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Abstract 
Background: To compare the incidence of postoperative pain and analgesic intake on the administration of passive 
ultrasonic irrigation (PUI) using IrriSafeTM, laser-activated irrigation (LAI) using Er:Cr: YSGG in comparison to 
conventional needle irrigation (CNI) in participants diagnosed with symptomatic irreversible pulpitis (SIP). 
Material and Methods: In this randomised double-blinded parallel trial, 75 participants requiring root canal treat-
ment in mandibular first molars diagnosed with SIP were enrolled. A 10 cm visual analogue scale (VAS) was used 
for pain assessment and patients presented with a preoperative pain score of 5 cm and above were only selected. 
After biomechanical preparation, the final irrigation protocols varied based on the irrigation protocol employed. In 
CNI, intracanal irrigation was conducted without agitation using a 31G side vented needle. In PUI, irrigant acti-
vation was conducted using IrriSafeTM and in LAI, irrigant activation was conducted using a pulsed Er:Cr: YSGG 
(2940 nm) laser with radial firing tip (RFT - 2). The pain scores and analgesic intake were assessed postoperatively 
after obturation at 6, 24 and 48 h.
Results: A significant reduction in postoperative pain levels and analgesic intake was seen among all groups at as-
sessed time intervals (p<0.05). Overall, mean postoperative pain scores and analgesic intake were CNI>LAI>PUI 
(p<0.05) respectively.
Conclusions: Participants diagnosed with SIP receiving PUI and LAI showed low and comparable levels of posto-
perative pain scores. Based on the analgesic intake, PUI showed the least analgesic intake when compared to LAI 
and CNI respectively.
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Introduction
Currently clinically, conventional needle irrigation 
(CNI) is shown to be the most commonly employed 
irrigation with sodium hypochlorite (NaOCl) being the 
most commonly used biocidal agent based on multiple 
surveys (1,2). However, conventional irrigation methods 
fail to deliver intricate parts such as fins and ramifica-
tions of the root canal system (3). An element for con-
sideration is the formation of a vapour lock, which can 
influence the irrigant availability at the apex (4). The 
small air bubbles which get entrapped during irrigation 
decrease the irrigant activity.
To overcome these mentioned limitations, emphasis has 
been placed on various manual or machine-assisted irri-
gant agitation techniques. Among the plethora of techni-
ques currently administered by clinicians; passive ultra-
sonic irrigation (PUI), apical negative pressure irrigation 
and sonic irrigation are the most popular and commonly 
used (5). A recent irrigation activation modality which 
has gained recent trend is laser-activated irrigation (LAI) 
where Er: YAG, Er, Cr: YSGG, Nd: YAG and diode la-
sers have been studied extensively as irrigant modality 
for intracanal bacteria reduction and smear removal (6).
Although they were extensively studied, all the abo-
ve-mentioned lasers might not show their full poten-
tial in reducing the bacterial load and complete smear 
removal. The benefit of this technique depends on the 
various laser irradiation parameters, type of laser used 
and physical properties of tissues that ultimately govern 
the laser tissue interactions. These parameters can cause 
changes in photomechanical and photoacoustic energy 
emission where laser pulses with high pulse energy are 
delivered ultimately causing photothermal changes to 
the tissues causing a beneficial therapeutic effect at the 
targeted site (7). Although lasers show a beneficial effect 
in root canal disinfection there is a scarcity of evidence 
to suggest a superior laser regimen due to the wide range 
of characteristics which has to be considered in tradi-
tional RCT. In the current study, LAI was done using 
Er: YSGG 2940 nm laser (Waterlase® iPlus, BIOLASE, 
USA). Current systematic review (8), although pointed 
out the heterogeneity among the various parameters em-
ployed. The literature evidence has shown the beneficial 
pain reduction, at 6 hours post-treatment with similar 
parameters employed in the current study.
Though it is broadly considered that irrigant agitation 
enables the reduction of postoperative pain and increa-
sed healing, the results remain controversial since they 
vary based on various operative conditions (9,10). Pul-
pal conditions such as symptomatic irreversible pulpitis 
are considered to be the most common pulpal pathology 
with patients exhibiting spontaneous pain often necessi-
tating urgent attention. During this condition, preopera-
tive pain levels have a direct influence on postoperative 
pain levels in contrast to asymptomatic pulpal condi-

