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مورتسديهعونةيوديلادرابملاةيلاعفةنراقموهةساردلاهذهنمفدهلا:فدهلا
عامقاةلازإيف،روذجلاجلاعةداعإوجلاعيفةمدختسملاربيتوربلادرابمنيبو
.يمقرلايعاعشلإاريوصتلاةينقتمادختسابةيبللاةجلاعملاةداعإءانثأاكريباتوجلا

تمدختسا،هيربتخمةيسارد/هيحلاماسجلأاجراختمتةساردلاهذه:قرطلا
نانسلأانمنيتسةساردلاتمدختُساو.ةيلامتحلااريغةيلاتتملاتانيعلاذخأةينقت
متنانسلااريضحتدعب.ةميقتسملاتاونقلاتاذروذجلاةيداحاةمئادلاةيماملأا

اهبظافتحلاامتمثنموتاوجفلائلامواكريباتوجلاعامقأباهئاوراوتاونقلاوشح
رايتخامتمث.ةيوئم٣٧ةرارحةجرديفةبطرةئيبيفامويرشعةعبراةدمل
ةعومجملا(ةبقارملايتعومجملةيئاوشعةروصبنانسلاانمنيثلاثوةثلاث
اكريباتوجلاةلازإةيلمعتمت.)ةيناثلاةعومجملا(ةيبيرجتلاةعومجملاو)ىلولأا
ةنكمملاربيتوربلادرابمويلولااةعومجملايفةيوديلامورتسديهلادرابمب
متو.ةيناثلاةعومجملايفروذجلاجلاعةداعإوروذجلاجلاعيفةمدختسملا
مقررادصإ)كدوك(ميرتسريكجمانربمادختسابةيمقرتاعاعشإىلعلوصحلا

RVG VER.6.10.8.3-A،يتلابئاوشلانيبقرفلاةفرعملاهليلحتىرجو
AutoCADجمانربمدختُساو.اكريباتوجلااياقبلثمت تاونقحيضوتيف2006
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عومجمةنراقملtةلقتسملاةنيعلارابتخامدختُساو.روذجلاتاوشحاياقبوروذجلا
.نيتعومجملااتلكيفاكريباتوجلانمىقبتام

بصعلاوشحاياقبيفةيئاصحإةللادتاذقورفيأةظحلاممتتمل:جئاتنلا
ناك،نيتعومجملالاكيف.اهتنراقمواهرابتخامتيتلاةفلتخملاقرطلامادختساب
.روذجلانملفسلااثلثلايفارًوصحمبصعلاوشحنميقبتملاءزجلا

سفنبةلاعفةيوديلامورتسديهلادرابموةنكمملاربيتوربلادرابمدعت:تاجاتنتسلاا
.ةميقتسملاتاونقلاتاذروذجلاةيداحانانسلاانمبصعلاوشحةلازلإردقلا

.ربتخملايفةسارد؛نانسلأاروذججلاع؛نانسلأابط:ةيحاتفملاتاملكلا
ةجلاعملاةداعإ؛نانسلأليعاعشلاريوصتلا؛ةنراقمةسارد

Abstract

Objective: This research was aimed at assessing the

effectiveness of manual H-files versus a combination of a

Pro-Taper universal rotary canal preparation system and

retreatment system in removing gutta-percha (GP) during

endodontic retreatment, by using a digital radiography

technique.

Methods: This ex vivo study used a non-probability

consecutive sampling technique. The study sample

comprised 60 extracted anterior permanent teeth, each

with one root with a straight root canal (RC). After

preparation, RCs were obturated with GP and sealer.

Subsequently, teeth were stored for 2 weeks in a humid
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environment at 37 �C. Thirty teeth each were randomly

assigned to the control (group I), and experimental

(group II) groups. GP removal was performed with H-

files {group I) or a combination of a Pro-Taper universal

rotary canal preparation system and retreatment system

(group 2). Digital radiographs were acquired with Care-

stream digital radiovisiography software (Kodak;

version-VER.6.10.8.3-A), and the presence of residual

GP was analyzed. AutoCAD (2006) software was used to

demarcate the RC and residual root filling. The residual

GP in both groups was compared with independent

sample t-tests.

Results: The remaining root filling did not significantly

differ when GP was removed with conventional Hed-

strom files versus a combination of Pro-Taper Universal

preparation and retreatment file systems. The residual GP

was confined to the apical third of the canals in both

groups.

Conclusions: Pro-Taper Universal preparation and

retreatment file systems have similar effectiveness to

manual H-files in GP removal in straight canals.

Keywords: Comparative study; Dental radiography;

Dentistry; Endodontics; In vitro; Retreatment

� 2024 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Endodontic treatment (ET) includes debridement of the
diseased pulp of a tooth, followed by instrumentation and root
canal system (RCS) obturation to achieve an apical, lateral,
and coronal seal.1 When performed optimally, ET has a high

success rate. Nevertheless, ET failure may still occur for a
variety of reasons, including apical leakage, iatrogenic root
perforation, missed canals, and over/under extension of the

RC obturation material. These factors may result in a failure
to decrease the number of micro-organisms in the RCS and
peri-radicular tissues to below the critical threshold level and

may subsequently lead to ET failure.2

The management options for ET failure include ortho-
grade retreatment,3 surgical endodontics,4 and extraction.5

