Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2022 d0i:10.20944/preprints202212.0340.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

A comparison of effectiveness of conventional and rotary NiTi
instruments in the removal of Gutta-Percha during root canal
retreatment: a randomized ex-vivo study

Corresponding Author:
Sundus Atique

Research Assistant

College of Dental Medicine
Qatar University
sundusatique@qu.edu.qz

Co-Author:

Kamran Ali

Professor

College of Dental Medicine
Qatar University
ali.kamran@qu.edu.ga

Co-Author:

Alia Ahmed

Professor

Islamic International Dental College
Riphah International University
alia.ahmed@riphah.edu.pk

Abstract:

Aim: To compare the effectiveness of conventional and rotary NiTi files in the removal of Gutta-
Percha (GP) in straight roots during root canal retreatment (reRCT), using manual Hedstorm files
(H-files) and ProTaper Universal Retreatment System, respectively.

Methods: It was an ex-vivo study using non-probability consecutive sampling. Sixty extracted sin-
gle rooted maxillary and mandibular permanent anterior teeth, with straight canals were selected
for this study. Following preparation, the root canals were filled with GP along with a sealer and
kept for two weeks in a moist environment at room temperature. Thirty teeth were randomly allo-
cated to the study and control groups each. GP removal was accomplished with Hedstrom files and
ProTaper retreatment files in group 1 and group 2, respectively. Digital radiographs were obtained
using Carestream (Kodak) RVG digital radiography system software version VER.6.10.8.3-A and
analyzed for the difference of opacities representing residual GP. AutoCAD 2006 software was used
to outline the root canal and the residual root filling. Independent sample t test was used to compare
the total residual GP in both groups.

Results: No significant differences in the residual root filling were observed between GP removal
with conventional Hedstrom files and ProTaper universal retreatment files. In both groups, the re-
sidual GP was confined to the apical third of the roots.

© 2022 by the author(s). Distributed under a Creative Commons CC BY license.


mailto:sundusatique@qu.edu.qz
mailto:ali.kamran@qu.edu.qa
mailto:alia.ahmed@riphah.edu.pk
https://doi.org/10.20944/preprints202212.0340.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2022 d0i:10.20944/preprints202212.0340.v1

Conclusion: ProTaper Universal Retreatment files and manual Hedstrom files are equally effective
in the removal of GP in straight canals.

Keywords: Endodontics, Gutta-Percha ; Retreatment. Root canal

Introduction: Root canal treatment (RCT), also called endodontic treatment, involves
removal of diseased or damaged dental pulp (core) of a tooth followed by instrumenta-
tion and filling of the root canals to achieve an apical seal.! Although root canal therapy
has a high success rate in contemporary dentistry, failures may results from a variety of
causes including but not limited to poor assessment (such as, inadequate crown struc-
ture, root caries, inadequate periodontal support, endo-perio lesions), anatomical varia-
tions ( such as, accessory canals, pulp calcifications, root dilaceration, accessory roots,
and open apex) and errors in access opening (inadequate access or gross destruction of
tooth structure), instrumentation (such as inadequate cleaning and/or shaping, iatro-
genic canal perforation, and instrument separation) and root filling (such as inadequate
apical seal, underfilled or overfilled root canals, and inadequate coronal seal).?> How-
ever, presence of micro-organisms in the root canal system and peri radicular tissues is a
fundamental reason underpinning various causes of root canal treatment (RCT) failure 4.

Depending on individual factors which contribute to RCT failure, the management
options include retreatment®, surgical endodontics® or extraction as a last resort. A non-
surgical root canal retreatment is, to-date, the preferred treatment option in contemporary
endodontics, as it preserves the tooth, is more conservative, and minimizes the morbidity
and complications associated with surgical endodontics. A primary objective of retreat-
ment endodontics is to minimize bacterial contamination of the root canals. Complete re-
moval of the existing root filling is required to facilitate cleaning and debridement, and
placement of new root filling three dimensionally.

Gutta-Percha(GP) is the most commonly used root canal filling material. Its removal
can be achieved with a wide range of instruments such as hand files’, engine driven rotary
files, ultrasonic tips and files, solvents and heat carriers etc.?

Traditionally, Hedstrom (H) files in combination with K type files have been used
for the removal of GP from the root canal, facilitated by solvents such as, chloroform, eu-
calyptol®, xylene, halothane, and solvents such as, turpentine'®!'and orange''. Hedstrom
files are milled from round stainless-steel blanks. They are recognized as efficient instru-
ments for translational strokes and effective dentine cutting. They have been used in en-
dodontics for removal of separated instruments’? from the root canal and also for re-
trieval of fractured root tips. Their sharp cutting ability makes Hedstrom files useful for
the retrieval of GP from the root canal while as part of retreatment?.

