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ABSTRACT

Aim- To compare and evaluate of the depth of penetrati an Epoxy Resin based
sealer following a final rinse of 17% EDTA and 189&DP, with Diode Laser and

Passive ultrasonic activation: An in-vitro Confotaker Scanning Microscopy study

Methodology: Fifty-two extracted human mandibular premolar teettn single root
and single canal were selected. They were disiefedh 0.1% thymol solution,
cleaned of calculus and soft tissues and storellit thymol solution till use. All
teeth were radiographed and selected as per thesioe and exclusion criteria. The
teeth were decoronated using a diamond disk unmj@oes water spray to acquire a
standardized root length of 14 mm. Working lengtswestablished by inserting a size
10 K file into each root canal until it is visiblat the apical foramen and by
subtracting 1mm from the recorded length. Instrutaition of the root canal was done
till master apical file size of F3 using ProTaperiversal, rotary instruments. The
canals were irrigate with 2 mL of 3% sodium hypocihé between successive files.
Teeth were randomly divided in 4 subgroups n= 1@omting to the intervention.
Passive ultrasonic irrigation and diode laser wesed to activate the irrigants. Final

irrigation was performed with distilled water.

Results —Highly significant difference was seen betweengtmups with EDTA and
HEDP, with HEDP demonstrating the highest penematiAmong the activation
techniques used in this study PUI showed the higbesetration of the sealer. The

least penetration was seen with Diode laser aativand EDTA.
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Conclusion- The irrigation activation techniques significantlynfluence the
penetration of sealer into root dentinal tubulesheWw penetration of sealer with
different irrigation techniques and irrigants wesaluated significant greater level of

sealer penetration were attained with PUI activatbHEDP.

Keywords: HEDP, EDTA, AH Plus, Dentinal tubule penetratiddhodamine dye,

Confocal Laser Scanning Microscope.
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I ntroduction

INTRODUCTION

A successful root canal therapy depends on the odetimd the quality of
instrumentation, irrigation, sterilization, anddkrdimensional obturation of the root

canals™

Mechanical preparation of the canal was traditignalarried out using
stainless steel hand files which saw a revolutiprdrange with the introduction of
rotary nickel-titanium (NiTi) files within the pas® decades!*® Manual or
mechanized techniques of Endodontic instrumentapooduces a smear layer.
Calcified tissue, necrotic tissue debris, odontsiidaprocesses, microbes such as
bacteria, and blood cells in the tubules of thetideare the factors present in the
smear layef! This smear layer formed during biomechanical prefem gets
smeared on the wall of the root canal and the abhg materials thereby inhibiting
the complete locking and adhesion of the canahdjlimaterials into the tubules of

dentint® 3 14

Hence complete biomechanical preparation aims aelaesterile and debris
free canallrrigants play a very important role as it faciléa mechanical debridement

by cleaning out debris, dissolving tissue and l&terg the root canal.

Amongst the various root canal irrigants, sodiurpdohlorite (NaOCI) is the
most favored due to its excellent organic tissulwest properties. It has its own
limitations while dealing with inorganic componesftthe smear layef” Literature
supports that a canal in which apical third is cedewith a smear layer and contains

abundance of debris can be a constraint for Sodmywochlorite. It has been
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I ntroduction

suggested that in order to remove the smear lajieabflush with 17% EDTA may

be helpful

Since both EDTA and citric acid not only remove 8mear layer but also
erode the dentin and thus expose the collagenr thimical use is not always

passable®

To prevail over the drawbacks of EDTA, a new endudido chelating
irrigating solution called 1-hydroxyethylidene Idiphosphonate (HEDP), was
introduced in 2008 When compared with the administration of EDTA, HEBas
less detrimental effects on the root dentin. Theeamnlayer treatment efficacy of
HEDP is comparable to EDTA, without affecting theganic tissue dissolution
potential of NaOCI™ The unique short-term compatibility of HEDP withdéiem
hypochlorite (NaOCI) makes it possible to use a loed NaOCI/HEDP irrigant
during chemomehanical root canal preparation andhi® final irrigation. The smear
layer, can be effectively removed by the combinppliaation of HEDP and NaOCI
with minimal effect on the root dentin wall. HoweydHEDP does not affect the
proteolytic and antimicrobial properties of the NIO!"! This is the concept of
continuous chelation which has gained momentum ndodontics over recent
years®

Needles and syringes of different size and tipgfebave popularly been used
to administer irrigants in the canal space. Howe&ecording to research, ineffective
irrigation has been a typical result while usinig ttlassic approach especially in area
of periphery where anastomoses between canalsiasicaife present. Organic and
inorganic components comprise the material thatareed untouched or compacted

into the root canal anatomy’ Efficiency of the root canal irrigating solutiohss
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been proven to be amplified within the root cangdce as well as in root canal
systems with complex anatomy and dentinal tubulgspn activation of said
irrigant!” These irrigants must be activated to achieve begteiits. This can be done
with as sonic, ultrasonic, apical negative pressuigant system, plastic rotary files
and lasers which unanimously improve cleaning caoagpao needle irrigation and

conventional syringd™”

According to various articles, sonics, ultrasoniesid lasers are widely
researched as activation methods for irrigatingtsmis. The research is in favor that
PUI has greater affinity in flushing the organiadanorganic debris as compared to

the conventional irrigation.

Diode Laser has shown optimistic results in theaeah of smear layer and
disinfection of the root canals in endodonffés Formation of vapor containing
cavitations inside the fluid has been induced elalmpactful implosions, surface
deformation and removal of surface material areseduwby the force generated on
collapse of bubbles. 940 nm and 980 nm Diode Laseelength are of keen interest
because these are similar to wavelength for watepration and are much better
absorbed unlike the other available near-infraredelengths such as 810, 830 and
1,064 nnt?!

Though 1-hydroxyethylidene 1,1-diphosphonate (HEDB$ proven to be
effective in removal of smear layer, no literatigsevailable so far investigating the
efficacy of HEDP when agitated by diode lasers @trdsonics.

