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ABSTRACT

AIM: To evaluate the effect of N- acetyl cysteine irdrzad medicament on dentinal
tubule penetration and percentage of an Epoxy hessed sealer and a Bioceramic

based sealer using Confocal Laser Scanning Micpyseén in-vitro study

METHODOLOGY: Seventy eight extracted human maxillary anteri@thtewere
selected and decoronated to acquire a standardim¢dength of 14 mm. Working
length was established using a 10 k file and Cheeatyianical preparation was done
using Protaper universal till master apical fileesiz and specimens were irrigated
with 2ml of 5.25% sodium hypochlorite between sssoee files and final irrigation
with 5ml of 17% EDTA for 3 minutes. All the specimewere then dried with paper

points and randomly divided into 3 groups.

Group 1: Experimental group (NAC) with Epoxy resealer

Group 2: Experimental group (NAC) with Biocerarhigsed sealer

Group 3: Negative control group.

N- acetyl cysteine medicament was placed in Grougnd Group Il specimens
followed by incubation at 37°C for 15 days afterieththe medicament was removed
using Passive Ultrasonic irrigation and obturatiwas done for all 3 groups with
respective Gutta percha coated with rhodamine méeader. Incubation was done for
7 days after which samples were sectioned at diftelevels (3, 7, 11 mm from the
apex) and examined under the confocal laser scgamiaroscope for dentinal tubule
penetration and percentage of sealers. Imagesnebtavere analysed using Image J
software. Statistical analysis was done using Tvag WNOVA and Tukey’s multiple

post-hoc tests.



RESULTS: On intragroup comparison, the results showed diffee in sealer

penetration was statistically significant among thké three sections i.e, coronal,
middle and apical section among all the three ggoup, NAC + Ceraseal, Ceraseal,
NAC + AH Plus, AH Plus. On intergroup comparisdme tepth of sealer penetration

was statistically significant in Group Il (NAC + @eseal), Group Il B (Ceraseal).

On intragroup comparison, the results showed diffee in sealer percentage/
adaptation was statistically significant among i three sections i.e, coronal,
middle and apical section among all the three ggoup, NAC + AH Plus, AH Plus,
NAC + Ceraseal, Ceraseal. On intergroup comparigun percentage/adaptation of
sealer penetration was statistically significanGioup | (NAC + AH Plus), Group llI

B (Ceraseal).

CONCLUSION:

* Maximum sealer penetration was noted in the cortmad, followed by middle
third and least in apical third for all tested gueu

» Higher penetration of sealer was observed with NAQeraseal (Group Il)
followed by Ceraseal (Group 11l B), NAC + AH Plu&roup I) and least by AH
Plus (Group Il A).

» Higher percentage/ adaptation of sealer was obdewith NAC + AH Plus
(Group ) followed by AH Plus (Group Il A), NAC «eraseal (Group II)

followed by Ceraseal (Group 11l B).

KEY WORDS: N-acetyl cysteine, Passive ultrasonic irrigatidii Plus, Ceraseal,

sealer penetration and percentage.
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I ntroduction

INTRODUCTION

Long term prognosis of root canal therapy depemdthorough eradication of
microorganisms. However, it is not always possihl¢he first visit to eliminate all
the microorganisms due to various complexitiesoaft tanals:> Hence, along with
chemomechanical debridement, intracanal medicasank as Ca(OH) TAP, DAP,
CHX etc. have been widely employed for disinfectiohinfected root canals to

reduce the flare up and to improve the prognosendbdontic treatmerit.

Calcium hydroxide is one of the most widely useddic&ment which has
antimicrobial activity and alkaline pH but its disentages are it is resistant to
E.faecalis and its difficulty associated with renmgy it from the canals which
prevents sealer penetratibhmong the array of intra canal medicaments used in
endodontic treatments, N-acetyl cysteine (NAC),oaeh medicament has proven to
suppress the growth of E. faecalis and destroybit§ilm.® It acts against all
endodontic pathogen and also provides immense gtimteof apical stem cells for
Regenerative Endodontic Procedure for modern endmd$§’ Hence, N-acetyl

cysteine (NAC) is an antimicrobial, anti-biofilmpti inflammatory medicamefit.

However, N-acetyl cysteine (NAC) has some limitasicuch as its difficulty
in complete removal from the canal and accordintitéoature, complete removal of
these medicaments are impossible but the remowval bea enhanced by various
adjunctive aids like manual agitation with rotamystrument, passive ultrasonic
irrigation, sonic irrigation, endoactivator, laggc!! These remnants in turn influence
the tubular penetrability of sealers and theirisgadbility. Thus, complete removal of
medicament before root canal filling is necessahmyctv could affect the prognosis of

the endodontic therapy?°
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I ntroduction

The most preferable obturation material is guttzipe which is imperative for
a hermetic seal along with root canal seHlddentinal tubule penetration depth and

microgap are major factors which decides the sscoksndodontic therapy.

A root canal sealer's effectiveness is gauged bydepth of dentinal tubule
penetration. The advantages of deeper tubular aivet are that it increases the
contact area and improves the retention betweera@Pdentinal walls, entombs

remaining bacteria and also increases the fracésistance of the tootfi*

Various physiochemical properties of sealer hasarhmn dentinal tubule
penetration depth. Hence, it is necessary to etamltize tubular penetration for
various sealers usédAH Plus, a gold standard root canal sealer, hasreandling
characteristics and excellent physical properfidee various advantages are better
bonding, low shrinkage, high radioopacity, low sility and good biocompatibility
but their disadvantages are hydrophobicity and gerigity. To overcome these

problems, calcium silicate based sealers have &eevcated.

Bioceramic based sealers like Ceraseal has its rmagtvantages like
crystallization and chemical reaction thereby ewiranthe seal to radicular dentin,
unique stability, antimicrobial activity and shosetting time'’ Besides these
advantages, there are certain limitations in tleedeium silicate based sealers which

are difficulty in retreatment and low sealing ajgiliadaptatiorf.

Till date, there is no literature evidence compatime depth and percentage of

penetration of Ceraseal sealer with other sealer.
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Hence, our aim of the present study is comparauaduation of effect of N-
acetyl cysteine (NAC) intracanal medicament on @etage and depth of

penetrability of an Epoxy resin based sealer abmeeramic based sealer in coronal,

middle, apical areas using confocal laser microgcop
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Aim & Objectives

AIM AND OBJECTIVES

AIM: To assess and compare the effect of N-acetyl oyst@tracanal medicament
on percentage and depth of tubular penetrabilityaof Epoxy resin sealer and a

Bioceramic root canal sealer using Confocal Lasan8ing Microscopy.

OBJECTIVES

» To assess the effect of N-acetyl cysteine intraoaeaicament on percentage
and depth of tubular penetrability of an epoxy mesased root canal sealer

using confocal laser scanning microscopy.

» To assess the effect of N-acetyl cysteine intraoaeaicament on percentage
and depth of tubular penetrability of a biocerarased root canal sealer

using confocal laser scanning microscopy.

» To compare the effect of dentinal tubule penetratdepth and percentage of
an epoxy resin based root canal sealer and a himéerbased root canal

sealer using confocal laser scanning microscopy.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESIS: -
There was no difference in percentage and deptiulnflar penetrability of epoxy
resin sealer and the bioceramic root canal sedter ase of N-acetyl cysteine

intracanal medicament.

ALTERNATE HYPOTHESIS : -

There was a difference in percentage and deptiboddr penetrability of epoxy resin

sealer and the bioceramic sealer after use of Wdarysteine intracanal medicament
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Review of literature

REVIEW OF LITERATURE

. Utilizing confocal microscopy, Deebah Choudhary attinvestigated the
tubule penetrability and durability in obturatednak using 3 distinct
bioceramic sealers. The depth of penetration oaSeal RC sealer was much
higher than that of Bio-C and MTA Fillapex. Neverkbss, after retreatment,

none of the sealers was entirely removed fromubales®

. Using a scanning electron microscope (SEM), NasshRa& Hashem et al.
examined the interfacial adaptation of CeraSealBindC Sealer in relation to
AH Plus. Additionally, CLSM is used to check thenp&ability of CeraSeal,
Bio-C Sealer with AH Plus. While Bio-C Sealer dersivated the greatest

penetration, AH Plus demonstrated superior addjisabi

. The penetration of epoxy resin-based sealers artzimic sealers following
ultrasonic agitation and Er: YAG laser activatidntize irrigant was assessed
and compared in this study done by Twinkle Taledjal. It was discovered
that the maximum penetration in all tooth portigmachieved by the Er: YAG

laser with AH Plus sealer, followed by the CeraSealer®

. Mohmed Isaqali Karobari et al. examined the pattdradhesion, penetration
of 6 sealers. When compared to other sealers, @mweas shown to have the
maximum dentinal tubule penetration; in contrasipR®ot RCS have a

stronger push-out bond and a sticky adhesive peftter

. Using the dye penetration method, Diksha Batrd.et\aluated leakage of 4

different sealers in extracted teeth. Sealapexbéeli highest penetration of
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Review of literature

dye, whereas Ceraseal endodontic sealer demomstitateleast amount of

microleakagé?

