 170−175.

20. Parente JM, Loushine RJ, Susin L, Gu L, 
Looney SW, Weller RN, Pashley DH, Tay FR. 
Root canal debridement using manual 
dynamic agitation or the EndoVac for 
final irrigation in a closed system and an 
open system. Int Endod J 2010; 43(11): 
1001−1012.

21. Gulabivala K, Ng Y-L, Gilbertson, Eames I. 
The fluid mechanics of root canal irrigation. 
Physiol Meas 2010; 31: R49−R84.

22. Moore WR, Wesselink PR. Factors 
promoting the tissue dissolving capability 
of sodium hypochlorite. Int J Endod 1982; 
15: 187−196.

23. Byström A, Sundqvist G. The antibacterial 
action of sodium hypochlorite and EDTA in 

60 cases of endodontic therapy. Int Endod J 
1985; 18: 35–40.

24. Clarkson RM, Podlich HM, Moule AJ. 
Influence of ethylenediaminetetraacetic 
acid on the active chlorine content of 
sodium hypochlorite solutions when 
mixed in various proportions. J Endod 2011; 
37(4): 538−543.

25. Basrani BR, Manek S, Sodhi RN, Fillery E, 
Manzur A. Interaction between sodium 
hypochlorite and chlorhexidine gluconate 
J Endod 2007; 33: 966−969.

26. Khedmat S, Shokouhinejad N. Comparison 
of the efficacy of three chelating agents in 
smear layer removal. J Endod 2008; 34(5): 
599−602.

27. da Silva LA, Sanguino AC, Rocha CT, 
Leonardo MR, Silva RA. Scanning electron 
microscopic preliminary study of the 
efficacy of SmearClear and EDTA for 
smear layer removal after root canal 
instrumentation in permanent teeth.  
J Endod 2008; 34(12): 1541−1544.

28. Van der Sluis LW, Gambarini G, Wu MK, 
Wesselink PR. The influence of volume, 
type of irrigant and flushing method on 
removing artificially placed dentine debris 
from the apical root canal during passive 
ultrasonic irrigation. Int Endod J 2006;  
39(6): 472−476.

29. Boutsioukis C, Lambrianidis T, Verhaagen 
B, Versluis M, Kastrinakis E, Wesselink PR, 
van der Sluis LW. 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.

30. Ram Z. Effectiveness of root canal 
irrigation. Oral Surg Oral Med Oral Pathol 
1977; 44: 306−312.

31. Boutsioukis C, Lambrianidis T, Verhaagen 
B, Versluis M, Kastrinakis E, Wesselink PR, 
van der Sluis LW. 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.

32. Huang TY, Gulabivala K, Ng YL. A bio-
molecular film ex-vivo model to evaluate 
the influence of canal dimensions and 
irrigation variables on the efficacy of 
irrigation. Int Endod J 2008; 41(1): 60−71.

33. McGill S, Gulabivala K, Mordan N, Ng Y-L. 
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 



January/February 2014 DentalUpdate   61

Endodontics

Endod J 2008; 41: 602−608.
34. Hülsmann M, Hahn W. Complications 

during root canal irrigation – literature 
review and case reports. Int Endod J 2000; 
33: 186.

35. Mayer BE, Peters OA, Barbakow F. Effects 
of rotary instruments and ultrasonic 
irrigation on debris and smear layer scores: 
a scanning electron microscopic study.  
Int Endod J 2002; 35: 582.

36. Gu LS, 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.

37. Pesse AV, Warrier GR, Dhir VK. An 
experimental study of the gas entrapment 
process in closed-end microchannels. Int J 
Heat Mass Transfer 2005; 48: 5150−5165.

38. Alexander I, Palmer G, Mordan N, 
Gulabivala K, Ng Y-L. Development of an in 
vitro model to evaluate the effect of mode 
of irrigation on apical extrusion.  
Int Endod J 2010; 43(9): 829.

39. Ahmad M, Pitt Ford TR, Crum LA, Walton 
AJ. Ultrasonic debridement of root canals: 
acoustic cavitation and its relevance.  
J Endod 1987; 14: 486−493.

40. Walmsley AD. Ultrasound and root 
canal treatment: the need for scientific 
evaluation. Int Endod J 1987; 20: 105−111.

41. Joyce E, Phull SS, Lorimer JP, Mason TJ. The 
development and evaluation of ultrasound 
for the treatment of bacterial suspensions. 
A study of frequency, power and sonication 
time on cultured Bacillus species. Ultrason 
Sonochem 2003; 10(6): 315−318. 

42. Zeltner M, Peters OA, Paqué F. Temperature 
changes during ultrasonic irrigation with 
different inserts and modes of activation.  
J Endod 2009; 35(4): 573.

43. Zehnder M. Root canal irrigants. J Endod 
2006; 32: 389.

44. Sabins RA, Johnson JD, Hellstein JW. A 
comparison of the cleaning efficacy of short-
term sonic and ultrasonic passive irrigation 
after hand instrumentation in molar root 
canals. J Endod 2003; 29(10): 674−678.

45. Rödig T, Bozkurt M, Konietschke F, 
Hülsmann M. Comparison of the Vibringe 
system with syringe and passive ultrasonic 
irrigation in removing debris from 
simulated root canal irregularities. J Endod 
2010; 36(8): 1410−1413.