tions (11). Due to all the previously mentioned factors, 
there is a gap in the literature on the usage of LAI in cli-
nical scenarios; hence we planned to assess the efficacy 
of LAI and PUI after a single visit to endodontic therapy. 
Therefore, the current study aimed to evaluate and com-
pare the postoperative pain levels after root canal thera-
py based on PUI using IrriSafeTM tips (Satelec, Acteon 
Group, France), Laser activated irrigation and CNI using 
31G in teeth diagnosed with symptomatic irreversible 
pulpitis. The null hypothesis considered was that there is 
no difference in postoperative pain levels and analgesic 
intake on using different irrigant activation techniques 
in patients undergoing single-visit root canal treatment.

Material and Methods
-Ethical clearance and protocol registration
This study is a prospective randomized double-blinded 
and parallel single-centred superiority clinical trial. Be-
fore the commencement of the trial, ethical clearance 
was obtained from the university with an approval num-
ber (SRB/SDC/ENDO-1801/20/04) and was conducted 
according to the code of ethics of the World Medical 
Association, Declaration of Helsinki. Additionally, the 
study was registered prospectively in the clinical trial 
registry - India (CTRI/2021/01/030329). This study is 
reported using the CONSORT 2010 guideline (Fig. 1).
-Sample Size Determination
As no previous literature assessing similar criteria of 
postoperative pain reduction using LAI during the time 
of trial commencement, the sample size was determined 
based on pilot study results using G*Power version 3.1 
for Windows (Henrick Heine-Universität, Düsseldorf, 
Germany). The estimated power was set at 90%, α = 
0.05, f = 0.45. The estimated final sample size was con-
sidered to be 66 participants, to compensate for attrition 
the total sample size was increased by 10% making the 
sample size a total of 75 participants.
-Eligibility Criteria
a. Inclusion Criteria
Systemically healthy patients (ASA–1) under the age 
group of 18-65 years with a preoperative pain score ran-
ging more than 5 cm on the VAS scale eliciting severe 
pain requiring primary root canal treatment in mandibu-
lar first molars diagnosed with symptomatic irreversi-
ble pulpitis were only considered. Furthermore, radio-
graphic examination using digital periapical radiograph 
showing the absence of osseous changes, periodontal 
ligament region widening or periapical region radiolu-
cency with a periapical index (PAI) score of 1 were only 
considered (12). 
b.Exclusion Criteria
Participants, who had consumed analgesics within the 
last 12 hours or exhibited any systemic illness or aller-
gic reactions to local anesthesia, were excluded. Teeth 
showing periapical radiolucency and signs of apical 
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Fig. 1: The present study shows the number of participants enrolled and allocated to various irrigation activa-
tion group (CONSORT 2010 flow diagram).

periodontitis, crown or root fracture, periapical cyst, re-
sorption defects, calcifications, aberrant anatomy, sinus 
opening, previous evidence of endodontic treatment and 
teeth deemed for vital pulp therapies were excluded. 
-Setting and Location
The study participants were recruited from the pool of 
patients who reported for treatment in the postgraduate 
section of the endodontics department of the college. An 
initial 90 participants were screened for the possibility 
of inclusion and the patients were recruited based on 
prior inclusion/exclusion criteria. The eligible partici-
pants were asked to sign an informed consent form that 
detailed the benefits and risks of the treatment procedure 
prior to the start of the procedure.
-Randomization, Sequence generation and allocation 
concealment
The randomization process was carried out by a third 
person (P.S) who had no participation in conducting the 
study. Block randomization procedure was followed for 
the three included groups; CNI, PUI, and LAI. The num-
bers in each position were randomly allocated. Therefo-
re, for each serial number based on a random number, a 
group was assigned. A sequentially numbered, opaque, 
sealed envelope method was implemented for allocation 
concealment enabling the sequence to be concealed until 