. In comparison to an epoxy resin sealer, Soo TergG#t al. investigated the
adaptability and penetrability of 3 distinct BC kega in oval root canals.
Using a SC obturation technique in an oval canakas found that Nishika
Canal Sealer BG had greater adaptability and paiiéty and that Endoseal

has the lowest adaptation and penetration d&pth.

. Riccardo Tonini et al. assessed the clinical endbdgprocedures and the
limitations of irrigating solutions in which he cqared activation techniques
to traditional needle irrigation techniques andcancluded that activation

technique reveals a noticeably greater biofilm remhd’

. In root canal retreatment, Blanca Ortiz-Blanco ¢t iavestigated the
penetration of 3 bioceramic sealers. The deptheokefration and percentage

between AH + and Ca-Si sealers were found to besigmificantly lower®

. In a study published recently, Fausto Zampariniakt investigated the
physiochemical properties and bioactivity of 3 ppeed BC sealers that were
newly released: Ceraseal, AH Plus Bioceramic, AldsPINeosealer Flo.
Calcium silicates (CaSi) in the sealers varieduargity. The findings showed
that Ceraseal and AH Plus Bioceramic have sharat $etting time, AH Plus
and NeoSealer Flo have the longest. Only AH Plue®&iamic and NeoSealer
Flo exhibited a little covering of a CaP phase.aSeal has no CaP deposit,
but it did have the highest calcium release of &aSi-containing sealer

tested?®
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10.Tara Haji et al. looked at the sealing quality arwmpatibility of two
bioceramic sealers, BioRoot RCS and CeraSeal REC8nnhg Electron
Microscope was utilized to appraise the adhesiohe Dutcomes were
contrasted with a control of ZnO Eugenol sealerm@ared to other two
Bioceramic sealers, BioRoot and CeraSeal sealenshiesed good sealing
adaptability, biocompatibility, and fast recovery the soft tissues. ZOE

sealers have less sealing adaptation and a sl@wegcof inflammatiorf”

11.In order to compare the physical characteristiak @riocompatibility of four
modern calcium silicate sealer with an epoxy resialer, Min-Gyu Park et al.
conducted this study. It was discovered that calcgilicate-based sealers
characterized radiopacity, clinically acceptableowil and favorable

cytocompatibility?®

12.Using the dye penetration method, Ankush Jasrotd @xamined the sealing
capabilities of three distinct sealer types: Ceabb®ceramic sealer, AH Plus
sealer and Epiphany sealer. The study's findindeated that AH + had the
highest levels of vertical and horizontal dye peatén, indicating that
Ceraseal bioceramic sealer and epiphany sealeddheanal more effectively

than AH + sealef®

13.Manoel E.L. Machaado et al conducted a study inclwhsamples were
medicated with calcium hydroxide after which epdrased sealer was tested
for penetrability and concluded that Ca(QHiad an impact on penetration

into the tubuleg’
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14.Using CLSM, Khullar S et al. evaluated the penelitslof Adseal, Sealapex,
and BioRoot RCS into the tubules in apical area fihdings indicated that
Adseal showed reduced tubular penetration at atllaxations, BioRoot RCS

demonstrated more penetratidn.

15.Abu Hasna et al. investigated the best ways to venit.faecalis infected
biofilm using various adjuncts like NAC, PDT, andA® + PDT in vitro.
According to this in vitro investigation, NAC exliiéd antibacterial activity

which is comparable to CH.

16.In conjunction with a single cone obturation prasexq Eid BM et al assessed
the penetrability of 3 different sealers: AH +, Afiet, and Smart paste bio in
the apical, middle, and coronal thirds. Among thee¢ studied groups, the
apical demonstrated the least sealer penetratitvereTis no statistically

significant difference seen in coronal and midéieds >3

17.To maintain the regeneration capability of SHEDimiyiin vitro cultivation,
Martacic et al. conducted a study to examine ifddtgl-L-cysteine (NAC)
might shield the cells from oxidative damage. InEEH the degree of
oxidative damage was examined following a 48-hoxposure to varying
NAC doses. The results showed that a low dose df NAanged the fatty acid
composition in a way that increased PUFA and gyeaflduced lipid
peroxidation. A stronger correlation between enkdr8HED survival in vitro

and decreased oxidative damage to cellular lipidy exist*
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18.Using confocal laser scanning microscopy, Uzundghyirek E et al
investigated the impact of Ca(OHedicament on tubular penetrability of
two distinct root canal sealers, Bioroot-RCS & Alf. Bioroot-RCS even

after Ca(OH) was found to have a greater penetration rate Araa6 >

19.The purpose of this study by Yahui Wang et al. waappraise the quality of
filing and penetration of BC sealer (iRoot SP)ngsiProtaper Universal
instrumentation and filling techniques such as AHsPSC technique, iRoot
SP warm vertical technique, and iRoot SP SC techmidt was discovered
that the frequency of holes and gaps was not staflly significantly affected
by filling methods or sealer types. It was discexkthat iRoot SP can produce
superior penetration and comparable filling quattympared to AH Plus,

regardless of the technique employed.

20.In order to assess how well four distinct sealepado root canal walls and to
measure their tubular penetration depth in aldghiof the root canal, Chen H
et al. conducted a study. The findings showed ®RealSeal SE had the
greatest penetration. The best adaptability to camial walls is exhibited by

AH-Plus®’

21.Using a file, brush, or passive ultrasonic irrigati(PUl), Zorzin J et al.
assessed the amount of Ca(@Hliminated by irrigation with varying

volumes and activation methods. It was discovehnatld considerable drop in

residual Ca(OH) occurred when the irrigation amount was increased.

However, no irrigation technique could totally eiimate Ca (OHy), the most

successful activation technique was BUI.
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22.Palaniswamy et al. investigated a study to deteznaintibacterial effects of
2% CHX and NAC to determine if they would operateam antagonist or
synergist as an intracanal medication against &calés cells using an agar
diffusion test. Of all the tested groups that wevaluated, inhibition zone for
2% CHX and NAC were nearly identical, but the comaltion of 2% CHX and

NAC exhibited the highest level of inhibition, imditing a synergistic effett.

23.Quah et al. carried out a study to assess N-agstgine's (NAC) antibacterial
and biofilm-eradication capabilities against Entexcus faecalis. He
discovered that at pH 11, NAC is the most bactaaici Furthermore,
prolonged (up to three weeks) NAC was mixed witntole powder and
incubated which did not substantially lessen itsibacterial effectiveness

against E. faecali®

24.Marciano MA et al. conducted a study to assess rtwt canal wall
adaptability, radiopacity, flow, solubility, filmhtckness, and setting time of
three resin-based sealers: Adseal, Acroseal, andPWsl The results showed
comparable root canal adaptability, solubility,vloand film thickness of all

sealer$?!

25.Sequeira et al. performed an analysis to verifyacdnal bacterial decrease
using instrumentation and irrigation using salineluson or sodium
hypochlorite (NaOCI) at concentrations of 1%, 2.58%d 5.25%. There was
no discernible variation in the concentration a& t#aOCI solutions, although
all test solutions considerably decreased the amolubacterial cells in the

root canal. All NaOCI solutions, however, were petibly superior to saline
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solution in terms of their ability to lower the quiay of bacterial cells in the

root canaft?

26.T. OKSAN et al. investigated how smear layer af#ectubular penetration of
sealers in all thirds of the root canal. Penetrattb Diaket, N2, and SPAD
into the tubules was shown to be superior to th&toofenan. This difference

in penetration may be attributed to the physiocleaincharacteristics of the

filling materials?®
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Materials & Methods

MATERIAL AND METHODS

SOURCE OF DATA:

» Extracted human maxillary anterior teeth were cbdd from Department
of Oral and Maxillofacial Surgery, KLE Academy ofgHer Education &
Research, KLE VK Institute of Dental Sciences, Bala.

* The study was conducted in the Department of Coatige Dentistry and
Endodontics, KLE VK Institute of Dental Sciencesel&javi, KLE
Academy of Higher Education & Research and therktiboy procedures
will be undertaken in Dr. Prabhakar Kore's BasicieBce Research
Laboratory, KAHER, Belagavi.

» Specimens were evaluated under the confocal laaengg microscope at

National Centre for Biological Sciences, Bangalore.

INCLUSION CRITERIA

* Human maxillary anterior teeth with single root asidgle straight canal

with closed apex.

» Teeth with apical width # 20 k or less.

EXCLUSION CRITERIA

Teeth with radicular resorption, cracks or fractime.
* Root canal treated teeth.

» Teeth with calcified canals.

» Teeth with root caries.

» Teeth with multiple canals/Anatomic variation.

