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ABSTRACT

Aim of the Study: To evaluate and compare the retreatability of caotals obturated

with Epoxy resin, Silicone and Calcium silicate ddsealer using Protaper

Universal Retreatment files and analysed

OBJECTIVES:

* To evaluate the retreatability of root canals odeed with Epoxy resin, Sili-
cone, Calcium silicate based sealers using CBCT.

» To compare the retreatability of root canals oliedavith Epoxy resin, Sili-
cone, Calcium silicate based sealers using CBCT.

» Time taken for the complete removal of Epoxy reSilicone and Calcium

silicate based sealers using stopwatch.

Study design: Forty five extracted human mandibular premolar leingoted teeth
were selected and handled according to OSHA gueeliThe teeth were decoronat-
ed using a diamond disc under copious water spyagctiuire a standardized root
length of 14 mm from the apex. Working length wagablished 1mm short of the
root length till 10K file exits the apical forame@leaning and shaping was performed
using Protaper Universal Rotary system till MAF RBal of 3% of Sodium hypo-
chlorite was used as an irrigant, after each chafgestrument. Final rinse was done
by 17% ethylenediaminetetraacetic acid (EDTA) fotal by saline. The root canals
were dried by using paper points. Then, the sampl® randomly divided into 3

groups based on the sealer used (n=15).

Group I: Epoxy resin-based sealer + Thermoplagtitcgutta-percha



Group IlI: Silicone-based sealer +Thermoplasticigetia-percha

Group llI: Calcium silicate-based sealer +Thermsiiazed gutta-percha

The sealers were mixed according to the manufat$urestructions and were coated
on the canal walls, 1mm short of the apex usingoa 26 lentulospiral. Obturation
was done using Continous Wave Compaction technigost obturation CBCT imag-
es were taken to check the quality of obturaticamfles with voids or incomplete
obturation were discarded from the study and a s&mple was added to the group.
Teeth were sealed with Cavit and incubated at 3#7€100% humidified conditions
for 2 weeks. After 2 weeks, Cavit was removed withnd bur, thus forming a reser-
voir for the solvent. Drop of Orange oil (GP solt)ewas applied to the gutta-percha
for 2-3 mins and a size 25 K file was used to éisfala glide path before introducing
rotary instruments. The obturating material wasaesd with Potaper Universal Re-
treatment system.The D1, D2 and D3 files were saitplly used at a speed of
500rpm. The retreatment files were utilized for tegeatment of a maximum of three
canals. Each file was examined under magnificatmnany signs of distortion or
fracture following use. Files exhibiting any vishileformation or structural compro-
mise were immediately discarded to ensure starmiidn and procedural safety At
each change of instrument, the root canals weagatad with 2ml of 3% Sodium hy-
pochlorite. When the instrument reaches apicaltbivd-use of solvent was discon-
tinued. The working length was maintained and roamals were reshaped using
Protaper Universal rotary system to a MAF size A3the end of this procedure, all
root canals were irrigated with 2ml of 3% Sodiunpbghlorite, 17% EDTA, fol-

lowed by final flush of saline and was dried withpgr points. Retreatment time for
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complete removal of obturating material was recdrdsing stopwatch. The samples

were evaluated using CBCT in axial , coronal argittd sections.

CBCT cross-sections will be analysed and scordsbeiobtained for all the CBCT

images by using formula: (S1/S2)X100

S1is the surface area of the residual obturatiatgrial

S2 is the surface area of the root canal.

Results: Statistical analysis indicated that there weraifitant variations in the re-
sidual surface area of obturating materials, dejpgndn the type of sealer used and
the specific region of the root canal (p < 0.03)eTapical third consistently showed
the highest residue, while the coronal third hadl#ast. Among the sealers, Ceraseal
exhibited the highest residual material, indicatmegluced retreatability. AH Plus
showed moderate values, and GuttaFlow Bioseal dstraded the least residue

across all thirds, suggesting superior removatiefficy during retreatment.

Conclusion: The findings indicate that the efficiency of roanal retreatment is sig-
nificantly influenced by the type of sealer used &me canal region. GuttaFlow Bi-
oseal exhibited the highest retreatability, follaWsy AH Plus, while Ceraseal proved
the most difficult to remove. The apical third renead the most challenging area for
complete material removal, emphasizing the nee@ddvanced techniques in this re-

gion.

Key words. Ceraseal, AH Plus, GuttaFlow Bioseal, Protapeivéhsal Retreatment

system, Cone beam computed tomography, Orang€aikinous Wave Compaction
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I ntroduction

INTRODUCTION

Root canal therapy is considered a highly predietabnd successful
procedure, with reported success rates reachingou§3%. However, in certain
instances, treatment outcomes may be compromissdting in persistent apical
pathology- In such cases, non-surgical endodontic retreatsemes as the preferred
intervention, with the primary objective of eliminagy residual infection and re-
establishing periapical health. This objective issitates regaining access to the root
canal system, followed by complete removal of tmevipus obturation material,
thereby facilitating thorough chemomechanical d#dment, disinfection, and

subsequent re-obturation of the canal system.

A major impediment to successful retreatment lreghe incomplete removal
of obturating materials, particularly endodonti@lses. These remnants may act as a
physical barrier, preventing disinfecting agentsrfrreaching microorganisms located
within inaccessible anatomical complexities. Moregvesidual sealer may adversely
affect the adhesion of newly placed sealer to dahtisurfaces, potentially
compromising the integrity of the coronal and abiseal. Previous studies have
identified sealer remnants as the predominant comptoof residual filling material
following retreatment procedurésRoot canal sealers are available in various
formulations, including zinc oxide-eugenol-based|citim hydroxide-based, glass

ionomer-based, silicone-based, and resin-based iype

AH Plus (Dentsply) sealer is one of the most wideted epoxy resin-based
endodontic sealers. It consists of a paste-pastersyi.e. Epoxide paste Diepoxide,
Calcium tungstate, Zirconium oxide, Aerosil, PigmeAmine paste- 1l-adamantane

amine,l-adamantane amine, TCD-Diamine, Calcium diag, Zirconium oxide,
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Silicone oil? This sealer recognized for its favorable physidaracteristics such as
low solubility, suitable flow, and the ability tosblish an effective apical seal.
Despite these advantages, it lacks the capacitgh&nically bond with dentinal

surfaces, which may affect the long-term integofythe seal and pose challenges
during retreatment. As a result, there is an orgyamerest in the development of
alternative sealers that not only exhibit stronfesmion to root canal dentin but also

allow for easier removal when retreatment is resglir

GuttaFlow Bioseal (Coltene Whaldent), is a newcBilie based-sealer, a
hybrid cement consisting of bioactive ceramic glass mixture of gutta-percha,
polydimethylsiloxane, platinum catalyzer and zircon dioxide® This sealer has
demonstrated low solubility and porosity, alkaliaatcapacity, dentine penetrability

and it also favours the regeneration of apicatigs$

Calcium silicate (CS) materials, called Bioceramiege considered a
breakthrough in endodontic treatment due to thdwaatageous biocompatibility,
antibacterial activity, appropriate filling abilitand good physicochemical properties.
Premixed sealers demonstrated greater filling tgbéind easier application than

conventional sealers.

