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ABSTRACT

Aim and Objectives: To evaluate and compare the dentinal tubule penetration of a
silicone-based endodontic sealer following N- acetyl cysteittacanal medicament

removal using Ultrasonic Agitation and Laser-Activatedyation- an In- vitro study.

Study design: Eighty one extracted human mandibular premolar single rooted teeth
were selected, disinfected and decoronated to obtain a steedbroot length of 12
mm. The teeth were prepared with ProTaper Universalyrdii@s upto MAF F3.

PREPARATION OF INTRACANAL MEDICAMENT: N-acetyl cysteine powder

was mixed with propylene glycol in the ratio of 1:1. N- tgteysteine intracanal
medicament placed using a size #30 Lentulospiral until visibtee apical foramen.
The orifice was sealed with Cavit, and specimens stored incubator at 37°C with
100% humidity for 14 days. After the incubation period, the ispe&ts were instru-
mented with #30 Hedstrom files supplemented with 5 mL of 3% @a® remove
the medicament. Then, the specimens were divided into thwepgyaccording to ir-

rigant activation techniques for medicament removal:

Group 1: Diode laser activation

Group 2: Passive Ultrasonic agitation

Group 3: No agitation (positive control)

The canals were rinsed with 5ml of saline solution and dridldl paper points and
were prepared for obturation. GuttaFlow bioseal sealer wasOuii##h Rhodamine B
dye. The canals were obturated with gutta-percha cones in matioi with the Gut-

taFlow bioseal sealer using a single cone technique. Teeth then sealed with



Cavit and incubated at 37°C and 100% humidity for a week tolaienclinical condi-
tions. The specimens were sectioned horizontally using a diamsadodbbtain 1
mm thick sections from 2, 5 and 8-mm levels from the afexgtions were examined
under confocal laser scanning microscope to measure depthlef genetration (in

pum) into the dentinal tubules using Image J software.

Results: The highest mean depth of penetration of 728.52um was séemiote

laser activation group (Group |) when compared with Passit@ddnic agitation
(Group II) and Positive control (Group Il1). Coronal third region788.85um when
compared to middle and apical third region, showed highest oegath of penetra-
tion. Thus, highest mean depth of penetration of 824.21 um wasrs&€gode laser

activation group in the coronal third region.

Conclusion: Within the limitations of the present study, Thus, it can be laded
that Diode laser activation group was most effective moneal of NAC intracanal

medicament from the root canals.

Key words: Diode laser activation, Passive Ultrasonic agitatigmin§e Needle Irri-

gation, GuttaFlow bioseal, N-acetyl cysteine, Confocal L&sanning Microscope

Vi
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I ntroduction

INTRODUCTION

The primary goal of endodontic therapy is to eratdianicro-organisms and to
prevent endodontic reinfectidnThe basic requirement of endodontic treatment is
effective chemo-mechanical preparation and threeedsional obturatioh.Hence,
obturation is associated with gutta-percha as sobstance and endodontic sealer for

improved adaptation of obturating matefial.

Endodontic sealers ought to have good dentin adgéiptawith radicular
dentin and seal the canal apically and laterallye Bealer can flow and fill the
dentinal tubules and irregularities present in tamalls unable to fill by gutta-
percha® The dentin tubular penetration of sealer is a seay feature, as it improves

the bond between the sealer and radicular dentine.

The use of bioactive sealers, like calcium silidadsed sealers, has grown in
popularity. A novel material, GuttaFlow bioseal tains calcium silicate and gutta-
percha. It is a cold-filling sealer made of bioaetiglass and gutta percha powder.
The bioceramic sealer's deeper penetration cangiaieed by its hydrophilicity, low

contact angle, and small particle size.

It is challenging to totally eradicate bacterianfrahe pulp space, it is
especially challenging to get rid of sessile baataf various species that have
accumulated on the surfaces of root c&rlalhas been suggested to use intracanal
medicaments to disrupt biofilms and eliminate aagidual bacterial infections to

improve the outcome of root canal therdpy.
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I ntroduction

Various studies have been carried by using differeaterials as intracanal
medicaments, like pastes based on calcium hydrpxigerhexidine, steroids, triple

and double antibiotic pastéy.

Calcium hydroxide (CH) has antimicrobial, organisstie-dissolving, and
anti-inflammatory properties, hence it is widelyilimed in endodontics. Several
microbial species, notably Enterococcus faecalis, faund to be resistant to the

effects of CH, despite the medicament’s efficacewhsed in the can4i.

Enteroccocus faecalis, is a prominent factor inettgyment of peri-radicular
lesions. E. faecalis can live in the root cangblamktonic form or as a part of biofilm

and is present in 22—77% of endodontic failed c&ses

Chlorhexidine though is efficacious against E. fiscat has poor capacity to
reach deep biofilm layers and its inactivation blgygiological salts restrict its

application as an intracanal medicatfon.

Although corticosteroids are present in commergmstes containing
antibiotics, such as Ledermix and Septomixine Fortme of these pastes are suited

for treatment against endodontic microbiota dugagir limited range of actiotf.

Another example of an intracanal medicament idergntibiotic paste (TAP).
It is made up of minocycline, metronidazole, art@iloxacin. The root canal system
was successfully disinfected with this mixture dgripulpal regeneration and root
canal therapy. The primary side effect of TAP isnauycline-induced tooth

discolorationt®

Numerous natural extracts, including papain, ale®yM. citrifolia, turmeric,

propolis have also been studied for their antinbic@bactivity against E faecalis. In a
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I ntroduction

study by Bhardwaj and co-workers, on natural ex$raxs intracanal medicaments
concluded, chlorhexidine gel showed the maximum @aldium hydroxide the least
anti-microbial activity toward&. faecalis, wheread\. citrifolia gel when studied had

good antimicrobial properties against E faec#lis.

Agrima Vasudeva et al studied herbal extracts &sdanal medicaments,
concluded Propolis and turmeric demonstrated gabidity against E. faecalis and
are hence suitable for use as intracanal medicafeBtie to insufficient in vitro and
in vivo studies there is not enough evidence onmacrtobial efficacy of herbal

extracts as intracanal medicaments.

N-acetyecysteine, a strong thiol-containing anidart and mucolytic drug,
breaks down di-sulfide bonds in mucous and loweesviscosity of secretion. It is a

derivative of the L-cysteine, an amino atid.

NAC is a potentially effective treatment drug fesarders involving oxidative
stress, due to its antioxidant and anti-inflammatffects®® It is still unknown how
exactly NAC delivers its cytoprotective and antitet benefit$® It's commonly
assumed that NAC works as a disulfide reductampteaursor to glutathione (GSH)
production, and a scavenger of reactive oxygenispéc produce effects it do€sA
different theory of action was put up that wouldt@ant for the effects ascribed to
NAC. This theory involved NAC being converted irgolfur species known to have

cytoprotective and antioxidant qualiti€s.

NAC's main mode of action is to decrease the swmthef extracellular
polysaccharides, which breaks down mature bioftimg lessens bacterial adhesion to

surface<?
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I ntroduction

The removal of medicament, hard tissue debris organic debris from
radicular dentin wall is essential to achieve bettdaptation of sealéf.Various
factors affect the depth of sealer penetration dikear layer cleanliness, permeability

of dentin, physio-chemical properties of seéfer.