Hence current study aims at — Comparative assessrhefficiency of smear
layer removal by various irrigants using Diode taaad Ultrasonics at the apical

third of the root canal space.
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Aim & Objectives

AlM AND OBJECTIVES

AlIM OF THE STUDY:

* “Comparative evaluation of the smear layer remoafficacy of irrigating
solutions using Diode Laser and Ultrasonics andeffect on the ‘dentinal
tubule penetration’ of Epoxy resin-based root caealer, AH Plus root canal

sealer, using Confocal Laser Scanning Microscoiys(@)”

OBJECTIVESOF THE STUDY:

« “To evaluate the effect of 17% EDTA using Diode émsand using
Ultrasonics, on ‘dentinal tubule penetrability’ ah Epoxy Resin-based root

canal sealer, AH Plus, using Confocal Laser Scanhiitcroscopy (CLSM)”

« “To evaluate the effect of 1:1 mixture of 3% NaOC3% HEDP for smear

layer removal using Diode Laser and Ultrasonics”

e “To compare the effect of 17% EDTA and 1:1 mixtwfe3% NaOCI+18%
HEDP on removal of smear layer at the apical thiigion using Diode Laser

and Ultrasonics”
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Research Hypothesis

HYPOTHESIS:

NULL HYPOTHESIS:

“There is no difference in the dentinal tubule pgeam®n of the Epoxy Resin-
based root canal sealer, AH Plus, after use of EDYAA and 18% HEDP for smear

layer removal when activated with Diode Laser aaddi/e Ultrasonic Irrigation”

ALTERNATIVE HYPOTHESIS

“There is a difference in the dentinal tubule peat@in of the Epoxy Resin-
based root canal sealer, AH Plus, after use of ETAA and 18% HEDP for smear

layer removal when activated with Diode Laser aaddr/e Ultrasonic Irrigation”
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1.

REVIEW OF LITERATURE

An in vitro study was conducted by Dineshkumar MKal., to evaluate the
result of “17% EDTA, MTAD and 18% HEBP” irrigantsidhe microhardness
of canal dentine using the “Vickers” “microhardniessst. In this study, forty
single-rooted premolars had their crowns removatdeaCEJ and cut in vertical
sections. 80 specimens were categorized into 4pgr@n=20). Category 1 was
treated with water, category 2, 3 and 4 were tceatth “1.3% NaOCI” as a
working solution for 20 min, followed by “17% EDTA"MTAD” and “18%
HEBP”, respectively. The surface microhardnesshefdentine was calculated
with a “Vicker's” “hardness” test. This study comdés that “HEBP” as a final
flush is promising irrigation regime with leasteft on the mineral content of
root dentine!

An in vitro study was conducted by Emre Erik C letta assess the capacity of
removal of the smear layer by different “etidrorigteatments. Seventy eight
roots were prepared up to size X4 apically andgmateed at random into five
categories and a control group (13). Categorieewsam| of sterile saline as
irrigant (control) for 3 minutes, 5ml of 17% EDTAIf3 minutes, 5ml of 9%
HEBP for 3 minutes, 5ml of 18% HEBP for 3 minutgggation with 5ml of
1% NaOCI + 9% HEBP for 3 minutes and 5ml of 2% N&®@8% HEBP for 3
minutes. The roots were observed using SEM. Thestager scores in the 2%
NaOCI + 18% HEBP group was the least. There wergan@tion among the
treatment categories in the “smear layer” scoreghef cervical and middle
thirds. However, the “smear layer” scores in the ROCI| + 18% HEBP
treatment group were lower than those in the 9% PIEBd 18% HEBP

treatment groups in the apicdf & <05). The concentration of HEBP of 18% is
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recommended clinically. Use of an oxidizing agemswges optimal removal of

smear layert’

An in vitro study was conducted by Kfir A et ab, weigh the difference in the
cleanness and effect on canal walls after the adtration of “HEDP” based
irrigating solution with that accomplished by imtgng with “NaOCI” and
“EDTA”. In this study,40 extracted premolar teeth were instrumentedsitzi
X3, using HEDP (3% NaOCI) or 3% sodium hypochlofiowed by a final
flush with 17%EDTA, which was delivered with a s\ge and needle. 10 were
negative controls. Vertical sections of teeth walseerved under SEM. “Smear
layer”, “debris” and effect on the root canal wahs studied. The apical third of
the root canal had more smear layer occurrenceithtie coronal third in both
groups. This study concludes th#te HEDP-based irrigation solution has no
difference with 3% NaOCI followed by “EDTA” in tersnof cleanliness or the
incidence of erosion of the canal wéi.

A study was carried out by JOUR Kaki et al., toleage the results of “Dual
Rinse HEDP” solution on dentinal adhesion. 40 teethe sectioned to obtain a
flat bonding surface which was later polished amehtcategorized at random
into 4 groups of 10 samples each. GA: NaOCI (5@)W\ GB: NaOCI (5%) +
EDTA (17%), GC: NaOCI (5%) + Dual Rinse HEDP, GlaOCI (5%) + CA
(20%). Clear SE Bond was used to prepare the sgfd€Clearfill Posterior
Composite Resin blocks” were placed on the bucoal palatal area of the
tooth. The bond strength was tested with a UTMhatspeed of 1.0 mm/min and
calculated. Data was studied with “one-way ANOVAdabDuncan’s tests”.

“Dual Rinse HEDP” solution does not interfere wibronal dentin adherence
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and can be recommended as an option to the populadd EDTA irrigant

when used in combination with NaO&i.

A study was conducted by Zollinger A et al., tolea#e the effect of combining
novel product (HEDP) with NaOCI solutions on thsiability, clinically. The
combinationof NaOCI with “Dual Rinse HEDP” initially containeti0%, 2.5%
or 5.0% NaOCI and always 9.0% of HEDP. Controlsenstiand-alone NaOCI
solutions. Borosilicate glass bottles were use@ddsess the stability of these
solutions at 23°C temperature. The results of wiagn@60°C) or preserving the
solutions at 5°C were studied in PP syringes. Catnagons of NaOCI were
measured by iodometric titration (free availabléodhe). Results acquired in
the bottles were comparable to those in the sysingéarming of “NaOCI/Dual
Rinse HEDP” combination had a negative effect ome fchlorine, with a
complete loss after 1 hour. On the contrary, stptite mixtures at 5°C kept the
free chlorine at a higher lever for 7 hours. Initancentration and temperature

of NaOCI had an effect on short-term storage stglif the mixtures'®!