» Tooth with apical width more than #20 k.
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Materials & Methods

MATERIALS USED FOR THE STUDY:

* Human extracted maxillary anterior teeth

*  0.1% thymol

* 0.9% saline (Aishwarya Lifescience, Solan)

* 5.25 % Sodium Hypochlorite (Vishal Dentocare, Ahiaieal)

» 17% Ethylene diamine tetra acetic Acid (EDTA) (Clange)

» Paper points (Diadent Color coded paper pointsttSidarea)

* Rhodamine B dye (Sigma Aldrich)

+ Distilled water

* N- acetyl cysteine (MolyChem Chemicals Ltd, Mumpai

* Propylene glycol (MolyChem Chemicals Ltd, Mumbai)

» AH Plus sealer (Dentsply)

» Ceraseal sealer (Meta Biomed)

» Gutta-percha points (Diadent, South Korea)

- Cavit (3M, ESPE)
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Materials & Methods

ARMAMENTARIUM USED FOR THE STUDY

*  Micromotor handpiece (NSK, Marathon)

» K Files (10-40) (Mani Inc, Japan)

* ProTaper universal nickel-titanium files (Dentspillefer, Switzerland)

« Endomotor (X- Smart, Dentsply)

e 27 gauge syringe (Dispovan)

» Ultrasonic system handpiece and files (Ultra X)

* Lentulo spirals (Mani Inc,Japan)

« Diamond disks

Confocal laser scanning microscope

SAMPLE SIZE ESTIMATION:

95 % confidence interval & 95% power
n=(Z1e/2 + Z 1:B)? ( SDi2+SD?)

(x2) 2

Where SD1 = 50.76

SD2 = 225.06
X =201.33
% =437.66
n =26

SAMPLE SIZE PER GROUP: 26

TOTAL SAMPLE SIZE: 78
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Materials & Methods

FLOWCHART DEPICTING THE STUDY DESIGN

78 Extracted human maxillary anterior teeth setbcd®ored in 0.1% thymol

solution to maintain hydration.

\ 4

All teeth were evaluated using radiographs ancctsdeas per inclusion and

exclusion criteria

l

Decoronation was done using a diamond disk to aegustandardized root

length of 14 mm

Working length was evaluated using a size 10 ktililé is just seen at apex and

reducing 1 mm from the recorded length.

Instrumentation of the root canal was done two kimger than initial binding file

by using ProTaper universal, nickel-titanium rotarstruments

A 4

>

Irrigation was done with 2 ml of 5.25% sodium hyplacite between successivg

files.

Final irrigation was done with 5 ml of 17% EDTA f8minutes followed by 5m||

of distilled water and canals were dried with pgpants

l

All the teeth were randomly divided into three grsu
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Materials & Methods

! !

( GROUP 1: \

EXPERIMENTAL EXPERIMENTAL
GROUP (NAC) GROUP (NAC)
WITH EPOXY WITH
RESIN SEALER BIOCERAMIC

n= 26 ) \BASED SEALEF)

v

Intracanal medicament preparation: N- acetyl
cysteine powder was mixed with propylene glycol
ratio of 1:1 and was placed in the canal.

A

Group | and Group Il specimens were sealed wigh

cotton pellet and Cavit

|

Group | and Group Il Specimens were incubated fat

37°C under humidified conditions for a 15 days

period

|

After 15 days to remove the medicament (NAC),
specimens were irrigated with 5ml of 5.25% sodium
hypochlorite along with passive ultrasonic irrigati

for 20 seconds

\ 4

Final irrigation with 5ml of 17% EDTA followed by

5ml distilled water

1

( GROUP 2: \

( GROUP 3: \

NEGATIVE
CONTROL
GROUP
n= 26

N\ J

v A 4

GROUP 3A GROUP 3B
AH Plus Ceraseal

A4

Intracanal medicament was nof
place(

l

Obturation was completed as
mentioned in Group | and Il
followed by incubation period of

7 days and then examination
under CLSM for dentinal tubule
penetration depth and percentage
of sealers after sectioning of the

specimens
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Materials & Methods

Canals were dried with paper points

1

AH Plus sealer in Group | and Ceraseal sealer au@il mixed with rhodamine

B dye was placed into the canal spaces with lespilal

\4

Gutta percha cone was also coated with labellelérsaad placed into the canal

A 4

The root canal was obturated and excess gutta-gerak sheared off at the levq

of the orifice and lightly condensed with a plugger

v

Teeth were sealed with flowable composite and iatedbat 37°C under

humidified conditions for a 7 day period.

v

Specimens were sectioned at 3, 7 and 11mm froragbe to represent the apicg

middle and coronal thirds respectively

A 4

Examination under Confocal laser scanning microedopdentinal tubule

penetration depth and percentage of sealers.

>
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Materials & Methods

FLOWCHART DEPICTING STUDY DESIGN OF SEM PILOT STUDY

To evaluate the depth of penetration of NAC intodbntinal tubules,
a pilot study was conducted on 26 samples whicle wezpared as mentioned ir

Group | and Group Il and NAC medicament was plaogal the canals.

l

The specimens were incubated for 15 days and veet®red at 3, 7, and 11 mrp

from the apex to represent the apical, middle amigal thirds respectively

|

Specimens were sputter-coated with gold to rerfieestrface electrically
conductiveand observed under SEM with 250 x, 2500x, 500@nifieation to

evaluate depth of penetration of medicament inéatdibules

l

Results were tabulated and mean depth of NAC mmeéicbpenetration was
calculated

This mean depth of penetration was used when congptire control groups

l

Results showed that NAC penetrated 248 um (at deononal), 217 um (at 7
mir- middle), 189 um (at 3 n- apical).

l

Average penetration of NAC medicament into thela®h®?18.66 pm
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Materials & Methods

FIGURE 1: SEM analysis shows the presence of NAC medicamethieicoronal
third of the canal

mag HFW WD 40 pm
2500x | 166 pm | 9.8 mm | 3. BITS Pilani Goa Campus

FIGURE 2: SEM analysis shows the presence of NAC medicameiieimiddle

third of the canal

/ det | mode | mag (] / Wi spot 40 ym ——
4:02:04PM | 20.00kv | ETD | SE 2500x | 166 pm | 9.5 mm { BITS Pilani Goa Campus
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Materials & Methods

FIGURE 3: SEM analysis shows the presence of NAC medicameiieiapical
third of the canal

e

mode H\F‘."‘.F N wD 7.;[:')!1 = 20 ym ———
2:38:30PM | 20.00kV | ETD | SE 829 pum | 9.5mm | 3.0 BITS Pilani Goa Campus
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Materials & Methods

STEPS OF THE PROCEDURES DURING THE RESEARCH

78 human maxillary anterior teeth were used for shedy. According to
OSHA guidelines, debris were cleaned and kept 18c0thymol and selected
as per the criteria.

Decoronation was done to a standard length of 14anchWL was assessed
after which instrumentation was done two sizesdatban initial binding file
by ProTaper universal, Ni- Ti rotary and 2 ml o2%% NaOCI| was irrigated
inbetween successive files and final flush of 5ahlLl7% Ethylene diamine
tetraacetic acid for 3 minutes followed by 5ml a$tiled water and canals
were dried with paper points.

Teeth was randomly divided into 3 groups

Group 1: Experimental group (NAC) with Epoxy resgualer

Group 2: Experimental group (NAC) with Bioceramaskd sealer

Group 3: Negative control group

26 specimens were chosen randomly to represeittribe groups.

Intracanal medicament was prepared by mixing Niyhcgysteine powder
with propylene glycol in the ratio of 1:1 and wdaqed in Group | and Group
Il specimens. Teeth were sealed with Cavit andispats were incubated at
37 °C for 15 days then irrigated to remove the weegient with 5ml of 5.25%
NaOCI along with PUI for 20 seconds, final flush ®inl of 17% EDTA
followed by 5ml of DW and canals were dried wittppapoints.

To promote fluorescence, sealer was manipulateld siddamine B dye at a
ratio of 0.1% (weight). Using lentulospiral, sealavere coated and GP was

placed in the canal and excess gutta-percha waseshand condensed with a
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Materials & Methods

plugger and sealed with Cavit and incubation wasedat 37°C for 7 days.
Then samples were sectioned horizontally at therar(11mm from root tip),

middle (7mm from root tip) and apical third (3mnorm root tip) to obtain

1mm section. The specimens were examined in Cohflaser scanning

microscope for dentinal tubule penetration and greage of sealer.

The negative control group was used to test thieispanetration without N-

acetyl cysteine in order to see the differenceealey penetration after using
N-acetyl cysteine medicament.

Group 3 was randomly divided into 2 subgroups.

Group 3A: AH Plus

Group 3B: Ceraseal

Obturation was done as mentioned in Group | andugr followed by
incubation period of 7 days and then examinatiodeurthe confocal laser
scanning microscope for testing penetration andgrdage of sealers after
sectioning of the specimens.