46. Gu LS, Kim JR, Ling J, Choi KK, Pashley DH, 
Tay FR. Review of contemporary irrigant 
agitation techniques and devices. J Endod 
2009; 35: 791−804.

47. Ahmad M, Pitt Ford TR, Crum LA. 
Ultrasonic debridement of root canals: an 
insight into the mechanisms involved.  
J Endod 1987; 13: 93−101.

48. van der Sluis LWM, Gambarini G, Wu MK, 
Wesselink PR. The influence of volume, 
type of irrigant and flushing method on 
removing artificially placed dentine debris 
from the apical root canal during passive 
ultrasonic irrigation. Int Endod J 2006;  
39: 472−476.

49. Carver K, Nusstein J, Reader A, Beck M. In 
vivo antibacterial efficacy of ultrasound 
after hand and rotary instrumentation in 
human mandibular molars. J Endod 2007; 
33(9): 1038−1043.

50. Kanter V, Weldon E, Nair U, Varella C, 
Kanter K, Anusavice K, Pileggi R. A 
quantitative and qualitative analysis 
of ultrasonic versus sonic endodontic 
systems on canal cleanliness and 
obturation. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2011; 112(6): 809−813.

51. Ng YL, Mann V, Rahbaran S, Lewsey J, 
Gulabivala K. Outcome of primary root 
canal treatment: systematic review of the 
literature − Part 2. Influence of clinical 
factors. Int Endod J 2008; 41(1): 6−31.

52.  Lussi A, Nussbächer U, Grosrey J. A novel 
noninstrumented technique for cleansing 
the root canal system. J Endod 1993;  
19(11): 549−553.

53. Siu C, Baumgartner JC. Comparison of 
the debridement efficacy of the EndoVac 
irrigation system and conventional needle 
root canal irrigation in vivo. J Endod 2010; 
36(11): 1782−1785.

54. Abarajithan M, Dham S, Velmurugan 
N, Valerian-Albuquerque D, Ballal S, 
Senthilkumar H. Comparison of Endovac 
irrigation system with conventional 
irrigation for removal of intracanal smear 
layer: an in vitro study. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 2011;  
112(3): 407−411.

55. Hauser V, Braun A, Frentzen M. 
Penetration depth of a dye marker into 
dentine using a novel hydrodynamic 
system (RinsEndo). Int Endod J 2007; 40: 
644−652.

56. Braun A, Kappes D, Krause F, Jepsen S. 
Efficiency of a novel rinsing device for the 
removal of pulp tissue in vitro. Int Endod J 
2005; 38: 923.

57. Rödig T, Sedghi M, Konietschke F, Lange 
K, Ziebolz D, Hülsmann M. Efficacy of 
syringe irrigation, Rins-Endo and passive 

ultrasonic irrigation in removing debris 
from irregularities in root canals with 
different apical sizes. Int Endod J 2010; 43: 
581−589.

58.  Metzger Z, Zary R, Cohen R, Teperovich 
E, Paqué F. The quality of root canal 
preparation and root canal obturation 
in canals treated with rotary versus self-
adjusting files: a three-dimensional  
micro-computed tomographic study.  
J Endod 2010; 36(9): 1569−1573.

59. Hof R, Perevalov V, Eltanani M, Zary R, 
Metzger Z. The Self-adjusting File (SAF). 
Part 2: Mechanical analysis. J Endod 2010; 
36(4): 691−696.

60. Solomonov M. Eight months of clinical 
experience with the self-adjusting file 
system. J Endod 2011; 37(6): 881−887.

61. Rickard GD, Richardson RJ, Johnson TM, 
McColl DC, Hooper L. Ozone therapy 
for the treatment of dental caries. 
Cochrane Database of Systematic Reviews 
2004, Issue 3. Art. No.: CD004153. DOI: 
10.1002/14651858.CD004153.pub2

62. HealOzone for the treatment of tooth 
decay (occlusal pit and fissure caries and 
root caries). NICE Technology Appraisal 
Guidance 92. July 2005.

63. Azarpazhooh A, Limeback H. The 
application of ozone in dentistry: a 
systematic review of literature. J Dent 2008; 
36(2): 104−116.

64. Kuştarci A, Sümer Z, Altunbaş D, Koşum S. 
Bactericidal effect of KTP laser irradiation 
against Enterococcus faecalis compared 
with gaseous ozone: an ex vivo study. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod 
2009; 107: e73−79.

65. Garcez AS, Ribeiro MS, Tegos GP, Núñez 
SC, Jorge AO, Hamblin MR. Antimicrobial 
photodynamic therapy combined with 
conventional endodontic treatment to 
eliminate root canal biofilm infection. 
Lasers Surg Med 2007; 39(1): 59−66.

66. Garcez AS, Nuñez SC, Hamblim MR, Suzuki 
H, Ribeiro MS. Photodynamic therapy 
associated with conventional endodontic 
treatment in patients with antibiotic-
resistant microflora: a preliminary report.  
J Endod 2010; 36(9): 1463−1466.

67. Metzger Z, Better H, Abramovitz I. 
Immediate root canal disinfection with 
ultraviolet light: an ex vivo feasibility study. 
Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2007; 104(3): 425−433.

68. EU Artificial Optical Radiation Directive 
2006/25/ECE. OJ L 114 of 27.04.2006.