An in vitro study by Abraham S et al., was doneampare the difference in the
outcome of “Diode Laser”, “EndoActivator” and “pass ultrasonics” for
“smear layer removal” at the apicdf ®f the canals with “0.2% Chitosan”. In
this studyforty premolar teeth were taken and WL of 12 mm watblished
and prepared till size F3. Category A, irrigatimdusion used was 1ml of “0.2%
chitosan”. Category B, irrigating solution used wa8ml of “0.2% chitosan”
and the remainder 0.2 ml was activated with “Diddser”. Category C, canals
were irrigated with 1ml of “0.2% chitosan” which svaactivated with

“endoActivator”. Category D, irrigating solution e was “0.2% chitosan” and
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activated with PUI. All specimens were rinsed watinl of distilled water. The
evaluation of samples was done with a SEM at 101k 3000x. This study
concludes that;Diode laser” and “endoActivator” with “0.2%chitoSamwas
better in the “removal of the smear layer” when paned to PU["!

A study was conducted by Hmud R et al., to stuéyptessure waves generated
by laser and their use for the removal of debrt smear layer from the canals.
Previously, middle infrared erbium laser was usPdesently, examination
(Biolase, Ezlase and Sirona Sirolaser, respeclivelas done to see if
cavitations could be induced in aqueous media thighhelp of 940 and 980 nm
diode lasers. Formation of cavitations were obskwueler a microscope after a
capillary tube was exposed to the laser energygusip00 um fiber. An array of
laser criteria was followed to establish condititimst create cavitations within 5
seconds of the laser irradiation commencement. etyaof solutions were
compared using a “setting of 2.5 W/25 Hz for theoléser and 4 W/10 Hz for
the Ezlase” to study cavitation in distilled wataerated tap water, degassed
distilled water, ozonated water, 3 and 6% hydrogeroxide. Cavitations in
water-based media were formed by the implosion atewvapour with the help
of both “diode laser systems”. Role of pulse fraguyeor pulse interval was not
as important as laser power. When weak (3%) peeosadution was used as the
target irrigant, instead of water, optimal lasati@ted cavitation occurred. This
study concludes that, this phenomenon has potdoti@nhancing debridement

in endodontics*?
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The aim of this review article by S, Llena C et alas to sum up and debate the
“available information concerning ultrasonic irrigan in endodontics”. This
review covers ultrasonic irrigating methods andrtleéficacy in debridement.
This review covers the relevant literature on Plaformation from original
scientific papers or reviews listed in “MEDLINE” dn“Cochrane” were
included in the review. This study concluded treathanced canal cleanness,
superior irrigant solution transfer to the canapidement of the soft tissue
debris, smear layer and bacterial elimination aresalt of the use of ultrasonic
in irrigating procedured™

A study was conducted by Amin K et al., to assheseffect of Ultrasonics and
Diode Laser in the presence and absence of EDTAherremoval of smear
layer from canalsl20 mandibular premolars roots with WL of 12 mm ever
instrumented upto files F3. First Group used 1 mMB% NaOCI as irrigant,
followed by 3ml NaOCI (3%). The second group usechllof 17% EDTA as
irrigant, succeeded by 3 ml NaOCI (3%). Third grauged Diode Laser. Fourth
group was first irrigated with 0.8 ml EDTA (17%)hd& remainder 0.2 ml filled
the root canals and Diode Laser was used after e fifth group was
irrigated with 1 ml DW with PUI activation, folloveeby 3 ml NaOCI (3%). The
last group was irrigated with 1 ml EDTA with PUluczeeded by 3 ml of
NaOCI (3%). SEM was used to examine the canalgHerremaining smear
layer at the cervical middle and apical'l/8 east smear layer scores were seen
with Ultrasonics with EDTA. Significantly better performance than Ultrasonics

was seen with Diode Laser aloHg!

Page 10



Review of literature

10.

11.

A study was performed by Lottanti S et al., to nieaghe result of EDTA, EA
and PA when used in addition to NaOCI as root camigiating solutions on
calcium discharged from the smear layer, canals aodt dentine
demineralization after preparatidPremolars were irrigated were irrigated with:
(1) 1% NaOCI while instrumentation, DW post instemtation, (2) 1% NaOCI
while, 17% EDTA post instrumentation, (3) 1: 1 dfo2NaOCI and 18% EA
while and post instrumentation, and (4) 1% NaOClIlilayh2.25% PA post
instrumentation. The eluted calcium was analyzed“Atomic Absorption
Spectroscopy”. Areas covered by smear and appeasal wall decalcifications
were evaluated by SEM. Sclerotic dentine was atswsidered for the smear
layer analysis. The data revealed calcium elutibprotocol (1) < (3) < (2) <
(4). Smear layer was hardly present on the prepeaed| walls post treatment
with the decalcifying agents. Protocols (1) andsf8dwed no detrimental effect
on root dentine. Protocol (2) and (4) showed demaiimation patternsThe
solutions in this study removed or prevented srteggr formation and affected

the dentine differently*”

An in vitro study performed by Lagemann M et a. givaluate the effectiveness
of activation of EDTAC with the help of 940 nm las&ministered by fibre tips
into EDTAC (15%) or hydrogen peroxide (3%). Middigrared Erbium Laser
activation of EDTA- cetrimide (EDTAC) has improvesimoval of smear layer.
40 single roots were instrumented using rotansfilgith control group, for the
evaluation of the smear layer. Post laser actimatimots were sectioned
vertically. Apical, middle and cervical thirds wermssessed using SEM.
Activation of EDTAC with laser, enhanced the remayasmear layer, while in

peroxide there was minimal removal of smear layars protocol was better for
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12.

13.

the removal of the smear layer than the 'gold stahdhotothermal disinfection
is also an added benefit of lasé&"¥.