ProTaper is a unique multipurpose universal system marketed for shaping, finishing
and retreatment with a changing taper over the full length of the cutting blade. Extending
from the tip to the end of the cutting flutes, the shaping files have an increasing taper
while the finishing files show a decreased taper from the tip to the opposite end of the
instrument.

The ProTaper Universal Retreatment system consists of three retreatment files'* (D1,
D2 and D3). They are convex in cross section, with taper/ tip diameter of 0.09/0.30,
0.08/0.25, and 0.07/0.20 mm, respectively. D1 is designed for use in the coronal portion of
the canal, with a length of 16 mm, D2; for use in the middle third, with a length of 18 mm,
while D3 is designed for use in the apical third of the canal, with a length of 22 mm. The
D1 file features an active tip for easy engagement of the obturation material, while D2 and
D3 feature a non-active rounded tip adapted to closely follow the root canal lumen.

A variety of methods have been used to assess the efficacy of various instruments for
removal of root filling materials. The most commonly used technique is radiography's
since it is non-invasive, quick and easy. However, radiographs only offer two-dimen-
sional images of three-dimensional objects. These limitations can be mitigated by cone-
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beam computerized tomography (CBCT)'¢ or by obtaining simultaneous radiographic im-
ages from bucco-lingual and proximal views. Digital radiography is preferred over the
conventional radiographic system because it has the advantage of yielding an immediate
view, which offers improved resolution, is timesaving, and minimizes problems associ-
ated with chemical processing of radiographic films.

Longitudinal sectioning prior to photographic or microscopic analysis has also been
suggested previously'”. Although direct visual access to the root canal is achieved, tooth
sectioning may be unpredictable and may disturb the root structure. Clearing of the teeth
by demineralization has been commonly employed in previous studies and entails the
use of chemicals such as, nitric acid. Once processed, the teeth are rendered transparent
and this method appears to be cost effective, and suitable to identify small areas of resid-
ual root filling material and sealer. The amount of residual material can be quantified by
capturing an image and taking measurements using a computer software's. However,
clearing teeth is time consuming and it may result in the degeneration of certain root fill-
ing materials and sealers and thus affecting the accurate analysis.

Other methods like projection of photograph onto a screen, stereomicroscopy, scan-
ning electron microscopy?, evaluation of digitalized images using a scanner?’, micro com-
puted tomography (MCT)?' and computed tomography (CT)2 have also been used in
many studies. The development of newer tomography techniques such as MCT allows for
a more effective means of assessing the residual root filling materials in the canals as the
exact remnants can be determined in a noninvasive three dimensional way and then quan-
tified using a computer software.

The present study was aimed at comparing the effectiveness of manual Hedstrom
files with the ProTaper Universal Retreatment files in the removal of GP during endodon-
tic retreatment.

Materials and Methods:Riphah International University’s institutional Review Board
exempted this research for oversight. A sample consisting of 60 permanent human ante-
rior teeth with straight, single roots and canals were collected, which were extracted for
non-study related purposes. Teeth extracted due to unrestorable periodontal disease, as
well as orthodontic and prosthodontic prescriptions were collected at the Oral Surgery
Department of Riphah University’s Islamic International Dental College & Hospital.
There was no gender or age specification for the teeth collected. All the teeth had fully
formed apices. Teeth with curved roots were excluded. Also, teeth with intra canal calci-
fications/obstructions, internal resorption, previously treated teeth and teeth with root
caries were excluded from the sample.

All teeth were prepared by a single experienced endodontist. The teeth were
decoronated at the cementoenamel junction using a high-speed air turbine, leaving 15-16
mm of the root. Root canals were cleaned with a size 15-K (Dentsply Maillefer, Ballaigues,
Switzerland) type file and 1% sodium hypochlorite (NaOCI) until the apical foramen
was negotiated. The anatomical length of the root canal in each tooth was recorded, fol-
lowed by establishing the working length.

The canals were prepared with a step-back technique to a size 40 K files (Dentsply
Maillefer, Ballaigues, Switzerland) at working length at the apex, stepping back with sub-
sequent K file instruments (45, 50, 60). A Positive Pressure irrigation with 1% NaOCI was
conducted with an irrigating needle placed 3 mm shy of the working length followed by
recapitulation with a 15 K file to the working length after the use of each file. Irrigation
with 2 mL of 1% NaOCI was used before moving to the next file. Following completion of
root canal instrumentation, 17% Ethylene Diamine Tetra acetic Acid (EDTA) gel was ap-
plied for 3 minutes for removal of the smear layer. The canals were flushed again with 1%
NaOCl before drying with paper points. The root canals were obturated with GP(Dia-
Dent®) and an AH plus sealer® ( Dentsply Sirona USA) using warm vertical technique
using System B® (Kerr Dental) for apical part of the canal and obtura II® (Obtura Spartan)
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as back fill. The roots were stored in a damp gauze for 2 weeks at 37°C to facilitate setting
of the sealer.