Ceraseal (Metabiomed, Korea) is a premixed calcgilivate based-sealer
consists of Tricalcium silicate (€3i0s) Dicalcium silicate (C&iQs), Zirconium
oxide (ZrQ), Tantalum oxide (TAs), Calcium hydroxide (Ca(OHl))and Thickening
agents and dispersing additives. It demonstrateghehi obturation quality and

appropriate biological, mechanical, and physicodhehpropertie$.
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A variety of obturation techniques have been deyadioto enhance the three-
dimensional sealing of the root canal system. Amitregmost commonly employed
methods are Lateral Condensation (LC), Warm Vdrti€@ampaction (WVC),
Continuous Wave Compaction (CWC), and thermoplastjectable gutta-percha
technique$ A well-obturated root canal is characterized radipgically by a
continuous radiopaque mass that conforms preciedlye shape of the canal without
the presence of voids. To address the anatomicaplexities of the root canal
system—particularly in irregular or oval-shaped alan-thermoplastic obturation
methods have gained widespread acceptance. Teelsnguch as CWC and other
Thermoplasticized gutta-percha system involve hgatjutta-percha above 60°C,
which increases its plasticity and flow. This prdpedacilitates better adaptation to
canal irregularities, thereby producing a denset mrore homogeneous fill Over
time, several thermoplastic techniques have beetroduced, including
thermomechanical compaction, the CWC technique, @rd-carrier systems, each

offering improved outcomes in complex canal anagshi

One of the basic properties of an ideal root cabalrating material is being
removable for retreatment purpose. For proper raiof root canal filling, many
techniques and materials have been proposed inguund and rotary files, heat

carrying instruments, solvents, ultrasonics andriad

Grossman has quoted one of the basic requiremerarfddeal root canal
sealer is to be soluble in a solvent in case séagtent* A variety of solvents are
available for clinical use, including eucalyptuf orange oil, xylene, and chloroform.
These agents play a dual role by dissolving gutt@ia and functioning as lubricants
for endodontic instruments, thereby minimizing thigk of instrument separation,

canal transportation, and root perforation durielgeatment procedures. Among these
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options, orange oil has gained preference duestiaviorable biological profile. It has
been shown to be less cytotoxic and more biocotigatompared to eucalyptol and

chloroform, making it a safer alternative for bpttients and clinician.

The use of rotary files successfully facilitatesediective removal of the bulk
of gutta-percha and sealer based fillings from rthaet canal. Among the various
systems developed, the ProTaper Universal Retreatifi€TR) system has been
proven to be an effective retreatment system whicludes three files D1, D2 and

D3 with various tapers and tip diamet@rs.

Various methods have been utilized to assess tinmamts of root canal
sealers and gutta-percha following retreatment gumoes. Among these,
stereomicroscope, micro-computed tomography (m&fy- and cone-beam
computed tomography (CBCT) are the most commonlgleyed. Stereomicroscope
allows for direct visual evaluation of the canaffaoe; however, it requires sectioning
of the tooth, which is a destructive process ang otanpromise the integrity of the
samplet* Micro-CT is considered the gold standard for thd@eensional assessment
due to its high resolution and accuracy, yet itpliaption is often limited by high
costs, technical complexity, and limited accesijbih routine clinical practice. In
contrast, CBCT has gained popularity in recentyearing to its non-invasive nature,
greater availability, and lower radiation exposwa@mpared to conventional CT.
CBCT exhibited better efficacy compared to routiraiographic techniques. It

provides a 3D view of the root canal non-invasively

The controversy on the removal of the new sealersGalcium silicate and
Silicone based root canal sealers during retredtnsea matter of concern among

many clinicians.(3Jo our knowledge, no research was been done onansop of
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the retreatability of root canals obturated withoEp resin, Silicone and Calcium

silicate based-sealers using Protaper UniversatRtenent files.

Therefore, the aim of this study was to compareréigeatability of canals
obturated using AH Plus, GuttaFlow bioseal and S€=ahsealers. The retreatment

efficacy of these sealers using Protaper retredtfiles, was assessed using CBCT.
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Aims & Objectives

AIMS AND OBJECTIVES

AIM

To evaluate and compare the retreatability of roabals obturated with
Epoxy resin, Silicone and Calcium silicate basedleseusing Protaper Universal

Retreatment files.

OBJECTIVES

To evaluate the retreatability of root canals olteed with Epoxy resin,

Silicone, Calcium silicate based sealers using CBCT

To compare the retreatability of root canals olidawith Epoxy resin,

Silicone, Calcium silicate based sealers using CBCT

Time taken for the complete removal of Epoxy reSiicone and Calcium

silicate based sealers using stopwatch.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESIS: -

There will be no difference in the retreatabilitly Epoxy resin, Silicone and

Calcium silicate based sealers using Protaper Wsav®etreatment system

ALTERNATE HYPOTHESIS: -

There will be a difference in the retreatability Bpoxy resin, Silicone and

Calcium silicate based sealers using Protaper Wsav®etreatment system

Page 7
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REVIEW OF LITERATURE

1. An in-vitro-study bySedigheh Khedmat et abj compare the efficacy of ProTaper
retreatment (ProTaper R) and Mtwo retreatment (MRydfiles in removing gutta-
percha and GuttaFlow from endodontically treatedigihit root canals. In study they
have used AH 26 and GuttaFlow sealer, filled canaith Lateral condensation
obturating technique, retreatment was done usioddrer retreatment (ProTaper R)
and Mtwo retreatment (Mtwo R) files, without usiagy solvent, and CBCT was used
for evaluation. The study concluded that the remaiffilling materials in the canals
treated with ProTaper were less than Mtwo. The meimg volume of GuttaFlow was
less than gutta-percha regardless of the systediedpMtwo R files removed root

fillings faster than ProTaper R.

2. An in-vitro-study by Tamer Tasdemir et ato assess the removability of canal
fillings performed by using current methods durimg-treatment with rotary
instruments. The teeth were randomly divided iAtoobturation groups of 18
specimens each as follows: group 1, Resilon angHtapiy; group 2, GuttaFlow
obturation system; group 3, EndoTwinn obturatiostem; group 4, gutta-percha
with AH Plus sealer. The filled canals were reeelaby using Mtwo-Retreatment
instruments and Mtwo instrument@peration microscopes, have been used for
evaluation purpose. In addition, the roots werédt $phgitudinally, and the residual
gutta-percha and sealer were measured with a gceyistem or linearlyThe study
concluded that theesidue of the root-filling materials was observedll specimens
regardless of the root-filling material used. Whiea filling amounts inside each third
and the whole root canal were compared, there werestatistically significant

differences between the filling method3X .05). After the removal of the material,
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there were more filling remnants in the apicaldhsompared with the middle and

coronal thirds.

3. An in-vitro study byEmel Uzunoglu et alto evaluate the retreatability of root
canals obturated with gutta-percha (GP) and thiféereht endodontic sealers [iRoot
SP (bioceramic sealer), MTA Fillapex (MTA-basedlegaand AH-26 (epoxy resin-
based sealer)] using the ProTaper Universal Reteyat (PTR) system. Evaluated
under a stereomicroscope. The study concludedrttsangle-cone GP/MTA Fillapex
group the Total working leghth (TWL) was signifitly shorter. The remnant of
filling material in the apical and middle thirds gfoups was similar and higher than
the coronal thirds. None of the tested sealers wenepletely removed from the root

canal system

4. An in-vitro study by \alentina Giuliani et alto evaluate the efficacy of the
ProTaper Universal System rotary retreatment systach of Profile 0.06 and hand
instruments (K-file) in the removal of root fillingnaterials. Forty-two extracted
single-rooted anterior teeth were selected. Theyewandomly divided into 3
experimental groups. The filling materials were osed with solvent in conjunction
with one of the following devices and techniqués ProTaper Universal System for
retreatment, ProFile 0.06, and hand instrumentsfiléiK-Evaluated under a
stereomicroscope. The study concluded that thepgtioat showed better results for
removing filling materials was the ProTaper UnierSystem for retreatment files,
whereas the group of ProFile rotary instrumentsdgi@ better root canal cleanliness
than the hand instruments, even though there wasstatstically significant
difference. The ProTaper Universal System for egtrent and ProFile rotary
instruments worked significantly faster than thefil&- The ProTaper Universal

System for retreatment files left cleaner root tawalls than the K-file hand
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instruments and the ProFile Rotary instrument$ioalgh none of the devices used
guaranteed complete removal of the filling materidlhe rotary NiTi system proved

to be faster than hand instruments in removing fiioig materials.

