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Abstract

Introduction: Pain management during endodontic therapy has been a major concern among the dentists since many years.
Patients often associate endodontic treatment with pain. The incidence of post - operative pain following root canal treatment
is in the range of 3-58% |1, 2|. This review of literature analyzes the vatious irrigant activation techniques and their effective-
ness in pain management.

Materials and Methods: A search was performed in electronic database (i.e. PUBMED CENTRAL, Google and Hand
Search) using following search terms alone and in combination by means of PUBMED search builder till March 2021. The
various irrigant activation techniques were reviewed and all randomized clinical trials evaluating post operative pain following
endodontic irrigation were analyzed.

Results: Randomised clinical trials using irrigation activation techniques resulted in lesser post operative pain then conven-
tional needle irrigation. Though manual dynamic agitation was capable of removing the vapor lock effect, it still had the
tendency to push the irrigant beyond apex resulting in increased postoperative pain compared to other irrigation techniques.
Conclusion: All the clinical studies concluded that irrigant activation with sonic, ultrasonic, laser activated irrigation and
manual dynamic agitation produced lesser post operative pain. EndoVac which is a negative pressure irrigation system also
proves to be better than conventional needle irrigation in terms of post operative pain.

Keywords: Conventional Irrigation; Irrigant Activation; Laser Activated Irrigation; Post Operative Pain; Sonic Irrigation;
Ultrasonic Irrigation.

patient as well as gain confidence to undergo root canal treatment
[3]. The frequency of post endodontic pain was in the range of
1.5 to 53% [4].

Introduction

Post operative pain is an undesirable occurrence in endodontics.
Understanding the frequency of occurrence of post endodontic

pain in vital, non vital or necrotic teeth and the contributing etio-
logical factors would enable the clinician to effectively manage the
post operative pain. Effective pain management is the primary
requisite in Endodontic therapy. Art of anesthetizing the tooth
with proper techniques and informing the patients to expect a
significant amount of pain can increase the pain threshold of the
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Single visit root canal treatment for vital teeth has advantages
such as reduced flare up rate, decreased number of operative pro-
cedures, no risk of interappointment leakage through temporary
restorations, patient acceptance and reduced post operative pain
[5]. A systematic review by Figini et al concluded that patients
undergoing a single visit might experience a slightly higher fre-
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quency of swelling and refer significantly more analgesic use [0].
Difficulty in accessing the canal apex in acute curvatures, canal
transportation or over instrumentation, extended operating time,
inadequate contact time of irrigants, lack of placing intracanal
medicament may be some of the reasons for failures or flare ups
following single visit endodontic treatment [7].

There are studies that analyzed the factors contributing for pain
in endodontics such as age, gender, tooth arch, tooth type or lo-
cation, presence and severity of preoperative pain, pulpal status,
presence and size of periapical lesion, number of root canals pre-
sent, intracanal irrigant and medicament used, presence of inter-
appointment pain, extent of root filling, single visit versus mul-
tiple visit root canal procedures have been investigated in some
studies |1, 8]. Occlusal reduction done during initiation of endo-
dontic therapy has influenced reduction of pain of mandibular
molars with symptomatic irreversible pulpitis [9].

Previously our team has a rich experience in working on various
research projects across multiple disciplines [10-24]. Now the
growing trend in this area motivated us to pursue this project.

Pain In Endodontics

Extrusion of microbes and debris is not uncommon during the
canal cleaning, shaping or filing procedures aggravates the in-
flammatory response and causes periradicular inflammation. The
Postendodontic pain most often occurs during the first 24 to 48
hours after obturation, although it occasionally persists for several
days [4].

Pak et al, 2011 suggested that the prevalence of pretreatment root
canal associated pain was high within 1 day and continued to drop
to minimal levels in 7 days |25, 26]. Factors that were found to be
significantly associated with pain or discomfort included younger
age, gender, tenderness to percussion, and tenderness on apical
palpation [27].

