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ABSTRACT

Title: Comparative Evaluation of Photobiomodulatory EffeE6660 nm and 970 nm
Diode Laser on Postoperative Pain Management igl8#Visit Endodontic Treatment

— A Randomized Control Trial

Background: Postoperative pain remains a frequent conceendodontic therapy,
often affecting patient comfort and satisfactioho®biomodulation using low-level
laser therapy (LLLT) has emerged as a promisingpitarmacological alternative to
conventional analgesics. However, the efficacy dfecent laser wavelengths in

reducing postoperative pain remains underexplored.

Aim: The present study aimed to evaluate and comparepliotobiomodulatory
effects of 660 nm and 970 nm diode lasers on theagement of postoperative pain

following single-visit endodontic treatment.

Methodology: A randomized controlled trial was conducted inwady 81 patients

requiring root canal treatment in maxillary firstemolars. Patients were randomly
divided into three groups (n=27 each): Group A {oan- no laser), Group B (660 nm
diode laser), and Group C (970 nm diode laser) pAtients underwent standardized
single-visit root canal treatment. Laser irradiatio’as applied immediately post-
treatment in Groups B and C. Postoperative pain assessed using the Visual
Analogue Scale (VAS) at 6, 24, 48, and 72 houratiSical analysis was performed
using Kruskal-Wallis ANOVA, Mann-Whitney U, Friedma ANOVA, and

Wilcoxon tests.

Vi



Results: All groups demonstrated a statistically significeeduction in pain over time
(p<0.05). Intergroup analysis revealed significaidwer VAS scores in Group C
(970 nm) compared to Group A at all time intenaisl compared to Group B at 6 and
24 hours (p<0.05). Group B also showed signifigaldiver VAS scores than Group

A during the early postoperative period.

Conclusion: The 970 nm diode laser demonstrated superioraeffian reducing
postoperative endodontic pain compared to the 666 mwavelength.
Photobiomodulation using diode lasers can be censitdan effective adjunct for

postoperative pain management in endodontic pectic
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I ntroduction

INTRODUCTION

"Pain is inevitable, but suffering is optional.”

Even though the concept of single visit endodonhias existed since the
1800s(1), it has gained increased popularity in &gt couple of decades due to
advancements in endodontic techniques and techyolighile it offers the advantage
of reduced appointments, a major concern remai@snitidence of post-endodontic
pain (PEP), which significantly affects both patiesatisfaction and clinical
outcomes(2). Studies by Gupta et al. and Bhagveteh report postoperative pain in
32.35% and between 24%-60% of patients, respegtB/d). Post endodontic pain
(PEP) control measures are vital components of domi@a treatment, ensuring
optimal patient comfort, accelerated healing, aodgiterm treatment success.(5)
Despite advancements in root canal therapy tecksjgmanaging post-treatment
discomfort remains a challenge.(3) Postoperatiwédantic pain has a multifactorial
etiology, resulting in acute inflammation mainly edto inflammatory mediators
produced due to chemical, mechanical, or microbijakies to the pulp & periapical

tissues.(6)

The primary choices for managing post-treatmenin pgpically revolve
around different prescription drugs like non-stdadianti-inflammatory
drugs(NSAID), steroid-based anti-inflammatories r{icosteroids), analgesics like

acetaminophen (paracetamol), and opioid-basedrpb@vers.(7)

However, these drugs present side effects and aindications. NSAIDs
increase cardio-vascular and renal failure risk anel contraindicated throughout

pregnancy(8). Gastropathy related to NSAID is entered very frequently.(9)
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I ntroduction

As an alternative, Photobiomodulation (PBM) inifaknown as LLLT has
gained recognition as a non-invasive and effecihathod for pain reduction and
accelerated healing in dental procedures.(10,1DtoBiomodulation (PBM), was
discovered in 1967 by Hungarian physician and samgerofessor Endre Mester at
Semmelweis Medical University in Budapest while king on cancer cells where the

tissue injuries demonstrated accelerated healitigeifaser-treated group.(12)

Photobiomodulation gained recognition in medicingriry the 1970s and
1980s.(13) Following this, dentists began usingrmed and near-infrared lasers in
various procedures. Diode lasers, particularly ehmgerating at 660 nm and 970 nm,
have gained popularity in endodontics due to trability to enhance cellular

metabolism, reduce inflammation, and modulate painception.(14)

Photobiomodulation has shown a comparable effeet WSAIDs in pain
management as per studies done by Nunens et a&(1Hpbi et al.(16) While
photobiomodulation can be done in the 600nm - 1600ravelength range previous
studies have been done with 970 + 15 nm by Arsak.€17) and Yildiz et al(18),
with 808 nm wavelength by Asnaashari et al(19), dot al.(20) & with 640nm

wavelength by Nabi et al.(16), in root canal treaitrand re-treatment cases.

While a variety of dental lasers exist which in@dudgr,Cr: YSGG -780 nm,
CQO: - 10,600 nm, Er: YAG - 2940 nm and Nd: YAG - 1064 —many are limited
by shallow tissue penetration, making them moré¢abié for surgical applications
rather than PBM.(21,22) In contrast, diode lasdferaleeper penetration and are

preferred for photobiomodulatory use. (10)

Specific laser parameters, including wavelengthwero duration, and

frequency, may result in varying degrees of pamuction, and some wavelengths

Page 2



I ntroduction

may be better than others at controlling post-dpergpain.(23) According to the
literature, there is no evidence on which wavelengjt the Diode laser is more
efficient & safer way of decreasing post-operatpa@n for patients who require
endodontic therapy.(14) While both wavelengths rdemonstrated promising results
in pain management, their comparative effectiveragfgsr single-visit endodontic
treatment remains unclear. Randomized Controllats (RCTs) are considered the
gold standard for effective research interventicass,the process of randomization
helps eliminate many of the biases associated otitar research designs. Therefore,
this study aims to evaluate the photobiomodulagifiact with 660nm and 970nm in
the management of postoperative pain in patients tdive been diagnosed with

asymptomatic irreversible pulpitis after singleivendodontics.
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Aims & Objectives

AIMS AND OBJECTIVES

STUDY AIM

To evaluate and compare the photobiomodulatoryceftd 660nm and
970nm Diode laser on post-operative pain managetneningle visit endodontic

treatment —A Randomized control trial.

STUDY OBJECTIVES

« To assess and conduct an intragroup comparisorhefiritensity &
incidence of post-operative pain at 6, 24, 48 afch@urs using Visual
analogue scale without performing photobiomodutatio

» To assess and conduct an intragroup comparisorhefirttensity &
incidence of post-operative pain at 6, 24, 48 afch@urs using Visual
analogue Scale after performing photobiomodulatiam 660nm
wavelength.

« To assess and conduct an intragroup comparisorhefiritensity &
incidence of postoperative pain at 6, 24, 48, ahdd@urs using a Visual
Analogue Scale after performing photobiomodulati@t 970nm
wavelength.

» To assess and conduct an inter-group comparisothefintensity &
incidence of postoperative pain at 6, 24, 48, ahda@urs using a Visual
Analogue Scale after performing photobiomodulatian 660nm and
970nm wavelengths.

 To assess and compare how age and sex are assowitiethe groups

using 660nm and 970nm wavelength of Diode laser.
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Research Hypothesis

RESEARCH HYPOTHESIS

NULL HYPOTHESIS

There is no difference in postoperative pain mamegg using 660nm &

970nm wavelength diode lasers in single-visit eotbid treatment.

ALTERNATE HYPOTHESIS

There is a difference in postoperative pain managgmsing 660nm & 970nm

wavelength diode lasers in single-visit endodotmgatment.
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Review of literature

REVIEW OF LITERATURE

A comprehensive systematic review was performedagsessing the rendition
of PBM on postoperative endodontic pain. The awttaralysed nine clinical
trials involving human subjects where PBM was uaédr root canal therapy.
Databases such as PubMed, Scopus, and Cochraneseatded for clinical
trials using PBM to manage post-endodontic paindi®s reported pain scores
using standard tools like the VAS. It was seen Bl significantly reduced
postoperative pain in most studies, especially iwithe first 72 hours. It was
found to be a safe, effective, and non-invasiver@ggh. However, further
studies are needed to standardize laser paranagtesrotocols.(24)

A comprehensive systematic review and meta-analygis performed for
assessing the rendition of laser therapy on posttipe pain and outcomes in
endodontic retreatment cases. This study systeatigtignalysed three clinical
trials from multiple databases assessing lasericgtighs—particularly PBM
(PBM)—during or after endodontic retreatment. Pagores and treatment
success were compared between laser and non-lagsepsg The analysis
included trials with clear methodologies and stadided pain assessment tools
like the VAS. The meta-analysis revealed that lakerapy, especially PBM,
significantly reduced postoperative pain in enddiboretreatment cases. It also
showed improved patient comfort and reduced neearalgesics, reinforcing
the role of lasers as an effective adjunct in egtnent protocols. (25)

A study was done to assess the impact of laser BBIdostoperative pain after
SVE treatment in 5-9-year-old children with acuteeversible pulpitis in
primary molars. One group received PBM therapy gisin diode laser at

continuous mode with a wavelength of 808nm witBamm tip in contact mode
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and spot size 0.8 cm2 immediately after endoddreatment, while the control
group utilized a blue LED wavelength of 420-480 with an exposure time of
15s. Pain levels were measured using the VAS di24,and 24 hours after
treatment. The results indicated that PBM signifttareduced postoperative
pain at all measured time intervals, with the treait group reporting less pain
in comparison to the control. The study supportsube of PBM as an effective,
non-invasive approach for managing pain after endtid therapy in pediatric
patients.(26)

A randomized control trial was done to examine thgpact of PBM on
postoperative pain after primary endodontic treatnie molars diagnosed with
symptomatic apical periodontitis. The study invalv@atients undergoing
single-visit root canal treatment for molars diagg with symptomatic apical
periodontitis. A low-level diode laser (used for MB was applied
postoperatively. Pain was measured at multiplenmate using a VAS, and
outcomes were compared to a non-laser control grédbp study found that
PBM significantly reduced postoperative pain, matarly within the first 24—
48hours. It concluded that PBM is a safe and affecdjunct to conventional
endodontic therapy in managing pain associated ayitbal periodontitis.(27)