A study was done by Kamble AB et al., to compae ridémoval of the smear
layer from the root canal dentinal tubules aftexythwere exposed to 2 canal
irrigating solutions — “17% EDTA” and a new irrig/ag solution chitosan using
SEM. Decoronation of 40 premolars was done. Thiss gacceeded by
preparation with Race files and intermittent irtiga with “3% sodium
hypochlorite”. It was ultrasonically activated aftdis. The specimens were
divided horizontally and placed in their solutioas per their categories for a
period of 5 minutes. This was followed by evaluatimder Scanning Electron
Microscopic (SEM). The present study had resultsciwhindicated that the
Chitosan proved to be effective in removing the amkayer. A moderate
concentration of 0.2% chitosan proved to removestnear layer with greater
efficiency.!?!

A study was conducted by Wang X et al., to meathedemperature increase of
root surfaces while and after “Diode Laser appiadt to check the difference
morphologically of the canal wall after exposured @do measure the leakage
apically post irradiation and obturation. 66 singleted teeth after extraction
were prepared up to size 60 K-file and then categdrinto 3 sets. Each group
had 22 teeth. The first two categories were expdsea 5 W “Diode Laser”
using fibers of diameters 550 and 365 um, respagtifor 7 sec. Group 3
served as a control and was not irradiated. Therapby was used to measure
the temperature rise on root surfaces of the teetihe first and second groups.
Six teeth in each group were sectioned longitutinadnd observed

microscopically. Other teeth were immersed in Rimoide B solution after
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14.

being obturated and the degree of apical leakageocakulated. A maximum
rise in temperature of 8.1°C was recorded in th& fjroup. Clean root canal
walls were a result due to evaporation and remok/éiie smear layer after laser
treatment. This was markedly better than the cogtaup (p < 0.05). The laser-
treated categories had markedly less leakage gptbain the parent group (p <
0.05) after obturation. Results inferred that tbéde Laser” was useful for
eliminating the smear layer and debris from thelsvahd decreasing leakage
apically after obturation. This suggests that itildobe advantageous for root
canal treatment in clini¢?

Study was performed by Ciucchi B et al., to compiiee efficacy of various
irrigants on the smear layer removal in 40 canbilese canals were prepared
under laboratory conditions with 3% NaOCI as irngaControls consisted of
ten canals. The other thirty canals were divided3icategories and further
irrigated with: NaOCI; EDTA+ ultrasound; EDTA + tdsound. The appearance
of the smear layer was scored over the number mtirdd tubule openings for
the three sections of the canals, under the Scartfiectron Microscope (SEM).
NaOCI as an irrigant produced consistently smeartethces. The smear layer
was removed moderately on ultrasonic stirring ofOl& However, EDTA
resulted in smear free surfaces. Ultrasound + EDdié not increase its
dissolvability. A decrease in the efficacy of thegant was seen at the apex of

these canal$®
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15. A review paper by Hilsmann M et al., presents aeme\of the chemical and
pharmacological properties of EDTA preparations ahdir clinical use.
Chelating agents were introduced into endodonticaid in the negotiation of
canals that are narrow and have calcific obstrastiby Nygaard-@stby. EDTA
solution was hypothesized to soften the canal denéind remove the smear
layer along with increasing the permeability of tienThough the efficacy of
EDTA in softening root dentine is questioned, ctek have gained favor in
recent times. Their use as lubricant during rotant canal instrumentation has
been recommended by manufactures of NiTi instrumeltis recommended
that a final flush of the canal with “15-17% EDT&'required to help dissolve

the smear layeP*
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MATERIALS AND METHODOLOGY

STUDY DESIGN: In-vitro study

SOURCE OF DATA: The study was carried out in the “Department of S&owmative

Dentistry and Endodontics, KLE Academy of HigheruEation & Research, KLE
VK Institute of Dental Sciences, Belagavi” and tlaboratory procedures were
performed at Dr. Prabhakar Kore's Basic Scienceele$ Laboratory, KLE

University, Belagavi.

Specimens were examined with the help of confolzeer scanning
microscope at “Birla Institute of Technology andiedce- Pilani, K. K Birla Goa

campus”.

Collection of extracted human mandibular premoksth was done from
“Department of Oral and Maxillofacial Surgery, Kl&tademy of Higher Education

& Research, KLE VK Institute of Dental Sciences|dggavi”.

INCLUSION CRITERIA:

» Extracted single rooted human mandibular premolars
» Single straight canals

» Teeth with apical width corresponding to 20 K fileless

EXCLUSION CRITERIA:

* Teeth with root resorption, cracks or fracture line
» Root canal treated teeth
e Teeth with calcified canals

* Teeth with root caries
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» Teeth with multiple canals/Anatomic variation
« Teeth with curved roots, more thahchrvatures

» Teeth with apical width more than 20 K file size

SAMPLE SIZE ESTIMATION :

= 0,
S1=0.42 Z,=1.96 at 5%a errol

S2= 0.42 Zg=1.282 at 90% power

d=0.38 (acceptable error)

2
28 Z,+Z)
n = = 26 in eagbup
(s

SAMPLING PROCEDURE: Samples were categorized into groups according to

Simple random sampling

MATERIALS AND ARMAMENTARIUM:

MATERIALS:

* Human mandibular premolar teeth

* 0.1% thymol

* 3% Sodium Hypochlorite

* 17% Ethylene Diamine Tetraacetic Acid (EDTA) (CANARGE)
» 1-HydroxyEthylidene-1,1-Di Phosphonate (TWIN KLEEN)

» Paper points (Diadent Group International)

» Distilled Water

* 0.9% Saline
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» Gutta-Percha points (Diadent Group International)
* AH Plus Sealer

* Rhodamine dye

« EDTA gel

» Cavit (Caviton)

ARMAMENTARIUM:

* Micromotor

» Airotor (NSK, Japan)

» K Files (10-40)

* ProTaper Universal

* Endomotor (Dentsply Maillefer, Switzerland)

» 27-gauge syringe (Dispovan)

» Passive Ultrasonic Irrigation Tips (Aceton, Satglec

» Ultrasonic unit (Satelec)

» Diode Laser: (Siro Laser Blue, Dentsply Sirona)

» Diamond disks (KWALITY DIAMOND TOOLS, Mumbai)

» Confocal Laser Scanning Microscope (OLYMPUS FLUOWEV3000)

Page 17



Materials and Methods

METHODOLOGY WITH FLOWCHART.