The teeth were randomly allocated to two groups with 30 specimens in each group,
based on tables of random numbers. GP removal was conducted with either Hedstrom
files (control group) or ProTaper files (experimental group) employing chloroform as a
solvent. For group I, The removal of GPwas completed using 25 to 40 Hedstrom files
(Dentsply Maillefer, Ballaigues, Switzerland). In the second group, ProTaper Universal
Retreatment files (Dentsply Sirona) in an electric motor were used for the removal of GP.

Evaluation

Digital radiograph of each tooth was taken from the bucco-lingual and proximal di-
rection and each tooth was analyzed for the difference of radio opacity indicating residual
GP by the same operator. Kodak RVG digital radiography system using Kodak dental
imaging software version VER.6.10.8.3-A was done at the end of the last file used in the
canal, to look for any radio opacity, which showed the remnants of the root filling mate-
rial. The root canal and residual filling material was outlined using AutoCAD 2006 soft-
ware by a trained operator.

Removal time was recorded using a stopwatch. The stopwatch was started with the
use of first instrument for removal of GP and stopped when the instrument was finally
withdrawn after GP removal was considered complete.

Data Analysis

Data were entered and analyzed using SPSS Statistics software (IBM) package V25.
Mean + SD was calculated for residual GP in coronal + middle + apical = total for both
groups in both the bucco-lingual and proximal directions. Independent sample t-test was
used to compare the total residual GP. P value < 0.05 was regarded as significant
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Results

The mean length of root canal in both groups combined was 15.005 mm * 0.34 mm
(Table 1). There was no statistically significant difference (p>0.5) between the two groups.

Table 1: Root lengths of the teeth (mm)

Groups Mean (mm) Standard deviation
Group 1 (Hedstrom) 15.03 0.30
Group 11 (ProTaper) 14.98 0.38
Total 15.005 0.34

Evaluation of residual root filling material

Complete removal of GP from the root canals was not achieved with either of the two
techniques. No residual GP was observed in the coronal and middle thirds of the root
canal in either group. The residual GP was confined to the apical third of teeth in both
groups. The mean percentage volume of the residual GP imaged in bucco-lingual (Figure
1) and proximal direction (Figure 2) was higher for the manual Hedstrom files than for
the rotary NiTi ProTaper retreatment files. These results are summarized in Table 2. How-
ever, the differences between the two groups were not significant (p>0.5).
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Table 2. The percentage volume of residual root filling material recorded on bucco-lingual and
proximal radiographs (mean + SD).

Groups Bucco-lingual Proximal
Mean S.D Mean S.D
Hedstrom files 1.86 3.09 0.86 1.73
ProTaper files 0.11 0.47 0.06 0.23
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Figure 1 Mean percentage volume of the residual GP imaged from a bucco-lingual direc-
tion
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Figure 2. Mean percentage volume of the residual GP imaged from a proximal direction.
Removal Time
Hedstrom files took more time for the removal of filling material as depicted in Table
3. However, the differences between the study and control groups were not significant
(p>0.5)
Table 3. Time required for the removal of root filling material
Groups Time (minutes)
(Mean + SD)
Hedstrom files 8.93+1.18
ProTaper files 6.18 + 1.32

Procedural errors

For all groups, none of the NiTi rotary instruments or hand files showed intracanal
failure or visible signs of plastic deformation. Furthermore, no perforations, blockages or
ledging were recorded for both the groups.
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Discussion

Despite being a difficult and time-consuming procedure, endodontic retreatment is
undoubtedly the first choice for the management of endodontic failures when access to
the root canal is possible. Removing the old filling material is important to reach the rem-
nants of necrotic pulp or bacteria that may be responsible for periapical infection. 2!

In endodontic retreatment, it is important to remove gutta-percha and sealer effi-
ciently followed by adequate canal re-instrumentation. These steps ensure better access to
the necrotic tissue remnants and microorganisms responsible for causing persistence of
periapical inflammation. However, previous studies have reported that it is not possible
to achieve completely clean canal walls with any of the techniques.