The residual smear layer and medicament on thesvedllradicular dentin
affect penetration of sealer into dentinal tubultes)ce the most effective technique of
final irrigation used for medicament removal willloa&v maximum depth of
penetration of sealer into dentinal tubules and specify cleanliness of canals and

the available dentin surface for sealer penetr&fich

Methods such as SNI, CanalBrush, PUI, self-adjgstite, EndoActivator,
and laser-activated irrigation are recommendedniaximizing the elimination of
intracanal medicament. On the other hand, agreeorettie most effective approach

is still pending?®

The elimination of medicament is commonly accont@s by the use of
conventional syringe irrigation. It entails eitheassively or actively agitating the
canal by moving the irrigant back and forth. Thedie's gauge is inversely correlated

with its penetration deptH.

Passive-ultrasonic irrigation is among most wideted and proven irrigation
techniques. By using cavitation and acoustic mgireaming, PUI might enhance
cleaning in intricate canal anatomic locations. Tigaid moves in a fast, vortex-like
manner due to the acoustic streaming, and cavitatieates spontaneous cavities in
the liquid, which helps the irrigants enter the el tubules more effectiveff. The

Passive ultrasonic irrigation was formerly regardsdhe gold standard and believed
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to be more efficient than self-adjusting file, syg&¢ and needle irrigation, Endo

Activator and CanalBrush in removing medicamerdsnfthe root candf

Research has demonstrated that laser-activatgation is a viable method
for root canal cleaning. High-intensity diode Iaséhat emits at 980 nm has been
explored for its applications in dental field. Imdodontics, the Diode Laser has
demonstrated encouraging outcomes in terms of skagar reduction and root canal
disinfection? In contrast to other available near-infrared wangths the 940nm

wavelength and 980 nm wavelength diode laser grefisiantly better absorbed.

Previously inaccessible areas of root canal are bewmore effectively
disinfected due to diode laséfsChanges in dentin permeability, apical leakage, an
sealer adherence to root canal can all be diréinttgd to laser therapy.Endodontic
sealers may perform better because of the morpiwaloghanges in the dentin walls

brought on by irradiation with diode las@r.

To our knowledge, no research has been done orntrpgoe of GuttaFlow
bioseal sealer into dentinal tubules following remdoof NAC medicament with
different irrigation techniques. This study invgstied dentinal tubule penetration of
GuttaFlow bioseal by using confocal laser scanmmgroscope following NAC
intracanal medicament removal using three diffeigigation techniques namely,
laser activated irrigation using high power diodsdr, passive ultrasonic agitation and

no agitation as positive control.
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AIM AND OBJECTIVES

AIM

To evaluate and compare dentinal tubule penetration of GuttaFlow bioseal
sealer after the removal of N-acetyl cysteine intracanal medicament with ultrasonic

agitation and laser activated irrigation using Confocal Laser Scanning Microscope.

OBJECTIVES

1. To evauate dentinal tubule penetration of GuttaFlow bioseal sealer after N-

acetyl cysteine intracanal medicament removal using ultrasonic agitation.

2. To evauate sealer dentinal tubules penetration of GuttaFlow bioseal after N-

acetyl cysteine intracanal medicament removal using laser activated irrigation.

3. To compare dentina tubule penetration of GuttaFlow bioseal sealer after N-
acetyl cysteine intracanal medicament removal using ultrasonic agitation and

laser activated irrigation.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESIS: -

There will be no difference in dentinal tubule penetration of GuttaFlow bioseal
sealer after the removal of N-acetyl cysteine intracanal medicament using ultrasonic

agitation and laser activated irrigation.

ALTERNATE HYPOTHESIS: -

There will be a difference in dentinal tubule penetration of GuttaFlow bioseal
sealer after the removal of N-acetyl cysteine intracanal medicament using ultrasonic

agitation and laser activated irrigation.
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Review Of Literature

REVIEW OF LITERATURE

1. An vitro study byOzlek E, Neelakantan P, et al. evaluated effectimssr-
activated irrigation methods or sonic agitationtbe elimination of modified
triple antibiotic paste and chlorhexidine (CHX) dauttaflow Bioseal's

dislocation resistance and sealer penetration depth

The study concluded that Laser activated irrigatiad greater depth of sealer

penetration compared to other grodps.

2. An vitro study bySunanda Gaddalay et al, evaluated effect of AH-R&sNn-
based sealer, Gutta flow Bioseal-silicone basektsddTA Fillapex- calcium
hydroxide based sealers on dentinal tubule petiatrafter passive ultrasonic
agitation and assessed under confocal laser scarcrosoope.
The study concluded that Guttaflow Bioseal showesigaificant difference
dentinal tubule penetration and tubule penetratias highest for resin based
sealer and is highest in coronal third, least atahical third after ultrasonic

irrigation 8

3. An vitro study byZahid, H. M. and coworkers in their study evaluated
penetration depth of GuttaFlow Bioseal-siliconeduhasealer, AH-Plus- resin
based sealer, and Endosequence BC, bioceramic, Setdenrtificially created
lateral canals. Each group's specimens were ceuas®sed. Penetration depth

was assessed by SEM.

The study concluded that there was no differencedémtinal tubule

penetration for filling the lateral canals when ®&koseal, AH-Plus, and
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Review Of Literature

Endosequence BC were used, with the exceptioneofrtilldle section, where
GF Bioseal demonstrated a noticeably deeper pdiogtthhan AH Plus resin-

based sealér.

An vitro study by Wang X et al.,, to measure tempem increase of root
surfaces while Diode Laser application, to checke tidifference
morphologically of the canal after exposure andnieasure the leakage

apically post irradiation.

The study concluded that Diode Laser was helpfutliminating the smear

layer and hard tissue debris from canal walls a&wtehse leakag@.

An vitro study byHmud R et al., to study pressure waves generatddsay
and their use for removal of debris and smear |&wan canals. Previously,
middle infrared erbium laser was used. Presentiménation was done to see
if cavitations could be induced in aqueous medi Wie help of 940 and 980
nm diode lasers. Cavitation formation were observeder a microscope after

a capillary tube was exposed to the laser enerigyg @200 pm fiber.

This study concluded that, this phenomenon, oftatien formation with laser

can be used for improving debridemé&ht.

An invitro study byAbu Hasna A,et al.was conducted to evaluated the
efficacy of N-acetylcysteine (NAC), photodynamiethpy (PDT), and NAC
combined with PDT in removing microorganisms fromté&tococcus faecalis
biofilm-infected dentinal tubules. It indicates thaegardless of PDT

stimulation, NAC showed bactericidal efficacy agdift. faecalis biofilms.
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Comparable to CH, NAC exhibited antibacterial attiGombined NAC+PDT

treatment did not enhance antibacterial efficacygared to NAC alon&

. An in vitro study by Quah SY et avaluated N-acetylcysteine's (NAC)
antibacterial and biofilm-eradication efficacy awgi Enterococcus faecalis.
(E. faecalis), a bacterium commonly associated wotit canal infections.in
this studyUsing pH variation tests, the minimumilaitory concentration
against Enterococcus faecalis were established effettiveness of N-

acetylcysteine against Enterococcus faecalis sfivas examined.