A comprehensive systematic review was performeduatiag laser PBM on
postoperative pain in endodontics. The authorevesd sixteen clinical studies
that assessed the application of PBM in endodgmiicedures, focusing on
postoperative pain management. Studies were séldased on their design
(randomized controlled trials, clinical trials),dapain outcomes were measured
using validated instruments like the VAS and numesting scales. A meta-
analysis was conducted to aggregate data acraiestdThe systematic review

found that PBM significantly reduced postoperafpan following endodontic
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treatments. The authors highlighted PBM as an ®&fiecand non-invasive
adjunct to conventional pain management technigeapporting its use in
enhancing patient recovery after endodontic proeed(P8)

A study was to done to determine the impact of PEBNBM) using infrared
laser source of gallium and aluminium arsenide (&) during root canal
treatment on oral health-related quality of lifeHRQoL). This study included
patients undergoing root canal treatment, with gimp receiving PBM using
the low-level laser with a wavelength of 660 + i@ during the procedure,
while the control group received no laser therapyHRQoL was measured
using the OHIP-14 questionnaire, assessing fadikkespain, discomfort, and
overall health-related quality of life. The outcaameere assessed at baseline,
immediately after treatment, and at 1-week follgw-UThe study found that
PBM significantly improved the OHRQoL scores in theatment group,
particularly in terms of reducing pain and discorhfpost-treatment. The
authors concluded that PBM is a beneficial adjuimctroot canal therapy,
enhancing patient comfort and improving overall lgyaof life during the
recovery period.(29)

A study was done to determine the effectivenes®B#M (PBM) therapy in
reducing postoperative pain after root canal treatnm 90 systemically healthy
patients aged 20-50 years, each presenting withpteynatic irreversible
pulpitis in mandibular molars. All patients undemnwesingle-visit root canal
treatment, which included shaping by Reciproc systaccompanied by
irrigation using 2.5% sodium hypochlorite and 17%TA. obturation was
done with gutta-percha and AH Plus sealer using Itteral compaction
technique. After obturation and restoration Pasiemére divided into 2 groups

of PBM 940 nm diode laser and Placebo. Pain lewsdse self-reported by
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patients at 6, 12, 24, 48, and 72 hours postopehatusing a VAS. The PBM
group consistently reported significantly lowerrpacores at 6, 12, and 24hours
post-treatment compared to the placebo group. B wencluded that PBM
therapy using a 940 nm diode laser effectively cedupostoperative pain in
patients undergoing single-visit root canal treattndor symptomatic
irreversible pulpitis, particularly within the firs24 hours. This non-
pharmacological approach can serve as a valualleadn endodontic pain
management strategies.(30)

A study was done that to determine the impact of Llin postoperative pain
management following single-visit root canal retme@nt of mandibular molars.
This randomized controlled clinical trial included@6 subject requiring
retreatment of symptomatic first or second mandibuholars with periapical
index scores of 2 or 3. Patients were randomlygassi to two groups: first
group was LLLT group which received LLLT using 98t diode laser at 6.89
W/cm2 energy density, 0.5 W power and tip diametelOmm immediately
after root canal retreatment second group was Siranp which underwent a
simulated laser treatment without actual irradiati®ostoperative pain levels
were recorded at 4, 8, 12, and 24 hours, and os #a$, and 7 using a VAS.
The results indicated that the LLLT group expereashsignificantly lower pain
intensity at the 4-hour mark compared to the shemam(p = .016). However,
no significant differences in pain levels were alied between the groups at
subsequent time points. The study concluded thatTLEffectively reduces
postoperative pain at 4 hours following singletvigiot canal retreatment of

mandibular molars.(31)
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10.

This study highlights the distinct biological resges triggered by 660 nm (red)
and 980 nm (near-infrared) light in PBM therapyirdscultured keratinocytes
and fibroblasts, researchers found that both wagghs enhance metabolic
activity and ATP production, but through differgrathways and durations. The
980 nm wavelength produced a quick, yet short-li#dP increase, whereas
660 nm led to a longer-lasting effect, sustainedifpto 24 hours. The extended
response to 660 nm was linked to increased COXglession, pointing to a
cytochrome ¢ oxidase (CCO)-mediated mechanism.ohirast, the effects of
980 nm seem to involve alternative pathways sucbaésum signalling, TRP
channels, and water absorption. Interestingly, gisioth wavelengths together
did not enhance outcomes compared to individuatritents. These results
emphasize the need for wavelength-specific appesam PBM and suggest
that 660 nm may be more suitable for long-term apeutic benefits. The
findings offer valuable insights for refining PBMeatment protocols and
improving clinical outcomes.(32)

A systematic review was conducted to evaluate tfiecte of LLLT on
postoperative pain following endodontic proceduiidsey analysed randomized
clinical trials comparing LLLT with placebo treatnts after primary root canal
therapy, retreatment, and periapical surgery. Bwew included 12 studies,
with most reporting significantly reduced postopeea pain at various time
intervals post-treatment. However, the evidencdityuaas rated as low to very
low, attributed to factors like lack of standardiaa in laser parameters and
concomitant medication use. The authors conclutéed while LLLT shows
promise in reducing postoperative pain, furthereagsh with standardized

protocols is needed to confirm its efficacy.(14)
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11.

12.

A study was conducted to check the effect PBM ostqqerative symptoms in
teeth with asymptomatic apical periodontitis trelatevith foraminal
enlargement. It included patients with asymptomadigical periodontitis
undergoing single-visit endodontic treatment. Oreup received PBM therapy
using infrared laser source of gallium and alunmmiarsenide (GaA1As) with a
wavelength of 660+10nm postoperatively, while thanteol group did not
receive any laser treatment. Postoperative paintamderness were evaluated
using VAS scores and clinical examinations wereed®nl2, and 24 hours after
treatment. The study found that PBM significantygluced postoperative pain
and tenderness, particularly in the first 24 haafter treatment. The authors
concluded that PBM is an effective non-pharmacalagadjunct in managing
postoperative symptoms in cases involving asymptienapical periodontitis,
especially after foramina enlargement procedurgs(33

A randomized clinical trial was carried to compéhe effectiveness of PBM
therapy (PBMT) and ibuprofen in controling postogee pain after
endodontic treatment. Seventy patients diagnos#dsymptomatic irreversible
pulpitis were enrolled in the study and underwengls-sitting endodontic
therapy. Post-treatment, participants were rand@s$ygned to two groups: one
receiving two doses of 600 mg ibuprofen within ahbir interval, and the
other undergoing PBMT using AsGaAl infrared lasE808nm at 100mW for
25s immediately after the procedure. Pain levelevessessed at 6-, 12-, 24-,
and 72-hours post-treatment using numerical and.VR® results indicated
that PBMT provided superior pain relief comparedbigprofen at 6, 12, and 24
hours, with no significant difference observed ks 72-hour mark due to its
actions Such effects include the elimination ohpaiducing substances through

enhanced local blood flow, suppression of inflanonatmediator production,
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13.

14.

activation of cellular respiration, and the relea$eneurotransmitters into the
affected tissues. The study concluded that PBMEfikient in decreasing
postoperative pain within the first 24 hours follogrendodontic treatment.(15)
A comprehensive systematic review was performeahtdyse the efficiency of
LLLT in managing postoperative pain following endotic therapy and re-
treatment (RCR). The review analysed seven randmdrgpntrolled trials—five
focusing on RCT and two on RCR—comparing LLLT wilacebo, blank, or
ibuprofen treatments. The studies utilized diode iaadium-gallium-aluminium
lasers, evaluating outcomes such as pain prevalémemsity, and analgesic
consumption. Three studies reported a significadtiction in pain prevalence
post-treatment with LLLT. While pain intensity rdtsuvaried across different
time points, most studies observed lower pain feval the LLLT group.
Additionally, two out of three studies assessinglgesic use found notable
benefits with LLLT. The authors concluded that LLLShows promise for
postoperative pain control in endodontic therapigisemphasized the necessity
for additional high-quality clinical trials to deitively confirm its
effectiveness.(34)

A study was conducted to check the effect of loweldaser therapy (LLLT)
using 808 nm wavelength diode laser at a powerQff bW with a fiber
diameter of 60@m on postoperative endodontic pain in patients with
symptomatic irreversible pulpitis, focusing on diffnt irradiation sites. Patients
were randomly assigned to receive LLLT at differeradiation sites—either
intraoral, extra oral, or both—after endodonticatreent. Pain levels were
assessed using the VAS at various time intervadsoperatively. It was found

that LLLT significantly reduced postoperative paéspecially when applied
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15.

16.

both intraorally and extraorally. The study suppdhe use of LLLT as a safe
and effective adjunct for managing pain in acutgoelontic cases.(35)

A systematic review was done to explore PBM effeatizing different
wavelengths of 904nm, 830nm, 685 nm, 660 nm on-gpwsgjical dental pain,
aiming to evaluate its clinical usefulness in redgadiscomfort after invasive
procedures. This systematic review included 10 oarided control trials done
on patients undergoing various oral surgical pracesi PBM was applied
postoperatively using the low-level laser, and deirels were monitored over
time using standardized tools like the VAS. Thecootes were compared to a
control group receiving no laser therapy. The tsswhowed that PBM
significantly decreased pain intensity and impropatlent comfort in the early
postoperative period. The authors concluded thaM PFB a non-invasive,
effective, and safe technique for managing posgisal dental pain.(36)

A randomized control trial was conducted to ingestie the effect of PBM on
pain following endodontic therapy. This clinicalatrinvolved patients who
underwent routine endodontic procedures. Afterttneat, one group received
PBM using an indium-gallium-aluminium laser withwavelength of 808nm
and 0.0283 cm2 spot size, while one of group @itiraceive laser treatment.
Pain levels were assessed at 6, 12, 24, and 48& Ipost-treatment using the
VAS. The study found that PBM significantly redugeastoperative pain, with
the treatment group reporting less discomfort btimle intervals compared to
the control. The authors concluded that PBM is #actve, non-invasive
therapy for pain management following endodongatment, improving patient

recovery without the need for pharmacological wvegetions.(20)
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18.