5. An in-vitro study byE. Pedulla et alTo investigate the retreatability of two
calcium silicate-based materials (BioRoot RCS, &a&mit, Saint-Maur-des-Fossés,
France) and GuttaFlow Bioseal, (Colténe/Whaledeun$ing rotary instrumentation
combined with supplementary irrigant agitation t@gies using extracted teeth in a
laboratory setting. Root canals were filled withttgepercha and GuttaFlow Bioseal
(GB, group 1) or BioRoot RCS (BR, group 2), scanasithg a micro-CT scanner and
stored in phosphate-buffered saline for 4 montResmoval of root filling was
performed with rotary instruments, and specimensewandomly allocated to one of
the subgroups for supplementary irrigant agitatjon= 12): subgroup A, syringe
irrigation (control); subgroup B, Tornado Brush (M, Suresnes, France) and
subgroup C, ultrasonically activated irrigation. eSjpmens were re-scanned with
micro-CT to calculate the volume of remnant rodtinfy material. The study
concluded that Specimens filled with GuttaFlow Bialswere associated with a
significantly smaller volume of root filling remntncompared with BioRoot RCS (P
< 0.05). In group 2 (BioRoot RCS), subgroups B (HEamlo Brush) and C
(ultrasonically activated irrigation) were assoedhtwith a significantly smaller
volume of root filling remnants compared with suligw A (syringe irrigation) (P <

0.05). There was no significant difference betws@ngroups B and C.

6. An in-vitro study byTamer M. Hamdy et al. to assemsd compare the
physicochemical properties of two bioceramic sesalehH Plus Bioceramic Sealer
and Bio-C Sealer—with the resin-based sealer ADsEa¢ parameters evaluated

included flowability, setting time, solubility, ardimensional stability in accordance

Page 10



Review of literature

with 1ISO and ANSI/ADA specificationX-ray fluorescence (XRF) analysis was done
for the chemical elemental analysis of each s&ake results demonstrated that both
bioceramic sealers exhibited adequate flow, acbéptzetting times, and low

solubility, meeting the required standards.

7. An in-vitro study by Donyavi et al. aimed to asseiss retreatability of three
endodontic sealers—AH 26, MTA Fillapex, and 5% flde varnish—using CBCT
analysis. Forty-five extracted human mandibulanpiars were instrumented, filled
with gutta-percha and one of the three sealers, shbjected to retreatment after two
months. The residual sealer volume was measured) MATLAB-assisted CBCT
image analysis. Results showed AH 26 left signifita more residue in canals
compared to MTA Fillapex and fluoride varnish. Nasa fluoride varnish and MTA

Fillapex exhibited similar and significantly bettetrievability.

8. An in-vitro study by Shivanand et al. compared #f&ectiveness of ProTaper
Universal retreatment files, ProFile system, aaditronal H-files in removing gutta-
percha during endodontic retreatment. Sixty ex¢édhgiremolars were assessed for
cleaning ability, time to reach working length, acaimplete gutta-percha removal
was done with help of solvent and assessed usin§MCLAIl systems proved
effective, but none achieved completely clean cavalls. ProTaper Universal files
were significantly faster and more efficient thasttbProFile and H-files, especially
in the coronal and middle thirds. The apical the@hsistently retained more debris
across all groups. No apical extrusion or instrurregparation was observed, and
rotary systems showed better performance due todhsign and cutting action. The
study highlights that while rotary systems are neffigient than hand files, complete

cleanliness remains a challenge.
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9. An ex vivo study by Pawar et al. compared theotiffeness of the Self-Adjusting
File (SAF) and WaveOne systems in removing residuatl filling material from oval
canals after initial retreatment with ProTaperdil&orty extracted maxillary canines
were prepared and obturated using AH plus sealdowimg standard protocols.
Following ProTaper retreatment with solvent, saraplere divided into two groups:
one using SAF and the other WaveOne. Cone-beam wteshpomography (CBCT)
was employed to measure remaining filling materiRésults showed that canals
treated with SAF retained significantly less residd.6 mm3) than those treated with
WaveOne (9.4 mm3) (p < 0.001). Although both systdailed to completely clean
the canals, SAF demonstrated superior cleaningaeffi in oval canals due to its

adaptive design and continuous irrigation.

10.An in-vitro study by leu W et al. evaluates the gihgchemical properties of
GuttaFlow Bioseal, a novel bioceramic silicone-lbhs®ot canal sealer. The
investigation covered film thickness, flow, workiegtting time, and thermal behavior
using differential scanning calorimetry (DSC). Bias exhibited the highest film

thickness (44 um) and the lowest flow (21.43 mmoggesting reduced penetration
into fine anatomical spaces. It also had the skom®rking (4.5 min at 37°C) and
setting time (16.3 min), which may challenge ptamtiers with limited operating

time. DSC results revealed Bioseal had the fastest most intense exothermic
reaction, peaking at 14 minutes, attributed todital setting mechanism (hydration
and polymerization). In contrast, iRoot SP and AlHdsPshowed significantly longer
setting times. These findings suggest that whilesBal sets rapidly and efficiently, its
handling and application require precision, makihgsuitable for experienced

clinicians seeking time-efficient obturation in eddntic procedures.
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11.An in-vitro study by Farrayeh et al. evaluated #féectiveness of two rotary
retreatment systems—D-Race and ProTaper Universatte&ment—with and
without the supplementary use of XP—Endo Finishen Removing calcium silicate-
based sealers from root canals. Sixty single-ropieinolars were obturated using
Ceraseal and gutta-percha, then retreated using pootocols. CBCT, digital
microscopy, and SEM were used to analyze remamiatgrials. The study concluded
that neither D-Race nor ProTaper alone could fidipove sealer residues. However,
incorporating XP—Endo Finisher R significantly iroped cleaning efficacy in both
systems (p < 0.05). SEM imaging confirmed persistaicium silicate residues in
dentinal tubules despite EDTA and NaOCI irrigatiothe study highlights the
challenge of retreating bioceramic sealers due heir tdeep penetration and

mineralization, emphasizing the need for suppleargnnechanical activation.

12.An in-vitro study study by Kanchan Bhagat et al pamed two root canal
obturation techniques—Cold Lateral Compaction (CL@pd Warm Vertical
Compaction (WVC) using the Continuous Wave of Coatipa (CWC) technique—
in simulated 30° curved canals made of transpasenylic blocks (n=30) using
weight-based assessment of gutta-percha fill. Thannveeight of gutta-percha used
was significantly higher in the WVC group (0.056tkggn in the CLC group (0.042 g)

indicating better canal filling by weight in the V@/group.

13.An in-vitro study by Rafael Verardino de Camargo &t to assess the
physicochemical properties of AH Plus, GuttaFlowGittaFlow BioSeal, and MM
Seal, five samples of each root canal sealer weakiated to determine their setting
time (ST), dimensional change (DC), solubility (Stlpw (FL), and radiopacity (RD)
according to American National Standards Instititeérican Dental Association

(ANSI/ADA) Specification 57. AH Plus showed the belsmensional stability and
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lowest solubility, fully meeting ANSI/ADA standard&uttaFlow 2 had the highest

shrinkage and solubility, while MM Seal demonstatiee highest flow.

14. An in-vitro study by Zahra Sadat Madani et al. camagl the effectiveness of D-
RaCe, ProTaper Universal retreatment files, andd hdfiles for the removal of

obturation material from curved root canals.Tootrevobturated with standard GP
cones using AH Plus sealer by cold lateral compaathethod. CBCT imaging was
used to assess residual obturation material. Thatido of the procedure (including
the required time for reaching working length [Et]d total working time [TT]) and

procedural errors were also recorded. No signifidifierences were found in the
amount of residual material among the groups. We¢ techniqgues were similarly
effective in removing obturation material, thougbtary instruments had higher

fracture risk.

15. An in-vitro study by Kiran Rehman et al. to compdne effectiveness of orange
oil and chloroform in gutta-percha removal duringdedontic retreatment. Standard
gutta-percha cones were used along with a calciydrolkide-based sealer, and
obturation was performed using the cold lateral paction technique. For

retreatment, a mechanical approach involving mastahless steel hand files and
Gates Glidden drills (#1-3) was employed. Both 8wdvents were applied at the
canal orifice, with additional drops used as needPdstoperative periapical

radiographs were used to evaluate the amount aduasgutta-percha. The study
found no statistically significant difference infexftiveness between orange oil and

chloroform, supporting orange oil as a safer a#ttive.
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16.An in-vitro study by Hemant Kumar Yadav et al. cargd the dissolution
efficiency of xylene, eucalyptus oil, orange oilnda distilled water on three
endodontic sealers: Adseal (epoxy resin-based)xifg&lus (calcium hydroxide-
based), and Endomethasone N (zinc oxide-eugeneldha240 sealer samples were
immersed in each solvent for 2 and 10 minutes, péiftentage weight loss measured
to evaluate dissolution. Xylene was the most effecsolvent, especially after 10
minutes, while eucalyptus oil and orange oil parfed similarly and were moderately
effective, particularly on Apexit Plus and Endonatbne N. Adseal showed the least
solubility. No mechanical instrumentation was ugedhe study, and files were not

applicable.