The purpose of this study was to compare the effectiveness of a conventional method
against the rotary NiTi retreatment files system for the retrieval of GP from the root canals
during the retreatment procedures. In spite of the procedural challenges and time re-
quired, endodontic retreatment is still widely considered the preferred option for the
management of endodontic failures?success rates for retreatment procedures vary any-
where from 40% to 100%.%

The difference in the outcome of endodontic retreatment results depends on several
factors like, the age of the patient, types of teeth being treated?, altered anatomy of same
teeth in different individuals, the seal of the coronal restorations?, the possibility of re-
moving the coronal restorations to access pulp chamber, the techniques used to remove
the existing filling materials, and the possibility of repairing defects; iatrogenic or patho-
logic.

Removal of existing root filling material is essential to gain access to the remnants of
necrotic pulp or bacteria that contribute to periapical infection?¢?. Although there are var-
ious types of root canal filling materials, e.g. Resilon, SmartSeal, which seal the root canals
three dimensionally, Gutta-Percha still remains the most popular choice among endodon-
tists for root canal filling.

GP is by far the most widely accepted root filling material over the decades and there-
fore, the bulk of studies was on the removal of this material. GP is a thermoplastic root
canal filling material in conjunction with various sealers®. Gutta-percha root filling mate-
rial has been placed using either lateral condensation, with or without the application of
heat. Access to residual necrotic pulp remnants and microorganisms warrant efficient re-
moval of GP and sealer followed by appropriate canal re-instrumentation. 3 However,
previous studies have reported that none of the available techniques ensure complete
cleaning of the root canal walls.16,32

In present study, decoronation of the teeth was done at the cementoenamel junction
leaving 15— 16 mm of roots. Although decoronation does not simulate retreatment in clin-
ical conditions, it allows specimen standardization by controlling variables, such as crown
morphology, and access to the root canal, thus providing a more reliable comparison of
different techniques for retreatment endodontics.

Measuring instruments for this study were standardized and the procedures per-
formed by the same operator to eliminate operator-dependent confounders. The use of
NiTi rotary retreatment files activated by a 200-rpm low-speed electric motor with low
torque was established according to the manufacturer’s protocol. These factors enhance
tactile feedback and minimize the risk of file separation.

A variety of techniques have been employed to evaluate the removal of root filling
materials experimentally. The most commonly employed technique is the radiographic
assessment® 3, as for the present study. Radiography is noninvasive, quick and easy.
However, dental radiographs are not suitable for to distinguish sealer from the GP and
can be distorted by magnification during assessment. These limitations were addressed
by exposing radiographs from both the bucco-lingual and proximal views. However, the
subjective nature of evaluation and variations in observer performance can be a source of
bias. Therefore, digital images were evaluated with the aid of AutoCAD 2006 software for
reliable quantification of residual filling material.
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Sectioning of the root and subsequent evaluation is more accurate in detecting resid-
ual root filling material. Residual root filling material left in situ will result in an over
optimistic impression about the efficacy of the removal procedure.’> On the contrary, ra-
diography avoids the need for longitudinal sectioning, during which sealer or root filling
material may be lost.?> Tooth sectioning may be unpredictable and may disturb the root
structure. Nevertheless, direct visual access to the root canal is achieved. In an attempt to
improve the reliability of assessing residual GP, some studies have combined both radio-
graphs and longitudinal sectioning.?* Another commonly employed method is to ‘clear’
the teeth by demineralization in, for example, nitric acid prior to assessing the residual
root filling material. Once processed, the teeth are rendered transparent and this method
appears to be cost-effective, non-invasive and sensitive enough to identify small areas of
residual root filling material and sealer on the canal walls®”. The amount of residual ma-
terial can be quantified by capturing an image and taking measurements using computer
software. However, clearing teeth is time consuming. Only the residual volume of mate-
rial is measured, and the chemicals used may result in the degeneration of certain sealers
and root filling materials, thereby distorting accurate analysis.3

To quantify the amount of residual filling material and hence the efficacy of the re-
moval technique, different scoring systems have been used. Hiilsmann and Stotz* have
devised scores for assessing residual material after longitudinal sectioning. A root canal
is divided into coronal, middle and apical sections and the residual material placed into
six different categories, ranging from complete removal to several residual (gutta-percha)
masses greater than 2 mm. Others have used similar scoring systems with fewer catego-
ries, such as severe (>75%), moderate (50-75%), mild (25-50%) or no residual debris (0-
25%)%. Unfortunately, analysis of sectioned teeth is also a time consuming process. It does
not provide an idea about the volume of the residual root filling material and it can not
detect whether the canal is transported as a result of retreatment procedures, which influ-
ence outcome.%

The development of newer computed tomography techniques allow for a more ef-
fective means of assessing the residual root filling material in the canal as the exact rem-
nants can be determined in a non-invasive, three dimensional way.?? . This is then quanti-
fied using computer software. This technique overcomes many of the deficiencies of other
assessment techniques in that it measures the volume of residual material, and the tooth
can be scanned before and after retreatment to determine the effect of removal procedures
on canal morphology. This technique; though the best, was not used because of the una-
vailability of the required equipment.