Fifty two extracted human mandibular premolar tee¢ne cleaned of calculus an
soft tissue and handled according to OSHA guidslaned stored in 0.1% thymol

solution till ust

l

All teeth were radiographed and selected as panthgsion and exclusion criterial

A 4

The teeth were decoronated using a diamond dis&rwapious water spray to

acquire a standardized root length of 14 mm

A 4

Working length was established by inserting a &2« file into each root canal
until it was visible at the major diameter and bptsacting 1mm from the recordegl

length

\4

The root canals were be prepared using ProTapeensail rotary instruments up td

F3 and F4 Depending on apical gauging

l

Irrigation was done with 2 mL of 3% sodium hypogtii (NaOCI) between

successive instrumentation

v

Teeth were categorized at random divided in 4 suljgg n= 13 according to the

interventior
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l |

GROUP 1 GROUP 2
17% EDTA 1:1 mixture of 3%
NaOCI+18% HEDP

| l [ ,,

SUBGROUP 1A: ] SUBGROUP 2A: SUBGROUP 2B:
17% EDTA + 187%/835_?:5 éLB” 1:1 mixture of 3% 1:1 mixture of 3%
Diode laser 0 NaOCI|+18% HEDP NaOCI|+18% HEDP
+ Diode laser + PUI

|

Canals were irrigated with 3mL of saline to ternténdne chelating action of irrigating

|

The canals were dried with paper points

A 4

The root canals were obturated with Gutta-perchatp@nd AH Plus sealer labelled with

fluorescent dye (Rhodamine B isothiocynate), tarmte fluorescence under CLSM. Dye whs

added to the sealer during manipulation at an apete ratio of 0.1% (weight)

l

The root canal walls were coated by sealer withhilp of master cone after which the

master cone was placed in the canal up to WL

l

The root canal was obturated using accessory @mkexcess gutta-percha seared off gt

orifice level and lightly condensed with a plugger
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Teeth were sealed with Caviton (3M, ESPE) and iatedbat 37°C and 100% humidified

conditions for a week to simulate clinical condiso

l

Specimens were prepared by sectioning teeth hdallpnvith a diamond disc at apical thir

(2mm from apex) of each root and these slices weienm thickness each

|

l

All sections were polished with silicon carbideagive paper

l

After mounting the specimens on glass slides, Whene examined under Confocal Lase

Scanning Microscopy (CLSM)
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DETAILS OF THE PROCEDURES CONDUCTED DURING THE

RESEARCH:

Fifty-two extracted single rooted with single cama&ndibular premolar teeth were
selected. They were disinfected in thymol solut@n0.1%, cleaned of calcified
debris and soft tissues and stored in thymol smiutif 0.1% concentration till use. All
teeth were selected as per the inclusion and egolusriteria after being
radiographed. Decoronation of the teeth was doriegua diamond disk under
continuous water spray to acquire a standardizetllemgth of 14 mm. Establishing
of working length of each root canal was done Iseiting a size 10 K file until it is
visible at the apical foramen. 1mm was subtractesinf the recorded length.
Instrumentation of the root canal was carried butaster apical file size of F3 using
ProTaper universal, rotary instruments dependingmoal gauging. The canals were
irrigated thoroughly with 2 mL of 3% sodium hypoefite between successive files.

Teeth were randomly divided in 4 subgroups n= I®ading to the intervention.

SUBGROUP 1A: 17% EDTA + Diode laser

SUBGROUP 1B: 17% EDTA + PUI

SUBGROUP 2A: 1:1 mixture of 3% NaOCI+18% HEDP + @edaser

SUBGROUP 2B: 1:1 mixture of 3% NaOCI+18% HEDP + PUI

IRRIGATING SOLUTION PREPARATION: 18% HEDP was prepared from

commercially available HEDP in 3% NaOCI solutiorwd capsules were mixed in

10mL of NaOCI solution. The solution was freshlgpared before use.
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ACTIVATION OF THE IRRIGATING SOLUTION:

DIODE LASERS ACTIVATION

Diode laser Activation of 17% EDTA- Irrigation di¢ canals was initially done with
0.8 mL of 17% EDTA and the remainder 0.2 mL was$vateéd with the help of Diode
Laser (Siro laser blue, 970 nm+/-10, peak poweagsyCW), 200m diameter fiber

tips) for 20 seconds cycle.

Diode laser Activation of 1:1 mixture of 3% NaOC8¢% HEDP - Irrigation of the

canals was initially done with 0.8 mL of 1:1 mixtuof 3% NaOCI+18% HEDP and
the remainder 0.2 mL was activated with the helafde Laser (Siro laser blue,
970nm+/-10, peak power 2 watts (CW), g0 diameter fiber tips) for 20 seconds

cycle.

ULTRASONICS ACTIVATION

Ultrasonic activation of 17% EDTA - Canals weregated with 1 mL of 17% EDTA

with Passive Ultrasonic activation using no.25adunic tip for 30 seconds cycle.

Ultrasonic activation of 1:1 mixture of 3% NaOCI®A8HEDP - Irrigation of the
canals was initially done with 1mL of 1:1 mixturé 3% NaOCI|+18% HEDP with

Passive Ultrasonic activation using no.25 ultrasaipi for 30 seconds cycle.

Irrigation of canals was done with 3mL of salinetéominate the action of irrigating

solutions. The root canals were dried with papentsand prepared for Obturation.
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PREPARATION OF THE SEALERS: Sealer was mixed with Rhodamine B dye

during manipulation in an approximate ratio of 0.@#t). this was done to help create
fluoresce under the CLSM. The manufactures indonstwere followed to prepare
the sealer and then with the help of the mastee guitta percha it was coated on the
root canal walls. Obturation followed this step aty excess gutta percha at the
orifice was removed and remaining was condensed aviflugger. Caviton was used
to seal the teeth and then they were incubated &€ 3under humidified conditions

for 7 days.

PREPARATION OF SAMPLES: Sectioning at apical third (3 mm from the apex)

of each root to obtain 1mm thick sections. Thesecispens were examined using
CLSM (OLYMPUS FLUOVIEW FV 3000) for dentinal tubulpenetration of the
sealer. Excitation and emission wavelengths of &id 561 nm was used to acquire

epifluorescence for Rhodamine dye.