interventions were assigned. A paper containing a rando-
mized group number was sealed in an opaque envelope 
containing the respective serial number over it prepared 
by the prior mentioned individual. Based on the treat-
ment protocol employed, each protocol was mentioned 
clearly and sealed in allocated envelopes. Participants 
were assigned their study numbers as they sequentially 
enrolled in the study. The envelope was opened once the 
intervention was set. Based on the allocation, the respec-
tive treatment based on the group of interventions was 
conducted.
-Blinding 
This study followed a double-blind design where both 
the participant and the evaluator did not know the type 
of intervention being used. As the operator had to con-
duct irrigant activation using different devices, blinding 
of the operator was not possible. Once the randomiza-
tion and allocation concealment were completed, each 
patient was subjected to a specific treatment protocol 
and finally assigned to three groups based on the acti-
vation protocol followed. A total of 75 participants were 
included in this study whilst 25 participants were rando-
mly assigned to each group.
-Treatment Procedure
A single operator (S.S.K) carried out all the treatments 
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for all the groups and had 2 years of practice and expe-
rience in using the different activation regimens emplo-
yed in this trial. In the case of proximal caries, before the 
initiation of treatment, caries excavation was completed 
and a composite build-up was done to serve as a cham-
ber for irrigant delivery. Local anaesthesia was adminis-
tered using the inferior alveolar nerve block technique 
using 1.8 ml of 2% lidocaine with 1:200,000 epinephri-
ne (LOX 2%, Neon Laboratories Ltd, Mumbai, India) 
before the initiation of treatment. The anaesthetic effect 
was verified by a lack of response to cold and electric 
pulp sensibility testing. The tooth was isolated using a 
rubber dam, and an occlusal reduction of 0.5 - 1 mm 
was carried out. Access cavity preparation was carried 
out using access cavity preparation burs (Lexicon Burs, 
Dentsply Sirona, Switzerland) under a dental operating 
microscope (OPMI PICO, Carl Zeiss, Oberkochen, 
Germany). If participants recorded any pain during the 
procedure, a supplemental intrapulpal injection of local 
anaesthesia was administered.
The canals were initially scouted using ISO No.8 stain-
less steel K-file (Mani, Tochigi, Japan). Working length 
determination was done using an apex locator (Root ZX 
II, J. Morita, Tokyo, Japan) using an ISO No.10 stainless 
steel K-file (Mani, Tochigi, Japan) followed by confir-
mation using a digital periapical radiograph. The glide 
path preparation was done using continuous rotary ins-
trumentation (ProGlider, Dentsply Sirona, Balligeius, 
Switzerland) till the recorded working length for each 
tooth. All the canals were prepared using a continuous 
rotary system (ProTaper Gold system, Dentsply Mai-
llefer, Balligeius, Switzerland) to 0.5 mm short of apex 
as suggested based on apex locator readings (Root ZX 
Mini, J. Moritta Corp. Japan) such that following the 
manufacturer’s suggested sequence using reduction gear 
handpiece powered by an electric motor (X-Smart Plus, 
Dentsply Maillefer, Ballaigues, Switzerland). The api-
cal preparation was done two sizes larger than the ini-
tial apical binding file based on a previously published 
report (13). During the shaping procedure, intermittent 
irrigation was done using 2 mL of 3% NaOCl (Prime 
Dental, Thane, India) using a 31G single port side ven-
ted needle (Ultradent, South Jordan, UT). Apical paten-
cy was maintained throughout the shaping procedure 
using the previously mentioned ISO No.10 stainless ste-
el K-file between each instrument.
-Irrigation Protocols 
For the CNI group - Following root canal preparation, 
irrigation was done with conventional irrigation me-
thods using a 31G single port side vented needle (Ultra-
dent, South Jordan, UT). The irrigation was performed 
using a 27 mm single side-port needle (NaviTip 30G, 
Ultradent, South Jordan, UT). 3 mL of 3% NaOCl (Pri-
me Dental, Thane, India) was delivered subsequently 
into each prepared canal such that the needle was not 