Calculation of dentinal tubular penetrability: Ingsganalyzed with Image J
software and longest depth and area adaptatioradérspenetration for each
sample was measured. The penetration depth meaforadcanal wall to
point of maximum sealer penetration using measutow in the Image J
software. Area/ Percentage was calculated by miegstive canal perimeter

and area adapted by the sealer using Image J seftwa
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Materials & Methods

SEM PILOT STUDY:

To assess penetration depth of NAC into the tubuwegpilot study was
conducted on 26 samples which were prepared asionexatin Group | and Group I
and medicament placed into the canals. The spesime&mne incubated for 15 days
and were sectioned at 3mm, 7mm, and 11 mm fromodheip to represent the apical,
middle and coronal thirds respectively and thenneixeed under Scanning Electron

Microscope (SEM) with 250 x, 2500 x, 5000 x maggaiidn.

STATISTICALTEST

Depending upon whether we obtain normal distributar not, Statistical

analysis were performed using Two way ANOVA and 8ylk multiple post hoc test.
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FIGURE 4: Human maxillary anterior selected for study

FIGURE 5: Debris removal with ultrasonic scaler
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FIGURE 7: Armamentarium used for the study
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Materials & Methods

FIGURE 8: Decoronation of the samples with diamondlisk

- T

I

i

Dagspy

MAILLEFER

CH-13308 Ballalguss
Made In Switzerland
www dentaplymailliefer com

FIGURE 9: WL Determination
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Materials & Methods

FIGURE 10: Biomechanical Preparation

" 4 -

- /
—

FIGURE 11: Irrigation of samples
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Materials & Methods

FIGURE 12: Materials used for preparation of NAC malicament
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Materials & Methods

Figure 13: Materials for placement and removal of M\C medicament

FIGURE 14: Drying canals with paper point
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Materials & Methods

FIGURE 15: Materials used for obturation

FIGURE 16: Placement of sealer with lentulospiral
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FIGURE 17: Obturation

FIGURE 18: Incubator
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FIGURE 19: Sectioning

FIGURE 20: Confocal laser scanning microscope
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Results

RESULTS

Table 1: Summary of length values (penetration depi) in four groups and three

an

regions
Factor Level of factor N Mean SD SH 95% CI for me
Lower Upper

Groups Group 1 78 1354.22238.97| 27.06] 1300.341408.10
Group 2 78| 1546.76 270.98 | 30.68 1485.671607.86

Group 3A 39| 1333.69 248.40| 39.78 1253.1j71414.21

Group 3B 39| 1448.89 292.80| 46.89 1353.981543.81

Regions Coronal 78 1738.96123.02 | 13.93] 1711.221766.69
Middle 78 | 1419.46 147.42| 16.69 1386.221452.70

Apical 78 | 1133.86 72.76 8.24 | 1117.461150.27

Group* Group 1 with Coronal 26 1634.4976.09 | 14.92| 1603.7p1665.22

region
Group 1 with Middle 26| 1346.48 94.23 | 18.48| 1308.4R1384.54

Group 1 with Apical 26| 1081.71 47.27 9.27 | 1062.621100.80

Group 2 with Coronal 26 1845.8071.51 | 14.03] 1816.9[11874.68

Group 2 with Middle 26| 1583.00 88.11 | 17.28) 1547.421618.59

Group 2 with Apical 26| 1211.49 44.94 8.81| 1193.341229.64

Group 3A with Coronall 13 1651.3289.92 | 24.94) 1596.981705.66

Group 3A with Middle | 13| 1261.6p5 70.70 | 19.61] 1218.921304.37
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Group 3A with Apical | 13| 1088.1D 45.27 | 12.56| 1060.7p1115.46

Group 3B with Coronal| 13 1821.8546.54 | 12.91| 1793.731849.98

Group 3B with Middle 13| 1396.18 52.21 | 14.48| 1364.5p1427.68

Group 3B with Apical 13| 1128.6P 42.61 | 11.82] 1102.941154.44

Table 2: Comparison of four groups and three regioa with mean length values

by two way ANOVA
Sources of Sum of Degrees| Mean sum of| F-value p-value
variation squares of squares
freedom
Main effects
Group 1886834.90 3 628944.97 132.0836 0.0001*
Region 12996433.60 2 6498216.81  1364.6784 0.0001*
2-way interaction effects
Group * 302595.53 6 50432.59 10.5913 0.0001f
Region
Error 1057101.91 222 4761.72
Total 16242965.94 233
*p<0.05

Table 2 shows statistically significant differertmetween both the groups and

regions with a p value of 0.0001*
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Table 3: Intergroup (Pair wise) comparison of fourgroups with mean length

values by Tukeys multiple posthoc procedures

Groups Group 1 Group 2 Group 3A Group 3B
Mean 1354.22 1546.76 1333.69 1448.89
SD 238.97 270.98 248.40 292.80
Group 1 -
Group 2 0.0001* -
Group 3A 0.4270 0.0001~ -
Group 3B 0.0001* 0.0001* 0.0001~ -
*p<0.05

Table 3, Graph 1 revealed intergroup comparisomgusiukeys multiple

posthoc procedure which showed statistically sigaift difference in all groups

except 1 and 3A.

The mean depth of penetration was highest for NACetaseal with a value

of 1546.76 followed by Ceraseal with value of 1488.However, NAC +AH Plus

showed least penetration depth with mean valugb# 22 followed by AH Plus with

a value of 1333.69.
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Table 4: Intergroup (Pair wise) comparison of threeregions with mean length

values by Tukeys multiple posthoc procedures

Region Coronal Middle Apical
Mean 1738.96 1419.46 1133.86
SD 123.02 147.42 72.76
Coronal -
Middle 0.0001* -
Apical 0.0001~ 0.0001* -
*p<0.05

Table 4, Graph 2 According to the sections/regibthe tooth, highest depth
of penetration of sealer was observed at coronial {1738.96) followed by middle

third (1419.46) and least at apical third (1133.86)
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Table 5: Comparison of interactions of four groupsand three regions with mean

length values by Tukeys multiple posthoc procedures

Interactions Group 1| Group1l | Group1l Group 2 Group 2 Group 2
Coronal | Middle Apical Coronal Middle Apical
Mean 1634.49 1346.48 1081.71 1845.80 1583.01 19114
SD 76.09 94.23 47.27 71.51 88.11 44.94

Group 1 Coronal -

Group 1 Middle 0.0001* -

Group 1 Apical 0.0001*| 0.0001* -

Group 2 Coronal 0.0001% 0.00017 0.00017 -

Group 2 Middle 0.2310 0.0001*% 0.0001% 0.0001F -

Group 2 Apical 0.0001~ 0.0001% 0.0001* 0.0001% 001 * -
Group 3A Coronal 0.9999 0.0001~ 0.0001* 0.0001~ 0.1356 0.0001f
Group 3A Middle| 0.0001*| 0.0156* 0.0001* 0.0001%1 .0001* 0.5938
Group 3A Apical| 0.0001*| 0.0001* 1.0000 0.0001f  0001* 0.0001*
Group 3B Coronal 0.0001% 0.00017 0.00017 0.9973  00D1* 0.0001*
Group 3B Middle | 0.0001* 0.6095 0.0001% 0.0001F @oa* 0.0001*
Group 3B Apical 0.0001* 0.0001% 0.6907 0.0001¢ @oa* 0.0211*

Interactions Group 3A| Group 3A| Group 3A | Group 3B | Group 3B | Group 3B
Coronal | Middle Apical Coronal Middle Apical
Mean 1651.32 1261.65 1088.1( 1821.85 1396.13 1928.6
SD 89.92 70.70 45.27 46.54 52.21 42.61
Group 1 Coronal

Group 1 Middle

Group 1 Apical
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Group 2 Coronal

Group 2 Middle

Group 2 Apical

Group 3A Corona -

Group 3A Middle| 0.0001* -

Group 3A Apical | 0.0001*| 0.0001%

Group 3B Coronal 0.0001%  0.0001% 0.0001%

Group 3B Middle | 0.0001*| 0.0001% 0.0001* 0.00017 -

Group 3B Apical 0.0001*| 0.0001% 0.9412

0.0001f @oa* -

*p<0.05

Table 5, Graph 3 When the interactions betweenrtbedicament and sealers
and various sections of the tooth was analysedpmien depth of tubular penetration

was highest for NAC + Ceraseal with coronal (188%#nd least for NAC +AH Plus
with apical (1081.71).