17.An in-vitro study by Germain Sfeir et al. reviewdte clinical performance of
calcium silicate-based sealers, highlighting thsuperior biological behavior
compared to traditional sealers, with advantagebiamompatibility, antimicrobial
effects, and bioactivity. However, they noted cansaegarding higher solubility and
formulation variability. While these sealers shomrise, further research is needed
on their long-term performance, retreatability, &manulation differences to establish

more standardized guidelines for their use in endbds.

18. An in-vitro study by Flora Kakoura et al. conduct@aomprehensive literature
review on the retreatability of new-generation oatung materials, focusing on
bioceramic sealers such as BioRoot RCS and iROQTTB&review highlighted that
while these sealers often left significant remnaats root canal walls, the re-
establishment of working length and patency duretgeatment was achievable and
comparable to traditional sealers. This suggestd Hioceramic sealers can be

retreated effectively, although complete removalynie challenging. The study
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emphasizes the need for further research to optimétreatment protocols and

improve the removal efficiency of these materials.

19. An in-vitro study by Mai H. Abdelrahman et al. caratied an in in-vitro study to
compare the cleanliness of root canals treated WINSEAL (epoxy resin-based),
Well-Root ST, and CeraSeal (calcium silicate-baseBjoTaper Retreatment
Universal files were used to remove the obturatitaterial. The canals were filled
with gutta-percha and the respective sealers. Aéreatment, the root canal walls
were examined under a scanning electron micros¢®g#1) at 1000x magnification
to assess the cleanliness by observing the nunfilogres dentinal tubules. The results
showed ADSEAL left the most open dentinal tubuleslicating better cleanliness

and retrievability, while Well-Root ST and CeraSlkedtl more residual material

20. An in-vitro study by S. Lopez-Garcia et.al, invgated the biological properties
of three calcium silicate-based sealers: EndoSegud8C Sealer, Ceraseal, and
Endoseal MTA. Their findings revealed that Ceraseal EndoSequence BC Sealer
exhibited enhanced ion release, improved cell adhesnd greater mineralization
potential when compared to Endoseal MTA, indicatisgperior biological

performance.
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MATERIALS AND METHODS

Study design

In-vitro stud

Source of data

The study was conducted in Department of Consesvabentistry and

Endodontics, KLE VK Institute of Dental Sciencesl&javi, KAHER.

Extracted human mandibular premolar teeth was el from the
Department of Oral and Maxillofacial surgery, KLEK\nstitute of Dental Sciences

Belagavi, KAHER.

Specimens were evaluated under Cone Beam Compuotadgraphy (CBCT)
at The Department of Oral Medicine and Radiolog,EKVK Institute of Dental

Sciences Belagavi, KAHER.

Inclusion criteria

Human permanent mandibular premolar teeth withlsisgaight canal with
closed apex.

Exclusion criteria

Teeth with calcified canals.

Teeth with fracture or crack

Teeth with the presence of anatomic variationsfpleltcanals

Teeth with curvature

Teeth with apical width more than #25 k.
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Materials used for the study:

1. Extracted human permanent mandibular premolar teeth

2. 0.1% Thymol (S D FINE-CHEMICALS LIMITED, MUMBAI)

3. 3%  Sodium  Hypochlorite  (NaOCl) (VISHAL DENTOCARE,
AHMEDABAD, GUJRAT)

4. 17% Ethylenediaminetetraacetic Acid (EDTA) [GLIDE]

5. Normal saline solution (AMANTA HEALTHCARE, AHMEDABAM®,
GUJRAT)

6. Paper points (DIADENT GROUP INTERNATIONAL, KOREA)

7. AH Plus sealer (DENTSPLY)

8. GuttaFlow Bioseal sealer (COLTENE WHALEDENT, SWHRLAND)

9. Ceraseal sealer (METABIOMED CO., KOREA)

10. Thermoplasticized gutta-percha cartriges (DENTSFELRONA, USA)

11.Cavit (3M, ESPE, USA)

ARMAMENTARIUM USED FOR THE STUDY

1.Airotor (NSK, JAPAN)

2.Endomotor (EIGHTEETH®, ORIKAM HEALTHCARE, CHINA)

3.K Files (10-30) (MANI INC, JAPAN)

4.Protaper universal rotary files (DENTSPLY MAILLEFEBWITZERLAND)

5.ProTaper Universal Retreatment files (DENTSPLY MAHFER,
SWITZERLAND)

6.Hand plugger (MANI)

7.5ml 27 gauge syringe (DISPOVAN, INDIA)

8.Gutta-Smart cordless obturation system (DENTSPLIRCINA, USA)

9.Ultrasonic unit (WOODPECKER, GUANGZHOU, CHINA)
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10.Lentulospirals (MANI, JAPAN)

11.Diamond disks (KWALITY DIAMOND TOOLS, MUMBAI)
12.Incubator (BIO TECHNICS, MUMBAI, INDIA)

13.Dental operating microscope (CARL ZEISS AG)

14.CBCT (DENTSPLY SIRONA)
SAMPLE SIZE ESTIMATION:
At 95%- Confidence Interval

95%- Power

_ (Z1—a/2+Z1 - B)*(SD;* + SD,%)
B (x1 —x2)2

SD1 =11.86

SD2 =1.33

X1 =15.64

X2 =1.61

Z1-0/2 = 1.96

714 =1.64

Estimated sample size for each group, n = 15

Total sample size= 45
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METHODOLOGY

Forty five extracted human mandibular premolar leingpoted teeth were
selected and handled according to OSHA guidelifié® teeth were decoronated
using a diamond disc under copious water spragdoige a standardized root length
of 14 mm from the apex. Working length was estéields 1mm short of the root
length till 10K file exits the apical foramen. Citeag and shaping was performed
using Protaper Universal Rotary system till MAF F3nl of 3% of Sodium
hypochlorite was used as an irrigant, after ea@ngé of instrument. Final rinse was
done by 17% ethylenediaminetetraacetic acid (EDfoMpwed by saline. The root
canals were dried by using paper points. Thenstmples were randomly divided

into 3 groups based on the sealer used (n=15).

Group |: Epoxy resin-based sealer + Thermoplagtitgutta-percha

Group II: Silicone-based sealer +Thermoplasticigetia-percha

Group IlI: Calcium silicate-based sealer +Thermsptdzed gutta-percha.

The sealers were mixed according to the manufatsurestructions and were
coated on the canal walls, Imm short of the apemgua No. 25 lentulospiral.
Obturation was done using Continous Wave Compadgohnique. Post obturation
CBCT images were taken to check the quality of @liion. Samples with voids or
incomplete obturation were discarded from the stadg a new sample was added to
the group. Teeth were sealed with Cavit and in@dat 37°C and 100% humidified
conditions for 2 weeks. After 2 weeks, Cavit wamoged with round bur, thus
forming a reservoir for the solvent. Drop of Oraraje(GP solvent) was applied to
the gutta-percha for 2-3 mins and a size 25 Kiés used to establish a glide path

before introducing rotary instruments. All the sd@espwere retreated using Potaper
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Universal Retreatment system. The D1, D2 and B fitere sequentially used at a
speed of 500rpm. The retreatment files were udlifter a maximum of three canals.
Each file was examined under magnification for aigns of distortion or fracture
following use. Files exhibiting any visible defortizan or structural compromise were
immediately discarded to ensure standardizationpaocedural safetit each change
of instrument, the root canals were irrigated wathl of 3% Sodium hypochlorite.
When the instrument reaches apical one-third ussolvent was discontinued. The
working length was maintained and root canals wesshaped using Protaper
Universal rotary system to a MAF size F3. At thd efithis procedure, all root canals
were irrigated with 2ml of 3% Sodium hypochlorite/% EDTA, followed by final
flush of saline and was dried with paper pointstré@ment time for complete
removal of obturating material was recorded usit@gpwatch. The samples were
evaluated using CBCT in axial , coronal and sdgsations for remanants of gutta-

percha and sealer.