Operator errors such as violating the apical constriction due to
over instrumentation, apicoectomy, perforation, forceful irriga-
tion are contributing factors for irrigant or debris extrusion which
initiates the post operative pain [28, 29].

Significance Of Irrigation Dynamics In Endodontic Disin-
fection

The disinfection of the root canal system comprises mechanical
cleaning and shaping using hand and rotary files augmented by
use of chemical irrigants capable of effectively removing micro-
organisms, biofilm and smear layer from the areas inaccessible to
instrumentation. The root canal system has a complex anatomy
with lateral canals, fins, isthmuses, apical delta, ramifications, C
shaped canals and oval canals [30]. The smear layer formed af-
ter instrumentation serves as a niche for microorganisms. The
mechanism of action of the irrigant as well as the mode of deliv-
ery plays a crucial role in removing the microbes and smear layer.

Sodium hypochlorite is the only irrigant capable of pulp tissue
dissolution used in concentrations of 0.5 - 6% [31]. The anti-
microbial and tissue dissolving ability of sodium hypochlorite is
attributed to chlorine, which is unstable and dissipated rapidly
during tissue dissolution [32]. The effectiveness of tissue dissolu-
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tion can be safely increased by frequent replenishment and ac-
tivation of the irrigant [33, 34]. Studies have shown that use of
hypochlorite after smear removal by EDTA, can cause erosion on
dentin [35]. Also chlorhexidine reacts with hypochlorite leading
to a carcinogenic precipitate called para-chloroaniline (PCA) [36].
Saline can be used in between two irrigants to avoid the chemical
reaction. 17% EDTA is used as a final irrigant and it removes the
inorganic smear layer containing debris, microbes and microbial
products [37].

Thus an ideal effective concentration of irrigant, contact time and
penetration of irrigant should be enhanced by activation tech-
niques to improve clinical success rates of endodontic treatment
[38]. 5.25% NaOCI was associated with significantly lower post-
operative pain compared to 2.5% NaOCI during the first 72 h fol-
lowing one-visit root canal treatment of mandibular molars with
irreversible pulpitis which might be due effective pulp dissolution
[39].

Conventional Needle Irrigation

Mechanical instrumentation alone would not be sufficient to reach
the complex root canal intricacies such as isthumes, ¢ shaped ca-
nals, fins, lateral and accessory canals. Hence effective endodontic
irrigants such as sodium hypochlorite for pulp tissue removal as
well as EDTA for effective debris removal are used along with
irrigant activation techniques in order to achieve maximum ef-
fectiveness by improved contact between root canal walls and the
irrigant used.

Irrigant activation helps in effective removal of bacteria, debris,
smear layer and significantly improves irrigant penetration [40].
Studies have proved that in oval canals, only 40% of the apical
root canal wall area comes in contact with rotary instruments [41].

An apical preparation size of 0.3mm was suggested for effective
irrigant penetration in the apical third [42]. Computational fluid
dynamics (CFD) studies simulate irrigant flow in a root canal
model and evaluate parameters such as canal taper, apical pres-
sure and irrigant exchange at the apical third of the root because
of the forces exerted by irrigant flow [43]. These studies affirmed
that the irrigant replacement was limited to 1-1.5mm apical to
the needle tip. Low-Reynolds number turbulent flow was detected
near the needle outlet [43, 44]. The flow of irrigant and its re-
plenishment is critical for improving the effective contact time of
irrigant with the root canal walls [45, 46].

Size 27-gauge or 30-gauge needles facilitated better irrigant pen-
etration up to the apical third of the root canal [47]. Side-vented
needles (tip) may offer safer irrigation than open-ended needles
in positive pressure irrigation [48|. Activation of the irrigant and
constant replenishment improves the efficacy of irrigant [49].