CALCULATION OF ‘DENTINAL TUBULE PENETRATION: Fiji Image J

software was used to analyze images and longestrpéion depth of sealer was
measured. This depth was measured using the megstgol in the “Image J
software” and was calculated from the wall of thenal to point of deepest
penetration of the sealer. Measurement analysisdeas by a single operator and
each measurement was repeated twice in order tareengproducibility and

consistency.

STATISTICAL ANALYSIS: “Two-way ANOVA test” was used for statistical

analysis for maximum ‘tubular penetration’ depthld drukey’s multiple post-hoc test

was used for pairwise comparison among the founggo
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Fig 1: Human Mandibular Premolars
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Fig 3: Materials
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Fig 4: Debris Removal

Fig 5: Decoronation

Page 26



Materials and Methods

UM MR S S A

-’.-’
”
w BPEws

p -
Dagsryy

MAILLEFER
aiaajiaes
-

Fig 6: Working Length Determination

Fig 7: Bio-Mechanical Preparation

Page 27



Materials and Methods

Page 28



Materials and Methods

Fig 10: Irrigation activation with PUI
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Fig 11: Drying canals with paper points

Fig 12: Dye incorporation in sealer
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Fig 13: Obturation

LABOTECH BACTERIOLOGICAL INCUBATOR
ge3

Fig 14: Incubation
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Fig 15: Sectioning

Fig 16: Confocal Laser Scanning Microscopy
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RESULTS

In all, 13 samples in each subgroup were analyaeddntinal tubular penetration of

sealer in “apical” third sections.

Table 1 depicts, the mean depth of penetrationdsta deviation and standard error
of the four categories, consisting of 13 specimgasgroup by one-way ANOVA.
The highest mean depth of penetration in the ageation was seen with “HEDP”
after Passive Ultrasonic Irrigation (Group 2B),ngeb98.26 pm and the results were
shown to be significant statistically (P=0.0001anples filled with “AH Plus” sealer
after EDTA + DIODE Laser activation (Group 2A) sheavthe least penetration, i.e.,

420.28 um. [Table 1]

Tukey’s multiple post-hoc test was used for the parison of the two main groups in
the apical section and highly significant differenveas seen between “EDTA” (Group
1) and “HEDP” (Group 2). Significant difference (08082) was seen statistically
between the two main groups, thereby indicating tHHEDP showed a positive

influence on the sealer penetration. [Table 2 arap® 1]

Tukey’s multiple post-hoc test was done for the parison of the two sub groups in
the apical section and highly significant differengas seen between “DIODE” (Sub
group A) and “PUI" (Sub group B). Statistically sificant difference (p=0.0001) was
seen between the two subgroups, thereby indicatiag ‘PUI' showed a positive

influence on the sealer penetration. [Table 3 arap(® 2]

Table 4 represents the comparison of interacta@nsvo main categories (Group 1
and Group 2) and two sub groups (Sub group A ard @oup B) with depth of

penetration by Tukeys multiple posthoc proceduvéeen EDTA with Diode Laser

Page 33



Results

activation was compared with EDTA with PUI activatj EDTA with PUI showed a
better penetration of sealer. HEDP with Diode Laasetivation was compared to
EDTA with Diode Laser activation, showed similarptie of penetration (not
significant). EDTA with PUI was compared with HEDWth diode, the sealer
penetration was comparable (not significant). HEB®Rh PUI activation was
compared with EDTA with Diode Laser activation, lsegenetration was highest in
HEDP with PUI activation. Comparison between HEDRhwWPUI activation was
compared with EDTA with PUI activation, better s¥apenetration was seen with
HEDP with PUI activation. When intergroup companissas done between HEDP
with PUI activation and HEDP with Diode Laser aation, highest sealer penetration

was seen with HEDP with PUI activation.
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Table 1: Summary of depth of penetration in two man groups (Group 1 and Group 2)

and two sub groups (Sub group A and Sub group B)

Effects with level of Factor N Mean| Std.Dev. Std.Er 95% CI for Mean
Lower Upper

Total 52 626.57| 308.24 42.74  540.16  712.89

Group 1 26 543.88 196.98 38.68  464.32  623|44

Group 2 26 709.27|  375.23 7359  557.y1  860|83

Sub group A 26 453.53 145.69 28.57 394.68 51237

Sub group B 26 799.672 332.12 65.14 66547  933.77
Group 1 with Sub group A 13 486.78 150.32 41.69 .B95 577.61
Group 1 with Sub group B 13 600.98  226.23 62.74 .24 737.69
Group 2 with Sub group A 13 420.28  138.68 38.46 .8B6 504.08
Group 2 with Sub group B 13 998.26  305.18 84.64 813 1182.68

Table 2: Comparison of two main groups (Group 1 andsroup 2) with depth of

penetration by Tukey’s multiple posthoc procedures

Groups Group 1 Group 2
Mean 543.88 709.27

Std.Dev. 196.98 375.23

Group 1 -

Group 2 P=0.0082,S -
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Graph 1: Comparison of two main groups (Group 1 andGroup 2) with depth of

penetration

Depth of penetration

850.00

Current effect: F(1, 48)=7.6413, p=.00807
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Table 3: Comparison of two subgroups (Group 1 and &up 2) with depth of

penetration by Tukey’s multiple posthoc procedures

Groups Sub group A Sub group B
Mean 453.53 799.62
Std.Dev. 145.69 332.12
Sub group A -
Sub group B P=0.0001,S -

Page 36



Results

Graph 2: Comparison of two subgroups (Group 1 and ®up 2) with depth of

penetration

Depth of penetration

Current effect: F(1, 48)=33.462, p=0.0001
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Table 4: Comparison of interactions of two main groaps (Group 1 and Group 2) and

two sub groups (Sub group A and Sub group B) with epth of penetration by Tukey’s

multiple posthoc procedures

Interactions Group 1 with SubGroup 1 with Suly Group 2 with Sub| Group 2 with Sub
group A group B group A group B
Mean 486.78 600.98 420.28 998.26
Std.Dev. 150.32 226.23 138.68 305.18
Group 1 with Sub -
group A
Group 1 with Sub P=0.5366,NS -
group B
Group 2 with Sub P=0.8605,NS P=0.1567,NS -
group A
Group 2 with Sub P=0.0002,S P=0.0003,S P=0.0002,S -
group B
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Graph 3: Comparison of interactions of two main graips (Group 1 and Group 2) and

two sub groups (Sub group A and Sub group B) with epth of penetration
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CLSM Images depicting penetration of AH Plus