Therefore, the null hypothesis stating that theas wo difference in dentinal

tubule penetration depth of Epoxy resin sealerBioderamic based sealer after use

of N-acetyl cysteine intracanal medicament wasctep
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Table 6: Summary of area values in four groups anthree regions

Factor Level of factor N Mean SD SE 95% CI for mean
Lower Upper

Groups Group 1 78 9560.38 1586.,9079.68| 9202.59| 9918.17
Group 2 78| 8425.12 1691.5891.53| 8043.72| 8806.51

Group 3A 39| 8692.51 1803.9288.86| 8107.75| 9277.28

Group 3B 39| 7919.71 1593.8455.22| 7403.04| 8436.37

Regions Coronal 78 10720.01867.47 | 98.22| 10524.4310915.60

Middle 78 | 8643.29| 817.53 92.57 8458.96 882761
Apical 78 | 6928.30| 798.03 90.36 6748.37 7108}23
Group | Group 1 with Coronal 26 11412.06731.02 | 143.3711116.79 11707.32
—

regen Group 1 with Middle 26| 9419.58 541.04 106/19201.04| 9638.11
Group 1 with Apical 26| 784950 546.25 107/13628.87| 8070.13

Group 2 with Coronal 26 10493.50708.75| 139.00 10207.23 10779.77

Group 2 with Middle 26| 8164.27 564.99 110.,8U0936.06| 8392.47

Group 2 with Apical 26| 661758 271.47 53.24 6507|98727.23

Group 3A with Coronall 13 10743.81526.49 | 146.02 10425.65 11061.96

Group 3A with Middle | 13| 8753.85 659.28 182/88355.45| 9152.24

Group 3A with Apical 13| 6579.88 441.84 122/56312.88| 6846.89
Group 3B with Coronal| 13 9765.1p 504.35 139.88460.38| 10069.93

Group 3B with Middle | 13| 7938.19 473.77 131)40651.90| 8224.49

Group 3B with Apical 13| 6055.77 334.56 92.Y9 58B3/66257.94
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Table 7: Comparison of four groups and three regios with mean area values by

L*

l*

two way ANOVA
Sources of Sum of Degrees| Mean sum of F-value p-value
variation squares of squares
freedom
Main effects
Group 86426581.70 3 28808860.6 93.3763 0.0001
Region 508650098.( 2 2543250490 824.3270 0.000
2-way interaction effects
Group * 3525097.40 6 587516.23 1.9043 0.0812
Region
Error 68492433.80 222 308524.48
Total 667094210.9 233
*p<0.05

Table 7 reports a statistical difference betweenntlain groups and regions of

the tooth with a p value of 0.0001*. However, th tway interaction between the

groups and regions did not give statistically digant difference with p value of

0.0812.
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Table 8: Intergroup (Pair wise) comparison of fourgroups with mean area

values by Tukeys multiple posthoc procedures

Groups Group 1 Group 2 Group 3A Group 3B
Mean 9560.38 8425.12 8692.51 7919.71
SD 1586.90 1691.58 1803.92 1593.84
Group 1 -
Group 2 0.0001* -
Group 3A 0.0001* 0.0672 -
Group 3B 0.0001~ 0.0001* 0.0001~ -
*p<0.05

Table 8, Graph 4 shows intergroup comparison usirigeys multiple posthoc

procedures revealed statistically significant défece between all groups except

Group 2 and 3A.

The mean area of penetration of NAC + AH Plus wighdst with a value of

9560.38 followed by AH Plus with mean value of 812 However, NAC +

Ceraseal showed lowest mean area adaptation witle \a&f 8425.12 followed by

Ceraseal with a mean value of 7919.71.
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Table 9: Intergroup (Pair wise) comparison of threeregions with mean area

values by Tukeys multiple posthoc procedures

Region Coronal Middle Apical
Mean 10720.01 8643.29 6928.30
SD 867.47 817.53 798.03
Coronal -
Middle 0.0001* -
Apical 0.0001~ 0.0001* -
*p<0.05

Table 9, Graph 5 According to the sections/regibthe tooth, highest area/
adaptation of sealer was observed at coronal {1i&¥20.01) followed by middle

third (8643.29) and least at apical third (6928.30)
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Table 10: Comparison of interactions of four groupsand three regions with

mean area values by Tukeys multiple posthoc procedes

Interactions Groupl| Groupl | Groupl | Group2 | Group2 | Group 2
Coronal Middle Apical Coronal Middle Apical
Mean 11412.06 9419.58 7849.50 10493.50 8164(27 6817
SD 731.02 541.04 546.25 708.75 564.99 271.47

Group 1 Coronal -

Group 1 Middle 0.0001* -

Group 1 Apical 0.0001* 0.0001* -

Group 2 Coronal 0.0001~ 0.0001% 0.0001f -

Group 2 Middle 0.0001* 0.0001* 0.6635 0.0001* -

Group 2 Apical 0.0001* 0.0001* 0.00017% 0.0001f 00a* -
Group 3A Coronall  0.0204* 0.0001#4 0.0001f 0.9758 .00D1* 0.0001~
Group 3A Middle | 0.0001* 0.0214* 0.0001*% 0.0001r .0@66 0.0001*
Group 3A Apical | 0.0001* 0.0001* 0.0001*% 0.0001F .0001* 1.0000
Group 3B Coronal 0.0001~ 0.8007 0.00017 0.0064* O00D1* 0.0001*
Group 3B Middle | 0.0001* 0.0001* 1.0000 0.0001* &2 0.0001*
Group 3B Apical 0.0001* 0.0001* 0.0001% 0.0001F 0001* 0.1150

Interactions Group 3A| Group 3A | Group 3A | Group 3B | Group 3B | Group 3B
Coronal Middle Apical Coronal Middle Apical
Mean 10743.81 8753.85 6579.88 9765.15 7938]19 B055.
SD 526.49 659.28 441.84 504.35 473.77 334.56
Group 1 Coronal
Group 1 Middle
Group 1 Apical
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Group 2 Coronal

Group 2 Middle

Group 2 Apical

Group 3A Coronal

Group 3A Middle | 0.0001* -

Group 3A Apical 0.0001* 0.0001~ -

Group 3B Coronal 0.0004* 0.0002% 0.0001 -

Group 3B Middle | 0.0001* 0.0099* 0.0001% 0.0001F -

Group 3B Apical 0.0001* 0.0001* 0.4020 0.00017 @a* -

Table 10, Graph 6 When the interactions betweemibd@icament and sealers

and various sections of the tooth was analysedmiban area/ adaptation of tubular

penetration was highest for NAC + AH Plus with auab(11412.06) and least for

Ceraseal with apical (6055.77).

Therefore, the null hypothesis stating that theraswno difference in

percentage /Area adaptation of Epoxy resin basatkérsand the bioceramic based

sealer after use of N-acetyl cysteine intracanaliosnent was rejected.
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GRAPH 1

Intergroup (Pair wise) comparison of four groupghwnean length values by Tukeys

multiple posthoc procedures
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GRAPH 2

Intergroup (Pair wise) comparison of three regiovith mean length values by

Tukeys multiple posthoc procedures
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GRAPH 3

Comparison of interactions of four groups and thmegggons with mean length values

by Tukeys multiple posthoc procedures
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GRAPH 4

Intergroup (Pair wise) comparison of four groupshwnean area values by Tukeys

multiple posthoc procedures
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GRAPH 5

Intergroup (Pair wise) comparison of three regiatith mean area values by Tukeys

multiple posthoc procedures
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GRAPH 6

Comparison of interactions of four groups and threggons with mean area values by

Tukeys multiple posthoc procedures
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Results

Figure 21: Shows dentinal tubule penetrationNAC+ AH Plus sealer (Group ).

Maximum infiltration was exhibited in coronal aredlowed by middle and least in

apical part.
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Results

Figure 22: Shows dentinal tubule penetrationNAC+ Ceraseal sealer (Group 1)

Maximum infiltration was exhibited in coronal ariedlowed by middle and least in

apical part
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1275.34 pm

APICAL

Page 52



Results

Figure 23: Shows dentinal tubule penetration/dfl Plus sealer (Group Il A).

Maximum infiltration was exhibited in coronal ariedlowed by middle and least in

apical part.
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Figure 24: Shows dentinal tubule penetrationCe#raseal sealer (Group 11l B).
Maximum infiltration was exhibited in coronal ariedlowed by middle and least in

apical part.
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Figure 25: Shows dentinal tubule percentage/ area adaptatiihG+ AH Plus

sealer (Group I). Maximum infiltration was exhibited in coronal aredlowed by

middle and least in apical part
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Figure 26: Shows dentinal tubule percentage/ area adaptatibihG+ Ceraseal

sealer (Group Il).Maximum infiltration was exhibited in coronal ariedlowed by

middle and least in apical part
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Results

Figure 27: Shows dentinal tubule percentage/ area adaptatidfld’lus sealer

(Group 11l A) .Maximum infiltration was exhibited in coronal ariedlowed by

middle and least in apical part.
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Results

Figure 28: Shows dentinal tubule percentage/ area adaptatiGemaseal sealer
(Group 11l B). Maximum infiltration was exhibited in coronal aredlowed by

middle and least in apical part.
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Discussion

DISCUSSION

The ultimate goal of successful root canal therspgealer penetration and
interfacial adaptation to dentinal waffsThe amount of sealer penetrating the tubules
and the way in which the sealer adapts to the wentall are the key elements which
are correlated with the quality of the root car@rapy® Increased depth of sealer
penetrability entombs the microorganisms and mantan adverse micro

environment%*°

The amount of penetration depth is influenced byiows factors such as
tubule density, diameter, removal of the smearrlagelubility, viscosity, surface
tension, and particle size of sealérsThe sealer must have high flowability and

sufficient thickness to enter various complexitiethe apical third of the candl.