CBCT cross-sections was analysed and scores wilbdiained for all the

CBCT images by using formula: (S1/S2)X100

S1is the surface area of the residual obturatiatgrial

S2 is the surface area of the root canal.
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MATERIALS USED FOR THE STUDY:

Fig. 1 ToBample size (n=45)

Fig. 2 Tested Matals-Root canal sealers
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Fig. 3 Materials

Fig. 4 Armamentarium
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Fig. 5 Debris Removal

Fig. 6 Sample decoronated at the level of CEJ usirigiamond disc
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Fig. 7 Study doneder dental microscope

Fig. 8 Ykang length determination
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Fig.9 Bio-mechanical Preparation

Fig.10 Sodium Hypochlorite Irrigation In between Instrumentation and final

irrigation by 17 % EDTA, followed by saline
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Fig.12 Sealer placementng lentulospiral no. 25
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Fig. 13 Obturation done Continuous wavcompaction (Backfill unit)

Fig.14 Posttotation CBCT image
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Fig.16 Incubation
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Fig.17 Solvent applied on the gutta-percha

Fig.18 Obturating material removed using Protaper Uiversal Retreatment

system
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Fig.19 3% Sodium hypochlorite used between instrugntation

Fig.20 Root canals were reshaped using Protaper Umrsal rotary system
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218 mm

2.5 mmMEs—.
N

Fig.21 CBCT evaluation
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RESULTS

Table 1: Summary of surface area of obturating mateal in three groups and

three thirds

Factor Levels n Mean Std.Destd.E 95% Cl for
rr mean
. Lower Upper
Group AH Plus 45 245| 1.20 0.18 1.24 2.81
GuttaFlow 45 1.49 0.82 0.12 2.09 1.74
Cerasei 4t 3.07 1.3¢ 0.2 2.61 3.4¢
Third Apical third 45 3.04 1.37 0.2( 2.63 3.45
Middle third 4& 2.2z 1.1¢ 0.1¢ 1.87 2.5¢
Coronal third 45 1.75 1.03 0.15 1.44 2.06
Interaction AH Plus with Apical| 15 3.23 121 | 0.31 2.56 3.90
third
AH Plus with Middle 15 2.24 1.02 | 0.26 1.68 2.80
third
AH Plus witl Corona 1t 1.8¢ 1.01 0.2¢ 1.3¢ 2.44
third
GuttaFlow with Apical 1t 2.0 0.73 0.1¢ 1.67 2.42
third
GuttaFlow with Middle 1t 1.3¢ 0.7¢ 0.1¢ 0.9¢ 1.8(
third
GuttaFlowwith Corona| 1& 1.0k 0.72 0.1¢ 0.6t 1.4¢
third
Ceraset with Apical 1t 3.87 1.4: 0.37 3.0¢ 4.6¢€
third
Cerase: with Middle 15 3.04 1.17 0.3C 2.3¢ 3.6¢
third
Cerase: with Corona 1t 2.31] 0.9¢ 0.2t 1.7¢ 2.8¢
third

Table 1 depicts structured summary of the surfaea af obturating material in the

three sealer groups (AH Plus, GuttaFlow, and Cataseross the three canal thirds

(apical, middle, and coronal):
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Overall Interpretation- Table 1 depicts a statistical analysis revealedifsognt
differences in the residual surface area of obtuganaterials across sealers and root
canal thirds following retreatment. The mean swafarea of remaining filling
material was highest in the apical third and lowasthe coronal thirdindicating
increasing difficulty in material removal as onegresses apically. Among the three
sealers tested—Group |- Epoxy resin based sdAldr Plus) Group ll- Silicone
based sealer (GuttaFlow Bioseand Group llI- Calcium silicate based sealer
(Ceraseabl-Group Ill, showed the highest overall mean residsaiface area,
suggesting its lower retreatability, while Group demonstrated thieast amount of

residual materigliindicating better removal efficiency

Group-wise Comparison-

® Group |- Epoxy resin based sealer, demonstratedribderate residual values
compared to the other groups. The highest ressludhce area was found in the
apical third (3.23+ 1.21mm?), followed by the middle (2.241.02mm?), and
coronal third(1.88+ 1.01mm?2). While not as difficult to remove as Group, llI

AH Plus still left a significant amount of residymgrticularly in the apical region.

® Group ll- Silicone based sealer, demonstrateddivest mean residual values in
all three thirds, indicating superior retreatapilitThe apical third retained
2.03£0.73mm?, the middle third 1.390.74mm?, and the coronal third only
1.05+0.72mm?. These results suggest that Group Il is thet emslyretrievable

sealer.
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® Group llI- Calcium silicate based sealer exhibitieel greatest amount oésidual

obturating material across all three canal thiftilse apical third showed the

highest

mean value (3.&71.43mm?),

followed by

the middle

third

(3.04£1.17mm?3), and the coronal third (2.310.96mm?2). These findings

suggest that Group Il is more resistant to remopalticularly in the apical

region.

Table 2: Comparison of three groups and three third with surface area of

obturating material by Two way ANOVA

Sources of Sum of | Degrees of Meansun| F-value p-value
variation squares freedom| of squareg
Main effects
Groups 57.3400 2 28.6700 27.2900 0.0001*
Thirds 38.4856 2 19.2428 18.31664 0.0001¢
2-way interaction effects
Group*Third 1.6711 4 0.4178 0.397)7 0.8100
Error 132.3716 126 1.0506
Total 229.8683 134
*p<0.05

Table 2. depicts the results of a two-way ANOVA lge&s, which evaluates the

effects of sealer group and canal thod the surface area of obturating material

remaining after retreatment. The statistical anslysing two-way ANOVA revealed

that both the type of sealer used (Groups) anddbecanal region (Thirds: coronal,

middle, apical)had astatistically significant effecon theresidual surfacearea of

obturating materials left after retreatmépt= 0.000% for both factors). The F-value

for sealer groups was 27.28nd for canal thirds, it was 18,3ihdicating strong

statistical significance and influence on the ooteo However, the interaction

Page 35



Results

between the type of sealer and canal third (Grouphid) was not statistically

significant (p = 0.8100, suggesting that the effect of each sealer onuakitaterial

was consistent across all canal regioftsis means while the type of sealer and the

canal third independently affect retreatabilityeythdo not influence each other’s

effect.

Table 3: Pair wise comparison of three groups witlsurface area of obturating

material by Tukey's multiple posthoc procedures

Groups AH Plus GuttaFlow Ceraseal
Mean 2.45 1.49 3.07
Std.Dev. 1.20 0.82 1.34
AH Plus -
GuttaFlow - P=0.0001*
Ceraseal P=0.0001* P=0.0112* -
*p<0.05

Table 3. depicts Pair wise comparison of the thgemups with surface area of

obturating material by Tukey’'s multiple posthoc ggdures

Group with Highest Resistance: Group IlI- Calcium silicate based sealer,

demonstrated thénighest residual surface ardd.07 mmj} making it the most

difficult sealer to remove during retreatment.

Group with Moderate Resistance:Group |- Epoxy resin based sealer, showed a

moderate residual surface aréa45 mmy, indicating it is moderately difficult to
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remove. Its epoxy resin-based composition allowsefsier retreatment compared to

bioactive sealers but is still harder to removent@aoup Il.

Group with Lowest Resistance:Group lI- Silicone based sealer, showkd lowest
residual materia{1.49 mmj, making it the easiest sealer to remove.lts silicoased

composition and weaker adhesion to dentin contibwits greater retreatability.

Table 4: Pair wise comparison of three thirds wiihface area of obturating material

by Tukey's multiple posthoc procedures

Thrid Apical third Middle third Coronal third
Mean 3.04 2.22 1.75
Std.Dev. 1.37 1.19 1.03
Apical third P=0.0001* -
Middle third P=0.0731 -
Coronal third - P=0.0005*
*p<0.05

Table 4. depicts the results of Tukey's multiplestgmoc testwhich compares the
surface area of residual obturating material actbss three canal thirds (apical,

middle, and coronal) after retreatment.