The choice of using a solvent in this study was informed by the existing literature
and the clinical relevance to simulate current clinical practice. The relative efficacy of var-
ious solvents has been investigated extensively*!. Solvents have been advocated for many
years to soften GP and facilitate its removal. Historically, chloroform has been the solvent
of choice for GP due to its proven effectiveness*. However, cytotoxicity and potential
carcinogenicity remain major concerns especially following its extrusion into the periap-
ical tissues. In order to explore less-toxic alternatives, several other solvents have been
used. The removal of root filling with rotary NiTi files with or without a solvent has also
been reported.® For the purpose of this study, chloroform was used in the coronal third
of the canal for 5 minutes before inserting the endodontic instruments for retrieval of the
GP filling material.

Although the present study did not show significant differences between the two
groups, other investigations have found that the rotary instruments can be used to pre-
pare cleaner dentine walls when compared to manual techniques*. Hullsman and Blum
found a lower volume of residual filling material in the middle and apical thirds when
using ProTaper and Flexmaster files compared to hand instruments.* When considering
the root canal thirds separately, a higher percentage of filling material was found in the
apical third. This is consistent with the findings of other studies* as observed in both ra-
diographic and microscopic analysis of samples and underscores the view that the apical
third is a critical zone which requires meticulous instrumentation.
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Although teeth with a single, straight root may be chosen to reduce variables, con-
siderable variations may still be encountered in root canal anatomy making strict stand-
ardization difficult. Therefore, removal of coronal portion of the root to achieve a con-
sistent root length for instrumentation and obturation seems appropriate. To better simu-
late clinical conditions, a uniform temperature (37°C) and humidity (100%) were main-
tained during storage of the sample following obturation.?

Extracted teeth have been used to assess residual GP in most studies . However, in
one study, resin blocks were used as an alternative#’. Resin blocks are easier to obtain and
standardize, but the nature of the substrate is different from tooth tissue, and they do not
reproduce the inherent intricacies of the root canal system of natural teeth.

Time is also used as a measure of efficacy of root filling removal*. Recent studies
have compared the time taken to remove root filling materials using different rotary file
systems* or comparing rotary files with hand files. Given the popularity of rotary NiTi
systems in contemporary endodontics, the findings of this study are relevant to support
informed clinical-decision-making. Determining when the root filling removal procedure
has been completed is difficult, both clinically and experimentally. There is no scientific
method of measurement, so it relies primarily on the operator making a subjective deci-
sion. As a result, this can present problems with standardization, both within a study and
also when comparing with other studies, as different criteria may have been applied.
There is considerable variation with some operators stopping when canals were deemed
clean® or when no residual root filling material (e.g., GP) was visible on the last instru-
ment used?. Other studies have chosen the endpoint as; when the full working length of
the canal has been reached and no further filling material can be removed® , or when none
is visible within the canal with the naked eye'. In addition to the above, in some older
studies it was suggested that the canals should be smooth and clean dentine chips should
be present during instrumentation. Perhaps a more scientific method of assessing the end
point is by using radiography. The removal of root filling material may be deemed to have
been completed when there is no material visible on check radiograph®.

Most studies only investigate the residual amount of root filling material in the canal
after the removal procedure is deemed to have been completed. The amount of residual
material is compared to other canals which have been treated with a different removal
method or in which a different root filling material has been removed. However, other
variables were also analyzed either in combination with residual material or in isolation.
Some limitations of the current study need to be acknowledged. The study small sample
was small and only utilized natural teeth. Although, the study sample was restricted to
teeth with straight canals only, all variations in the canal morphology could not be ruled
out fully. Future studies involving a larger sample size with use of artificial teeth are rec-
ommended for better standardization of canal anatomy.
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Conclusion: This ex-vivo study compared the efficacy of GP removal with Hedstrom
and ProTaper rotary files during retreatment endodontics. Evaluation of digital radio-
graphic images showed presence of residual GP in the apical third of teeth in both
groups. Although ProTaper appeared to be more efficient in GP removal, differences
between the study and control group were not significant. Nevertheless, full working
length was achieved in all root canals. Under similar conditions, ProTaper retreatment
and Hedstrom files were equally effective in removing GP during retreatment involving
teeth with straight canals.