bound and was placed 2 mm short of the working length 
and moved up and down with 2 mm amplitude for a total 
time of 30 s. An intermittent flush of 2 mL of physiolo-
gical saline was carried out after the usage of NaOCl. 
3 ml of 17% ethylenediaminetetraacetic acid (EDTA) 
(Pyrax, Uttarakhand, India) was used as a final rinse for 
1 min followed by irrigation using 5 mL of physiological 
saline to neutralize the effects of EDTA. Excess solu-
tion during each phase of irrigation was collected using 
a high-volume evacuation with a surgical aspiration tip 
placed on the coronal access cavity preparation. 
For PUI group - Following root canal preparation, the 
irrigants were dispensed into the canal using a 31G sin-
gle port side vented needle (Ultradent, South Jordan, 
UT) and the final irrigant activation was done using IRR 
25/25 IrriSafeTM file (Satelec, Acteon, France) driven by 
a P5 piezoelectric ultrasonic unit (Acteon, Mount Lau-
rel, USA) at a power setting of 5 while placing 2 mm 
short of working length. 3 mL of 3% NaOCl was used 
for each activation cycle for 30 s for a total of two cycles 
(9,14) In an instance of curvature in mesial canals, the 
file was precurved and used for activation. This was fo-
llowed by an intermittent flush of 5 mL of physiological 
saline and 3 mL 17% EDTA was activated for 30 s for 
two cycles followed by a final rinse of 3 mL of physiolo-
gical saline to neutralize the effects of EDTA.
For the LAI group - Following root canal preparation, 
the irrigants were activated in a sequence of 5 mL of 3% 
NaOCl followed by 2 mL of 17% EDTA. The irrigants 
were dispensed into the prepared canal using a 31G sin-
gle port side vented needle (Ultradent, South Jordan, 
UT).Er,Cr:YSGG laser (Waterlase® iPlus, BIOLASE, 
USA) was used at a wavelength of  2940 nm attached 
with a radial firing tip (RFT2 Endolase, BIOLASE, 
USA) with specification 275 μm diameter, 25 mm len-
gth, and 0.55 calibration factor with settings of 20 mJ 
pulse energy, 50 micro sec pulse duration, 10 W power 
were used, at a frequency of 15 Hz, water and air was 
turned off during the activation. The laser tip was placed 
in the prepared root canal system at 2 mm short of wor-
king length and 3 mL of 3% NaOCl was dispensed into 
the canal and activated for 30 seconds for two cycles. An 
intermittent flush of physiological saline was used and 3 
mL of 17% EDTA was used for activation for 30 s for 
two cycles. A final rinse of 3 mL of physiological saline 
was used to neutralize the effects of EDTA.  
Followed by the activation of irrigants, the canals were 
dried using corresponding taper paper points (Meta-Bio-
med, Chungcheongbuk-do, South Korea) and obturated 
with 6% gutta-percha (Meta-Biomed, Chungcheong-
buk-do, South Korea) using AH Plus sealer (Dentsply 
Sirona, Ballaigues, Switzerland) using cold lateral com-
paction technique; care was taken so that no sealer ex-
trusion/puff was seen in any of the groups which could 
potentially influence the results of this study. The co-
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ronal seal was done using bonded flowable composite 
restoration (EverX Posterior, GC Dental, USA). The oc-
clusal was checked and adjusted and the remaining walls 
and cusps were reduced in height to stabilize tooth struc-
ture and a postoperative radiograph was taken to assess 
the quality of obturation. The time of completion of the 
procedure and the postoperative pain scores of 6, 24 and 
48 h were noted. None of the enrolled patients were pres-
cribed any analgesics and a pain chart was given to record 
the pain values at 6, 24 and 48 h. In case of severe pain 
by the patients, they were asked to telephonically call the 
assistant who was not involved in the treatment procedure 
and an analgesic (ibuprofen – 400 mg) was prescribed. 
The total number of tablets taken was also noted.
-Outcome measures
The primary outcome was to assess the level of posto-
perative pain at 6, 24 & 48 h using the 10 cm VAS scale 
which was recorded on a pain diary consisting of the 
hour and time of assessment. The secondary outcome 
was to correlate the analgesic intake in patients who re-
ported pain. The participants were not prescribed any 
medications immediately after the treatment and in the 
event of severe pain during the follow-up period par-
ticipants were asked to contact telephonically any of 
the personnel (K.V.T, J.J) who were not involved in the 
treatment. The analgesic (Ibuprofen – 400 mg) was pres-
cribed to the participants as a precautionary medication 
and the quantity of analgesic consumption for each pa-
tient was recorded separately.
In an event of excruciating pain, due to the treatment 
flare up, where the pain cannot be controlled by postope-
rative prescribed medication, then the participants were 
asked to report to the clinic and treatment was repeated 
and were subsequently excluded from the trial. As the 
experimental protocol was repeated twice in patients 
where the pain could not be controlled these patients 
were excluded from the study. After 6, 24 and 48 h, 
participants were enquired telephonically and asked for 
their general feeling in the area of the root canal, pain 
scores and the number of ibuprofen pills that the partici-