The study concluded that NAC demonstrated bactkiicctivity against both
planktonic phases and and biofilm phases Enterasofaecalis with potential
advantages over traditional medicaments regardigti interactions and

biofilm eradicatior"*

. An in vitro study, by Rajakumaran A et al., wasmdoctedto compare NAC's
ability to remove smear layer and its effect ontolemicrohardness with the
conventional chelating agent, EDTA. 84 single-rdateman lower premolars
collected and divided into 3 groups namely 17% EDPA% NAC, and

Distilled water (control). Analyzed by SEM for smelayer removal, and

Vicker's hardness test to evaluate dentin micratessl

The study concluded that NAC's chelating propestgamparable to EDTA
and NAC causes a lower reduction in dentin micrdhass compared to
EDTA, suggesting its potential as a less damagltegretive in endodontic

procedureé?
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9. An vitro study by Akcay M et al., evaluated pengtna of various root canal
sealers into dentinal tubules following differemtigation techniques using
CLSM. groups based on sealer type: iRoot SP-bioteraealer, AH Plus-
resin based sealer, MTA Fillapex-calcium hydroxidesed sealer, GF Bioseal-
silicone based sealer. The study concluded thatpaion into dentinal tubule
was thought to be affected by canal depth, typesesler, and irrigation
method. iRoot SP demonstrated benefits in dentin@ule penetration,
highlighting the importance of irrigation technig@election in achieving

optimal sealer penetratidi.

10.An in vitro study byGu Y, Perinpanayagam H et aimed to compare
effectiveness of five irrigant agitation techniquestheir that is penetration of

irrigant and sealer into radicular dentinal tubules

The agitation techniques were conventional needigation , ultrasonic
agitation, sonic irrigation, irrigation using Nd:¥Alaser, and V-Clean™

system.

The study concluded that Nd:YAP laser agitation hgdater depth of

penetration, followed by sonic and ultrasonic aigita**

11. An vitro study byBarbizam JV et al.aimed to assess Epiphany, a resin-based
sealer’s bond strength to walls of radicular dentialls after the placing

calcium hydroxide dressings into the canals.

The study concluded that the use of resin basddrdead poor bond strength

to radicular dentin as it interferes with the baridesin and flow of resin into

Page 11



Review Of Literature

the tubules thus calcium hydroxide had poor anchtieg impact on the the

adhesion of resin based sealer-EpipHany.

12.An invitro study by Phillips M et alaimed to quantify residual calcium
hydroxide left after different agitation methodsrobt canal using a chemical
titration method. The study included SNI, SNI argitation with file, SNI

with 30 s of PUI, or SNI with both file and PUI.

The use of passive ultrasonic agitation, with othaut an file, reduced

residual calcium hydroxide significanfl.

13.An in vitro study, by Calt S, Serper was condudtedssess tubule penetration
of sealers after placement of CH medicament. AHEICS, and Ketac Endo

sealers were used for obdurating and evaluatedS#ti.

The study concluded that there was limited penietrainto tubules with
NaOCI irrigation alone as traces of Ca(OH)2 wermaiming . However,
maximum removal of Ca(OH)2 and improved penetratias observed with

EDTA + NaOCl irrigation’

14.An invitro study, byShi L et al,aimed to evaluate efficacy of irrigating
techniques for removing Ca(OH)2 from S-shaped matals. CNI, PUI,
PIPS, XP and EDDYwere studied. All techniques catgly removed
Ca(OH)2 from straight portion and coronal curveSe$haped root canals. In
apical curve, Ca(OH)2 showed significant differe@l, with no significant

differences among these four groups.
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The study concluded that PUI, EDDY, PIPS, and X&vation of irrigants
significantly removed Ca(OH)2 from apical region $fshaped canals. CNI

was least effective than othéfs.

15.An vitro study byGokturk H et alwas conducted which aimed to assess
efficacy of LAI, XP, CB, Vibringe, PUI and CNI, imemoving CH from

simulated root canal irregularities.

The study concluded that no protocols completefyaeed entire CH from all
three root regions. However, LAl and PUI demonstldbwer remaining CH

compared to other protocols in artificial grooves.

16.An vitro study byDevaraj S, et alevaluated effectiveness of five different
intracanal medicaments against mature E.fecalisilo® in vitro: light-
activated curcumin, double antibiotic paste, triplatibiotic paste, calcium

hydroxide and chlorhexidine.

The study concluded light-activated curcumin andPT@ompletely disrupted
biofilm structure, while chlorhexidine and calciutmydroxide were not

significantly different when compared to contrabgps>°

17.An vitro study byAkman M, et alcompared efficacy of irrigation activation
regimens and conventional syringe irrigation in o@ng modified triple
antibiotic paste from root canal walls. It conclddérrigation activation
regimens significantly enhance mTAP removal froratrcanals compared to

conventional syringe irrigatiott.
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18.An in vitro study, bySen BH, correlation between dentinal tubule penetration
by four different root canal sealers and microlegkaf external fluids into

canal was investigated using dye leakage test &Ml S

The study inferred Ketac-Endo demonstrated leas¢tpation into tubules (P
< 0.01). While a converse relation between tubydanetration and dye

leakage was observed, the correlation was nosteaiily significant?

19.An in vitro study by, Okan T et alaimed to assess impact of the smear layer
on penetration of four different root canal seal@ts dentinal tubules. The
results showed that smear layer hindered sealeetyaion into tubules.
However, experimental groups, Diaket, N2, and SPAXhibited better
penetration compared to Forfenan (P < 0.01). Thedystoncluded that sealer

penetration may be influenced by presence of stagar>

20.An in vitro study by Marchesan MA et al, studiedeetfof 980nm diode laser
structure of radicular dentin using SEM at diffdréaser parameter settings.
Results showed no difference between between péessra 1.5 watts in CW

mode and 3 watt with frequency of 100 Hz.

Their study concluded laser irradiation showedcstmal changes in dentin

like smear layer removal and dentin fuston.

21.An vitro study by de Moura-Netto et al., studiefeef on radicular dentin by
laser irradiation where they analysed changes imphubogy of radicular
dentin and debris removal in apical third of roanhals irradiated with the
Nd:YAG laser and diode laser. SEM images showed@gés including partial

removal of debris and fusion of the dentin surfatdaser groups. They
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concluded lasers cause changes in dentin. Nd:YAgerlaroup showed
alterations in radicular wall surface whereas unif@changes were observed

in diode laser group

22.An vitro study by Ali Saghiri M et al. evaluatedfext of diode laser on
structural changes and  morphology of canal wafter irrigation with
BioPure MTAD, or 17% EDTA. Control group showed s#d dentinal
tubules while clean walls were evident in laseugowith EDTA groups and
with BioPure MTAD. Results of the study confirmedodke laser in
combination with BioPure MTAD had good smear laggmnoval ability. The
study concluded that diode laser in combinatiovBiopure MTAD maybe

used final irrigant before obturatich.

23.An vitro study by Saraswathi MV et al., aimed toséstigate changes in
morphology of radicular dentin after 940 nm diadéh irrigation using 2.5%
NaOCl and 17% EDTA. The results showed smear legraoval was better in
middle and apical third in laser group as compa&oecbronal third. Irradiation
with 940 nm diode showed better removal of smegerlacombined with

NaOCI and EDTA irrigatior’

24.An vitro study by Alfredo E, Silva SRC, et al., évaed bond strength of
resin based sealers to radicular dentin after 980diode laser irradiation at
various power settings.The irradiated specimeneadfilvith AH Plus sealer
exhibited higher bond strength. The study concluidediiation with 980 nm

diode increased the bond strength of AH Plus séler
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25.In systematic review by ReDent-Nova, etadlin vitro studies aimed to
summarise comparison of PUI and other irrigati@ehhiques in their
effectiveness in removal of Ca(OH)rom apical third of canals.The
systematic review concluded on basis of availabldesce, greater efficacy

was seen by PUI compared with SNI and apical neggiiessure irrigatiort,
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Methodology

MATERIALSAND METHODS

Study design
In-vitro stud
Sour ce of data

The study wasriem out in Department of Conservative Dentistryd an

Endodontics, KLE VKIDS, Belagavi, KAHER (KLE Univgity).