645.191um /

/

Fig: 17 CLSM image representing the depth of peneéttion of AH Plus sealer after

EDTA and DIODE LASER activation

768.436 pm

Fig: 18 CLSM image representing the depth of peneéttion of AH Plus sealer after

EDTA and PUI activation
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689.493 pm

Fig: 19 CLSM image representing the depth of peneéttion of AH Plus sealer after

HEDP and DIODE LASER activation

1176.427 pm

Fig: 20 CLSM image representing the depth of peneéttion of AH Plus sealer after

HEDP and PUI activation

Page 41



Discussion

DISCUSSION

An important objective of root canal therapy isritmtion of the internal
anatomy of the root canal. During instrumentatiariayer of debris comprising of
dentin, traces of pulp tissue and odontoblastic cggees, and sometimes
microorganisms, forms on the canal walls. Evenratt@rough chemomechanical
debridement there remain traces of microbial c@eniThe main root canal and also
the dentinal tubules are invaded by microorganishhss smear layer formed during
biomechanical preparation gets smeared on thenmltevall of the canal and the
filing materials, thereby inhibiting the total ertocking and adhesion of the canal

obturating materials in the tubules of denfir® %!

Currently, multiple methods have been introducedtlaar the smear layer

which includes chemical, ultrasonic, and laser negples.

The preparation of root canal is followed by the o$ irrigating solutions for
the removal of the formed smear layer. Sodium higlmie, (NaOCIl) and ethylene
diamine tetra-acetic acid (EDTA) solution are th@smpopularly used irrigants.
Sodium hypochlorite has the ability to dissolveag tissues and is bactericidal but
not effective in removing the formed smear layehe Teffective penetrability of
sodium hypochlorite into the dentinal tubules isdj concentration, temperature and

activation time dependerit? °!

Other irrigants introduced like MTAD, containing 3#oxycycline, 4.25%
citric acid and detergent (Tween 80), can be usedgawith NaOCI to effectively

remove the smear layéf.
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Multiple studies have stated that the effective oeah of organic and
inorganic debris is done with the help of the camakibn of sodium hypochlorite (2.5-
5%) and EDTA (10-17%). EDTA is capable of removsigear layer because it is a
ca’ chelating agent. The number of lateral canalsetdilked increases as dentinal

tubules open up after a final flush of EDT]!

Research reports that these chelators cause thiers@mn of dentinal structure
chemically as well as change the ratio of calciurd ghosphorus in the root canal
dentine. Changes in the diffusibility and solubtegerties of human dentine is caused
by any changes in Ca : P ratio which further affedbie quality of root canal sealer
adhesion. This results in sequalae of significaptcad microleakage due to
compromised sealer penetration. Moreover, EDTA @itdc Acid (component of
MTAD) highly react with sodium hypochlorite, thesebmaking the agent
incapacitated. Hence, it is essential to searchdated, biocompatible and efficient

irrigating protocol during root canal procedurés.

Chelating agent such as HEDP, can be mixed with@a®he ability to use
both agents together clinically is time saving wtsterilizing the root surfaces and
clearing the smear layer, during the chemo-mechaniceparation of the root
canald”) When compared with EDTA, HEDP is less harmful witispect to its
effects on the root dentin. Since HEDP removes I€dS ions than EDTA it
attributes the to basic pH (11.5) of this irrigdftThe smear layer removal efficacy
of HEDP is comparable to that of EDTA and it does aifect the property of NaOCI
to dissolve the organic tissud.HEDP can be used in different concentrations sisch
9% and 18%. The researcher concluded that the taveegentration used should be

18% to guarantee optimal removal of smear la§fefhis irrigant is suggested to be
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used in combination with NaOCI as an alternativethie popularly used EDTA

solution.

Difficulties in NaOCI reaching the inaccessibleamean be attributed to the
inadequate administration of irrigating solutiorsing a syringe in the root canal
system having highest streaming velocity which méygresent in the lumen and
around the tip of the needle. The direct contadtrajant with the dentinal walls of
anatomical complexities is prevented by the higffiese tension of NaOCI. Literature
shows that the irrigating solution has an effecyonel the needle’s tip only to a
certain extent due to the dead-water zone or dbles in the apical region of root

canal, which prevents penetration of the solutioically.*”

In order to achieve better results manual activatibendodontic irrigants as
well as machine assisted devices such as sonresaittic, apical negative pressure
irrigant system, plastic rotary files and lasersudti be done. Improvement in canal
cleaning is apparent with these methods when casdpar conventional syringe and

needle irrigation*”!

Due to their challenging anatomic variations anegfrent extraction for
orthodontic treatment, human mandibular premolaesewchosen for the study. In
order to prevent fungal growth, 0.1% thymol solativas used to store the
specimens. To obtain a uniform root length of 18 eam with a flat coronal surface,
specimens were decoronated. This was done to cothbatiscrepancies due to
variations in access cavity preparations and t@teren equivocal reference for
evaluation. ProTaper Universal files were usedformechanical preparation as they

possessed improved cutting efficiency and redusesidnal loading?® 2°!
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Irrigation protocol followed was- 3% sodium hypaoatile between successive
instrumentation because of its potential to dissolissue and antimicrobial
characteristics followed by a final flush with 17/B®TA after the use of NaOCI for
smear layer elimination. In another group, finaisfi was done with 1:1 mixture of

3% NaOCI+18% HEDP.

Passive Ultrasonic Irrigation and Diode Laser wesed to activate the
irrigants. Final irrigation was performed with sedi to banish the effect of the
remnant oxygen from NaOCI on the polymerizatiorttef sealers? "' To prevent
microleakage Caviton was used over the gutta peasha temporary restorative
material®® To guarantee sealer's complete setting and polyaon and to simulate
the oral environment, all the samples were stot&¥ &C in humidified conditions for

a period of one week.