pants had taken at each follow-up period was recorded 
on the participant’s chart.
-Statistical Analysis
All the data was imported into the SPSS version 22 
(IBM Corporation, USA) statistical analysis software. 
The normality tests (Shapiro-Wilk test and Kolmogo-
rov-Smirnov) were done to assess the distribution of the 
data and the data was found to be non-parametric. The 
Kruskal-Wallis test was chosen for analysing the statisti-
cal difference in postoperative pain and analgesic intake 
among the groups at the assessed time intervals (6,24 
and 48 h). One way ANOVA and post hoc Tuckey tests 
were used for intergroup and intragroup comparisons. A 
p value of less than 0.05 was considered as significance 
level.

Results
From a total of 90 participants who reported pain with 
mandibular first molars were screened for possible in-
clusion from the time frame March 2020 to March 2021, 
75 participants were enrolled in the current trial. Table 
1 denotes the baseline demographic characteristic data 
of the enrolled participants for this study. All the data 
were obtained through the pain score sheets and were 
verified telephonically by an operator (N.M.B) who was 
not involved in the trial. No loss of follow-up of the par-
ticipants were seen during the evaluation phase whilst 
none reported excruciating pain necessitating immediate 
treatment. The study results showed there was a signi-
ficant reduction in overall postoperative pain levels at 
different time intervals assessed (Table 2, Fig. 2). The 
pairwise comparison showed that PUI and LAI group 
had a significant reduction of pain scores at all experi-
mental periods when compared to CNI (p<0.05), with 
no significant difference in PUI and LAI in postopera-
tive pain scores at all the assessed time intervals. The 
consumption of analgesic was assessed and participants 
who received CNI were subjected to more incidence of 
analgesic consumption followed by LAI and PUI res-
pectively (p<0.05) (Table 3).

Characteristics CNI PUI LAI p value

Gender 
Male (%) 13 (52%) 14 (56%) 11 (44%)

0.688`Female (%) 12 (48%) 11 (44%) 14 (56%)

Age (yrs) Mean 32.12 32.16 32.04
0.178`SD 11.366 8.214 9.367

Table 1: Table showing characteristics of the included participants in the included study. No significant difference was seen 
between the age and gender.