The laboratory stepsre carried out in Dr. Prabhakar Kore’s Basicdaesh

Centre, KAHER, Belagavi.

The CLSM analysis wasried out in BITS PILANI, Goa campus.

Inclusion criteria

* Human permanent mandibular premolar teeth withlsiagd closed apex.

Exclusion criteria

» Calcified canals.

e Fracture or crack

* Presence of anatomic variations/multiple canals

e Curved teeth

* Endodontically treated teeth
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Methodology

M aterialsused for the study:

1.Human permanent mandibular premolar teeth

2.0.1% thymol

3.3% sodium hypocholorite (NaOCI)

4.17% ethylene diamine tetra acetic acid (EDTA) [[GE]

5.Normal saline solution (Amanta Healthcare, Ahntiedia Gujrat)

6.Paper points (Diadent Group International, Korea)

7.Distilled water (NICE LIFE CARE, NEW DELHI)

8.N- acetyl cysteine (pure form) (Molychem)

9.Propylene glycol

10.Gutta- percha points (Diadent Group Internatidiarea)

11.GuttaFlow bioseal sealer (Coltene Whaledent, @pBo KG, Langenau,

Switzerland)

12.0.1% Rhodamine isothiocynate B dye (Sigma Aldrigangalore)

13.Cavit (3M, ESPE, USA)

14.Ball burnisher (GDC, India)

15.Spirit lamp (GDC, India)

Page 18



Methodology

ARMAMENTARIUM USED FOR THE STUDY

1.Micro motor and straight hand piece (NSK PANA AIR

2.K files (10- 15) (MANI, Japan)

3.30 Hedstrom files

4.Endomotor (Dentsply X- SMART)

5.Protaper universal rotary files (Dentsply Ma#lefSwitzerland)
6.5ml 27 gauge syringe (Dispovan, India)

7.Side vented needle 27 gauge (Dispovan, India)
8.Lentulospiral (30 mm ) (Mani, Japan)

9.Diamond disks (Kwality Diamond Tools, Mumbai)
10.Chisel

11.Ultrasonic unit (Ultra X, Eighteeth)

12.Diode laser: (SiroLase Blue Diode Laser, Catifay USA)
13.Confocal laser Scanning Microscopy (Olympusyiew FV300Q
SAMPLE SIZE ESTIMATION:

At 95%- Confidence Interval

95%- Power

_(Z1—a/2+Z1— B)*(SD;* + SD,%)
n= Gl — %2)2

Z1-0=1.96
Z1-p=0.85
x1 = 35.26
%2 = 55.96
SD1 = 28.95
SD2 = 25.37

Estimated sample size for each group, n = 27

Total sample size= 81
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Methodology

METHODOLOGY

Eighty-one extracted human mandibular premolahteedre selected as per to
OSHA guidelines. Calculus was removed and specimegre immersed in 0.1%

thymol solution until further use.

For the purpose of meeting the inclusion and exatusriteria, radiographs and
magnification were used to assess every tooth. iDeation was done, root length of
12 mm was achieved. Working length was determinkdres/15 K file exits foramen,
1 mm less than root length. Protaper Universalryosgstem was used for cleaning
and shaping till MAF size F3. Following each chargeinstruments 2ml of 3%
sodium hypochlorite was used as irrigant. Finabeirwas done by 5 mL of 17%
EDTA followed by 2ml of saline solution for 1min.h&n canals were dried using

paper points.

PREPARATION OF INTRACANAL MEDICAMENT: N-acetyl cysteine powder

was mixed with propylene glycol in the ratio of @mg/ml). N- acetyl cysteine
intracanal medicament placed using a size #30 lesypual, orifice was sealed with

Cavit, and specimens stored in incubator with 100#idity at 37°C for 14 days.

After incubation period of 14 days, the samplesem@strumented with #30
Hedstrom files (Dentsply) supplemented with 5ml38% NaOCI to eliminate the
medicament. Then, according to irrigant activattenhniques the specimens were

divided into three groups for medicament removal:

Group |: Diode Laser activation
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970 nm high power diode laser with peak power 2sv@W), was used and a
20Qum diameter fiber tip was placed 1mm short of apec was activated in helical

motion for 20 seconds (5 seconds per cycle)

Group I1: Passive Ultrasonic agitation

Passive Ultrasonic agitation using no.25 ultrasdipmiq Satellac) was done for

30seconds cycle for 5 times.

Group I11: No agitation (positive control)

As a positive control, no agitation was done wasedir this group

Canals were then rinsed using 5 mL 17% EDTA, foddwby distilled water

then dried with paper points.

0.1% Rhodamine B dye was used with GuttaFlow biocseaer. Using a single
cone approach, obturation was done using guttéhpermones of size F3 in
conjunction with GuttaFlow bioseal sealer. Cavitswased to seal the root canal
orifices, and all samples were kept for 7 days aAtdegrees Celsius and 100%

humidity in an incubator.

Using a diamond disc, the specimens (n=27) wergosea horizontally at 2, 5,

and 8 mm from the apex to create sections that tvenen thick.

Sections were inspected under a confocal laserngg@nmicroscope and
analysed using Image J software, for determinirgy diepth of sealer penetration

(measured in um) into dentinal tubules.
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MATERIALSUSED FOR THE STUDY:
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Fig 1. Total Sample Size (h=81)

Fig 2: Materials
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Fig 4. Debris Removal

Page 23



Methodol ogy

Fig 5: Sample decoronated at the level of CEJ using Diamond disc

Fig 6: Working Length Deter mination
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Fig 7: Bio-Mechanical Preparation

Fig 8: Sodium hypochlorite Irrigation in between instrumentation
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Fig 9: NAC medicament preparation

Fig 10: Placement of medicament

Page 26



Methodol ogy

Fig 11: Diode Laser (SiroLase Blue)

Fig 12: Irrigation activation with Diode L aser
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Fig 13: Irrigation activation with Passive Ultrasonic agitation

Fig 14: Drying canalswith paper points
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Fig 15: Dye Incoropor ation

Fig 16: Obturation
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Fig 18: Incubator

Page 30



Methodol ogy

Fig 19: Confocal Laser Scanning Microscopy
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Methodol ogy

Fig 20: CLSM Images depicting penetration of GuttaFlow Bioseal sealer after
Group |- Diode laser activation at coronal, middle and apical sections:

Fig 20 a: CORONAL

Fig 20 b: MIDDLE

Fig 20 c: APICAL
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Fig 21: CLSM Images depicting penetration of GuttaFlow Bioseal sealer after

Group |1- Passive Ultrasonic agitation at coronal, middle and apical sections:

Fig 21 a: CORONAL

Fig 21 b: MIDDLE

Fig 21 c: APICAL
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Fig 22: CLSM Images depicting penetration of GuttaFlow Bioseal sealer after
Group I11- No agitation (Positive control) at coronal, middle and apical sections:

Fig 22 a: CORONAL

Fig 22 b: MIDDLE

Fig 22 c: APICAL
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RESULTS

Results

Group I- Diode laser activation, Group Il- Pasdiigasonic agitation and Group lI-

No agitation(positive control) (n-27) were examinim penetration of sealer in

dentinal tubules in coronal, middle and apicaldh&gions of root canal.