References

1. Ng YL, Mann V, Rahbaran S, Lewsey ], Gulabivala K. Outcome of primary root canal treatment: Systematic review of
the literature - Part 1. Effects of study characteristics on probability of success. Int Endod ]. 2007;40(12). doi:10.1111/j.1365-
2591.2007.01322.x

2. Rasool N, Mariam Lal S, Shetty SV. CAUSES OF ROOT CANAL TREATMENT FAILURE. PARIPEX INDIAN JOURNAL
OF RESEARCH. Published online 2021. doi:10.36106/paripex/7607346

3. Varshney A, Shetty A, Hegde MN, Shetty S, Rao LN. Evaluation of factors responsible for failure of root canal treatment
in an adult indian population: A cross sectional study. Indian | Public Health Res Dev. 2019;10(11). doi:10.5958/0976-
5506.2019.03692.1

4. Tandra Das T, Pradeep S. Microbial etiology of root canal treatment failure. International Journal of Pharmacy and
Technology. 2016;8(3).

5. Saglam H. Non-Surgical Endodontic Retreatment of Anterior Tooth with a Large Periapical Lesion and Extruded Guta
Percha with 36 Months Follow-Up: A Case Report. Open | Stomatol. 2021;11(04). d0i:10.4236/0jst.2021.114014

6. Surgical endodontic management after conventional root canal treatment failure: A case report. International Journal of

Oral Health Dentistry. 2020;4(1). doi:10.18231/2395-499x.2018.0013

7. Margasahayam S v, Beble GD, Shenoy VU, Patil AB, Khan SA. Efficacy of Passive Ultrasonic Activation Assisted Hand
vs. Rotary Retreatment Files in the Removal of Root Canal Filling Material: An In Vitro Study. JOURNAL OF CLINICAL
AND DIAGNOSTIC RESEARCH. Published online 2020. doi:10.7860/jcdr/2020/42735.13487

8. Agrawal P, Ramanna PK, Arora S, Sivarajan S, Jayan A, Sangeetha KM. Evaluation of efficacy of different
instrumentation for removal of gutta-percha and sealers in endodontic retreatment: An in vitro study. Journal of
Contemporary Dental Practice. 2019;20(11). doi:10.5005/jp-journals-10024-2670

9. Boariu M, Nica LM, Marinescu A, et al. Efficiency of eucalyptol as organic solvent in removal of gutta-percha from root
canal fillings. Revista de Chimie. 2015;66(6).

10. Khiyani S. Evaluation of the Dissolving Efficacy of Four Organic Solvents on Gutta-Percha: An in Vitro Study. IOSR
Journal of Dental and Medical Sciences. 2017;16(7).

11. Maria R, Dutta SD, Thete SG, Alattas MH. Evaluation of antibacterial properties of organic gutta-percha solvents and
synthetic solvents against Enterococcus faecalis. | Int Soc Prev Community Dent. 2021;11(2). doi:10.4103/jispcd.JISPCD-
422-20

12. Gencoglu N, Helvacioglu D. Comparison of the Different Techniques to Remove Fractured Endodontic Instruments
from Root Canal Systems. Eur | Dent. 2009;03(02). doi:10.1055/s-0039-1697413

13. Silva PA, Alcalde MP, Vivan RR, Duarte MAH. Comparison of the self-adjusting file and hedstrom file used as
supplementary instruments for the remaining filling material removal during retreatment of c-shaped canals: A Micro-
CT study. Eur Endod J. 2020;5(2). d0i:10.14744/eej.2020.50570


https://doi.org/10.20944/preprints202212.0340.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2022 d0i:10.20944/preprints202212.0340.v1

14. Capar ID, Arslan H, Ertas H, Gok T, Saygili G. Effectiveness of ProTaper Universal retreatment instruments used with
rotary or reciprocating adaptive motion in the removal of root canal filling material. Int Endod ]. 2015;48(1).
doi:10.1111/iej.12279

15. Schirrmeister JF, Hermanns P, Meyer KM, Goetz F, Hellwig E. Detectability of residual Epiphany and gutta-percha after
root canal retreatment using a dental operating microscope and radiographs - An ex vivo study. Int Endod ]. 2006;39(7).
doi:10.1111/.1365-2591.2006.01126.x

16. Zhang MM, Fang GF, Chen XT, Liang YH. Four-year Outcome of Nonsurgical Root Canal Retreatment Using Cone-
beam Computed Tomography: A Prospective Cohort Study. | Endod. 2021;47(3). d0i:10.1016/j.joen.2020.10.020

17. Gokturk H, Yucel AC, Sisman A. Effectiveness of four rotary retreatment instruments during root canal retreatment.
Cumhuriyet Dental Journal. 2015;18(1). doi:10.7126/cd;.58140.5000039374

18. Tasdemir T, Yildirim T, Celik D. Comparative Study of Removal of Current Endodontic Fillings. | Endod. 2008;34(3).
doi:10.1016/j.joen.2007.12.022