Resin sealers are commonly used sealers because lofv solubility and
better adaptation. AH Plus considered gold standarid has superior adaptation and
penetration but their chief disadvantages are oytoity, hydrophobicity and
mutagenicity. To subside these problems, neweeselike calcium silicate, calcium
phosphate, silicone based sealers were introduoedur study, we used calcium

silicate based sealefé.

Bioceramic sealers major advantages are greatijoatbility to surrounding
tissues that permit chemical reaction with hydrgatée of tooth structure improving
the bond of sealer-to-root dentin. CeraSeal, a prinflowable sealer which sets in
presence of moisture have excellent cytocompdiibilnineralisation activity and

osteogenic potentiaf®**
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One of the key factor for sealer penetration is aesh of smear layer by
chemomechanical preparation which also eradicaiesoarganisms?* Since large
sections of the root canal walls remain intact esftar mechanical instrumentation,
eliminating microorganisms from infected root camsjistem is a challenging
operation. E. Faecalis has the ability to multipty deeper layers of dentine.

Therefore, penetration of medications into the ibahtubules is necessary.

In Conventional endodontic therapy multiple vis#tee necessary, whereas
some practitioners believe that single-visit treatinis preferable. Both single-visit
endodontic therapy (SVE) and multiple-endodontieraipy offer benefits and
drawbacks. Careful case selection is essentifle@titcome of endodontic treatment.
Before starting single-visit endodontic treatmeéxghkenaz recommended taking into
account the clinicians experience, clinical procedurestorative point of view and

pulpal state?*’

Carrotte suggested that after the dentist has @ietplthe chemomechanical
debridement, if periapical lesions and pus exudatesnot seen it would be okay to
move forward with obturation. The patient may requi multiple
appointments/sessions of intracanal medicamehegifperiapical lesions or prolonged

apical exudates prevent the root canals from drgirtd’

Calcium hydroxide (Ca(OHl) is extensively utilized medicament in root canal
therapy because of its properties of antimicroadivity, tissue dissolving ability and
alkaline environment. However, there are certamitéitions, it is resistant to
E.faecalis and complete removal is highly unlikedgding to hampering of sealer
penetration that influence the prognosis of thehdoTill date, no technique is able

to completely remove the medicament. However, & wated by Calt and Selper that

Page 66



Discussion

the remnants does not infiltrate into the tubulesgroduces a thin layer that blocks

the entry of sealers.

A novel medicament N-acetyl cysteine, a non-antibiodrug having
antibacterial properties, anti-inflammatory actnstops the growth of E. faecalis and
removes its biofiln?® Quah et al.'s research has shown that NAC's anbivial

properties are unaffected by dentin, which is ong that NAC differs from CHX?

NAC is a chelating agent which effectively remowssear layer leading to
increase in the depth and area of sealer penetréi@cetyl cysteine has been shown
by Rajakumaran et al. to be just as successfuDAsAEat removing smear layer from
the root canal® Hence, NAC can be used as both irrigant and iatracmedicament.
N- acetyl cysteine medicament removes smear lgyen®the dentinal tubules which
has been confirmed in our SEM pilot study. Therefeealer penetration behave as a

gauge for the amount of smear layer reméval.

There are few documented evidences on the effecN-atetyl cysteine
irrigant on sealer penetration. Nevertheless, tolibst of our search there was no

research done on effects of N-acetyl cysteine ¢atnal medication.

Thus, the current study evaluated the effect ofabktyl cysteine intracanal
medicament on dentinal tubular penetrability of Bpoxy resin sealer and a

Bioceramic based sealer using CLSM.

Human maxillary anterior teeth were used in thisdg to eliminate any
anatomical complexities that could lead to biathm study. As a result, single-rooted
incisors and canines were incluf8dleeth were stored in 0.1% thymol solution to

inhibit fungal growth. After radiographing teett #eeth were chosen in accordance

Page 67



Discussion

with inclusion and exclusion standards. Using andiad disc, teeth were decoronated
to provide a uniform length of 14 mm. Root lengthsnstandardized in order to create
a flat surface that would serve as a consistent ratfidble reference point for
chemomechanical preparation and to remove any rdift® in access cavity
preparatior: WL was measured up to the apex and then reducédrbm from the

recorded length. Using a hand instrument, canate e®panded to size 20-K file.

Van der Vyver has stated 15 or 20-K hand file sto@ach the working
length easily to establish a glide path. K- filéeocertain advantages over rotary Ni-
Ti files for glide path preparation such as betiéetile sensation and less potential for
instrument separatio’? ProTaper Universal Ni-Ti rotary files were utilizeidr
biomechanical preparation of the canals followingandard protocol as per
manufacturer instructions. ProTaper instruments Uess files and reduces chair side
time over stainless steel instruments. Furthermii€li instruments have superior

properties such as super-elasticity and enhanagéidgefficiency>

Irrigation plays a crucial role in disinfecting thieot canal system. In the
current study, 2 ml of 5.25% NaOCI solution was dudeetween successive
instrumentation due to its potent antimicrobiaihat, lubricating action, and ability
to dissolve pulp remnantdFinal flush done with 5 ml of 17% Ethylene Diamine
Tetraacetic Acid for 3 minutes. The pH, volume ofusion, application time, and
concentration all contribute to the effectivene$saahelating agerf. With 17 %
EDTA after 3 mins, there is a greater reduction riticrohardness. Dentin
decalcification can occur upto 20—-30 um if irrigatiof EDTA is done more than 5
minutes which inturn will reduce the microhardnessl fracture resistance of the

tooth 28
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A study conducted by Mai S et al also showed tf7{& EDTA for more than
3 minutes have significant microhardness reducti@md excessive EDTA (volume
and time) and extended period of NaOCI as an Inmitige causes dentinal erosemd
decrease in flexural strength According to AAE, EDTA can be used for stipulated
time (within 4 minutes) and concentration (17%) femoving smear layer and to
dissolve inorganic debris. This agent has thetghidi soothe the dentine and maintain
a fluid chelating effect® Periera et al also concluded that 17% EDTA remaradar

layer and medicament in all thirds of the canahtB&% NaOCF’

To eliminate the impact of the residual oxygen hie tNaOCI on the sealer
polymerization®®’, a final flush was carried out with five millilite of distilled water

and canals dried with sterile PP.

Teeth was randomly divided into 3 groups ie. N-giceysteine with Epoxy
resin based sealer (Group 1), N-acetyl cysteiné Bibceramic based sealer (Group
I), negative control (Group IIl). Group Il wasrther divided into 2 subgroups: 11l A
— AH plus, Ill B — Ceraseal. Obturation was donghwGutta percha coated with

labelled sealer for these subgroups.

NAC medicament was prepared according to Quah.e©aé milliliter of
sterile distilled water was used to dissolve 0.2 of N-acetyl cysteine to create a
concentration of 200 mg/rff. In this study, 0.2 gm of N- acetyl cysteine wassted
into powder then mixed with 1 ml of propylene glid@litzky observed that because
of the remarkable germicidal activity of propyleglycol in concentrated solutions,
using it as a carrier may offer a potential for vyerging or treating microbial
infections. Even though, Propylene Glycol is moiecous it can flow through

dentinal tubules which offers advantage over puatevi” Research has demonstrated
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that the dentinal tubules are penetrated by inteaseeria up to a depth of 300 jfm.
Our SEM pilot investigation revealed that N-acety$teine could reach depths of 200

to 250 um.
PILOT STUDY:

A pilot study was conducted to assess the deppleraftration of medicament
into the tubules. Twenty six human extracted singtdéed maxillary anterior teeth
were selected for this study which were preparethastioned in Group | and Group
Il and medicament was placed in the canals. Theispns were incubated for 15
days and were sectioned at 3, 7, and 11 mm fronaple to represent the apical,
middle and coronal thirds respectively examined arndScanning Electron
Microscope (SEM). Specimens were coated in goldpoyter coating to make their
surface electrically conductive® and observed with 250 x, 2500x, 5000x
magnification®* The SEM study's findings indicate that NAC meitinabpens the
dentinal tubules and eliminates the smear layer padetrated 248 um deep at 11
mm (coronal), 217um deep at 7 mm (middle) and 189deep at 3mm (apical).
Average penetration of NAC into the tubules are.@88im. The results of this pilot

study were used to compare the mean depth of @eioetiof Control groups.