Table:1. Summary of dentinal tubule penetration of sealethree groups Group I-

Diode laser activation, Group lI- Passive Ultrasoapitation and Group IlI- No

agitation(positive control) and three regions catpmiddle and apical third of the

root canal.
Factor Level of factor N Mean SD SE 95% CI for mean
Lower Upper
Groups I- Diode laser activatio 81 728.52 152.9%.95| 694.79 762.26
II- Passive Ultrasonic | 81 687.97 | 108.2812.03| 664.03 711.90
agitation
Ill- No agitation (positiveg 81 | 489.49 | 146.7216.30| 457.05 521.93
control)
Regions Coronal 81 738.85 140.025.66| 707.69| 770.01
Middle 81| 625.84| 170.7[718.97| 588.08 663.60
Apical 81| 541.29| 144.0016.00| 509.45 573.13
Group*region | Diode laser activation | 27 | 824.21 | 149.7528.82| 764.97| 883.45
with Coronal
Diode laser activation | 27 729.27 | 109.57Y 21.09| 685.93 772.62
with Middle
Diode laser activation | 27 | 632.09| 134.2925.84| 578.97 685.21
with Apical
Passive Ultrasonic 27 787.53| 69.44 13.36 760.06 815.00
agitation with Coronal
Passive Ultrasonic 27 691.36 | 72.077 13.8f/ 662.85 719.87
agitation with Middle
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Passive Ultrasonic
agitation with Apical

27

585.01

68.64

13.2

1

557.86

612.]

No agitation (positive
control) with Coronal

27

604.81

71.89

13.8

1

576.3|7

633.7

’5

No agitation (positive
control)
with Middle

27

456.89

165.3

1 31.81

391.50

522.28

No agitation (positive
control)
with Apical

27

406.77

108.2

b 20.83

363.95

449.59

Table 1. depicts, the summary of mean depth oéfpation, standard deviation and

standard error of the three groups, consisting/fasgcimens each. The highest mean

depth of penetration of 728.52um was seen with @rbuDiode laser activation

group when compared with Group |l- Passive Ultrasagitation and Group IlI- No

agitation (positive control).

The mean depth of penetration in coronal third aegrrespective of Group I-

Diode laser activation group, Group |- Passiveradlonic agitation and Group

[ll- No agitation (positive control) was maximum3@g.85) followed middle third

(625.84)and least was seen in apical third(541.29).

The maximum mean depth of penetration is seen mor@o third region of Group

I- Diode laser activation group (824.21) and leastan depth of penetration is

seen in Apical third region of Group llI- No agitat (positive control) (406.77)
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Table:2. Comparison of three groups, Group |, Group II, @rdll and three regions,

coronal, middle, apical third with their mean peagbn by two way ANOVA

Sources of Sum of Degrees of | Mean sum of
o F-value p-value
variation squares freedom squares
Main effects
Group 2650702.93 2 1325351.ZJ6 107.0705 0.00p1*
Region 1591676.46 2 795838.23 64.2930  0.0001*

Table.2depicts comparison of three groups, Group |, Grougnd Group Il and
three regions, coronal, middle, third with theirangenetration of sealer by two way

ANOVA.

The mean dentinal tubule penetration was statlitisggnificant (p-value- 0.0001%*)
among all groups, i.e. between Group |- Diode las#ivation, Group II- Passive
ultrasonic agitation, between Group I- Diode lasetivation and Group llI- No
agitation (positive control) and Group Il- Passiugasonic agitation and Group IlI-

No agitation (positive control).

The mean dentinal tubule penetration was statlstisagnificant (p-value- 0.0001%*)
among three regions i.e., coronal third and midbled, between coronal third and

apical third and between middle and apical third.

Page 37



Results

Table:3. Pair-wise comparison of three groups, Group I,uprél, Group Il with

their mean dentinal tubule penetration of sealer Twkeys multiple posthoc

procedures
Diode laser Passive Ultrasonig  No agitation
Groups . o .
activation agitation (positive control)
Mean 728.52 687.97 489.49
SD 152.58 108.23 146.72
Diode laser activation -
Passwg U.Itrasonlc 0.0500* )
agitation
No agitation (positive 0.0001* 0.0001* )
control)

Table 3. depicts pair wise comparison of three gsoGroup |, Group I, Group llI
with their mean dentinal tubule penetration of eedly Tukeys multiple posthoc

procedures.

Statistically significant difference is seen betw&&roup I- Diode laser activation and
Group llI- Passive Ultrasonic agitation (p=0.0500%jth better dentinal tubule
penetration of sealer in Group |- Diode laser atton. Statistically difference is seen
between Group I- Diode laser activation group amdu@ Ill- No agitation (positive

group) suggesting better penetration of sealer iou@ |- Diode laser activation

group.

Statistically significant difference (p=0.0001*)timeen Group lI- Passive ultrasonic
agitation and Group Ill- No agitation (positive ¢taml) suggesting better dentinal

tubule penetration in Group lI- Passive ultras@gitation group.
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Table:4. Pair wise comparison of three regions with theiam dentinal tubule

penetration by Tukeys multiple posthoc procedures

Region Coronal Middle Apical
Mean 738.85 625.84 541.29
SD 140.92 170.77 144.00
Coronal -
Middle 0.0001* -
Apical 0.0001* 0.0001* -

Table 4. depicts pair wise comparison of threeamsgithat is coronal, middle and
apical third with their mean dentinal tubule peattm by Tukeys multiple posthoc

procedures.

Statistically significant difference (P=0.0001*) s&en between coronal third and
middle third region, between coronal third and apibird region and between middle
third and apical third, with maximum mean penetmratin coronal third followed by

middle third and least in apical third
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Table:5. Comparison of interactions of 3 groups and theggons with mean tubule penetration by Tukeys migtposthoc procedures with

their p value(*p<0.05)

Passive Passive No No No
Diode laser Diode laser . : . Passive | agitation | agitation | agitation
- - Diode laser Ultrasonic| Ultrasonic . " . "
Interactions activation | activation activation | aaitation | aaitation Ultrasonic| (positive | (positive | (positive
with with : : git git agitation | control) control) control)
. with Apical with with . ) . : :
Coronal Middle Coronal Middle with Apical with with with
Coronal Middle Apical
Mear 824.2: 729.2’ 632.0¢ 787.5: 691.3¢ 585.0: 604.8: 456.8¢ 406.7"
SD 149.75 109.57 134.29 69.44 72.07 68.6 71.89 3165 108.25
Diode laser
activation with -
Coronal
Diode laser
activation with 0.0452* -
Middle
Diode laser
activation with 0.0001* 0.0360* -
Apical
Passive Ultrasonig
agitation with 0.9543 0.5969 0.0001* -
Coronal
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. , No No No
, , Passive Passive , o o o
Dloc_le Iasel Dloc_le Igsel Diode laset Ultrasonic | Ultrasonic ||3asswe_: agitation | agitation | agitation
Interactions activation | activation activation | agitation | agitation Utr_aS(_)nlc (positive | (positive | (positive
with Wlth with Apical with with agitation control) control) control)
Coronal Middle Coronal Middle with Apical with with with
Coronal Middle Apical
Passive Ultrasonig
agitation with 0.0004* 0.944 0.5735 0.0399* -
Middle
Passive Ultrasonic
agitation with 0.0001* 0.0001* 0.8292 0.0001* 0.0132* -
Apical
No agitation
(positive control) | 0.0001* 0.0013~ 0.9930 ¥ 0.0991 0.9993 -
with Coronal
No agitation
(positive control) | 0.0001* 0.0001* 0.0001* 0.0001* 0.0008 0.0001* -
with Middle
No agitation
(positive control) | 0.0001* 0.0001* | 0.0001* 0.0001* 0.0001* 0.0001* 0.7738 -
with Apical
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Coronal third region of Group I- showed no sigrafit difference with coronal
third region of Group Il