The quantitative evaluation of the residual obinatnaterial across different thirds
of the root canal revealed distinct variations umface area distribution. Statistical
analysis using Tukey’'s multiple post-hoc test destiated that the apical third
retained the highest amount of obturating maténedan = 3.04 + 1.37), followed by
the middle third (mean = 2.22 + 1.19), while thear@l third exhibited the least

residual material (mean = 1.75 + 1.03). A stat@lc significant difference was
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observed between the apical and coronal thirds@®601*) and between the middle
and coronal thirds (p = 0.0005*), indicating a pexsive reduction in residual
material from apical to coronal regions. Althoudjle tomparison between the apical
and middle thirds did not reach statistical sigmfice (p = 0.0731), the data suggest a
clear trend of increased difficulty in obturatingtarial removal in the apical third of
the root canal system. This finding underscoresatta@omical complexity and limited
accessibility of the apical third, which may impezféective cleaning and retreatment

procedures.
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Table 5: Pair wise comparison of interactions oé¢hgroups and three thirds with surface area tirating material by Tuekys multiple

posthoc procedures

Interaction GuttaFlow | GuttaFlow | GuttaFlow| AH Plus | AH Plus | AH Plus Ceraseal Ceraseal | Ceraseal with
with with with with with with with with Apical third
Coronal Middle Apical Coronal | Middle Apical Coronal Middle
third third third third third third third third
Mean 2.03 1.39 1.05 3.23 2.24 1.88 2.31 3.04 3.87
SD 0.72 0.74 0.73 1.21 1.02 1.01 1.43 1.17 0.96
GuttaFlow with -
Coronal third
GuttaFlow with p=0.9935 -
Middle third
GuttaFlow with p=0.186: p=0.740t -
Apical third
AH Pluswith p=0.392 p=0.922! p=0.999! -
Coronal third
AH Pluswith p=0.0402 p=0.352( p=0.999 | p=0.989 -
Middle third
AH Pluswith p=0.0001 p=0.0001" | p=0.0358 |p=0.0099:| p=0.170¢ -
Apical third
Cerase&with p=0.0222 p=0.247:. p=0.997! | p=0.96¢ | p=0.999¢ | p=0.255! -
Coronal third 1
Ceraseiwith p=0.0001 p=0.0004" | p=0.146. | p=0.05: | p=0.452! | pP=0.999" p=0.582: -
Middle third &)
Cerasetwith p=0.0001 p=0.0001" | p=0.0001'|p=0.0001:| p=0.000! | p=0.738- p=0.0010 p=0.391¢ -
Apical third *
*p<0.05
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Table 5. depicts the pairwise comparison of intiewas between the three sealers
Group |- Epoxy resin based sealgkH Plus), Group II- Silicone based sealer
(GuttaFlow Bioseal), and Group lll- Calcium silicdiased sealer (Ceraseand also
the three canal thirds (apical, middle, and corpmalterms of the surface area of
residual obturating materialThe Tukey's multiple post-hoc test was applied to

identify significant differences between the graups

The results reveal that the type of sealer andspgexific region of the root canal
significantly influenced the amount of residual eral after retreatment. Group Il
Calcium silicate based saeler consistently left thighest amount of obturating
material in all three canal thirds, particularlytive apical third, suggesting its reduced
retreatability. Group 1l- Epoxy resin based seakdtpwed a moderate amount of
residue, with more remaining in the apical thirdngared to the coronal, while Group
II- Silicone-based sealer had the least residuaénad across all thirds, reflecting its

better removal efficiency and retreatment-frienaiyure.

Statistical analysis further confirmed that thecapithird generally retained more
material than the middle and coronal thirds, relgasiof the sealer used. Moreover,
significant differences were observed between ngysup combinations, except
within Group Ill, canal thirds where the retreatiypiremained fairly consistent

throughout.
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Table 6: Summary of time taken for the completeaeath of obturating material .

Group N Mean SD SE 95% CI for mean
Lower Upper
AH plus 45 6.41 0.79 0.12 6.18 6.65
GuttaFlow Biosea 45 2.63 0.91 0.14 2.36 291
Ceraseal 45 7.18 0.84 0.13 6.93 7.43

Table 6. depicts the time required for completeaeah of different root canal sealers

using the ProTaper Universal Retreatment systesuramarized as follows:

® Group lI- Silicone-based sealer, dmonstrated the shortest mean time for
removal (2.63 minutes), indicating it is the moasity retrievable compared to

Group | and IlI

® Group |- Epoxy resin-based sealer, equired a moderate amount of time for
removal (6.41 minutes), suggesting moderate retbday when compared to

Group Il and 1l

® Group llI- Calcium silicate-based sealer, bok the longest time to remove (7.18
minutes), indicating it is the most challengingétreat when compared to Group

| and Il
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Table 7: Comparison of three groups mean time tékesne way ANOVA

Sources of Degrees of Sum of Mean sum of F-value p-value
variation freedom squares squares
Between groups 2 533.9224 266.961p 368.2854  0.0(
Within groups 132 95.6836 0.7249
Total 134 629.6060
*p<0.05

This high F-value suggests that the variabilitywssn the group means is much

greater than the variability within the groups.olther words, the type of sealer used

has a significant effect on the time required fanoval.

Since the p-value is less than the conventionddaalpvel of 0.05, we reject the null

hypothesis that all group means are equal. Thidiroos that at least one group's

mean removal time differs significantly from thdets.
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Table 8: Pair wise comparison of three groups meatime taken by Tukeys

multiple posthoc procedures

Group AH plus GuttaFow Ceraseal
Mean 6.4133 2.6311 7.1809
SD 0.7905 0.9145 0.8447
AH plus -
GuttaFow P=0.0001* -
Ceraseal P=0.0001* P=0.0001~* -
*p<0.05

Table 8. depicts Pair wise comparison of three ggoomean time taken by Tukeys

multiple posthoc procedures.

Group I- Epoxy resin based sealer compared to Groupl- Silicone based sealer

required statisically moderate time for removal.

Group |- Epoxy resin based sealer compared to Groupll- Calcium silicate based

sealerequired satistically moderate time for removal.

Group llSilicone based sealer compared to Group IEpoxy resin based sealer,

required statistically less time for removal.

Group lISilicone based sealer compared to Group HI Calcium silicate based

sealerrequired statistically less time for removal.

Group llI- Calcium silicate based sealercompared tdroup |- Epoxy resin based

sealerrequired statistically longest time for removal.
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Graph 1: Pair wise comparison of three groups suttiace area of obturating material
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Graph 2: Pair wise comparison of three thirds witlface area of obturating material
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Graph 3: Comparison of interactions of three groaams three thirds with surface area

of obturating material
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Graph 4: Comparison of three groups mean time taken
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DISCUSSION

Root canal treatments usually fail due to perstspamiapical disorders after
treatment. According to Gabriel et al, Abou-Rasslgethe major cause of treatment
failure is incomplete removal of microorganisms datterial biofilms, insufficient
cleaning and inadequate fillifgln addition, these etiological factors should be
eliminated to establish adequate periapical regouwhius, establishing patency and
working length in retreatment cases could signifisaprovide for better periapical
healing outcomes. However, retreatment proceduresat always possible due to

several factors, including root canal anatomy asistant fillings materiafs

Premolars were selected in this study becauseatteegxtracted commonly for
orthodontic treatment. Canals are flattened mesiallly, an important anatomic
variation during their treatment. Decoronation asdu standardization of the
specimens. Premolars were prepared initially te €3 with 2% taper K-file. This
was assumed to represent, narrow and underprepaoéccanals. Such canals are

frequently found in retreatment.

In this study, dental operating microscope was usesimulate the clinical
scenario during root canal retreatment. The useeotal operating microscope with
its illumination and magnification during root camatreatment reported to facilitate
the detection of residual root filling materialeetcleanliness of the canal wall, and

evaluation of the retreatmeht.