A study was conducted to assess the effectiverigggoperative ibuprofen and
LLLT in managing postoperative pain following siaglisit endodontic
procedures was conducted. 120 patients were raydaliotated into 4groups ;
group A received 400mg Ibuprofen orally before tineatment, group B
underwent LLLT with a wavelength of 905 nm AT 50f¥ 3 minutes post-
procedure, targeting the periapical region on lmtbcal and lingual aspects. ,
group C received both preoperative ibuprofen arst-pmcedure LLLT; group
D served as the control group, receiving neithempibfen nor LLLT. Pain
levels were assessed immediately after treatmehtaardt, 8, 12, 24, and 48
hours postoperatively using the Heft Parker paimvesu Results indicated that
all treatment groups experienced significant paduction postoperatively.
Ibuprofen alone was particularly effective at thartl 8-hour marks. Notably,
the combination of ibuprofen and LLLT (Group C) uked in the most
substantial reduction in postoperative pain acedstime intervals. The study
concluded that LLLT can serve as an effective alftdve to NSAIDs for
controlling post-endodontic pain, potentially mitmg the adverse effects
associated with these drugs.(16)

A study was conducted to examine the impact of Lldrilpain after single visit
endodontic therapy in mandibular molars diagnosét symptomatic apical
periodontitis. 42 patients meeting specific inabsicriteria underwent root
canal treatment using reciprocating instrumentswaae randomly assigned to
one of three groups. First group was control gradych received no laser ,
second was placebo which underwent mock laser pghiersithout actual
irradiation and third group was LLLT group whichceéved a 970 nm diode
laser on apex of roots for 30 secs postoperatiiebstoperative pain levels

were recorded on the 1st, 3rd, 5th, 7th, and 3afs dising a VAS. The results
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19.

20.

demonstrated that the LLLT group experienced sicguitly lower pain levels
on the 1st and 3rd days compared to the controlpéanmkebo groups (P < .05).
However, no significant differences were observexiag the groups regarding
postoperative percussion pain levels. The studyloded that LLLT can be
beneficial in reducing postoperative pain in enduaboprocedures.(18)

A study was conducted in vivo and in vitro to exaenthe effects of PBM using
multiple wavelengths on oxidative stress. In vitrpplymorphonuclear
neutrophils (PMN), granulocytes and keratinocytesenvexposed to 800 nm,
660 nm, and 970 nm laser light, both before aner afikidative stress induction.
In vivo, patients suffering from oral mucositis(OMAused by chemotherapy or
radiotherapy were treated with PBM using these Vemgghs. The study
utilized standard reactive oxygen species (ROSgdfieih methods and a
genetically encoded roGFP2-Orpl sensor for dynaradgox imaging. The
findings revealed that increased ROS production seen before or after an
oxidative stimulus at 660 nm when applied, at 970im@re was moderate
antioxidant activity and 800 nm laser and combingdvelength led to
significant reductions in ROS levels in both cgfiés. The study concluded that
PBM's effects on oxidative stress vary based on wevelength used,
suggesting the potential for developing multiwangkh clinical protocols.(37)
This study explores the effects of 808-nm wavelengliode laser on
mitochondrial function. It challenges the convengbbelief that high-fluence
laser therapy impairs cellular activity, showingstead that a fluence of 64
Jicm2 at 1 W enhances mitochondrial performancéndJsiitochondria from
bovine liver, researchers observed increased oxggesumption and activation
of complexes Ill and IV in the electron transpdmam, leading to greater ATP

synthesis. Complexes |, Il, and cytochrome c wemaffected. The flat-top

Page 15



Review of literature

beam's uniform energy distribution is credited faeventing the uneven
irradiation typical of Gaussian beams, thereby mining overstimulation or
inhibition. These findings question the biphasicseloesponse theory and
indicate that, when applied evenly, high-fluenceMPBan be both safe and
therapeutically beneficial in mitochondrial and wmgyerelated cellular

treatments.(38)
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MATERIALS AND METHODS

This study titled —“Comparative evaluation of pHotonodulatory effect
of 660nm and 970nm diode laser on post-operativie penagement in single
visit endodontic treatment — A Randomized clinicahtrol trial” was conducted at
the Department of Conservative Dentistry and Endtds, KAHER's KLE V.K.
Institute of Dental Sciences, Belagavi, Karnataké&h approval of Research and
Ethical Committee of KLE University's V K Institutef Dental Sciences. With
reference number 1636 dated 08.04.2025, and wite TRl number

CTRI/2025/02/080023.
MATERIALS USED: -

e 2% Local anesthesia lignocaine 1:1,00,000 adremal{iiCPA),
15%EDTA gel (Avue Gel), 5% w/v Povidine lodine (S&harma Ind),
Hydrogen Peroxide 30% w/v (Thermo Fisher Scientiet.. Ltd.),Sodium
Thiosulphate (Ranbaxy Ltd.Baline: 0.9% w/v (AH Ltd. Ind), NaOCIl 3%
(Vishal Dentocar Ltd) Di sodium edetate solutio¥d7(Canalarge)RVG
(Dentsply  Sirona), Sterile cotton, Paper points (DiaDent MMPP),
Guttapercha (25/6 NeoEndo Flex compatible GP ppimsi-Plus® Sealer
(Dentsply, Germany)Tab Ibuprofen 400mg (Abbott India.)

* The DG-16 probe (GDC®, India), the mouth mirror (G®, India), the rubber
dam kit (Hygienic kit , Coltene, Swetzerland), éfac pulp vitality tester
(Parkell Inc, New York), Single use saliva ejectéirotor (NSK Pana-Air,
Tokyo, Japan); spoon excavator (GDC®, India), Déspide syringes (Unolock
India); Mini Endo-block (Dentsply-Maillefer, Switdand); Endomotor X-

SmartTM (Dentsply, Switzerland), Apex locator (E xpeEighteeth,
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Changzhou, China)

» Endo access diamond point (Dentsply Maillefer, 3eriand); Endo-Z bur
(Dentsply-Malillefer, Switzerland); Stainless-st&efiles #10, #15, (Mani Inc,
Japan) ; Neoendo Flex rotary file (Orikam, Indigd compatible GP points
(Diadent, Korea)

» SiroLaser Blue with 8mm Multitip (Dentsply Sirorfdew York, USA),

METHODOLOGY

Adhering to the stated inclusion and exclusion @ibos 81 patients in need of
endodontic therapy concerning maxillary 1st premolaeth, diagnosed as
asymptomatic irreversible pulpitis were selectexifrthe normal patient population of
the Department of Endodontics and Conservative iBeyt the KLE VKIDS
Belagavi. A signed informed consent was receivedhfeach patient post-procedure

was explained in their native language.

INCLUSION CRITERIA: -

Patients in need of root canal therapy for themo@ted maxillary premolar
teeth, identified clinically with pulp sensitivitjests as asymptomatic irreversible
pulpitis, patients aged between 18 and 50 yeardngpan insignificant past medical

history, without any pre-operative pain, and sugint coronal structure for isolation.

EXCLUSION CRITERIA: -

A. PATIENT-SPECIFIC:

Patients who declined their consent, individualshwimmunocompromised
states, pregnancy, any systemic diseases, patem#iving antibiotic treatment within

the last three months, patients who have used esialgnedications within the last
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seven days, patients with lignocaine allergies raaliee concentration of 1:1,00,000,
Ibuprofen-allergic patients, as well as those iechef root canal therapy for two or

more teeth on the ipsilateral side.

B. SPECIFIC TO DIAGNOSIS:

Teeth having diagnosis of apical periodontitis,taqoeriapical abscess, teeth
whose diameter of periapical radiolucency is > m%bmm), teeth where the canal is
being drained of inflammatory exudate, painful leetithout a sinus canal for
drainage, cases involving retreatment, Dilacertdeth, teeth with grade 11l mobility

or severe periodontitis.

C. TOOTH SPECIFIC:

Teeth with internal and external resorption, an atume apex, and calcified
canals, with two root canals and one apical foraatehe end, Teeth with such canals
were not accepted. If a 10 K-file moved very slowdy20 K-file extending readily
(apical gauging), severe labially or lingually inaetly positioned teeth that make it

challenging to gain straight-line access were ajsduded.

DETAILS OF THE PROCEDURES CONDUCTED IN THE RESEARCH -

81 patients requiring endodontic treatment on pesnta maxillary first
premolars were chosen on predefined inclusion actugion criteria. The operative
process was described to each patient in theirvenaidngue, and documented
informed consent was taken prior to treatment. fdpsibility was assessed using an

electric pulp tester (Parkell) and a cold test \iidtido-Frost spray (Coltene).

All evaluations and treatments were carried outaysingle clinician to

minimize operator-related variability. A computesrgerated randomization sequence,
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provided by statistician independent of the stwdgs used to allocate patients to the

intervention groups after eligibility screening anredruitment.

Following consent, local anaesthesia (2% lignocani 1:100,000 parts
epinephrine) was injected. Tooth isolation was dosgng a rubber-dam (Coltene
Hygienic Kit), after which the crown was cleanediwpumice and rinsed with normal
saline. Disinfection was performed using 30%0kand five percent, applied for 60

sec. Sodium thiosulphate was then used to newgrtleiodine.

Access cavity preparation was carried out usingoEhecess and Endo-Z burs
(Dentsply Maillefer). Canal patency was confirmedhwa #10K-file (Mani Inc.,
Japan), and the glide-path was established withSak#file. WL determination was

performed with an electronic-apex-locator (E-PeghEeeth).

The teeth were prepared with Neoendo Flex rotdes f{(Orikam,India) in
accordance with the manufacturer's guidelines @ 8PM and 1.5 N Torque.
Following the Specifications given by the manufaety biomechanical preparation

was done maintaining an apical width of 0.25mm @¥dtaper for uniformity.

The cavity was flushed with 2ml of 3% NaOCI, inweén instrumentation.
Following shaping, the root-canal was rinsed withL50f 3%NaOCI succeeded by
rinsing with saline and flushing with 5mL of 17%EBRTn each canal, followed with
irrigation with 3 ml saline and dried with the heldf sterile paper point after

completion of procedure.

After the master cone was positioned it was cordarwith RVG, patients of
three groups underwent single cone obturation ublagendo Flex compatible GP
points(25/6; Diadent, Korea), with resin-based-aeéA\H Plus). Obturated was done

in the same visit. After obturation, permanent gosiodontic restoration with
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composite was done and a radiograph was obtairagnis were segregated into 3

separate categories (n = 27).