19. Ezzie E, Fleury A, Solomon E, Spears R, He J. Efficacy of retreatment techniques for a resin-based root canal obturation
material. | Endod. 2006;32(4). doi:10.1016/j.joen.2005.09.010

20. Saad AY, Al-Hadlaq SM, Al-Katheeri NH. Efficacy of Two Rotary NiTi Instruments in the Removal of Gutta-Percha
During Root Canal Retreatment. | Endod. 2007;33(1). doi:10.1016/j.joen.2006.08.012

21. Hammad M, Qualtrough A, Silikas N. Three-dimensional Evaluation of Effectiveness of Hand and Rotary
Instrumentation for Retreatment of Canals Filled with Different Materials. ] Endod. 2008;34(11).
doi:10.1016/j.joen.2008.07.024

22. Barletta FB, Rahde NDM, Limongi O, Moura AAM, Zanesco C, Mazocatto G. In vitro comparative analysis of 2

mechanical techniques for removing gutta-percha during retreatment. | Can Dent Assoc (Tor). 2007;73(1).

23. Zmener O, Pameijer CH, Banegas G. Retreatment efficacy of hand versus automated instrumentation in oval-shaped
root canals: An ex vivo study. Int Endod ]. 2006;39(7). doi:10.1111/j.1365-2591.2006.01100.x
24. Anisa PDN, Prisinda D. <p>Perawatan saluran akar ulang non-bedah gigi insisivus lateral kanan rahang atas pada

pasien geriatri</p><p>Non-surgical root canal re-treatment of maxillary right lateral incisor in geriatric patient</p>.
Jurnal Kedokteran Gigi Universitas Padjadjaran. 2020;32(3). doi:10.24198/jkg.v32i3.29548

25. Paik S, Sechrist C, Torabinejad M. Levels of evidence for the outcome of endodontic retreatment. | Endod. 2004;30(11).
do0i:10.1097/01.don.0000137636.93933.51

26. Imura N, Pinheiro ET, Gomes BPFA, Zaia AA, Ferraz CCR, Souza-Filho FJ. The Outcome of Endodontic Treatment: A
Retrospective Study of 2000 Cases Performed by a Specialist. ] Endod. 2007;33(11). doi:10.1016/j.joen.2007.07.018

27. Pedro FM, Marques ATC, Pereira TM, et al. Status of endodontic treatment and the correlations to the quality of root
canal filling and coronal restoration. Journal of Contemporary Dental Practice. 2016;17(10). doi:10.5005/jp-journals-10024-
1939

28.  Yancheshmeh SSY. Examining the Factors Affecting Endodontic Therapy Failure. | Mol Biol Res. 2020;10(1).
do0i:10.5539/jmbr.v10nlpl

29. Dioguardi M, di Gioia G, llluzzi G, et al. Inspection of the microbiota in endodontic lesions. Dent | (Basel). 2019;7(2).
doi:10.3390/dj7020047

30. Pandey P, Aggarwal H, Tikku AP, Singh A, Bains R, Mishra S. Comparative evaluation of sealing ability of gutta percha
and resilon as root canal filling materials- a systematic review. | Oral Biol Craniofac Res. 2020;10(2).
doi:10.1016/j.jobcr.2019.12.004

31. Zandi H, Petronijevic N, Mdala I, et al. Outcome of Endodontic Retreatment Using 2 Root Canal Irrigants and Influence
of Infection on Healing as Determined by a Molecular Method: A Randomized Clinical Trial. | Endod. 2019;45(9).
doi:10.1016/j.joen.2019.05.021


https://doi.org/10.20944/preprints202212.0340.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2022 d0i:10.20944/preprints202212.0340.v1

32. de Carvalho Maciel AC, Zaccaro Scelza MF. Efficacy of automated versus hand instrumentation during root canal
retreatment: An ex vivo study. Int Endod . 2006;39(10). doi:10.1111/j.1365-2591.2006.01148.x

33.  Santos LGP, Felippe WT, Souza BDM, Konrath AC, Cordeiro MMR, Felippe MCS. Radiographic and scanning electron
microscopic assessment of root canal filling remnants after endodontic re-instrumentation. Braz Dent Sci. 2017;20(1).
doi:10.14295/bds.2017.v20i1.1325

34. Kfir A, Tsesis I, Yakirevich E, Matalon S, Abramovitz L. The efficacy of five techniques for removing root filling material:
Microscopic versus radiographic evaluation. Int Endod J. 2012;45(1). d0i:10.1111/j.1365-2591.2011.01944.x
35. Masiero A v., Barletta FB. Effectiveness of different techniques for removing gutta-percha during retreatment. Int Endod