The purpose of an endodontic sealer is to fillgaps between the root canal
wall and core material to reduce leakage from calras well as apical restoration and
it also blocks the dentinal tubules. Grossman hexegl one of the basic requirement

for an ideal root canal sealer is to be soluble solvent in case of retreatmeht.
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An Epoxy resin based-sealer was chosen in thig/saglresin sealers are the
most commonly used sealers these days due todfadility, biocompatibility, good

handling properties and adequate adhesion to dentin

GuttaFlow Bioseal (Coltene Whaldent) is a novelcbramic silicone-based
sealer, contains bioceramic particles and guttal@epowder in a silicone matrix.
Studies have evaluated the bioactivity of GuttaFBiwseal and its insolubility to

tissue fluids and more fluid tight seal, which es@nts an attractive stratety.

Calcium silicate-based materials are increasinglyjized in endodontic
practice due to their favorable biological, mechahi and physicochemical
characteristics. Ceraseal, a Calcium silicate-bassader used in the present study,
exhibits an alkaline pH and releases calcium io882), which may facilitate
mineralization and promote the formation of hydrapgtite tags within dentinal
tubules. In this study, Ceraseal was evaluateddaetreatability in comparison with
two other commonly used sealestated above, to date, limited literature exists

regarding its removal efficiency, highlighting thedevance of this investigatioh.

The role of a solvent is not only in dissolving thetta-percha but also in
lubrication of instruments, thus diminishing thesgibility of instrument breakage,
root perforation and canal straightening. In thislg, Orange oil was used, which is
proposed as an effective gutta-percha solvent &€.3There is no evidence for its
carcinogenicity or genotoxicity. Further, orangd i@ less cytotoxic and more

biocompatible than eucalyptol and chlorofofifi.

The ProTaper Universal Retreatment (PTR) systefudes three instruments
with various tapers and diameters at the tip (D/D.8@, D2 25/0.08 and D3 20/0.07).

D1 has a cutting tip to facilitate initial penetaat into filling materials. D2 and D3
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both have non-cutting tips and are used to rembgeobturating materials from the

mid and apical thirds, respectivély

In the present study, the ProTaper Universal Néfigatment system was used
for the removal of root canal filling materials.i$tsystem has been shown to be more
effective in thoroughly eliminating obturating maaés compared to conventional

retreatment techniqués.

Cold lateral condensation (LC) has long been thetrmommonly employed
root canal obturation technique and is often carsid the gold standard against
which other methods are compared. However, stutli@ge reported that this
technique may result in voids within the fillinghieh can either remain unfilled or be
occupied by sealer, potentially resorbing over tiamel compromising the sedlin
1977, Yee et al. introduced an obturation techniquelving thermoplasticized gutta-
percha injection, which aimed to create a densémaore uniform three-dimensional
filling. This method has demonstrated superior &tsgn to the canal walls and
replication of complex canal anatomy, offering algbhat is comparable or superior to
conventional methods. In the present study, the Continuous Wave Compacti
technique was utilized, which is considered mofeative than traditional techniques

in achieving a dense, homogeneous fill and impragidal seat?

In this study, a Epoxy resin-based root canal dvasaler, AH Plus, (Dentsply
Konstanz, Germany); a Silicone-based root canaleseauttaFlow Bioseal,
(Coltene/Whaldent) and a Calcium silicate-basedt roanal sealer, Ceraseal
(MetaBiomed, Korea) were wused with Continous waveompgaction

(Thermoplasticized ) obturation technidde.
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Various methods have been utilized to assess thmamets of root canal
sealers following retreatment procedures. Amongehetereomicroscope, Micro-
computed tomography (micro-CT), and cone-beam coetptomography (CBCT)
are the most commonly employed. Stereomicroscopewsl for direct visual
evaluation of the canal surface; however, it regpigectioning of the tooth, which is a
destructive process and may compromise the injegfitthe sample. Micro-CT is
considered the gold standard for three-dimensiassdessment due to its high
resolution and accuracy, yet its application iewlftimited by high costs, technical
complexity, and limited accessibility in routindnital practice** In contrast, CBCT
has gained popularity in recent years owing to nit;-invasive nature, greater
availability, and lower radiation exposure compatedconventional CT. CBCT
exhibited better efficacy compared to routine rgdaphic techniques. It provides a

3D view of the root canaP

Cone-beam computed tomography (CBCT) enables ddtaisualization of
internal morphological structures. It is a relighééficient, and sensitive tool capable
of detecting even minimal remnants of root canlih§j materials®® In the present
study, CBCT was employed to provide reproduciblia @and to evaluate the efficacy
of endodontic retreatment by assessing and congpdhie quantity of obturating
material within the root canals before and aftez tktreatment procedures. This

facilitated a comprehensive analysis and accunaéegretation of the outcomés.

For an effective endodontic therapy, it is cruttaéffectively eliminate all the
previously used root filling materials. Consequgntlasy removal of sealers is one of
its idealistic requirements if retreatment is mdaodato permit full accessibility for

an antibacterial agent and medications to rootlaanaifications’
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In the present in in-vitro study, CBCT investigasodemonstrated that there
was no retreatment system that could totally elat@rthe remaining filling materials
and completely open the dentinal tubuleShe present study evaluated the
retreatability of three different root canal sesleEpoxy resin based-sealer, AH
Plus; Silicone based-sealer, GuttaFlow Bioseal, @attium silicate based-sealer,
Ceraseal—by measuring the residual surface areabtifrating material in the
coronal, middle, and apical thirds of root canaliofving retreatment. Data were
analyzed using two-way ANOVA and Tukey’s multiplesp hoc test to determine
statistical significance between groups and cahablg. A significance level of

p <0.05 was set for all comparisons

With respect to the results of our study, among ttiree sealers tested-—
Group I-Epoxy resin based , Group II-Silicone basedler , and Group IlI-Calcium
silicate based-sealer. Group lll- Calcium silicagaler showed the highest overall
mean residual obturating material, suggestingoigel retreatability when compared
to Group | and II, while Group II- Silicone basedater demonstrated the least
amount of residual material, indicating better reaiefficiency than Group | and Ill.

Group I- Epoxy resin based sealer showed modenabeiat of residual material.

Ceraseal exhibited the greatest amount of resioloirating material across
all three canal thirds, making it the most difficealer to remove during retreatment.
The apical third showed the highest mean value78843mm?2), followed by the
middle third (3.04: 1.17mm?), and the coronal third (2.310.96mm?2). The bioactive
properties and strong dentinal adhesion of Cerdikedy contribute to this increased
resistance to retreatment. Its ability to form loydmapatite crystals and interact
chemically with dentin enhances its bonding striengthich in turn makes removal

more challenging.
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Obeid et al in 2015 , stated that the interactibrCalcium silicate based
sealers with a phosphate containing fluid produesructure that has the chemical
and crystalline characteristics similar to thatboth the tooth and the bone apatite.
These apatites formed by deposits on the collaipeitsf forming an interfacial layer
with tag-like structures at the sealer-dentin if@ee. This phenomenon is claimed to

enhance their bond strength to dentin.

The statistically significant difference betweeno@ Il Calcium silicate
based sealer when compared to Group |-Epoxy reased sealer and Group II-
Silicone based sealer (p < 0.05) further confirtesuperior resistance to retreatment.
These findings align with previous studies. Antoldarrayeh et al. reported that
calcium silicate-based sealers and cements areydarty challenging to remove
during retreatment due to their high compressivensgth, strong interaction with

dental tissues, and their capacity to promote raligtior’

Also, Obeidet al in 2015 , stated that the interaction of Calciulicaie based
sealers with a phosphate-containing fluid producesructure that has the chemical
and crystalline characteristics similar to thatboth the tooth and the bone apatite.
These apatites formed by deposits on the collaidpifsf forming an interfacial layer
with tag-like structures at the sealer-dentin ifstes®. This phenomenon is claimed to
enhance their bond strength to dertiiThis also explain the results of the our study,

as to why Group Il was difficult to retreat .