Middle third region of Group | showed no signifi¢atifference with coronal third
region of Group Il

Apical third region of Group | showed no signifitathfference with coronal third
region of Group I

Coronal third region of Group | showed significatifference with coronal third
region of Group Il

Middle third region of Group | showed significanffdrence with coronal third
region of Group Il

Apical third region of Group | showed significanffdrence with coronal third
region of Group Il

Coronal third region of Group Il showed significatitference with coronal third
region of Group Il

Middle third region of Group Il showed no signifidadifference with coronal
third region of Group Il

Apical third region of Group Il showed no signifitadifference with coronal

third region of Group Il

Thus, the table depicts total of 36 interactiohsvbicn 26 were significant

values (*p<0.05) with highest mean depth of penietnaof sealer in dentinal tubule

in Group I- Diode laser activation in coronal thireion and lowest mean depth of

dentinal tubule penetration of sealer in Group Nb agitation (positive control) in

apical third region.
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Graph 1. Pair wise comparison of three groups with theiramelentinal tubule

penetration
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Graph 2. Pair wise comparison of three regions with meamtidal tubule

penetration
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Graph 3. Comparison of interactions of three groups anéedmegions with mean

dentinal tubule penetration

Technique™Region; Unweighted Means
Vertical bars denote 0.95 confidence intervals
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Graph 4. Comparison of interactions of three groups in eéhregions with mean

dentinal tubule penetration
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Graph 5. Comparison of interactions of three regions in ¢hgroups with mean

dentinal tubule penetration
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DISCUSSION

Endodontic treatment requires removal of endodopitdilm from root canal
system. The success and longevity of endodonticaplyerelies on efficacy of
endodontic instrumentation, irrigating solutiondielating agents and obturating

materials for disinfection and filling of root cdsz"

The removal of endodontic biofilm from root canslsomplex task, the failure
of which may affect the prognosis of treatment aadse reinfectiofit To ensure
adequate cleaning of canals and rendering them dfemicroorganisms various
measures have been documented such as differetiniqges and newer
armamentarium for chemo-mechanical debriderfitBespite the different methods
of chemo-mechanical debridement, proper disinfeati@y not be achieved and some
canals may necessitate the use of additional meaosler to subside and eradicate

microbial load.

The use of intracanal medicament with antimicrobia anti-biofilm properties

is one of the most practiced means to disinfect canals>

Chlorhexidine (CHX) and calcium hydroxide (CH) dte their remarkable
antimicrobial have been widely used as intracanabioament§® However, the
capacity of CHX to enter into deep layer of biofis restricted as it is inactivated by
physiological salt$*Whereas the resistance of Enterococcus faecdiigdmxyl ions

of CH and the buffering action of dentin limit thatimicrobial property of Ct%*

Triple Antibiotic paste, a mixture of three antits: ciprofloxacin,
minocycline and metronidazole has demonstratedeffieacy against endodontic

pathogensHowever, research has shown that minocycline mayltrén noticeable
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crown discolouration. For this reason, it was afiated to form Double Antibiotic
Paste (DAP) which contains only ciprofloxacin anetronidazolé€® Due to the

strong acidic nature of triple antibiotic paste (pHZ2.9), both double and triple
antibiotic pastes have a deleterious influence le& microhardness of radicular

dentine®

N-acetyl cysteine (NAC), a powerful anti-oxidanttkvimucolytic properties, it
contains thiols and is commonly used in medicingréat acetaminophen overdose
and chronic bronchiti€ NAC is regarded as a non-antibiotic substance with
antimicrobial qualities that prevent different bBa@ from forming biofilms
responsible for systemic diseases including Pseodam aeruginosa, Escherichia

coli, etc.’®

Quah SY et al. evaluated NAC's minimum bactericidahcentration and
minimum inhibitory concentration against E. faesal\ntibacterial efficacy against
E. faecalis is studied in most in vitro researclassit is a persistent bacterial
associated with endodontic treatment failures. Vi€ of 1.56 mg/mL and MBC of
12.5 mg/mL NAC were determined. The study conclutet NAC demonstrated
bactericidal activity against Enterococcus faecdliey also studied pH variation
testing, the ability of dentin powder to neutraliX\C's antibacterial activity and
unlike calcium hydroxide, NAC’s antibacterial propes remained uninfluenced by
dentin. NAC can so be seen as a promising agemrbfobating Enterococcus faecalis
infection in root canals, with potential advantagesr traditional medicaments with

respect to its dentin interactions and biofilm ération®**

The minimum bactericidal concentration and minimafmbitory concentration

of NAC against Streptococcus mutans, Actinomycegshadii, Lactobacillus
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salivarius, and E. faecalis, considered as patrogessociated with endodontic
infection was studied by Ji- Hoi Moon et al. thsiudy. They revealed greater NAC

has greater biofilm disruption and antimicrobidlasfcy than CH or CHX!

One of the main constituents of biofilms is extthdar polymeric substance
(EPS), which is mostly made up of polysaccharidgsalso contains other molecules
like lipids, proteins, and extracellular DNA. Acdang to Jachlewski et al. NAC's
impact on the formation of exopolysaccharides (E®&&)ains its biofilm disruption

action®’

NAC is thought to interfere with the EPS productinrseveral way&® First, the
sulfhydryl group of NAC is considered to have thmlity to break disulfide bonds
involved in the generation of EPS. Second, NAC'sioaidant properties may
indirectly affect the metabolism and EPS synthedidbacterial cells. Its use in
humans is safely advocated as a mucolytic &JeNAC is a potential alternative

novel intracanal medicament.

In the present study, the medicament was used wd@o form. Propylene
glycol was used as a vehicle and mixed in the rafid:1 of 2mg/ml. Propylene

glycol vehicle dissolves NAC to form a paste.

In the present study, the medicament was used wd@o form. Propylene
glycol was used as a vehicle and mixed in the ratid:1 of 2mg/ml** Propylene
glycol is an odourless, clear liquid employed as effective vehicle for
pharmacological preparations such as with antamgtes and barbiturates. It has
improved handling qualities owing to its consisitgff In application of NAC as a

mucolytic agent when used transdermally, it wasirdele to polyalcohols, e.g.

Page 48



Discussion

propylene glycol as an enhancing substance in @aodercrease the amount that may

penetrate the skifY.

Propylene glycol also displayed antibacterial acagainst common endodontic
pathogens thus contributing to wider applicatiord as a vehicle for intracanal

medicament&®

With the use of intracanal medicaments betweersyisomplete removal of the
medicament is important as remaining medicament stiaik to the canal wall and

affect the bond between dentinal tubules and endadsealers.

A bioceramic sealer was used in the study. Guttafmseal, a silicon-based
sealer, has shown outstanding biocompatibilityt aesembles hydroxyapatite. Gutta-
percha in powder form with particle size less tl#nhmicrometers and sealer are
combined. It is a cold flowable system that conesia blend of zirconium dioxide,

micro-silver, poly-dimethyl siloxane, gutta-perghawder, and platinum cataly&t.

When applied in a clinical setting, the bioceramialer expands laterally and
takes on the shape of the canal by absorbing viader the dentinal tubules in the
canal walls. Water absorption causes expansiohekeéaler strengthening the bond

between the sealer and derffin.