Post operative pain following conventional needle irrigation was
greater than negative pressure irrigation [50], sonic irrigation [51]
and ultrasonic irrigation [52]. During conventional needle posi-
tive pressure irrigation, there are increased chances of extrusion
of irrigating solutions showing varying degrees of cytotoxicity.
Immediate long lasting pain occurs when sodium hypochlorite
is expressed under pressure and then escapes through the apical
foramen. The incidence of post- operative pain is upto 30% [2].
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The reasons for irrigant extrusion were high flow rate, destruction
of the apical constriction, over-instrumentation, perforation of
the root canal system, root resorption, wedging of the needle in
the root canal, presence of a periapical lesion and horizontal root
fracture [53].

Techniques Of Irrigant Activation
* Manual Dynamic Activation (MDA).
* Sonic irrigant activation.

* Passive Ultrasonic Irrigation.

* Continuous Ultrasonic Irrigation.

* Laser activated irrigation.

Manual Dynamic Agitation (MDA): Manual dynamic agitation
technique uses the master cone in an instrumented, irrigant filled
canal. The master cone is placed Imm short of working length
and activated in up and down motion with 2mm amplitude and
frequency of 100 strokes per minute [54]. This technique was very
effective in avoiding the vapour lock effect caused by sodium hy-
pochlorite [55]. The technique was dependent on operator and
could not be standardized and frequency of irrigant extrusion was
more that led to post operative pain |53, 52].

Neelakantan et al did histological assessment of debridement of
the root Canal Isthmus of mandibular molars by irrigant activa-
tion techniques and concluded that MDA showed significantly less
remaining pulpal tissues at 1 and 3mm from the apex compared
with PUI and syringe irrigation [56]. Topcuoglu et al studied that
the post operative pain in mandibular molars with symptomatic
irreversible pulpitis was greater with MDA during first 24 hours as
compared to sonic and ultrasonic irrigation 52| (Table 1).

Ultrasonic Irrigation: In 1957, Richman first introduced ultra-
sonic devices in Endodontics. Passive ultrasonic irrigation was
first described by Weller et al in 1980 and refers to the ‘noncut-
ting” action of the ultrasonically activated file. Roy et al stated
that two types of activation can occur during Passive ultrasonic
irrigation in root canals namely stable and transient [57]. 40kHz
cycles are produced per second and the piezoelectric tips work in
a linear movement from back to front like a piston and is ideal for
endodontic treatment [58]. The ultrasonic tips do not rotate, and
high cutting efficiency obtained with excellent safety and control.

Passive Ultrasonic Irrigation (PUI) that firstly delivers the irrigant
solution in to the root canal and then introduces the ultrasonic tip,
without touching the canal walls. Continuous Ultrasonic Irrigation
(CUI), where the activation of the irrigant solution is performed
simultaneously with its delivery into the canal. The phenomena of
acoustic streaming happens due to vibration of the ultrasonic tips
that generates shear stress which dislodges the debris from the
canal. Ultrasonic waves are able to propagate inside the irrigant
solution and to create microcavitation (small voids) that implode,
shaking the solution inside the canal and improving the removal
of the smear layer as well as improving the penetration of the
liquid in to the apical third of the root canal system.

Dioguardi et al, 2019 concluded from his systematic review that
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PUI is more effective in vapor lock removal than conventional
needle irrigation [59]. Nagendrababu et al did a systematic review
of in vitro studies and concluded that PUI resulted in better disin-
fection of the root canal system than conventional needle irriga-
tion [60]. Studies comparing post operative pain levels following
continuous ultrasonic irrigation [61] and passive ultrasonic irriga-
tion [52, 62] have reported lesser pain score than conventional
needle irrigation (Table -1).

Laser Activated Irrigation: Laser light can penetrate areas of
canals where irrigating and disinfecting solutions cannot reach,
such as fins, deltas, and lateral canals. Selective photothermolysis
occurs when laser energy is applied into the root canal system.
The lasers used most commonly for photothermal disinfection
are the Nd:YAG, KTP and near-infrared diode lasers. Er YSGG
laser has several applications in conventional endodontics namely
Biofilm preconditioning, Cleaning and disinfection, Recapitula-
tion, achieving Patency and Drainage and decompression.