Group A: No exposure with any wavelength of dioaleet.

Group B: Exposed with Diode laser at wavelengthné®@or 120 secs at 0.1W
giving the energy of 12 J. The 8mm Multitip in cactt mode with continuous
wave (CW) mode at 2 points both palatally and bllcaer the apical region of

the tooth ¢ither side of tooth apex, 3mm from gingival cr@stmesial & distal side)

Group C: Exposed with Diode laser at wavelengthn&yGor 60secs at 0.2W
giving the energy of 12 J. The 8mm Multitip was dise contact mode with
continuous wave (CW) mode at 2 points each buccallg palatally over the
apical region of the tootheither side of tooth apex, 3mm from gingival crest

mesial & distal side).

Visual Analogue Scale (VAS) grading standards vaught to the patients.

No pain(0)- Treated tooth appeared normal, and patients repatisence of pain.

Mild pain(1-3) - Pain was noticeable yet not distressing

Moderate pain (4-7)- Pain was uncomfortable yet tolerable

Severe- pain (8-10) Pain was hard to endure

Post-treatment, the patients were provided withA&\orm (Annexure VII )
with them to record their pain levels at 6, 24, d8d 72hrs following the procedure.
The patient received frequent reminders telephdigita record their pain levels and

to submit the completed VAS form. If an analgesaswsed, the dosage was noted at
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that specific moment. If the recommended medicaivas insufficient to relieve the

pain, patients were instructed to get in contath Wie treating doctor.

For the statistical analysis, SPSS software (ver@) was utilized

The following methods were used to compare VASesdhe Mann-Whitney-
U test was used for pair wise comparison of threems at different time points. VAS
scores between groups; the Kruskal-Wallis ANOVA t®as used to compare three
groups with VAS scores at different time pointse t6hi-square test was used to

explore the relationship between age and sex witB §cores.

The VAS scores were compared using the followirnipégues: Three groups
were compared pairwise at various intervals in timt the Mann-Whitney U test.
VAS scores amongst groups; three groups. VAS sa@iresmerous time points were
analyzed using the Kruskal-Wallis ANOVA test; thedation between age, sex and

VAS scores was investigated using the Chi-squate te
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THE STUDY DESIGN

81 patients requiring endodontic treatment in the maxillary 1% premolar teeth
and fulfilling the inclusion criteria were selected for the study.

The procedure was explained to the patient in his/her own language and a
written informed consent was obtained

A single clinician evaluated all the patients, using radiographic and clinical
findings. followed by treatment of all cases. This pocess was performed to
eliminate interpersonal variability in the treatment between clinicians

Exclusion criteria was strictly maintained and confounding variables were
taken care by random allocation using computer generated table of random
numbers.

An electric pulp-testing device (Parkell) was used to assess pulp vitality of
the included teeth

Page 23



Materials & Methods

4 N\

After obtaining written consent from the patient, local anesthesia (2% lignocaine 1:1.00,000
adrenaline) was administered and rubber dam applied on tooth for isolation.

After isolation, tooth crown was cleaned with pumice and rinsed with normal saline

The tooth was then disinfected with 30% hydrogen peroxide and 5% iodine tincture for 60
seconds each using sterile cottonrolls and cotton pellets. The iodine was later inactivated by
sodium thiosulphate®.

After disinfection procedure. access cavity preparation was done and canal patency was
checked by #10 K-file.

Glide path was created by # 15 k file
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Teeth were instrumented with NEOENDO rotary files according to the manufacturer’s
instructions

a N

The canals of all the teeth during preparation were irrigated with 3% NaOCl and 17% EDTA
1) After access: cavity flooded with 3% NaOCI for 2 mins*!

2) Between instrumentation: 2 mL of 3% NaOClI per canal

3) After shaping: 5 mL of 3% NaOCl followed by 5 mL of 17% EDTA per canal.

4) At completion of preparation, the canals will be irrigated with 3 ml of normal saline and
dried with sterile paper points .

N J

All canals were shaped & obturated with NEOENDO matching gutta-percha points and AH
Plus sealer in a single-visit and coronal sealing was performed with composite followed by
final radiograph.

For standardization purposes apical diameter of 0.25mm and 6% taper was maintained.

81 patients were randomly divided into three groups (Group A. GroupB & Group C) of 27
each and irradiation was performed immediately after the endodontic treatment in group B &
C:
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/ sroup A (n=27) \ / Group B (n=27) \ /GW“PC(H=27) \

No Laser Irradiation Were administered Were administered with

carried out with 660nm wavelength 970nm wavelength
irradiation (Siro Laser irradiation (SiroLaser
Blue. Dentsoly Sirona) Blue, Dentsply)

S ph KT N =

I_‘_I

The laser tip was placed in contact mode perpendicular to periapical region of the teeth
both buccally and palatially at 4 points (either side of tooth apex, 3mm from gingival
crest on mesial & distal side) 12

/—\

The presence or absence & appropriate degree of pain was recorded by using a
Visual Analogue Scale (VAS), validated in previous studies

L 4

}
The patients were trained about the scoring criteria of Visual Analogue Scale ]

(VAS).

¥

The patients carried the VAS form along with them after treatment to note their
pain readings at post-operative periods of 6, 24, 48 and 72 hours.

¥

Rescue analgesic (Ibuprofen), if taken, was recorded at that particular time
interval and informed to the clinician.
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PHOTOGRAPHS

PARKELL

. INTEGRATED CIRCUIT - SOLID-STATE - GENTLE-PULSE STIMULUS

Fig.2 LA and rubber dam armamentarium

Page 27



Materials & Methods

Fia 3 Administration of LA

Fig.4 Rubber Dam Isolation
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Fig.5 Material for Sterilization Protocol

Fig.6 Sterilization Protocol; Step 1 -
30% Hydrogen Peroxide
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Fig 7.Sterilization Protocol;
Step 2 -5% Povidine lodine

Fig 8. Sterilization Protocol;
Step 3-Sodium Thiosulphate
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Fig. 9 Access cavity preparation
armamentarium

Fig.10 Prepared Access
Cavity (Group A)
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Fig.11 Cleaning and shaping armamentarium
and materials

Fig.12 Materials for Irrigation
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Fig.13 Working Length Radiographic
Confirmation

Fig.14 Obturation materials and
armamentarium
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Fig.15 Master cone RVG with
corresponding gutta-percha points

Fig.16 Post Obturation
RVG
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Fig 17. Prepared Access
Cavity

Materials & Methods

S —

Fig.18 Working Length
Radiographic Confirmation

Fig.19 Master cone
IOPAR with
corresponding gutta-
percha points

Fig.20 Post
Obturation RVG
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Fig 21 Laser parameters setting at 660nm
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Fig 22.Photobiomodulation done on buccal
surface using 660nm diode laser

Fig 23.Photobiomodulation done on palatal
surface using 660 nm diode laser
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Fig 24. Prepared Access
Cavity

Fig.25 Working Length
Radiographic Confirmation

Fig.26 Master cone IOPAR
with corresponding gutta-
percha points

Fig.27 Post obturation
RVG
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R Dentsply
Sirona

Fig 28 Laser parameters at 970 nm settings
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Fig 29 .Photobiomodulation done on buccal
surface using 660nm diode laser

Fig 30.Photobiomodulation done on
palatal surface using 660nm diode laser
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RESULTS

Table 1: Group A

72hrg

48hrs

24hrs

6hrs

Age
41

36

25
35

26
35

33

34
35

30
34

29
35

48

46

34
30

28
22
32

27
40

32

36

29
28
37

Sex

Patient

Al

A2

A3

A4

A5

A6

A7

A8

A9
Al10
All
Al2
Al3
Al4
Al5
Al6
Al7
Al8
Al19
A20
A21
A22
A23
A24
A25
A26
A27
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Table 2 - Group B

72hrg

48hrs

24hrs

6hrs

Age
42

32

30
38

35

26
31

45

25
28
20
39

37

27
35

20
26
21

24
24
35

33

26
32

25
26

25

Sex

Patient

Bl

B2

B3

B4

BS5

B6

B7

B8

B9
B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
B25
B26
B27
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Table 3 - Group C

72hrg

48hrs

24hrs

6hrs

age
21

36
25
25
26
35
33
24
35
33
34
29
36
48

45

44
33
25
22
42

23
33
32
50
29
40

34

Sex

Patient

C1

Cc2

C3

C4

C5

C6

C7

C8

C9

C10
Cl
C12
C13
Cl4
C15
Cl6
C17
C18
C19
C20
Cc21
C22
C23
C24
C25
C26
ca7
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Table 4: Comparison of three groups with gender disibution

Group Male % Female % Total
Group A 9 32.14 19 67.85 28
Group B 9 32.14 19 67.85 28
Group C 12 42.85 16 57.14 28

Total 30 35.71 54 64.28 84

Chi-square=1.1770, p=0.5551

Figure 31: Comparison of three groups with gender idtribution

Percentage

70.37

Group A

70.37

Group B

Group C

O Male

O Female
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Table 5: Comparison of three groups with mean ageybone way ANOVA

Group Mean Std.Dev.
Group A 33.22 5.98
Group B 29.89 6.68
Group C 33.04 7.98

Total 32.05 7.02
F-value 1.9718
p-value 0.1461

Mean+/-SD

Figure 32: Comparison of three groups with mean age

10.00 -

5.00

0.00 -

l 33.22

{ 33.04

Group A

Group B

Group C
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Table 4, Figure 21 and Table 5, Figure 22 showsdiémographic profile of the
participants by showing age and gender wise digioh of patients in3 groups

namely Group A, Group B, and Group C.

A total of 81 participants were included in thedstuln Group A a total of 27
participants were included where 8 participants.2%) were males and 19
participants (70.37%) were females. In Group B,o@ltof 27 participants were
included where 8 participants (29.63%) were maled &9 participants (70.37%)
were females. In Group C a total of 27 participantse included from which 12
participants (44.44%) were males and 15 particp#@bb.56%) were females. Thus,
all 28 male participants and 53 female participamése included in the study. The
chi-square value was 1.7770 and the ‘p’ value w8531 (p<0.05) which was non-

significant indicating equal gender distributionpafrticipants in all the 3 groups.