Abbreviations
CNI – conventional needle irrigation
PUI – passive ultrasonic irrigation
LAI – laser activated irrigation
SD – standard deviation 
` - not statistically significant (p value less than 0.05 considered statistically significant)
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Fig. 2: Bar chart showing the pain reduction levels at different point intervals using CNI, PUI 
and LAI at different assessed time point intervals (preoperative baseline, 6, 24 and 48 hours). 
Reduction of pain scores was seen in all the groups. It can be seen that PUI showed better 
reduction of pain compared to LAI and CNI.

Mean pain intensity (VAS)
CNI

(Mean and SD)
PUI

(Mean and SD)
LAI

(Mean and SD) p value
Preoperative pain intensity 6.04±1.72 5.96±1.49 5.96±1.97 0.848
Pain intensity at 6 hours 5.60±1.70 4.00±1.63 4.28±1.67 0.005*
Pain intensity at 24 hours 4.12±1.61 2.20±1.50 2.64±1.78 0.000*
Pain intensity at 48 hours 3.12±1.56 0.76±1.45 1.20±1.44 0.000*

Table 2: Table showing the mean post operative pain intensity for CNI, PUI and LAI in at different time intervals (preoperative pain, 
6, 24 and 48 hours).

* Statistically significant difference (p value less than 0.05 is considered statistically significant)

Discussion
The present study evaluated the postoperative pain le-
vels of LAI using Er:Cr: YSGG laser, PUI using IrriSa-
feTM and CNI using a 31G needle and found that CNI re-
sulted in maximum pain score levels compared to other 
irrigation techniques employed. Current systematic 
review literature by Nagendrababu et al., (15) Justifies 
that insufficient pulpal debridement with CNI leading to 
more post-operative pain scores, as compared with the 
activation. Hence, in the present study as all the cases 
were completed in the single visit, the effective postope-
rative pain reduction, depends mainly on thorough dis-
infection, which could have been compromised in cases 
where CNI was employed.

To our knowledge, only one randomized controlled trial 
was conducted proving the superiority of pulsed Er: 
YAG laser when compared to ultrasonics in participants 
with asymptomatic teeth undergoing primary root ca-
nal treatment (16). The results of this study go by their 
findings that LAI and PUI exhibited similar levels of 
postoperative pain reduction despite the different laser 
protocols employed. Although AAE classification was 
used in the current study, we have considered patients 
with moderate to severe baseline pain scores only. Cases 
deemed for vital pulp therapies were excluded from the 
study. Cases showed a clear sign of symptomatic irrever-
sible pulpitis with baseline pain scores only considered 
for the study.
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Analgesics intake Study groups At 6 hours At 24 hours At 48 hours p value

None

CNI
5 9 19

0.04*

20% 36% 76%

PUI
14 22 25

56% 88% 100%

LAI
10 15 25

40% 60% 100%

1 tablet

CNI
6 9 4

0.01*

24% 36% 16%

PUI
7 2 0

28% 8% -

LAI
10 9 0

40% 36% -

2 tablets

CNI
14 7 2

0.02*

56% 28% 8%

PUI
4 1 0

16% 4% -

LAI
5 1 0

20% 4% -

Table 3: Analgesic intake of patients at different assessed time interval (6, 24 and 48 hours) using irrigation methods using 
CNI, PUI and LAI.

* Statistically significant difference (p value less than 0.05 is considered statistically significant)

Currently, it has been reported that LAI has superior pro-
perties, especially for its bacterial reduction effect and 
low postoperative pain scores (17). For this trial, man-
dibular first molars presenting with symptomatic irre-
versible pulpitis were selected and treated in single-visit 
endodontic therapy to exclude any confounding varia-
bles such as intracanal medication which could have a 
confounding effect on the results of this study (18). In 
addition, these teeth are reported to possess the least ca-
nal variations specifically in the isthmus region necessi-
tating adequate cleaning and shaping protocol allowing 
us to specifically select these teeth for inclusion (19). 
Evidence shows better Irrigant penetration when LAI is 
used especially in minimal preparations. It is assumed 
that increasing the apical preparation to two sizes should 
be enough for better root canal disinfection. A recent re-
port showed pain levels to be less with LAI since they 
exhibited less apical pressure than CNI during the irri-
gant activation phase ultimately preventing the extrusion 
of irrigants from the apex (20). Hence, we could justify 
the results obtained from our study that LAI showed less 
postoperative pain when compared to CNI.
The demographic variables of the participants such as 
age, sex, and preoperative pain levels could play a sig-
nificant role in influencing the levels of postoperative 
pain. In this regard, this study was designed in such a 
way as to avoid confounding variables influencing the 
results of this study. Further, we selected only partici-