Laser Assisted Disinfection Of Root Canals: Laser targets the
cell wall of bacteria and leads to swelling due to changes in os-
motic gradient leading to cellular death. Photosensitizer substanc-
es, such as methylene blue (MB), toluidine blue (ITB) sensitizes the
bacteria to diode light resulting in the production of singlet oxy-
gen. The laser-induced morphological effects on root canal walls
due to thermal effects that were sufficient to remove smear layer
and debris without causing any carbonization and melting [63].

Effect Of Laser On Endodontic Irrigants: Pulsed erbium la-
sers had a thermal effect and caused expansion and successive
vapor bubble implosion with in irrigant generating a high speed
movement of fluid through a cavitation effect. The thermal effect
caused by lasers leads to expansion and successive vapor bubble
implosion with in irrigant fluids that creates a secondary cavita-
tion effect on the intracanal irrigants. The canal preparation was
more smooth following the laser activation of irrigants.

Laser Irrigation Techniques In Endodontics: Traditional la-
ser endodontics (direct laser irradiation) involves the use of end-
firing tips or fibers, positioned 1mm short of working length and
irradiated while with drawing the fiber from the canal [64].

Photo-activated disinfection (PAD), photodynamic therapy, or
light-activated disinfection (LAD) requires the use of different
photosensitizers with antimicrobial activity that are selectively ac-
tivated by different wave lengths.

Laser-activated irrigation (LAI) and Photon induced photoacous-
tic streaming (PIPS) involves the use of radial-firing tips to im-
prove the lateral emission of photons to activate the irrigants [65].

SWEEPS protocol (shock wave-enhanced emission photoacous-
tic streaming).

PIPS works at low energy levels from 50 m] to 20 mJ at 10 to 15
Hz with short pulses around 50 microseconds to generate shock
waves |00]. Effective smear layer removal was observed with PIPS
than syringe irrigation and effective bacterial reduction seen when
PIPS was used in conjunction with 6% sodium hypochlorite [67].

In the SWEEPS technique, a pair of individual laser pulses are
emitted at time T0, and the initial vapor bubble and smaller sec-
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Table 1. Randomised clinical trials evaluating post operative pain following Irrigant activation.
S.no | Author/ year Intervention Comparison | Outcome (Post op pain reduction)
1 Alzaka, 2012 | Prdoactivator®A) 1 g e i riation EA>EN
Safety irrigator
Ramamoorthi Endodontic
’ i >
2 2015 Endoactivator(EA) needle EA>EN
3 Middha, 2017 Contm'uc?us 1.11trason1c Needle irrigation Ultrasonic>needle
irrigation
Negative pressure Positive pressure
4 Topcuoglu, 2018 irrigation(NPI) irrigation NPI>PPI
(EndoVac) (PPI)
Sonic irrigation(SI) | Manual Dynamic
5 Topcuoglu, 2018 Ultrasonic agitation SI=UI>MDA
irrigation(PUI) (MDA)
6 Morsy, 2018 DIODE laser Endodontic Diode> EN
needle
7 Dagher, 2019 Er: YAG Endodontic Er: YAG> EN
needle
Yilmaz, 2019 EndoActivator(EA) CNI EA>EN
Gundogar, 2020 Sonic, Ultrasonic, CNI Sonic>Ultrasonic>EN
10 | Mandras, 2020 Er:YAG Endodontic Er: YAG> EN
needle
1 ic irriga-
11 Liapis, 2021 Er: YAG v tm‘;“()‘; frriga Er: YAG=UI

ondary vapor bubbles are simultaneously formed at the fiber tip.
The pressure waves created by these bubbles induce the violent
collapse of the initial and secondary bubbles amplifies the effect
of photoacoustic streaming within the root canal system [68-70].