Since the particles for bioceramic sealer have amdter of less than one
millimeter, it may be assumed that they are weilesuifor tubule penetratioff. The
bioceramic sealer's low contact angle, hydroplyicand small particle size account

for its deeper penetratidh.
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Obturation technique used in the present study siagle cone obturaiton
owing to the biominerlisation properties of the Iseaand due to its uniformity

achieved by this techniqué.

Despite the properties of bioceramic sealer, Indetegremoval of medicament
may lead to poor adaptation of sealers increasiigyoieakage, which ultimately

results in treatment failure.

Different methods utilized for removal of the debaind intracanal medicaments
include manual methods like syringe irrigation, tan using a gutta percha or
master apical file, or machine assisted methods fiktary systems, CanalBrush,

EndoVac, sonic agitation; EndoActivator, passiveasbonic irrigation and laser

Very limited literature on removal of NAC from theot canals, thus, in the

present study removal of NAC medicament was studied

Group |- Diode laser activation, Group II- Passlirasonic agitation were
compared to check their efficacy in the removalN&iC. Their removal efficacy was
measured by maximum depth of penetration of Guttafioseal sealer into dentinal

tubules.

Newer approaches in disinfecting root canals inelute of of high-power
diode lasers. After chemo-mechanical instrumentatiaser irradiation can eliminate

debris and smear layer and decrease the numbetabbacteria within the systefh.

The results obtained from this study revealed, @rbuDiode laser activation
showed highest mean depth of dentinal tubule pathetras compared to Group II-
Passive ultrasonic agitation and Group Ill- No aijin, suggesting clinically

significant and better removal of N acetyl cystaimedicament from the entire canal.
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The laser settings used in our study were a 97igim power diode laser of
(SiroLase blue) with power 2 watts (CW). A 200 diameter fiber tip was introduced
1 mm short of apex and was activated in helicaliondtor 20 seconds (5 seconds per

cycle)

The result of the present study is in accordanci \&i previous study by
Marchesan et al., where they studied effect of eliabser of 980 nm on radicular
dentin, ultramorphological changes were observed which rangeah smear layer

removal to fusion of dentinal tubule¥.

Niemz MH quoted that ultra-morphological changesuldobe owed to
photochemical, photothermal, photodisruption, phtaemolysis, photodissociation

and photoaccoustic effect of the diode ld3er.

The results obtained from this study are in linghwihe following earlier
studies. Wang et al, concluded smear layer wasoeatgdl and removed, and clean
root canal walls were achieved, following use od 98n diode laser at 5W. Removal

of the smear layer improved adaptation of seakfitey to better seaf’

In a study by Moura-Netto C, et al, morphologic ripas, smear layer and

debris removal was observed following diode lasmidiation.>®

Diode laser when used in combination with irrigahtsl minimal effect on
chemical properties of radicular dentin and gooeamniayer removal ability as per

Mohammed Ali Saghiri, et &

Saraswathi et al. quoted significantly better smager removal when 940 nm
diode laser irradiation combined with NaOCI and EDifrigation was studied with

minimum additional loss of mineral cont&ht.
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High power Diode laser reaches the complex anatdrsteuctures as compared
to that other techniqué8.This could be due to the flexible fiberoptic tip Bfode
laser which effectively transfer laser light to thedicular dentin and have higher
power density at the tip. In our investigation & 2@n fiber-optic tip was used. The

flexible fine diameter tip also allowed easy acdasapical third region of canal.

The heat generated by the selective dosage is emna#ipect contributing to
better sealer penetration in the apical thfréccording to studies, diode lasers are
less heat-producing and more efficient while opegaat lower power levels. They
are better at penetrating the dentinal tubuleshave an output power range of 0.5 W

to 7 W’

Another method that has been studied in great Idetapassive ultrasonic
irrigation (PUI) or agitation. PUI is among widelysed irrigation techniques. By
using cavitation and acoustic microstreaming, Rulild enhance cleaning in intricate

canal anatomic location&’

When dentinal tubule penetration in coronal thifdGroup |- Diode laser
activation and Group |l- Passive Ultrasonic agiativas compared, statistically no
significant difference was obtained. Similarly, tdentinal tubule penetration in
middle third and apical third regions of Group lHoBe laser activation when
compared with middle and apical third region of @oll- Passive Ultrasonic
agitation showed statistically no significant diface. Suggesting comparable
removal of medicament in coronal third, middle dhand apical third in both Group I-

Diode laser activation and Group II- Passive Utiras agitation.

Passive Ultrasonic agitation was done using nolBasonic tip (Satellac) 5

times for 30seconds cycld@he process of ultrasonic activation depends on the
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instrument oscillating inside an irrigant-filledatocanal. Ultrasonic activation relies
on oscillation of the instrument inside an irrigafited root canal. An ultrasonic

handpiece operating at a frequency of roughly 2582 powers the devic¥.

There are two parts to the flow pattern of ultrasarrigation, the steady part
produces the acoustic streamifig®* Two jets of irrigating solution flow outwards
continuously from the instrument along the direttad oscillating tip. The irrigant's
streaming flow, which can enter the apical partrobt canal at the end of the

instrument is a key factor in debriding the apaahtomy?

The rapid component of the ultrasonic instrumenig do the oscillating
pressure, causes pressure variations in the itrigad causes acoustic cavitation,
which causes bubbles to form and burst generatirgelshear stress on surface of

canals and improves cleaniig.

Acc to Verhaagen B, et al ultrasonic irrigation reed to outperform sonic
agitation® whereas a study by Conde AJ et al. concluded mufisignt difference

was seeftin terms of removal of hard tissue debris.

In previous studies, by Verstraeten JA et al, lastivated irrigation showed no
significant differencavhen compared to P&lwhereas in some studies lasers have

proven effectivé’

Group IIl or no agitation group was preceded byaeah of medicament with H
file and sodium hypochlorite irrigation with 27 @ea side vented needle. In
agreement with previous studies, Group IlI- No a&iih or positive control group in
our study, showed statistically least mean deptpeofetration as compared to Group

I- Diode laser activation and Group lI- Passiveadbnic agitation.
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Group lll- No agitation or positive control group, coronal third, middle third
and apical thirds of root canals when comparedawreal third middle third and
apical thirds of Group I- Diode laser activationdaGroup llI- Passive ultrasonic
agitation showed statistically significant diffecenwhere least depth of penetration

was seen in coronal third, middle third and apikat of canal of Group III.

The present results explain that laser activatéghiion and ultrasonic agitation

have a positive influence on the removal of NAC moachent from the root canals.

Syringe irrigation acts by flushing action of igiing solutions which aids in
clearing the canal of microbes, organic materiald alentinal debris. It has a
somewhat weak flushing activity that depends ordiaeneter of the needle, the depth
of placement, and structure of root canal systeRur best results, irrigating solutions
should be applied directly to the entire canaltipalarly to apical sections of small
root canals. In order to guarantee fluid exchangagating needles should be

positioned no more than 1 mm from working length.

The results are in accordance to a systematicwegie Ca (OH)2 medicament
removal, which stated ultrasonic irrigation was esiqr to syringe needle irrigation

and apical negative pressure irrigatioh .

CLSM was used in our current study as it preseiitts mvany advantages. High
contrast points are used by CLSM to determine dades distribution inside dentinal
tubules. In contrast to SEM, which is infamous dogating artifact during processing
and has extra drawbacks due to the laborious gmittesing and vacuum phases,

CLSM operates even with thick sections and prodiesssartifact’
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The study's findings demonstrated that, acrossg@ups, sealer penetrated
coronal third the greatest, followed by middle dhiand apical third the least in all
three groups i.e. Group |- diode laser activati®rgup II- passive ultrasonic agitation

and Group lll - no agitation (positive control).