pants who were systematically healthy (ASA-1) and 
who had not consumed any form of analgesics 12 hours 
before the procedure to avoid the influence of preme-
dication on the underestimation of results (21). To mi-
nimize the variations and ensure standardization, in all 
groups the same treatment protocol was followed except 
the final irrigation technique to achieve comparable re-
sults. During the procedure, optimal care was taken by 
the clinician to avoid over-instrumentation by accurately 
determining the working length using a correlation of 
apex locator and radiograph findings to prevent debris 
extrusion whilst also obturating without any sealer ex-
trusion/puff preventing variables which can influence 
the results of this study. 
All the procedures for this trial were conducted under 
rubber dam isolation whilst pre-endodontic build-up was 
done for proximal caries to ensure adequate disinfection 
and facilitate irrigant activation. Occlusal reduction was 
conducted for teeth based on the previous evidence-ba-
sed by Nguyen et al. (22) that though there was a reduc-
tion in pain levels 6 days after treatment after occlusion 
reduction, the results should be taken with caution since 
they showed no statistical difference on the pain levels 
from the line of effect in comparison to participants not 
undergoing occlusal reduction. In the present study, the 
apical preparation was extended to two sizes. However, 
the recent study evidence shows the deformation of the 
apical root canal portions especially in curvatures (23). 
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However, in the current study selection criteria we have 
excluded the cases with severe canal curvatures. Hen-
ce, these effects would be minimal or nil in the present 
study.
This study showed the highest incidence of postoperati-
ve pain in CNI followed by the LAI and PUI group. Re-
garding analgesic administration, the participants were 
informed and encouraged to take the pain medication 
only if there was moderate to severe pain. This was done 
to avoid over-usage of analgesics that may potentially 
influence the pain intensity due to treatment protocol in 
turn affecting the results of our study. Based on the re-
sults of our study, the mean analgesic intake was higher 
in CNI followed by LAI and PUI respectively. Future 
studies are advised to be carried out extensively on laser 
and ultrasonic activation in patients undergoing primary 
and secondary root canal treatment.
The limitations of this study can be the use of a 10 cm 
VAS horizontal scale which might give over or unde-
restimated results. We recommend future trials to be 
conducted considering the multitude of factors which 
can cause pain and using precise pain scales with pain 
levels. Another limitation of this study is that we did 
not report the pain scores at 12 h since previous reports 
had revealed similar levels of postoperative pain sco-
res for participants at a 12-24 h period (24). Another 
limitation is the consideration of only mandibular first 
molars diagnosed with symptomatic irreversible pulpi-
tis, though we had taken it for standardization and to 
avoid any confounding factor, this can be considered to 
be a limitation since the results achieved could be varied 
based on different pulpal conduction. The allocation of 
participants in the current study may be predictable and 
result in selection bias as the study groups might have 
been unmasked due to the block randomization process. 
Hence based on these limitations we recommend future 
studies to evaluate the tested devices at different periods 
in participants with different preoperative diagnoses to 
achieve an accurate outcome and further support the re-
sults of this study.

Conclusions
Based on the limitations of this study, PUI using IrriSa-
feTM resulted in a reduction of postoperative pain when 
compared to the LAI using Er, Cr:YSGG and CNI whi-
lst analgesic intake was seen higher in participants who 
were administered CNI followed by PUI and LNI res-
pectively. PUI exhibited better results compared to LAI 
with minimal patient discomfort.
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