The mean age of Group A was 33.22 + 5.98, meanoagéroup B was
29.89+6.68 and the mean age of Group C was 33.08xThe mean age group of the
study was 32.05+7.02. By one-way ANOVA test, F eak1 1.9718 and p value =
0.1461 which was non-significant indicating equgé aistribution of participants in

all the 3 groups.
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Table 6: Comparison of three groups with VAS scoreat different treatment

time points by Kruskal Wallis ANOVA

Time Group A Group B Group C H-value | p-value
points
Mean | SD | Mean | Mean SD Mean | Mean SD Mean
rank rank rank
6hrs 2.5 1.8 54.0 1.3 1.3 38.3 0.9 1. 30\7 14.9530 1mO0
24hrs 1.1 0.8 54.7 0.6 0.8 37.9 0.3 0. 30(4 18.2720 @O0
48hrs 0.3 0.6 48.0 0.1 0.3 39.(¢ 0.Q 0. 360 11.8000 3mOO
72hrs 0.1 0.4 45.0 0.0 0.0 39.( 0.0 0. 39|0 8.3120 @OY16
6hrs to 1.4 1.3 49.2 0.7 0.8 39.( 0.6 0. 349 6.1240 @647
24hrs
6hrs to 2.1 1.7 50.9 1.2 1.1 39.7 0.9 1. 32|14 9.2720 @610
48hrs
6hrs to 2.3 1.7 53.0 1.3 1.3 38.8 0.9 1. 31,2 12.9620 2WO0
72 hrs
*p<0.05

Intergroup comparison of Mean rank of VAS scoress wampared for 3

groups by Kruskal Wallis ANOVA test. At 6 hrs, inr@ip A VAS was 54.0, in

Group B VAS was 38.3 and in Group C VAS was 304wshg the lowest pain score

value in Group C with a highly statistically signdnt p-value = 0.0010. Similarly, at

24 hrs VAS scores in Group A were 54.7, in Groupd3e 37.9 and in Group C were

30.4 showing the lowest pain scores value in GiOupith a very highly statistically

significant p-value = 0.0001. The pain scores ah#8in Group A were 48, in Group

B was 39, and in Group C was 36 showing the lowest score value in Group C

with a highly statistically significant p-value =003 The pain scores at 72 hrs in
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Group A were 45, in Group B was 39, and in Groupv& 39 showing the lowest

pain score value in Group C with a highly statetic significant p-value = 0.016

Comparison of pain scores at 6hrs to 24 hrs in @WwuGroup B, and Group

C, was 49.2, 39 and 34.9 respectively. The diffeeeamong them was statistically

significant with a p-value of 0.0470. Similarlyettomparison of pain scores at 6hrs

to 48hrs in Group A is 50.9, in Group B is 39.7dan Group C is 32.4 with a

statistically significant p-value of 0.0100. Whesgehe Comparison of pain scores in

Group A Group B and Group C were 53.0, 38.8, an® 3&spectively with a

statistically significant p-value of 0.0020.

Table 7: Pair-wise comparison of three groups withlVAS scores at different

treatment time points by Mann-Whitney U test

Group A vs Group B | Group A vs Group C| Group B vs Gioup C
Time points | Z-value p-value Z-value p-value Z-value p-value
6hrs 2.5431 0.0110% 3.5119 0.00047 1.2888 0.1975
24hrs 2.6296 0.0085* 3.7368 0.00027 1.1850 0.2360
48hrs 1.4099 0.1586 1.8597 0.0629 0.4584 0.6466
72hrs 0.9255 0.3547 0.9255 0.3547 -0.0086 0.9931
6hrs to 24hrs| 1.6521 0.0985 2.1365 0.0326¢ 0.7006 0.4835
6hrs to 48hrs| 1.8857 0.0593 2.7247 0.0064r 1.254p 0.2098
6hrs to 72hrs | 2.3095 0.0209* 3.2783 0.0010* 1.2888 0.1975

*p<0.05
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Figure 33: Comparison of three groups with VAS scags at different treatment

time points

o
n

Mean VAS

1.1

0.6
0.50 T 03

03

6hrs 24hrs 48hrs 72hrs

@| Group A Oa Group B O Group C

Pairwise comparison of three groups having VAS nkWhitney U test at
6 hrs of Group A in comparison to Group B gaveatisically significant ‘p’ value of
0.011. For Group A compared to Group C a very lyigthtistically significant p-
value of 0.0004 was obtained. The difference in @6 Group B in compared to
Group C was found to be statistically non-significevith a p-value of 0.1975. At 24
hrs Group A in compared to Group B gave a stasillficsignificant ‘p’ value of
0.0085. For Group A in comparison to Group C, ay\eghly statistically significant
p-value of 0.0002 was obtained whereas the diffexen VAS for Group B vs Group
C was found to be statistically non-significanttwa p-value of 0.2360. At 48 hrs
Group A in comparison Group B gave a statisticaliy-significant with a ‘p’ value
of 0.1586. For Group A vs Group C, a statisticalbn-significant p-value of 0.0629
was obtained and the difference in VAS for GrouwysBGroup C was found to be

statistically non-significant with a p-value of @665. At 72 hrs Group A in
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comparison to Group B gave a statistically non4§icemt with a ‘p’ value of 0.3547.
For Group A vs Group C, a statistically non-sigrafit p-value of 0.3547 was
obtained and the difference in VAS for Group B vsop C was found to be

statistically non-significant with a p-value of 031

Pair-wise analogy of pain scores at 6hrs to 24imr&roup A vs Group B
showed statistically non-significant results with ‘@ value of 0.0985. The
comparison between Group A in compare to Group € feand to be statistically
significant with p value of 0.0326. The differeniceVAS at 6-24hrs for Group B in
compare to Group C was found to be statisticallp-significant with p-value of
0.4835. Pair-wise analogy of pain scores at 6hd8ttirs in Group A in compare to
Group B showed statistically non-significant resutith a ‘p’ value of 0.0593. The
comparison between Group A in compare to Group € fwand to be statistically
significant with p value of 0.0064. The differeniceVAS at 6-24hrs for Group B in
compare to Group C was found to be statisticallp-significant with p-value of
0.2098. Whereas Pair-wise analogy of pain scoregheg to 72 hrs in Group A in
compare to Group B showed statistically significaagults with a ‘p’ value of 0.0209.
The comparison between Group A in compare to Gr@upvas found to be
statistically significant with p value of 0.0010nd difference in VAS at 6-24hrs for
Group B in compare to Group C was observed to dtisstally non-significant with

p-value of 0.1975.
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Table 8: Comparison of different treatment time ponts with VAS scores in three

groups by Friedman’s ANOVA and Wilcoxon matched pais test

Groups Changes Mean % of Z-value | P-value | Friedma| P-value
from change | change n
ANOVA

Group A | 6hrs -24hrs 1.4 55.22 3.6214| 0.0003F 58.4619 0.0001*
6hrs -48hrs 2.1 86.57 4.1069| 0.0001f
6hrs -72hrs 2.3 94.03 4.1973| 0.0001f

Group B | 6hrs -24hrs 0.7 55.88 3.2958| 0.0010F 48.3061 0.0001*
6hrs -48hrs 1.2 94.12 3.8230| 0.0001f

6hrs -72hrs 1.3 100.00 3.8230| 0.0001¢

Group C | 6hrs -24hrs 0.6 65.22 2.9341| 0.0033r 37.2616 0.0001*

6hrs -48hrs 0.9 100.00 3.4078| 0.0007¢

6hrs -72hrs 0.9 100.00 3.4078| 0.0007¢

*p<0.05
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Figure 34: Comparison of different treatment time ints with VAS scores in

three groups

3.00
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2.00
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Mean VAS
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Intragroup comparison of VAS in 3 groups was dopd-tiedman’s ANOVA
and Wilcoxon matched pairs test. In Group A thenges from 6hrs — 24 hrs were
perceived to be very highly statistically signifitgp=0.0003. Changes from 6 to 48
hrs were also found to be very highly statisticaiignificant p=0.0001. The changes
from 6 to 72 hrs were found to be very highly statally significant p=0.0001.
Overall, the intragroup comparison in Group A wasryv highly statistically
significant with p = 0.0001. And In Group B the olgas from 6hrs — 24 hrs were
found to be very highly statistically significant@0001. Changes from 6 to 48 hrs
were also found to be very highly statisticallyrgfigant p=0.0001. The changes from
6 to 72 hrs were found to be very highly statidlycaignificant p=0.0001. Overall,
the intragroup comparison in Group B was very highthtistically significant with p
= 0.0001. Similarly In Group C the changes froms6hi24 hrs were found to be very
highly statistically significant p=0.0033. Chandesm 6 to 48 hrs were also found to
be very highly statistically significant p=0.000he changes from 6 to 72 hrs were
perceived to be very highly statistically signifitgp=0.0007. Overall, the intragroup

comparison in Group B was very highly statisticalignificant with p = 0.0001.
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DISCUSSION

The twenty-first century has endorsed many remdekablvancements in the
field of endodontics transforming the way root daimeatments are performed.(39)
These advancements include digital radiographypradriven root canal preparation
systems, ultrasonics, and lasers. These key dewelug over the last couple of
decades have increased the efficiency of clinicienperforming the procedures
faster, with more precision, leading to improvetigyg outcomes thus improving the

quality and demand for single-visit endodontia.(40)

Endodontic treatment procedures or non-surgicalo@oudtic treatment are
done to alleviate pain and irradicate infectiomirthe teeth. A painful tooth might
lower one's quality of life.(41) Post-operativeirpalevelopment is a common
complication that can occur immediately post endidaherapy and can last up to 3
days post-treatment.(42) Post-operative endodgudin has been reported to be
1.9%-48%(3) . The severity and duration of pain wany depending on several
factors, including the extrusion of debris at the)a over-instrumentation or over-
preparation of apical areas, pulp tissue remnants,sion of irrigants, and obturating

materials, microbiological remnants(43).