To evaluate the tubular penetration depth in thedyst Confocal Laser
Scanning Microscope (CLSM) was the method of choieer SEM, due to its ability
to create a 3D image, visualize sections at differkevels and make depth
measurement more precise. Integrity of the dentis wreserved, thereby allowing
the samples to be used again with the help of CL&Mit eliminated added steps of
sample preparation like gold spluttering or dehtidra Another advantage of CLSM
is that it prevents artifacts. This is due to thmlgsis being performed from the
surface to 20-30 microns depth. Minute amounts¥).af the Rhodamine dye was
needed to obtain the fluorescence and hence thier'seproperties remained

unchanged?® *°!
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The present study showed that Apexit Plus sealértihe deepest penetration
in the apical third of the canal when the finalsfiuwas performed with HEDP and
activated with Passive Ultrasonic Irrigation. Speens filled with AH Plus sealer
after HEDP + DIODE laser activation showed the tegasnetration. Intra group
comparison was done between the two sub groupBeirapical section and highly
significant difference was seen between DIODE (§wdup A) and PUI (Sub group
B). In the present study, statistically significadifference (p=0.0001) was seen
between the two subgroups, thereby indicating Bidt has a positive influence on
the sealer penetration which was also conferredirhin et al.*® [Table 3 and Graph
2] Literature supports that apical penetrabilityimigating solution can increase on
ultrasonic agitation” As oppose to the manual irrigation, it is the higteed and
flow volume created due to ultrasonics, which caudecreased apical accumulation
of debris and increased availability of the solntio the inaccessible parts of the
apex. Limitation of debris, reduced apical packieghanced access of the product to
the accessory canals and flush effect caused byulin@sound but not manual
irrigation can be due to the fact that ultrasoundates a higher speed and flow
volume of the irrigating solutioh”

The results of the past studies show that Diodelgave a optimistic results
in the activation of the irrigant. This might beedto unique properties of Diode
Lasers such as photochemical, photoacoustic, amdotilermal effect8? Laser
induces formation of cavitation-creating vapor @esthe fluid. A force created on the
collapse of these bubbles creates implosions thpadt the root surfaces and cause
surface deformation and surface material remBfalHowever, in the present study
Diode Laser activation showed the least penetragiosealer into the tubules of the

dentin, which might be due to low peak power (2tg)atised in this study. Emissions
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of laser from the tip of the optical-fiber makenitpossible to obtain uniform coverage
of the canal surface owing to the fact that it wastlateral onto the root canal walls

and hence caused failurd.

In this present study, intergroup comparison rexdaHEDP irrigant
performing better than EDTA irrigant with a statatly significant difference,
thereby indicating that ‘HEDP’ showed a positiveiance on the sealer penetration.
This is contrary to studies done by Lottanti etaald Kfir et al.® ¥ [Table 2 and
Graph 1]. The results of this study confirm the ioyed efficiency of HEDP over

EDTA.

In this present study highest sealer penetratioa seen when HEDP was
activated with PUI followed by the group which wesated with EDTA and activated
by PUI. Decreased efficacy was seen with EDTA atéig by Diode Laser followed

by least efficiency seen when HEDP was activateDiogle Laser.
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CONCLUSION

The irrigating solution activation techniques prominently influence the
penetrability of the sealer in the dentinal tubules of the root. When penetrability of the
sealer with various irrigation techniques and irrigants were evaluated, significant by
greater levels of sealer penetration were attained with PUI activation of HEDP. To
conclude, HEDP can be used as substitute to EDTA for smear layer removal. Taking
in account the drawbacks of EDTA, an in-vivo study with various concentrations of
HEDP and different activation techniques should be carried out to support the results

of the present study.
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SUMMARY

Successful endodontic therapy is reliant on prafeaning and debridement of
the root canal system and a fluid tight impervisaal. Various newer equipments and
materials have been introduced in order to acheéelighly sterile environment within
the canal, resulting in successful outcomes. Theeut of irrigant activation proved
to enhance the efficiency of the root canal iriiggtsolution within the root canal as
well as in complex anatomies present within thet roanal system and dentinal

tubulest!!!

Activation of irrigating solutions can be achievdy manual irrigation
activation and also by using alternative methodshsas sonic, ultrasonic, apical

negative pressure irrigant system, plastic rotéeg fand lasers.

In this study, dentinal penetration after using BDdnd HEDP medicament
has been evaluated as it has been observed thatr $ayer interferes with sealer
penetrability. However, an association betweenelresidues and the epoxy resin-

based sealers was found which led to the aim sfstiudy.

Decoronation of these teeth was done to achievaralardized root length of
14+1mm with the help of a diamond disk. WL was aldted using a 10 K-file and the
samples were divide into 2 groups, EDTA and HEDBRupgr Biomechanical
preparation was completed with ProTaper Univerdes fup to size F3 followed by
irrigation with 2 ml of 3% sodium hypochlorite beten successive files. Teeth were
categorized at random in 4 subgroups (n = 13) agheeintervention. SUBGROUP
1A: 17% EDTA + Diode laser, SUBGROUP 1B: 17% EDTAPYI, SUBGROUP

2A: 1:1 mixture of 3% NaOCIl+18% HEDP + Diode las&JBGROUP 2B: 1:1
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mixture of 3% NaOCI+18% HEDP + PUI. The final rinsgh 17% EDTA was done
after the administration of NaOCI for the smearelaglimination. In another group,
final flush was done with 1:1 mixture of 3% NaOC8% HEDP. Activation of

irrigants was performed with Passive Ultrasonidgation and diode laser. Final
irrigation was performed with saline to banish éfiect of the remanent oxygen from

NaOCI on the polymerization of the seal&$’

Obturation was done using a sealer labeled witBhRhodamine dye and the
samples were incubated for a week. Sectioning vea® dor CLSM evaluation and

images obtained were analyzed using Image J satwar

The ‘null hypothesis’ that EDTA and HEDP on actigatwith diode laser and

PUI did not influence the sealer penetration wgscted.

Highly significant results were obtained with HED#ter PUI activation,
showing the highest penetration, followed by Grdupubgroup B and Group 1

subgroup A. Least dentinal tubule penetration ve&s svith Group 2 subgroup A.
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