Group |- Epoxy resin based sealer, exhibited mddessistance, with a mean
residual surface area of 2.45 + 1.20 mm2. Whils thias significantly lower than
Group llI- Calcium silicate based sealer (p < 0,06)vas still higher than Group II-

Silicone based sealer, indicating moderate difficih removal. The Epoxy resin-
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based composition of AH Plus contributes to itersdr dentinal adhesion, making it
more resistant to removal than silicone-based sealdowever, compared to
bioactive sealers like Ceraseal, its lower bondstgength and limited dentinal

penetration make it relatively easier to retrieve.

Group |- Epoxy resin based sealer, had the higlesstiual surface area was
found in the apical third (3.281.21mm3), followed by the middle (2.241.02mm?2),
and coronal third (1.881.01mm?2). The results align with the study by Donos@M
al. concluding, that AH Plus forms chemical bondhwdentin by formation of
covalent bond between epoxy group of resin andagelh amine group of dentin

making it somewhat difficult to retret.

Also, Neto et al., has highlighted that the lowypoérization stress of the
sealer and its long-term dimensional stability nisey the cause of the high bond

strength of AH Plus sealét.

Furthermore, Tasdemir et al., reported that Ep@synr based-sealers, such as
AH Plus, offer moderate resistance to removal dubeir deeper penetration into the
dentinal tubules, whereas bioactive sealers likeassal demonstrate the highest

resistance, owing to their chemical bonding angtefyformation with dentif®

Dem et al., investigated the push out bond strenghH plus, GuttaFlow 2
and GuttaFlow Bioseal and concluded that AH plud tiee highest push out bond
strength as compared to GuttaFlow bioseal, possibé/to development of covalent
bond? With this we can conclude the difficulties facedridg retreatment of AH

Plus.
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The current findings are consistent with previousigntioned research, which
reported that epoxy resin-based sealers exhibitenadel residual material during

retreatment, confirming their intermediate retrbaitiy.

In this study, Group llI- Silicone based sealer desti@ted the lowest residual
obturating material (1.49 + 0.82 mm?), making i thasiest sealer to remove when
compared to Group | and Ill. The statistically siggant difference between Group II-
Silicone based sealer when compared to Group Ix§gpesin based and Group IlI-
Calcium silicate based (p < 0.05) confirms its siquaetreatability.

According to Donoso et al., silicone-based sedikesGuttaFlow Bioseal show lower
adhesion to dentin due to their hydrophobic natoraking them more susceptible to

detachment during mechanical instrumentation.

Additionally, Schafer et al, found that GuttaFlowo8eal sealer achieves
limited penetration into dentinal tubules, whichcifidéates its removal during

retreatment?

Ustiin et al., further corroborated these findingighlighting that silicone-

based sealers show reduced dentinal adhesion, whjrbves their retreatabiliy’.

Thus, the superior retreatability of GuttaFlow Biakcan be attributed to its
hydrophobic, silicone-based composition and limitederaction with dentinal
tubules, making it the most easily removable seafeong the groups tested. Hence,

the results of the above quoted studies are inrdanoe with the result of our stutfy.

Previous studies, stated that the apical thirdhef oot has more amount of
remaining filling material as there is increasedatamical variability, making it

impossible to direct retreatment rotary instrumeryainst entire root canal walfs?’
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Schirrmeister et al. reported that during obturatihe apical third frequently
receives greater compaction of filling materials eéchieve a reliable apical seal,
especially when using techniques such as warmce¢ondensation. As this method
was employed in the present study, it may haveritortied to the increased difficulty

in removing obturating material during retreatm@nt.

Harak Chand Branwal et al. concluded that the greamount of residual
material in the apical third may be attributedhe tlesign of the ProTaper Universal
Retreatment (PTUR) system, which possesses a kager and is thus more effective
at cutting coronal dentin.(29) Additionally, theiegd third often presents greater
anatomical complexities, necessitating more exw#engnlargement for adequate
cleaning and shaping—factors that contribute todiffeculty in complete removal of

obturating materials during retreatméht.

In terms of the time duration required for complsgaler removal during
endodontic retreatment, Group |l -Silicone basealese demonstrated the most
efficient removal, necessitating the least amotininee. Group |- Epoxy resin-based
sealer required a moderate amount of time for remowvhile Group IlI- Calcium
silicate-based sealer posed the greatest challedtey@anding the most extended

duration for thorough removal.

One of the primary limitations of this study wag trelatively small sample
size but statistically enough samples, which mastriet the extent to which the
findings can be generalized to a broader populatiaditionally, the study was
conducted using teeth with relatively straight roahals, which may not accurately
represent clinical situations involving more comgpler curved anatomies. Such

anatomical variations could influence the effeatiees of retreatment procedures and
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sealer removal outcomes. Moreover, the use of da-garcha solvent during
retreatment may have contributed to the formatioa thin, softened layer of material
adhering to the canal walls, potentially complicgtithe complete removal of

obturation materials and influencing the accurdogesidual measurements

It is imperative for dental professionals to remaihreast of the latest
advancements in endodontic materials and technigunetuding sealers, rotary
retreatment systems, solvents, obturation methaul$,evaluation tools. A thorough
understanding of these elements—their propertidsjical applications, and
retrievability—is essential for devising effectiteatment strategies and achieving

favorable patient outcomes.
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CONCLUSION

As per the conditions of this research study, cetepdebridement of the
canal walls was not achievable with any of the ggouAmongst the three sealer
tested, Group Ill - Calcium-Silicate-Based sealeft behind the most amount of
obturating material, especially in the apical thisliggesting that it is harder to
remove. Group |- AH Plus sealer showed a modenmaeuat of remaining material,
while Group II- GuttaFlow Bioseal sealer perforniad best in terms of retreatability,

leaving the least residue and least time consumtmgn compared to Group | and 1.

The apical third consistently had more remananteafers than the middle or
coronal thirds. This likely reflects how complexdamarder to reach this area is during

treatment, making complete cleaning more difficult.

These results point to the need for careful selactf sealer materials,
especially when future retreatment might be needgdicians should also be

mindful of the anatomical challenges presentecdhbyaipical third.

To strengthen these findings, future studies watigér sample sizes and more
varied root anatomies with different sealers arafriments would be helpful. This
could lead to even better strategies for effecime predictable removal of filling

materials in endodontic retreatment.
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SUMMARY

This study was conducted to assess and compareetteatability of root
canals filled with three different sealer types—gporesin-based (AH Plus),
Silicone-based (GuttaFlow Bioseal), and Calciuncaie-based (Ceraseal)—using the

ProTaper Universal Retreatment system.

A total of Forty five extracted human mandibulaemolars were selected,
prepared, and obturated using the continuous wan®action technique. Following
a 2-week incubation period, retreatment was cawigiid and Cone-Beam Computed
Tomography (CBCT) imaging was employed to quantifie remaining filling

material in the coronal, middle, and apical thiofishe root canals.

Statistical analysis indicated that there were iBgant variations in the
residual surface area of obturating materidepending on the type of sealersed
and the specific region of the root candBoup llI- Ceraseala calcium silicate-
based sealer, demonstrated the highest levelssafuad material post-retreatment,
particularly in the apical third. This suggests éwetreatability, likely due to its
bioactive properties and strong adhesion to de@rmup I- AH Plus, an epoxy resin-
based sealer, presented a moderate level of residlieating average retreatability.
Group II- GuttaFlow Bioseah silicone-based sealer, left the least amountaiérial,
suggesting it was the most easily removed duringeaément , likely due to its
reduced bonding to the canal walls. Regardleshefsealer used, the apical third
consistently retained more material than the middid coronal thirds, highlighting

the anatomical limitations and difficulty in acceggsthis region during retreatment.
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In terms of the time duration required for complsgaler removal during
endodontic retreatment, Group Il (Silicone-basedles® demonstrated the most
efficient removal, necessitating the least amodrinoe. Group | (Epoxy resin-based
sealer) required a moderate amount of time for xaavhile Group 11l (Calcium
silicate-based sealer) posed the greatest challat®manding the most extended

duration for thorough removal.

The study concludes that the type of sealer andmiagomical location within
the canal significantly affect retreatment efficaSjilicone-based sealers are more
amenable to removal, whereas calcium silicate-basatkrs pose greater challenges
to retreat. Additionally, the apical third remaitise most resistant to complete
debridement, emphasizing the need for careful nateelection and advanced

techniques in endodontic retreatment.
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