The conventional endodontic treatment supportediphellvisit endodontics
for high clinical success rates(44). However postapive sequelae and healing
outcomes do not show a significant difference betw@ne-visit and two-visit
treatment procedures.(45) A similar outcome was abncluded by Mergoni et al.
2022,(46) and the comprehensive systematic revigwWong et al. 2014. (44)
Molendar et al. concluded that there was no sigaifi difference in terms of healing

results between one-visit and multiple-visit endd@otreatment(47).
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Inflammatory mediators such as prostaglandins,deignes, bradykinin, and
serotonin are released in response to pain, whiclivate pain-sensing
nociceptors.(48) This leads to increased sensitatd pain through both local and
systemic mechanisms. Notably, prostaglandins arg kentributors to the
development of pulpal and periradicular inflammatiplaying a significant role in

the underlying pathology of endodontic disease.(49)

For reliving the post-endodontic pain the primahpices typically revolve
around different prescription drugs like non-stdabianti-inflammatory drugs
(NSAID), steroid-based anti-inflammatories (corstaroids), analgesics like

acetaminophen (paracetamol), and opioid-basedrpbé@vers(7,50).

Despite NSAIDs’ effectiveness in pain management aeduction of
inflammation, extensive research and literaturewstibeir side effects, specific
limitations, and risks which include increased @ardscular risk, renal toxicity, drug
hypersensitivity, decreased fertility, gastric uéteon, etc.(47Additionally, the usage

of corticosteroids and opioid analgesics also laerse effects.(8)

An alternative for the management of pain can b®qifiomodulation therapy
(PBM). (11,27,51). PBM therapy has been in usedntidtry since the 1970s(52).
With growing interest in non-pharmacological anchimally invasive adjuncts for
pain control, photobiomodulation (PBM) using LLLlW&s emerged as a promising

modality(14).

The therapeutic applications of LLLT are guidedthyee main principles:
reducing inflammation and edema in chronic condgjopromoting wound healing,

and managing neurological disorders and neuropptiit(53)
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Arndt-Schultz's law states that “small doses statejlmoderate doses inhibit,
and large doses can be harmful”. In PBM, Subcellal@aomophores mostly in the

mitochondria absorb low-level radiation, which casisellular activity.(54,55)

The key mechanism involves the absorption of lightytochrome-c-oxidase
(CCO), an enzyme within the mitochondria, which @amtes ATP synthesis and
boosts oxygen utilization. This triggers the reéead nitric oxide (NO), initiates
secondary messenger cascades, and stimulates tihiatiac of transcription and
growth factors.(56) As photon absorption increaseBular metabolism is stimulated
up to a point, beyond which the effects diminisid anay become inhibitory or
damaging. Randa Zein et atated thaproperly dosed photobiomodulation (PBM)
can enhance periradicular healing after root caregtment by promoting wound
healing, collagen synthesis, vascularization, andyme production, supporting

overall tissue repair and regeneration(19,55).

The pain-relieving effects of PBM are attributed rtwiltiple mechanisms.
These include reduced levels of inflammatory medsatsuch as prostaglandins,
interleukin-B, TNF-alpha, and substance P; inhibition of nodcepactivity;
enhanced lymphatic drainage; and increased hiseamiease. LLLT also boosts the
production of anti-inflammatory agents like PGl2tdrendorphins, enkephalins, and
ACTH, while modulating immune responses throughvagied immunoglobulin and
lymphokines.(31,57) Additionally, it inhibits profiammatory neurotransmitters and
the COX-2 pathway, and alters cell membrane perifigyato calcium, sodium, and
potassium ions. Together, these effects contribiateits analgesic and anti-

inflammatory actions.(58) (17,18,59)
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Despite growing evidence of its effectiveness ininpananagement,
photobiomodulation (PBM) lacks universal acceptadce to variability in light
sources.(60) Various parameters noted are wavélen(00-1100 nm), power-
density measured in mW/émand the energy-density measured in 3/@mross
studies.(37) The power-density and resultindutaal effects can vary significantly
depending on the specific area exposed to the pHmam, and specific wavelengths
produce distinct biological effects and identifytiopal parameters for achieving the

best therapeutic outcomes in each condition.(11,55)

Determining the most effective wavelength for tipenatic use remains a
debated topic, with ongoing research and assesspwiinuing to explore this
area.(60-62) Therefore, a prospective randomizetrated trial aimed to compare
the photobiomodulatory effects of 660nm and 970nodel lasers on post-operative

pain management in single-visit endodontic treatmexs conducted.

This research also investigated the associatiochafacteristics such as age

and sex on post-operative pain within the groups.

In this study, participants were chosen from thgula patient base reporting
to the Department of Conservative Dentistry anddeioatics at KAHER’s KLE V.K.
Institute of Dental Sciences, Belagavi. A total 81 patients diagnosed with
asymptomatic irreversible pulpitis in maxillary dir premolars and requiring
endodontic therapy were selected by a single pi@utr. Case selection was based
on thorough clinical and radiographic assessmeghed with predefined inclusion

and exclusion criteria.
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Statistical Analysis

pl : Percentage of change in the 1st group= 0.429
p2 : Percentage of change in the 2nd group= 0.086
d : Risk differencepl-p2 = 0.343

a: Level of significance = 5%

1 —pB: Power = 85%

2(pq) (Za+Zp)(d)2

Formula n = @7

Where, p glgpz ,g=1-p

Estimated sample size for each group = 27
The total sample size was 81
Considering 10 % dropouts in each group,

n = 30 in each group

The clinical trial’s reliability and validity werassessed with a 10% dropout
rate, as a higher rate could potentially impactstioely’s effectiveness and would also

help avoid attrition bias.(63)

The condition of the teeth was standardized to mmize the effect of
confounders.(31) An age range of 18 to 50 yeads vehs considered for this
investigation. As the connection between a detigt a patient is fundamentally a
contract, it follows that only those who are atsked8 years old are eligible to sign a
doctor-patient agreement and provide consent falicagtreatment.(53)dditionally,
individuals over 50 were not considered, as studidgate that up to 90% of this

population exhibit some degree of root canal calaiion.(64,65)

Maxillary premolars with two roots or two canalsdastraight root anatomy

were selected for this study to minimize frictiorsitess and torque exerted by the
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endodontic file.(66) This selection also helps wEluhe apically directed force
required to reach the working length(WL), therelegmasing the risk of inadvertent
debris extrusion. Teeth in which a #20 K-file easg#ached the working length or a
#10 K-file was difficult to advance were excludes énsure consistency in canal
anatomy. To eliminate variability in clinical teaoe, all procedures were performed

by a single clinician(67).

Based on Glennon et al.'s findings that preopexgtizin significantly affects
postoperative outcomes, the study focused on teéth asymptomatic irreversible
pulpitis or vital teeth undergoing treatment foogthetic reasons(68). Teeth with
adequate coronal structure were included to ensunaper isolation, while
asymptomatic non-vital teeth were excluded dueh#&rtassociation with increased

postoperative discomfort.

Additionally, patients with multiple ipsilateral éth requiring root canal
treatment were excluded to avoid confusion in gaénception and potential false
positives(69). Teeth with chronic apical periodtstinecrotic pulps, symptomatic
acute conditions, or those previously treated withacanal medicaments—such as
retreatment cases and weeping canals—were alsodexttue to their higher risk of
postoperative pain. Furthermore, periapical radehcies greater than 5 mm in
diameter were excluded, as Glennon et al. repoatezbrrelation with increased

postoperative pain(68).

This study excluded patients who were taking aotité that might indicate a
weak immune system or an underlying illness.(70alf#o excluded those taking
painkillers, as these could affect pain levels &l to inaccurate VAS (Visual

Analogue Scale) scores. Additionally, patients gssteroids were not included
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because steroids can significantly reduce the aimaund severity of pain after

treatment.(71)

Apical-patency was maintained by gently passingnalls#10 K-file through
the canal without binding or widening the apicakaimen, helping to prevent

postoperative pain.

WL was determined using an apex locator and coefirmith a radiograph, as
the European Endodontic Society recommends thisbowd method for greater
accuracy.(72) Torabinejad et al. found that unitivexal overextension of a #15 K-
file does not impact the incidence of postoperatpan.(73)The irrigants for this
study was 3%NaOCI, 17%EDTA, 0.9% normal saline ediog to the following

protocol.

Following Ruddle’s technique, a push-pull motiorthwi15 stainless steel K-
files (Mani Inc., Japan) was used to establishwieking length and complete the
glide path. This approach helps minimize treatmefsted pain by reducing debris

extrusion beyond the apex and aiding its suspensitre irrigant.(74)

The root canals were prepared with Neoendo Flexe Téeth were
instrumented with Neoendo Flex (orikam, India)dikccording to the manufacturer’s
instructions operating at 350 RPM and 1.5 Ncm Terb) NeoEndo Flex files have
undergone gold thermal treatment, enhancing thexikility and cutting efficiency,
which are critical factors in successful root capabcedures.(76) Following the
Specifications given by the manufacturer, biomeawnpreparation was done

maintaining an apical diameter of 0.25mm and 6%1tém uniformity purposes.
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Between each file during instrumentation, 2 mL &6 8laOCl was used to
irrigate the canal. Following shaping, for finaigation 5 mL of 3% NaOCI was used
followed by rinsing with saline and flushing withndL of 17% EDTA in each canal,
To neutralise any remaining irrigants, a finalgaiion was carried out using 0.9%
normal saline and dried with help of sterilized &apoint after completion of the

procedure.

Following the placement of a master cone and cwwfiion with RVG,
patients of three groups underwent single cone ratitun using Neoendo Flex
compatible GP points, with AH plus sealer. AH phkealer was used as Several
studies have considered it to be the gold-stanflardealer, due to its resorption
resistance and dimensional stability.(77)The camaee obturated in a single visit.
After obturation, permanent restoration with bulk €omposite was obtained to
obtain a good-quality coronal seal thereby to avoidonal microleakage(78). A

radiograph was taken postoperatively

A table of random numbers was used to randomlycat® the confounding
variables of age and sex. The table of random hgshaliminate selection bias and
enhances randomization improving the validity af tlesults.(79) There were three

groups of patients each consisting of 27 patients.

Patients of Group A being the control group werd egposed to any
wavelength of a diode lasefhe patients belonging to Group B (Fig. 21)were
exposed to Diode Laser at a wavelength of 660nmi20rsecs at 0.1W giving the
energy of 12 J per tooth. The Multitip of 8mm diaergbeam area 0.5 &mwas
used in contact mode with continuous wave modeptii2s each buccally(Fig 22
) and palatally (Fig 23) thereby delivering an gyeof 3J per site over 30

secondg15) In Group C(Fig 28) the patients were exposed todBilaser at a
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wavelength 970nm for 60secs at 0.2W giving the ggnef 12 J per site. The
Multitip of 8mm diameter (beam area 0.5 3¥mwas used in contact mode with
continuous at 2 points each buccally(Fig 29) anthtply(Fig 30) thereby

delivering a total energy of 3J per site over 1¢oses.