The Nd:YAG laser and the erbium laser family emit energy in a
“pulsed” mode and thermal relaxation time allows the surface to
cool. Erbium lasers with “end-firing” tips, with frontal emission
at the end of the tip, have little lateral penetration of the dentinal
wall, so that a radial-emitting tip was proposed in 2007 for the Er,
Cr:YSGG laser [71].

The canals should be prepared up to apical preparation with ISO
25/30) for Nd:YAG and erbium lasers, to facilitate placement of
optical fibre of 200pum diameter, Imm short of working length
and retracted with a helical movement in five to ten seconds. Pre-
viously it was used in dry canals but recent studies emphasize the
presence of irrigant to avoid thermal damage to the tooth and
improve the antimicrobial effect on biofilms [72].

Radial firing tips work at clinically safe temperatures and act later-
ally on the dentinal walls avoiding hazardous effect on periapical
tissues. It enables dislodgement of the biofilm. The phenomena
of vapor lock effect is also effectively eliminated by the radial fir-
ing tips thus improving the penetration of irrigant at the apical
third.

Jaramillo stated that activation of a buffered 0.5 % sodium hy-
pochlorite solution by PIPS (photon induced photoacoustic
streaming significantly increased its antimicrobial capacity com-
pared to conventional irrigation |73, 68]. Kosarieh et al studied
the Effect of Er:YAG laser irradiation using SWEEPS and PIPS
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technique on dye penetration depth after root canal prepatration
and concluded the conventional and Sweeps technique provided
similar results, where as PIP had more effective penetration in to
dentinal tubules [74]. The amount of irrigant extrusion following
conventional needle irrigation was greater than laser activated ir-
rigation with radial firing tips and PIPS [75]. Post operative pain
following Er. YAG(PIPS) [76] and DIODE laser [77] have shown
improved pain reduction compated to conventional needle irtiga-
tion and similar results as passive ultrasonic irrigation 78] (Table
1). Photodynamic therapy showed a significant amount of post
operative pain reduction with methylene blue and 3min irradia-
tion with soft tissue laser [79].

Discussion

Gulabivala studied the fluid mechanics of root canal irrigation
and concluded that the use of side-opening needles may be more
effective than end-opening needles because the Reynolds number
is higher at the exit of the side opening of a needle tip and the
shear stress opposite the outlet much higher than for other needle
designs [80]. Needles with multiple openings around the circum-
ference of the needle may provide a means to improve biofilm
removal. The reciprocating action of a well-fitting cone not only
enhances mixing of the fluid in the canal but also increases sig-
nificantly the shear stress on the canal wall and eliminates vapor
lock effect due to gas bubbles [81]. Sonic or ultrasonic agitation
of the fluid through unconstrained file oscillation can generate
large shear stresses on the canal surface and streaming flow inside
the root canal [80].

Limitations of the studies were differences in the inclusion crite-
ria or clinical conditions chosen for the study. Some of the clinical
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trials have studied asymptomatic cases to check for incidence of
pain following irrigant activation, where as few cases had chosen
symptomatic cases to check for pain reduction. The concentration
of irrigants used, the combination of irrigants, the needle gauge
sizes, the depth of penetration varied among different studies.
Our institution is passionate about high quality evidence based
research and has excelled in various fields [14, 82-91]. Hence more
randomised clinical trials with stringent criteria must be carried
out to arrive at definitive conclusions regarding the most appro-
priate technique of irrigant activation.

Acknowledgement and Declaration

We would like to acknowledge my mentors and guide for helping
me in data collection and analysis and better understanding of the
subject. We declare that the systematic search was performed and
detailed assessment of studies done to arrive at clinically relevant
solutions.

Conclusion

Based on available literature, Irrigant activation techniques ex-
perienced significantly less amount of postoperative pain com-
pated to conventional needle irrigation. Laser activated irrigation
using erbium lasers and passive ultrasonic irrigation techniques
have shown similar results for pain reduction. Further clinical tri-
als with standardized protocols will aid in painless and effective,
evidence based irrigant activation techniques.
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