N-acetyl cysteine was placed in all the canals obu@ | and Il using
lentulospirals as it has 360 ° centrifugal actibrpushes the medicament inside the
dentinal tubule§® Cavit was used as a temporary restorative mategiadr
medicament in order to prevent microleak&Yecubation was done at 37°C for a 15
days period. In a study by Julian et al., E. fasdaibfilm was created in root canals
and left there for 21 days, allowing the germs poead throughout the dentinal

tubules and root canal system. Recolonization efghmary root canal was noted
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seven days following the removal of medication,igcating that E. faecalis had not
been entirely eradicated from the root canal sysieni4 and 21 days, E. Faecalis
was completely eradicatéd.Thus, a medication is administered for 15 daysun

study.

Numerous studies confirm how challenging it is tompletely remove
Ca(OH), particularly from the apical section of the raatnal. A systematic review
by Nandhini Suresh concluded that Calcium chelatmisances CH removal from
root canal when used with agitation techniques sash passive ultrasonic
instrtumentation and rotary instrument compared ton-calcium chelators:
According to a recent assessment of the literatayeinge irrigation and apical
negative pressure were less effective than PUlinmreating Ca(OH) from the apical
third 3 Zorzin J et al concluded that passive ultrasoréthwmd was most efficacious

in removing calcium hydroxide when compared witasij canal brushe®.

Nonetheless, a study by Twinkle Talreja et al.nokathat CeraSeal sealer has
the second-highest penetration in all tooth regmitesr Er: YAG laser with AH Plus
sealer® According to a comprehensive evaluation by Badamal., LAl is more
effective than UAI at removing bacteria, dentin deland organic material from the

root canal systeffibut did not mention the type of laser.

Nevertheless, there are drawbacks of Er:YAG laseadcelerate treatment.
Increasing pulse intensity might cause more siflects, like cracks and leaflets, as
well as underlying enamel damage. When the laseepis increased, the thermal
side effects are reduced but the mechanical si@getefincreas&’ A laser-abrasive
technique employing sapphire powder is utilizeddoelerate the speed of ablation in

enamel; however, this technology may not be purdueither due to its negative
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effects on the surrounding tissU8sWVhen teeth are overheated, the pulp becomes
damaged and the pulpal tissue becomes inflameereltiring or after laser treatment.
According to studies by Sikaew et al., there hase&n any discernible difference
between laser-treated and conventionally treatemt manals when it comes to

microleakagé®

Hence in this study, Passive Ultrasonic Irrigatisas used as it is mostly

widely used and it serves its purpose.

To promote fluorescence, sealer was manipulateld thiibddamine B dye at a
ratio of 0.1% (weightJ> According to ADA specifications, the sealer flod chot
alter due to addition of 0.2% rhodaminé™B.entulospiral's centrifugal action forces
the sealer against the root canal walls and itbees found to have improved sealer
penetration into the dentinal tubufObturation was performed via the single cone
(SC) method. Obturation aims at elimination of das@ace and sealing of apical
foramen to acquire greater area of GP and lesssr af sealef' According to
Rodrigues et al, SC has shown a higher percenta@® an the apical area compared
to lateral condensation, thus providing a viabkeraktive? and also according to
manufacturer instructions, Protaper Universal filsed in this study also advocates
single cone obturation system. Using the heated pargger, excess GP was sheared
off and the access cavity was sealed with cavitafbthe specimen. Incubation was
done at 37° C in 100% humidity for 7 days for costplset of the sealer and to

simulate oral conditions.

Sectioning of the teeth were done for all 3 grotpsobtain 1-mm-thick
sections from all three levels (3, 7, 11 mm from tbot tip) using a diamond disc and

used for CLSM scanning. Using silicon carbide alveapaper, all parts were polished
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to provide a clean surface and remove any dendebtis created during the cutting
process® Moreover, these silicon carbide paper produces siag@r which can

affect the CLSM examination.

Confocal Laser Scanning Microscope meserred for evaluation of tubular
penetration depth and area. Other evaluation tqakesi utilized to assess the sealer
penetration are light microscoptand scanning electron microscdp&he drawback

of LM is the inability to differentiate between $emand the radicular dentiA.

By enabling the visualization of sealer penetratlmeneath the dentine's
surface, CLSM removes the requirement for smeaovainor disruptive specimen
preparation, both of which increase the risk oflerelnss?’ SEM is not very useful
for measuring penetration depth. Samples for SEklyars must be well polished,
dry, and free of surface smear layers. The seadsrme lost as a result of this. This
could account for some of the SEM investigatioaported penetration depths, which
appear to be mode¥t. The advantage that CLSM provides over the othehrtigues

is that it does not need additional sample proongsaind produces fewer artifacts.

Current research data was analysed using ImageJdasef Statistical analysis
was done with Two-way ANOVA and Tukey’s multiple gochoc test. Intragroup
comparisons performed with Two-way ANOVA while irgeoup comparisons were

done by utilizing Tukey’s multiple post hoc test.
Analysis for sealer penetration depth:

Results of the current study showed differenceeingpration of the sealer was
statistically significant among all the three sew$ i.e, coronal, middle and apical

section among all the three groups. i.e, NAC + €z Ceraseal, NAC + AH Plus,
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AH Plus. The intragroup comparison results showed Ceraseal sealer with use of
NAC showed highest tubular penetration in coromafidle and apical thirds of root
canal than without NAC. Intragroup comparisonAdt Plus sealer showed highest
penetration in coronal, middle thirds of root caw&h NAC and highest penetration

in apical thirds without use of NAC.

This may be explained by the following: taperingptr@anal morphology,
tubular obliteration in the apical third, difficulin completely eliminating debris and
the smear layer, and medication, particularly mapical thircd®® Babb et al. proposed
that the endodontic sealer's adhesiveness cannchiceed by variations in tubular
density within the candf. Due to the morphological and histological variagipthere
is a reduction in the effectiveness of removal ofear layer in apical region.
Furthermore, the lesser the diameter of apex miffieutt it is to access this part of
the canal® Moreover, the apical root dentin is poorly permeathlie to the sclerotic
dentin’”as compared to the coronal and middle third deB&@sides the properties of
sealer, dressing may have caused modificationbénpermeability of the dentft.
These findings are consistent with Emel Uzunogly-@mrek, Thota, as coronal
thirds of root canals were found to have greateeanmayer removal than apical
thirds. This is because the coronal third of theatdhas more and large diameter

dentinal tubules than the apical portfSn.

Another reason can be due to inefficacious irrigaelivery and ineffectual
smear layer removal in apical regilonetheless, sealer penetration in apical third
of a research by Machado et al. showed a comparabidts with the middle and
coronal thirds® The study's filling method, which increased thalses penetrability
into the tubules by pressing it up against the caotal walls due to lateral and vertical

condensation stresses, may account for these timtefindings’®
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Results of the current study on Intergroup comparigsing Tukeys multiple
posthoc procedure showed statistically significdifierence in all groups ie. NAC
+Ceraseal, Ceraseal except NAC +AH Plus, AH Pluse fleason is that Premixed
Calcium silicate-based sealer has high flowabfliand the expansion of sealer due to
hygroscopic effect, mineralisation activity whichoguces mechanical interlocking
ability to bond with dentin and osteogenic potdrffidZ® N- acetyl cysteine, a
crystalline structure also a chelating agent whehoves the smear layer and inhibits
biofilm formatior™®, reduced demineralisation and microhardness dué@staoft

chelating naturé®

The results of NAC +AH Plus, AH Plus were not sitally significant in
depth of penetration due to high viscosity, thew Isolubility which also reduces its
compatibility within hydrophilic canal&">® Another reason might be the crystalline
structure and hydrophilic nature of NAC and theroythobic penetration of AH Plus
sealer? Sealer types also promotes different penetraiiotise tubules as concluded
by Mamootil and Messér. In order to achieve optimal penetration, Akteae®l.

also found that sealers must have low surfaceigcffv

AH Plus sealer has larger particle size, so polyzagon shrinkage or
problems during mixing might diminish its permeiilinto the dentinal tubule¥.
Moreover, its film thickness and flow are affeciadEpoxy resin-based sealers as it
contains calcium hydroxid® which is also in accordance with Duarte et al.sThi
explains the lesser penetration of sealer as disereed by Veintimilla Lozada et

al .30
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According to Emel et al, pH of the sealer alsouefices the penetration.
Epoxy resin sealers have pH 7 or less, calciurnaséi sealers have pH 7 or m8te
Study by Emel et al shows that calcium silicateedasealer have a higher sealer
penetrability and adaptatidi Although studies have shown Ca(Qt@mnants block
the tubules and hamper sealer penetration, Bioal2sen the study showed an even
more enhanced penetration after the use of Ca(&H)ne of the reasons could be
because of the alkaline environment created by B(OCalcium silicate based

sealers have a high pH and hence greater penatratiuch an environmefit.