This is ascribed to differences in the radiculamtoies characteristics, primarily
those related to tubule density, tubule size, amdamorphic changes that occur
throughout time. The tubule density of dentin ighest in coronal region and falls
with depth; the lowest density is seen apicailAdditionally, the tubules' mean
diameter is highest in coronal third of the rooddnwest in apical third which
favours high penetration in coronal third. The api@/3 of the tubules exhibit
obliteration from sclerosis as a result of agingcontinuous functional loading. The
sealer's inability in apical third to obtain thejuged space might also be explained

by inadequate irrigant supply and inefficient remosf smear layet?

Despite the intricacies of apical third of root agnGroup |- diode laser
irrigation showed statistically higher mean depthpenetration when compared to

Group II- ultrasonic agitation.
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CONCLUSION

Considering the parameters of the study, the following conclusions were

made: -

* Group |- Diode laser activation group when compared with Group I1- Passive
Ultrasonic agitation and with Group IlI- No agitation (positive control)

showed higher mean dentinal tubule penetration of sealer

* Group Il- Passive Ultrasonic agitation when compared with Group Il1- No
agitation (positive control) showed higher mean dentinal tubule penetration of

sedler .

* The coronal third region of Group I- Diode laser activation group when
compared with coronal third region Group |I- Passive Ultrasonic agitation
showed no significant difference. Similarly, middle third region and apical
third region of Group |- Diode laser activation group when compared with
middle third region and apical third region Group Il- Passive Ultrasonic

agitation respectively showed no significant difference.

* The coronal third region of Group |- Diode laser activation group and Group
I1- Passive Ultrasonic agitation when compared with coronal third region of
Group I11- No agitation (positive control) showed significant difference where
the former two groups showed better penetration. Similar results were

obtained for their middle third and apical third regions respectively.

* The coronal third region of Group |- Diode laser activation group, Group I1-

Passive Ultrasonic agitation and Group IIl1- No agitation (positive control)
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showed maximum dentinal tubule penetration of sealer followed by middlie
third region of Group |- Diode laser activation group, Group Il- Passive
Ultrasonic agitation and Group I11- No agitation (positive control) and apical
third region of Group |- Diode laser activation group, Group Il- Passive
Ultrasonic agitation and Group I11- No agitation (positive control) suggesting
better penetration in coronal third region, followed by middle third region and

least penetration in apical third.

Thus, it can be concluded that Group |- Diode laser activation group was most
effective in removal of NAC intracanal medicament from all three regions, coronal,
middle, apical third of root canal, Group IlI- had comparable results to Group I,
whereas Group I11- No agitation (positive control) was least effective in removal of

NAC intracanal medicament.
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SUMMARY

Aim of the study was to evaluate and compare dehtirbule penetration of
GuttaFlow bioseal sealer after the removal of Nedcecysteine intracanal

medicament with ultrasonic agitation and laservat#id irrigation using CLSM.

N- acetyl cysteine is new intracanal medicament wiantibacterial, anti-
biofilm and anti- inflammatory properties. It aetgainst all endodontic pathogens and

has proven to suppress the growth of E. faecatis@udestroy its biofilr

For optimal obturation, all of the medicament skidoé removed because any

leftover medication prevents the sealer from pettiety the dentinal tubules.

Widely used irrigation techniques is passive utiras irrigation (PUI). By
cavitation and acoustic microstreaming, PUI apfilica increases the cleaning
efficacy in complex root canal anatomy. Nowadaygh+power diode lasers are used
to disinfecting the root canals. The laser lighassumed to enter and disinfect areas

that are inaccessible with traditional techniques

A novel silicone-based sealer called GuttaFlow dabscontains calcium
silicate and gutta-percha. Its impact on tubuleep@tion, bond strength, and the

caliber of root filling with this substance has bessessed before.

Hence, this study is for investigating the dentimabule penetration of
silicone-based sealer, GuttaFlow bioseal, after or&h of N- acetyl cysteine
intracanal medicament with two different irrigatistrategies, ultrasonic agitation and

laser activated irrigation.
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The study was conducted in the Department of Coasge Dentistry and

Endodontics, KLE VKIDS, KAHER Belagavi.

Extracted human mandibular premolar test which imstision and exclusion
criteria were selected for the study. Decoronatias done to obtain a root length of
12 mm. Working length was calculated 1mm short bere 15 K file exits apical
foramen. Protaper Universal rotary system was ueedtleaning and shaping till
MAF size F3. Following each change of instrumeatsjrrigant of 2 ml (3% sodium
hypochlorite) was used. Final rinse was done witBoIEDTA, followed by 2ml of

saline solution for 1min. Then root canals weredltsing paper points.

PREPARATION OF INTRACANAL MEDICAMENT: N-acetyl cysteine powder

was mixed with propylene glycol in the ratio of 1(2mg/ml)

N- acetyl cysteine intracanal medicament was plagsthg a size #30
Lentulospiral. The orifice was sealed and specingm®d in an incubator with 100%
humidity at 37°C for 14 days. After incubation elj the medicament was removed
with #30 Hedstrom files supplemented with 5ml of 34aOCI to eliminate the
medication. Then, the specimens were divided aaugrdo irrigant activation

techniques into three groups for medicament removal

Group I: Diode laser activation

970 nm Diode Laser (SiroLase blue), peak power 2W/), was used and a 200
diameter fiber tip was introduced 1 mm short ofxaped was activated in helical

motion for 20 seconds (5 seconds per cycle)
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Group II: Passive Ultrasonic agitation

Passive Ultrasonic agitation using no.25 (Satellakltasonic tip was done for

30seconds cycle, 5times.

Group IlI: No agitation (Positive control)

As a positive control, no agitation was done wasedior this group

Canals were rinsed with 17% EDTA and dried withgrgmoints.

0.1% Rhodamine B dye was used with GuttaFlow biosealant. Using a
single cone approach, obturation was done with enasine F3 in conjunction with
the GuttaFlow bioseal sealer. Cavit was used tbtkearoot canal orifices, and all
samples were kept for seven days at 37 degreesu€elsd 100% humidity in an

incubator.

Using a diamond disc, the specimens (n=27) weréosea to create 1 mm
sections at 2mm, 5mm and 8 mm from the apex. Sectieere inspected under a
CLSM and analyzed using Image J software for méagudepth of sealer

penetration(um) into dentinal tubules.

Statistical analysis was done by Two-way ANOVA dmdkey’s Post hoc test.

Mean dentinal tubule penetration was statisticalfynificant amongst all the
three groups i.e. between Group |- Diode laservatiin and Group II- Passive
ultrasonic agitation, Group |- Diode laser actigatiand Group lll- No agitation
(positive control) and Group IlI- Passive ultrasomigitation and Group Ill- No

agitation (positive control) with highest dentirtabule penetration in Diode laser
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group followed by passive ultrasonic agitation ara agitation (positive control)

showing the least dentinal tubule penetration.

Mean dentinal tubule penetration was statisticalignificant amongst three
regions i.e, coronal and middle, coronal and ap&adl middle and apical third. The
coronal third region exhibited the maximum pen&ragmong the three, followed by

the middle third and then apical third.

Highest mean depth of penetration of 824.21um ween sn Diode laser

activation group in the coronal third region.

Therefore, null hypothesis stating there will bedifderence in dentinal tubule
penetration of GuttaFlow bioseal sealer after thenaval of N-acetyl cysteine
intracanal medicament using ultrasonic agitatiod &ser activated irrigation was

rejected.
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