LLLT or photobiomodulation can be conducted usireyelengths in between
600nm -1100nm.(10)This range of wavelength can hé&et into two groups;
660nm wavelength near-red light and 970 nm waveétemgar infrared light(15).
Studies by Nabi et al.,(16) 2018, Shah et al. (202%e shown 660nm to be effective
in postendodontic pain management. On the constagies by Asnaashari et al.(19)
(2017), Lopes et al.(2019)(20) showed 970nm waygleno be more effective in
postendodontic pain management. 660nm and 970nmg béie most common
wavelength being used for photobiomodulation thgnapre the chosen wavelength

for the study.(11)

Jenkins and Carroll (2011)(80) emphasized that tkegtment parameters—
such as the beam spot size at the target(cm?jjiamee at the target(mW/cm?),
exposure-time (seconds), number of irradiation4spitotal area treated(cmz2), and the
number and frequency of treatment sessions—sigimiig influence the total energy
delivered, thereby affecting clinical outcome ard stuiccessfully elicit biological

responses.(31)

The laser light is transmitted via a laser tip arltitip. The multitip follows
the principle of Transmission emission mode (TERB)(In TEM the energy is not
meant to cut or ablate, but rather to be absorbeddls and deeper tissues to
stimulate repair. The Flat-top headpiece of mpltitses internal optics (e.g., prisms

and lenses) to flatten the beam profile and maingauniform, collimated spot size,
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ensuring consistent energy delivery this explamesuse of multitip which is 8mm in

diameter and giving out the beam spot size atafget area to be 0.5cm.(60)

The laser was used in contact mode which is neededsure full contact with
dental structures to minimize the loss of enerdy.(Bow-level laser therapy in

dentistry; DCNA 2004).

According to current guidelines, irradiance sholddkept below 0.75W/cm2
when using near-infrared (NIR) sources in photolmdoiation and below 0.3 W/cm2
for sources in the 600-700 nm wavelength range risure safe therapeutic
levels.(55,82) With 660nm wavelength, the Poweadiance at the target used was
0.1W/cmz2 with a total exposure time of 120 secamuls$ with 970nm wavelength, the
Power irradiance at the target used was 0.2W(/cith? avtotal exposure time of 60

seconds.

Energy (Joules) = Power (Watts) x Time (secomlis)

Roscoe—Bunsen's law of reciprocity states that ftiost important parameter
in PBM is the total quantity of photons absorbedthg target cells, and it is not
important how quickly or how slowly these photoms delivered using the same spot
size”(81). Among energy, time, and power, the mwgiortant parameter for photon
delivery is energy, and hence the energy delivenjeausing both wavelengths has

been kept at 12J.

In this study, postoperative pain was assessed tisen10cm VAS, a widely
accepted and patient-friendly tool in dental resieaPain levels were recorded at 6,
24, 48, and 72 hours after endodontic treatmerg. 8-hour mark was chosen as the

earliest time point due to the possible extendéecebf local anaesthesia, which can
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last up to 6 hours in some cases. The 12-hourvatevas omitted to avoid

inconvenience in contacting patients. Pain scoere wategorized as follows:

No pain (0): Tooth felt normal with no reported discomfort.

« Mild pain (1-3): Noticeable but not distressing pain.

+ Moderate pain (4-7):Uncomfortable yet tolerable pain.

« Severe pain (8-10)Intense, difficult-to-endure pain.

All scores were recorded, tabulated, and analysdis$tically.

In table 4 groups A and B had the same gendeituisttn—29.63% male and
70.37% female—while Group C consisted of 44.44%emand 55.56% females.
Overall, the study comprised 28 males and 53 fesn&tatistical analysis showed no
significant difference in gender distribution amahg groups (chi-square = 1.7770,

= 0.5551).

The mean ages (Fig 32, Table 5) were 33.22 + 5¢@8syfor Group A, 29.89
* 6.68 years for Group B, and 33.04 = 7.98 yearGhmup C, with an overall mean
age of 32.05 = 7.02 years. One-way ANOVA revealedignificant difference in age
distribution across the groups (F = 1.9718,= 0.1461), indicating a balanced

demographic distribution in terms of both age aeddgr.

In Intragroup VAS Comparison Friedman’'s ANOVA andI&@xon matched
pairs test revealed very highly significant redoiesi in pain over time within all three
groups across all time points.(6-24hrs 6-48hrs26w§) with p=0.0001. Pairwise VAS
comparisons were done using the Mann-Whitney U {@sible 7). Group C
consistently showed significantly lower pain congghrto Group A in early

postoperative periods (6—24 hrs.) p = 0.0004 are 20002 at 6hrs and 24 hrs.
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respectively, while differences between Group B &hdvere not significant p =

0.1975 and p = 0.2360 at 6hrs and 24 hrs. respdctiBuggesting Group C was more
effective in reducing pain. This result is in acance with_Mahta Fazlyab(31) and
authors. where the energy delivered using both lgagéhs was 12J which explains
the No significant difference between pain managenveth 990nm and 660nm

wavelength however as scattering is wavelength mligrg with shorter wavelengths
undergoing more intense scattering than longer l'éagéhs depth of penetration of

970nm Wavelength increases and it showed bettaltsg53)

VAS Pain Score Comparison was done with Kruskall/@&NOVA (Table
6). Where Group C consistently demonstrated the$byostoperative pain scores at
6hrs, 24hrs and 48hrs intervals, with statisticaltynificant differences (p = 0.0010)
in comparison to Group B and Group A, indicatingesior pain relief. Followed by
Group C, Group B showed a significant reductionomparison to Group A at all the
time intervals. This finding aligns with the Rose®unsen law of reciprocity, which
states that “the total number of photons absorhethiget cells is the key factor in
photobiomodulation (PBM)”. Although both setupsidet the same energy (12 J),
the 970 nm wavelength emits a greater number offopiso Both the 660 nm and 970
nm diode lasers significantly reduced post-opeeatiain compared to the control
group. However, the 970 nm laser demonstrated ghtkfli stronger and more
prolonged analgesic effect than the 660 nm lasadihg to the rejection of the null

hypothesis.

However, a major challenge in pain management relsetes in the
subjective nature of pain perception, which vagdessiderably among individuals.
Pain is not solely a physiological response buals modulated by a range of

psychological factors.(83) According to Turk and Ikéek (1992), the perceived
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intensity of pain is influenced by the patient'semretation, anticipated duration,

environmental context, as well as their attitudbediefs, and expectations.(84)

The multitip  diode laser  system provides safe, roded, and
effective photobiomodulation without harmful loz@d heating, making it a reliable
non-pharmacological tool for post-endodontic pa@nagement(85). However, some
of the patients experienced certain heating whehitijpuas used in contact mode
hence future studies should explore optimal exposumes and wavelength-specific

protocols for improved clinical outcomes.

Both 660 nm and 970 nm diode lasers demonstratengiak for integration
into endodontic practice to enhance patient comfotvever, the 970 nm diode laser
appears to offer superior early postoperative palief, making it a preferable option
for optimizing clinical outcomes. Further clinidalals and research are warranted to

standardize protocols for photobiomodulation thgrd@@BMT) in endodontics.
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CONCLUSION

Within the limitations of the present researcltaih be concluded that:

1. Diode laser therapy (660 nm and 970 nm) is a dihiceffective alternative

to analgesics for post-endodontic pain managemexiicing reliance on

pharmacological interventions.
2. Although 660nm and 970nm wavelengths both were Igqedfective in

reducing postoperative pain but 970nm diode lasemwed the greatest

reduction in pain and for a longer time.
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SUMMARY

Pain after endodontic treatment is the biggest édaamn endodontist and is a
common complication, which affects approximatel$8% of patients. The etiology
of postoperative endodontic pain is multifactorggnerally induced by inflammatory
mediators produced due to chemical, mechanicahiorobial injuries to the pulp &

periapical tissues that result in acute inflamnratio

While analgesic remains a popular form of therdpsers can be proposed as
an alternate yet competent form of pain managewheato their evident side effects.
Low-level laser therapy (LLLT) or Photobiomodulatidhas shown a comparable

effect over NSAIDs in pain management as per studie

Photobiomodulation can be done in the 600nm - 1@0@mavelength range
previous studies have been done with 970 + 15 nm &w studies with 640nm

wavelength in root canal treatment and re-treatroases.

Different laser parameters such as wavelength, paeation, and frequency
could provide different reduction in pain intensigsults and certain wavelengths can
be more effective than others in managing postaiper pain. According to the
literature, there is no evidence for a standardizatlelength of the Diode laser for
reduction of post-operative pain for patients wéquire endodontic treatment. Hence
the present study was designed to evaluate and aremghe efficacy of
photobiomodulatory effect with 660nm and 970nm vewngth of diode lasers in

single visit endodontic treatment.

Eighty-one patients presenting with asymptomatieviersible pulpitis in
maxillary first premolars and meeting the definedlusion and exclusion criteria

were selected from the routine patient flow at fbepartment of Conservative
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Dentistry and Endodontics, KAHER’s KLE V.K. Instieu of Dental Sciences,

Belagavi, for endodontic therapy. They were rangodivided into three groups:

1. Group ‘A’ (control): consisted of 27 patients whad dnot receive PBM
irradiation.

2. Group ‘B’ consisted of 27 patients who received PBAMth 660 nm
wavelength at 0.1W for 120 seconds with 12 J ofgnat the apical region of
teeth at 4 points buccally and palatally.(Fig 21)

3. Group ‘C’ consisted of 27 patients who received PBdth 970 nm
wavelength at 0.2W for 60 seconds with 12 J of gyneat the apical region of

teeth at 4 points buccally and palatally.(Fig 28)

This was done after standard root canal therapy aotdration in a single

appointment.