Ozyurek in his study assessed the impact of Ca{OhAH Plus and BioRoot
RCS penetration, also demonstrated similar resutts BioRoot RCS having deeper

penetration after Ca(Okljhan AH Plus>8283

In the current study, N- acetyl cysteine, a chetatagent was used as
intracanal medicament and results showed highgsthdef tubular penetration in
NAC + Ceraseal (Group II) followed by Ceraseal (@rdll B), AH Plus (Group Il

A) followed by NAC +AH Plus (Group ).
Analysis of sealer penetration percentage:

The intragroup comparison results of the study stbwH Plus sealer with
use of NAC showed highest area adaptation/ pergentd tubule penetration in
coronal, middle and apical thirds respectively obtr canal than without NAC.
Intragroup comparison for Ceraseal sealer showglgelsti area adaptation in coronal,

middle and apical thirds respectively of root camih NAC.
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Adhesion, penetration of sealers into dentin itugriced by some factors as
physio chemical properties of the used sealer,ni@ermeability, obturation method,

and removal of smear lay&t.

According to Cergneux e,i al (1987) and Aya wa(#024) suggests that
Sealer penetrability and adaptation to the dentivells are necessary properti¥s
which increases surface contact that improves hygieal”>** In the same way,
interfacial adaptation between root canal fillingterial and dentinal walls is a crucial
issue of concern, as most failures occur at coméesenterface and dentin sealer

interface which leads to failure of endodontic tneent**84

Epoxy resin sealer has high viscosity, less flolitgland sealer penetrates by
capillary action whereas bioceramic sealer has figtability, less viscous in which
sealer penetrates by hydraulic condensation ies fiydrophilic sealer is been drawn
into the dentinal tubules, lateral canals, apicdtad so penetration is high whereas
adaptability is les& Good adaptation of AH Plus sealer might be becafse
chemical bond formation with root dentin. Moreoveiinor acidity of sealer might
cause self-etching to root dentin, so enhance atiaptand bonding*®* AH Plus
sealer has its pseudoplastic behaviour, the pdilyaof this high viscous sealer is
difficult but when GP is placed into the canals #ealer spreads and adapts to the

canals. This depends upon viscosity, flow, pH, typebturation techniqu¥:®

The results of our study is in agreement with stadgducted by Chen H et
al. which concluded that AH Plus has best adaptatapacity followed by calcium

silicate based sealets.
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In single cone (SC) technique, the sealer getdatisd when gutta percha is
being inserted. When gutta percha is being plugges the canal, it improves the
adaptation to the canal wélt’® If cold lateral or warm vertical techniques hacibe
used in this study, the penetrability of sealerghhhave been improvéd However,
in SC technique, there is more sealer because thare condensation pressure as

compared to cold lateral and warm vertical techeidti

Results of the current study on Intergroup comparigsing Tukeys multiple
posthoc procedure showed clinically significantfetiénce in all groups NAC +AH
Plus, AH Plus, NAC +Ceraseal, Ceraseal but stedikyi significant difference is not

observed in NAC +Ceraseal and AH Plus.

This non-significant difference may be attributagedo the physiochemical
characters of RCS following removal of smear ld§eknother reason can be due to
inefficacious irrigant delivery and ineffectual rewal of smear layer in apical
region!” High mean gap values at apical area may be duéeocémentum like
structure and atubular dentin in these regf8i8 Bioceramic Sealers also have
profuse open pore which takes up moisture, leatbngigh solubility ie. Penetrate

into the tubules rather than adaptation which isficmed by Zamparini et &f.848°

In the current study, N- acetyl cysteine was usemhi@macanal medicament and
results showed highest adaptation/ percentagebafldu penetration in NAC + AH
Plus (Group 1), AH Plus (Group Il A), NAC + CeradgGroup II), followed by

Ceraseal (Group llI B).
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Results of SEM pilot study shows that NAC medicantezips in eliminating
smear layer and opening of dentinal tubules anctfpated 248 pm deep at 11 mm
(coronal), 217um deep at 7 mm (middle) and 189 eapdat 3mm (apical). Average

penetration of NAC into the tubules are 218.66 pum.

Further studies are needed to evaluate sealer rpgoet with other
medicament and obturation methods. Limitation of stwdy is that the experiment
was an in-vitro laboratory set up and has yet t@lbgcally tested. Clinical studies
are required to evaluate effect of the N-acetylt@ipe intracanal medicament on
penetration and percentage of various sealers ¢ovkhe outcome of endodontic

treatment.
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CONCLUSION

Within the limitations of this study, the followirgpnclusions can be drawn:

* Maximum sealer penetration was noted in the cortmad, followed by middle

and least in apical third for all tested groups.

» Higher penetrationof sealer was observed with NAC + Ceraseal (Grdup
followed by Ceraseal (Group 11l B), NAC + AH Plu&roup I) and least by AH

Plus (Group Il A).

» Higher percentage/adaptation of sealer was observed with NAC + AH Plus
(Group ) followed by AH Plus (Group Il A), NAC «eraseal (Group II)

followed by Ceraseal (Group Il B).

» Higher penetration of NAC medicament was seen moral (11mm)- 248 um ,
middle (7mm)-217 um followed by apical third (3mm)89 um of root canal.

Average penetration of NAC into the tubules are.@a§im.

However, persistence of the medicament residuesaichamper the sealer
penetration but enhanced the penetration of Cdrasaker. Moreover, NAC did not
change the properties of both the sealers. HenB€, dan be a choice of intracanal

medicament for further use in clinical practice.

Future studies evaluating the other properties fg NAC intracanal
medicament and Ceraseal sealer and long-term stundied to be done in order to

establish a strong literature base.
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SUMMARY

The purpose of endodontic therapy is to createcaaifree environment in the
root canal and a hermetic seal. Novel equipmendsnaeiterials have been introduced
to attain an aseptic environment within the camsilting in long term successful
outcomes. Among the various root canal sealerscebdonic sealers are being
appreciated by many clinicians due to its enhangexperties like a good flow,
mineralisation potential. Dentinal tubule penetiidbiand sealer adaptation are the
main feature that aids to establish a fluid impewsi seal and enhanced adaptation

between root dentin wall and core material.

In this study, dentinal penetration and area adiaptaafter using NAC
medicament has been evaluated as it has been ebtsémat residues of the
medicament could interfere with sealer penetrabilidowever, an association
between these residues and the newer bioceranierseas found which led to the
aim of this study. 78 human maxillary anterior keetere selected and decoronation
was done to a standard length of 14 mm and WL wasnated after which
instrumentation was done two sizes larger thanainbinding file by ProTaper
universal, Ni- Ti rotary and 2 ml of 5.25% NaOClIlliged between successive files
and final flush with 5 ml of 17% EDTA for 3 minutésllowed by 5ml of distilled

water and dried with paper points.

All specimens were randomly divided into 3 grou@soup 1: Experimental
group (NAC) with Epoxy resin sealer, Group 2: BEpental group (NAC) with
Bioceramic based sealer, Group 3: Negative comgroup. N- acetyl cysteine
medicament was placed in Group | and Group |l spens followed by incubation at

37°C for 15 days after which the medicament wasorexd using Passive Ultrasonic
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irrigation and obturation was done for all 3 groupsh respective Gutta percha
coated with rhodamine mixed sealer. Incubation @ase for 7 days after which
samples were sectioned at different levels (317min from the apex) and examined
under the CLSM for dentinal tubular penetrabilitydgpercentage of sealers. Images

were analysed with Image J software.

Statistical tests done with Two-way ANOVA and Tuleynultiple post-hoc
tests. Results of the intragroup comparison shodifdrence in sealer penetration
was statistically significant among all the threetfons i.e, coronal, middle and apical
section among all the three groups. i.e, NAC + €zah Ceraseal, NAC + AH Plus,
AH Plus. On intergroup comparison, sealer penditplwas statistically significant
in Group Il (NAC + Ceraseal), Group Il B (Cerage®n intragroup comparison, the
results showed difference in sealer percentagegitatian was statistically significant
among all the three sections i.e, coronal, middtk apical section among all the three
groups. i.e, NAC + AH Plus, AH Plus, NAC + Cerasdaeraseal. On intergroup
comparison, percentage/adaptation of sealer peioetraas statistically significant in

Group | (NAC + AH Plus), Group 1l B (Ceraseal).

Maximum sealer penetration was noted in the cordhat, followed by
middle third and least in apical third for all gpsu Higher penetration of sealer was
observed with NAC + Ceraseal (Group Il) followed ®@graseal (Group 11l B), NAC
+ AH Plus (Group 1) and least by AH Plus (Group A). Higher percentage/
adaptation of sealer was observed with NAC + AHsRI@roup 1) followed by AH

Plus (Group Il A), NAC + Ceraseal (Group Il) foled by Ceraseal (Group Il B).
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The null hypothesis that after the use of NAC maudtient there will be no
difference in percentage and dentinal tubule patietr depth of Epoxy resin based

sealer and bioceramic based sealer was rejected.
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