J. 2005;38(1). doi:10.1111/.1365-2591.2004.00878.x

36. Bramante CM, Betti L v. Efficacy of Quantec rotary instruments for gutta-percha removal. Int Endod ]J. 2000;33(5).
doi:10.1046/j.1365-2591.2000.00340.x

37. Schirrmeister JF, Wrbas KT, Meyer KM, Altenburger M]J, Hellwig E. Efficacy of Different Rotary Instruments for Gutta-
Percha Removal in Root Canal Retreatment. | Endod. 2006;32(5). d0i:10.1016/j.joen.2005.10.052

38. Tay FR, Pashley DH, Williams MC, et al. Susceptibility of a polycaprolactone-based root canal filling material to
degradation. I. Alkaline hydrolysis. ] Endod. 2005;31(8). d0i:10.1097/01.don.0000152301.72828.61

39. Hiilsmann M, Stotz S. Efficacy, cleaning ability and safety of different devices for gutta-percha removal in root canal
retreatment. Int Endod ]. 1997;30(4). doi:10.1046/j.1365-2591.1997.00036.x

40. Gorni FGM, Gagliani MM. The outcome of endodontic retreatment: A 2-yr follow-up. | Endod. 2004;30(1).
doi:10.1097/00004770-200401000-00001

41. Dotto L, Sarkis-Onofre R, Bacchi A, Pereira GKR. The use of solvents for gutta-percha dissolution/removal during
endodontic retreatments: A scoping review. | Biomed Mater Res B Appl Biomater. 2021;109(6). d0i:10.1002/jpm.b.34753

42. Karatas E, Kol E, Bayrakdar IS, Arslan H. The effect of chloroform, orange oil and eucalyptol on root canal transportation
in endodontic retreatment. Australian Endodontic Journal. 2016;42(1). doi:10.1111/aej.12126

43. Bhagavaldas M, Diwan A, Kusumvalli S, Pasha S, Devale M, Chava D. Efficacy of two rotary retreatment systems in
removing Gutta-percha and sealer during endodontic retreatment with or without solvent: A comparative in vitro study.
Journal of Conservative Dentistry. 2017;20(1). doi:10.4103/0972-0707.209075

44. Alakabani TF, Faus-Llacer V, Faus-Matoses I, et al. The efficacy of rotary, reciprocating, and combined non-surgical
endodontic retreatment techniques in removing a carrier-based root canal filling material from straight root canal
systems: A micro-computed tomography analysis. ] Clin Med. 2020;9(6). d0i:10.3390/jcm9061989

45. Hiilsmann M, Bluhm V. Efficacy, cleaning ability and safety of different rotary NiTi instruments in root canal
retreatment. Int Endod ]. 2004;37(7). doi:10.1111/j.1365-2591.2004.00823.x

46. Reddy S, Neelakantan P, Saghiri MA, et al. Removal of gutta-percha/zinc-oxide-eugenol sealer or gutta-percha/epoxy
resin sealer from severely curved canals: An in vitro study. Int | Dent. Published online 2011. d0i:10.1155/2011/541831

47. lizuka N, Takenaka S, Shigetani Y, Okiji T. Removal of resin-based root canal filling materials with K3 rotary
instruments: Relative efficacy for different combinations of filling materials. Dent Mater ]. 2008;27(1).
d0i:10.4012/dm;.27.75

48.  Beasley RT, Williamson AE, Justman BC, Qian F. Time required to remove guttacore, thermafil plus, and
thermoplasticized gutta-percha from moderately curved root canals with protaper files. | Endod. 2013;39(1).
doi:10.1016/j.joen.2012.10.014

49. Muraleedhar A v., Satish SV, Patil AM, Kovvuru SK, Patil S. Comparative Evaluation of Efficacy of Three Different
Rotary Retreatment Systems with Manual Instrumentation in Removing Gutta-Percha from Root Canals — An In Vitro
Study. ] Evol Med Dent Sci. 2021;10(14). doi:10.14260/jemds/2021/219


https://doi.org/10.20944/preprints202212.0340.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2022 d0i:10.20944/preprints202212.0340.v1

50. Ferreira JJ, Rhodes ]S, Pitt Ford TR. The efficacy of gutta-percha removal using ProFiles. Int Endod ]. 2001;34(4).
doi:10.1046/.1365-2591.2001.00379.x

51. Tasdemir T, Er K, Yildirim T, Celik D. Efficacy of three rotary NiTi instruments in removing gutta-percha from root
canals. Int Endod ]. 2008;41(3). doi:10.1111/j.1365-2591.2007.01335.x


https://doi.org/10.20944/preprints202212.0340.v1