Pain levels were recorded using the Visual Analoglé& (VAS) at 6, 24, 48,
and 72 hours post-treatment. Statistical analysduded Friedman's ANOVA,
Mann-Whitney U, Kruskal-Wallis ANOVA, and Wilcoxawsts. Results showed that
all three groups experienced a significant decréagmin over time, but Group C
(970 nm) consistently reported the lowest pain livearticularly within the first 24
hours, followed by Group B (660 nm). Group A (nsedg recorded the highest pain
scores at all intervals. While both PBMT groupspewtormed the control, the 970 nm
wavelength proved slightly more effective, possitdye to its deeper tissue

penetration and reduced photon scattering compgaré60 nm.

The study emphasizes that the analgesic effe®@8MT are achieved through
mechanisms such as enhanced ATP production, mamtulaif inflammatory

mediators, and improved cellular metabolism. Th@ @m wavelength, due to its
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better penetration depth, may activate mitochohdarad inflammatory responses

more effectively than the shorter 660 nm wavelength

Though both lasers showed clinical promise, thdifigs favored the 970 nm
diode laser for superior pain relief. The null hgpesis—stating no difference
between the two wavelengths—was rejected. Howethes, study acknowledges
limitations including the subjective nature of pand the potential variability in
laser-tissue interaction. Further research is recentded to refine PBMT protocols

and validate its widespread use in endodontics.

In conclusion, the study demonstrates that both ®®0and 970 nm diode
lasers are effective adjuncts for post-endodordio pnanagement, offering a viable,
non-pharmacological alternative to traditional gesalics. The 970 nm wavelength
diode laser appears to provide superior early pgliaf, making it a more favourable

choice for clinical implementation in single-visihdodontics.
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PART I: INFORMATION SHEET

Introduction

| am Dr. postgraduate student at Depattnof Conservative
Dentistry and Endodontics, KLE Academy of HigheruEation And Research
KLE VK Institute Of Dental Sciences, Nehru Nagael&javi.

| am doing research on“Comparative evaluation of the efficacy of
photobiomodulatory effect in post-operative paimagement using 660nm & 970nm
wavelength diode laser in single visit endodontatment — A Randomized Clinical
Control trial”. I am going to give you the information and inwteu to be part of
this research. You do not have to decide today laneir not you will participate in
the research. Before you decide, you can talk yore you feel comfortable with

about the research.

There may be some words that you do not understagdu have questions later,

you can ask me, the study doctor or the staff.
Purpose of the research

Postoperative pain after endodontic treatmentdsibgest fear of an Endodontist and
is a common complication, which affects approxitat@58% of patients. While
analgesics remain to be a popular form of therbpydue to their evident side effects,
lasers can be proposed as an alternative yet centgdferm of pain management. The
low-level laser therapy (LLLT) or Photobiomodulatidhas shown a comparable effect
over NSAIDs in pain management While Photobiomatioh, can be done in the
600nm - 1000nm wavelength range. Most of the previstudies have used 970nm *
15 and only one study has used 660nm wavelengthdstr operative endodontic pain
management. Different laser parameters such aglerayth, power, duration, and
frequency could provide different reduced pain nsty results and certain
wavelengths can be more effective than others inagiag post operative pain. There
is a lack of evidence on “which wavelength of thed® laser is more efficient & safe
way of reducing post-operative pain for patientowbaquire endodontic treatment”.
Hence the purpose of this study is to evaluate emupare the efficacy of
photobiomodulatory effect in post - operative paianagement using 660nm &

970nmwavelength Diode lasers in single visit endodotréatment.
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Type of Research Intervention

This research will involve intervention using 66@iode laser and 970nm Diode

laser.
Participant selection

All patients between the age of 18-@&tuiring root canal treatment of mandibular
premolar teeth with single root canal diagnosediadilly as asymptomatic irreversible
pulpitis using pulp sensitivity testsvho the Department of Conservative Dentistry
and Endodontics, KLE Academy of Higher Educatior d&esearch KLE VK
Institute of Dental Sciences, Nehru Nagar, Belagdaténds to for treatment to

participate in the research.
Voluntary Participation

Your participation in this research is entirely waary. Whether you choose to
participate or not, all the services you receiveéha institute will continue and
nothing will change. If you choose not to partid¢gm this research project, you will
be offered the treatment that is routinely offeredhis hospital for root canal
treatment of the maxillary 1st premolar teeth. Yioay change your mind later and

stop participating even if you agreed earlier.
Procedures and Protocol

Patient randomization sequence will be obtainedgusiomputer generated table of
random numbers. Random assignment of the patielhtbei completed after the
patients have been assessed for the eligibilityreethe intervention will begin.

Participants in
Group | will be given no Laser after Single Visitdadontics

Group Il will be treated with 660nm diode laseremafsingle visit endodontics

Group Il will be treated with 970nm diode laseteafsingle visit endodontics

If there is anything you are concerned about ot thdothering you about the

research, please talk to me or one of the othearebkers.

You will receive the treatment of your conditiorcarding to standard guidelines.
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Description of the Process

In the first visit, case history will be recordeddathe vitality of tooth will be

assessed single clinician shall evaluate all patients,ngsradiographic and clinical
findings, followed by treatment of all case&3ingle visit endodontic therapy will be
done andthe presence or absence of pain, will be recordeduding a Visual

Analogue Scale (VAS). The patient will be traindmbat the scoring criteria of Visual
Analogue Scale (VAS) and they will carry the VASro along with them after
treatment to note their pain readings at post-dpergeriods of 6, 24, 48 and 72
hours. The patients will be instructed to take wesanalgesic (Ibuprofen), only if

experiencing severe pain, after informing the ojgera
Duration

The research completes in the first visit, howthesremaining treatment will be completed
in the subsequent 2 visits for post endodontictipess. During that time, it will be

necessary for you to come to the clinic/hospitaltiefacility for 60 minutes.
Side Effects

There are no known/reported side effects except-qquerative pain following

endodontic therapy.
Risks

There is risk that the endodontic therapy itselfads Post-operative pain may

vary according to use of different irrigants and o$ Diode laser therapy.
Benefits

By participating in this study, improved research the effect of various

wavelength of diode laser on post-operative palhbei assessed
Confidentiality

The information that we collect from this researphoject will be kept
confidential. Information about you that will belleated during the research wiill
be put away and no-one but the researchers wibie to see it. Any information

about you will have a number on it instead of yoame. Only the researchers will
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know what your number. It will not be shared with given to anyone except,
research committe&KkLE ACADEMY OF HIGHER EDUCATION AND
RESEARCH, BELAGAVI.

Sharing the Results

The knowledge that we get from doing this resewititbe shared with you before it
is made widely available to the public. Confidehitiiormation will not be shared.
We will share the results with scientific commurthyough presentation in research
circles and by publishing in scientific journalsarder that other interested people

may learn from our research.
Right to refuse or withdraw

You do not have to take part in this research if go not wish to do so. You may
also stop participating in the research at any yimechoose. It is your choice and

all of your rights will still be respected.
Alternatives to participating

If you do not wish to take part in the researchy yall be provided with the
established standard treatment available at thiedestitute/hospital
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PART II: CERTIFICATE OF CONSENT

| have read the foregoing information, or it has ben read to me. | have had
the opportunity to ask questions about it and any gestions that | have asked
have been answered to my satisfaction. | consentluatarily to participate as

a participant in this research.

Name & Signature of Participant

Date -
If illiterate

A literate witness must sign (if possible, this qmer should be selected by the
participant and should have no connection to tsearh team). Participants who

are illiterate should include their thumb-printvesl|.

| have witnessed the accurate reading of the condeform to the potential
participant, and the individual has had the opportwity to ask questions. |

confirm that the individual has given consent freef.

Print name of withess AND

Thumb print of participant

Signature of withess

Date
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STATEMENT BY THE RESEARCHER/PERSON TAKING CONSENT

| have accurately read out the information sheet tdhe potential participant,
and to the best of my ability made sure that the péicipant understands that the

following will be done:
1.
2.
3.

| confirm that the participant was given an opportunity to ask questions
about the study, and all the questions asked by thparticipant have been
answered correctly and to the best of my ability. tonfirm that the individual
has not been coerced into giving consent, and thersent has been given
freely and voluntarily.

A copy of this informed consent form has been proded to the participant.

Name and Signature of Researcher /person taking theonsent-|| "

Date -
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ANNEXURE — VI — CONSENT FORM
Department of Conservative Dentistry and Endodontis,
K.L.E. V.K. Institute of Dental Sciences, Belgaum

CONSENT FORM

“Comparative evaluation of the efficacy of photobionodulatory effect in post-
operative pain management using 660nm & 970nm wawigth diode laser in

single visit endodontic treatment — A Randomized @hical Control trial”
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DEPARTMENT OF CONSERVATIVE DENTISTRY AND ENDODONTIC S,
KLE. V.K. INSTITUTE OF DENTAL SCIENCES, BELGAUM

CONSENT FORM

“Comparative evaluation of the efficacy of photobionodulatory effect in post-
operative pain management using 660nm & 970nm wawigth diode laser in

single visit endodontic treatment — A Randomized @hical Control trial”

B ST a3te YRNUAT I5d HAT JHod TR HTYE 9d Al feeft
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ANNEXURE - VII
‘VISUAL ANALOGUE SCALE’ SCORE SHEET

DEPARTMENT OF CONSERVATIVE DENTISTRY AND ENDODONTIC S
K.L.E. V.K. INSTITUTE OF DENTAL SCIENCES, BELGAUM

Proforma (to be handed over to the patient)

“Comparative evaluation of the efficacy of photobionodulatory effect in post-
operative pain management using 660nm & 970nm waweigth diode laser in

single visit endodontic treatment — A Randomized @tical Control trial”

Patient’'s Name:
OPD number:
Sex:

Age:

Address:

VISUAL ANALOG SCALE

012345678910
\\orsrl’mn

No Pain Mild Moderate \unrc Very Severe Possible

G (o) @6 06
6 hours

012345678910
\\ursll’am

N No Pain Mild Moderate Severe Very Severe Possible
24 hours
offo; 83 a S
S—

012345678910
\\or\llam

No Pain Mild Moderate Sucr( Verv Severe Possible

] POC O ¢

012345678910
—r \\orsll’ﬂln

72 hours No Pain Mild Moderate Severe Very Severe Possible

SSEE D ¢

Medications if taken any, when

Signature of patients
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