Non-surgical endodontic retreatment (NER) is currently
the preferred treatment if the tooth is restorable. NER is a
conservative option that preserves the tooth, and minimizes
the morbidity and complications associated with surgical

endodontics.5 The primary objective of NER is to minimize
bacterial contamination of the RCS through removal of the
existing root filling, followed by cleaning, debridement, and

three-dimensional filling of the RCS.5

GP removal during endodontic retreatment (ER) can be
accomplished with an array of endodontic tools, including

hand files,6 heat carriers, rotary instruments, ultrasonic files/
tips, and solvents.7 Conventionally, H-files have been used
alongside K-files for GP removal. GP removal is expedited
by the use of solvents, such as orange extract, xylene,
chloroform, and turpentine.8e10 The effective dentine
cutting ability of H-files make them suitable for retrieving

separated instruments and GP from the RCS as part of
NER.11,12

The Pro-Taper Universal rotary system (PURS)

(Dentsply Maillefer, Ballaigues, Switzerland) comprise-
sassorted shaping (S1 and S2) and finishing (F1, F2, F3, F4,
and F5) files, whereas, the Pro-Taper Universal Rotary

system for Retreatment (PURSR) (Dentsply Maillefer,
Ballaigues, Switzerland) comprises three retreatment files
(D1 with an active tip, and D2 and D3 with passive tips).13

All PURSR files have a convex-triangular cross-section,

and a tip diameter/taper/length of 0.09/0.30/16 mm (D1 for
the coronal third of the RCS), 0.08/0.25/18 mm (D2 for the
middle third of the RCS), and 0.07/0.20/22 mm (D3 for the

apical third of the RCS). Many studies have compared
PURSR with other systems, both manual and rotary;
however, no studies have compared PURS and PURSR

against H files.
The efficacy of instruments for root-filling (RF) removal

has been evaluated with various methods. The most
commonly used technique for assessing the extent of RF

removal is radiography. This method is rapid, non-invasive,
and easily performed.14 Nonetheless, radiographs provide a
two-dimensional visualization of three-dimensional objects.

This limitation may be mitigated by using cone-beam
computerized tomography15 or by obtaining simultaneous
radiographic images from bucco-lingual and proximal

views. Digital radiography is preferred over conventional
radiography because it provides an immediate view, offers
improved resolution, is time-saving, and minimizes problems

associated with the chemical processing of radiographic
films.16

Longitudinal sectioning before photographic or micro-
scopic analysis has also been suggested.17 Remaining RF can

be quantified by imaging and measurement with computer
software.18 Although this method provides direct visual
access to the RC, it may pose difficulties in predictably

sectioning teeth and may introduce a risk of disrupting the
root structure.

Alternative methods, such as screen projection of photo-

graphs, micro-computed tomography, scanning electron
microscopy, stereo-microscopy, digitalized image assessment
with a scanner, and computed tomography, have been used

in prior studies.19e22 The advent of micro-computed to-
mography technology has enabled more accurate, noninva-
sive assessment of residual GP in the RCS by revealing the
three-dimensional root morphology; however, this technol-

ogy is expensive and is not readily available.
Although H files are commonly used for GP removal

during ER, the evidence in the literature is insufficient to

compare their efficacy with that of PURSR plus PURS.
Therefore, this research was aimed at assessing the
comparative effectiveness of manual H-files and a combi-

nation of a Pro-Taper universal rotary canal preparation
system and retreatment system for removing gutta-percha
(GP) during ER, through a digital radiography technique.
The null hypothesis (H0) was no difference in efficiency be-

tween the Pro-Taper universal rotary canal preparation
system plus retreatment system and manual H-files in GP
removal from straight RCs during ER. The alternative hy-

pothesis (HA) was better performance of the combined Pro-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Taper universal rotary canal preparation system plus
retreatment system than manual H-files in GP removal from

straight RCs during ER.

Materials and Methods

All teeth used in the study had fully formed apices. A
sample consisting of 60 permanent anterior teeth with one
straight root and one canal were collected. The sample size of

60 was calculated with the World Health Organization
sample size calculator with pooled SD ¼ 3.585, residual GP
with H files ¼ 6.31,21 residual GP with rotary files ¼ 3.98,23

level of significance ¼ 5%, and study power ¼ 80%.
We collected teeth that had already been extracted

because of advanced periodontal disease, and orthodontic

and prosthodontic prescriptions. No patient sex or age re-
quirements were imposed. All included teeth had fully
formed apices and type I Vertucci’s canal configuration (one

orifice and one apical exit). Teeth with curved roots, root
caries, intra-canal calcifications/obstructions, internal
resorption, and previously RC treated teeth were excluded.

All teeth were prepared by a single experienced

endodontist and were decoronated at CEJ with a high-speed
air turbine, thus leaving 15e16 mm of the root (Figure 1A).
RCs were cleaned with a 15-K file (Dentsply Maillefer;

Ballaigues, Switzerland) and 2 ml 1%NaOCl until the apical
foramen was negotiated. The working length (WL) was
calculated for all teeth.

RCs were prepared with a step-back technique with apical
preparation up to size 40-K files (Dentsply Maillefer; Bal-
laigues, Switzerland), followed by step back with subsequent
K file instruments (45, 50, 55) (Figure 1B). Irrigation with

2 ml 1% NaOCl was conducted before the next file size
was used. A closed-end side-vented irrigation needle was
placed 2 mm from the WL. After completion of the RC

instrumentation, the canal was filled with 17% EDTA so-
lution for 3 min to remove the smear layer. Finally, RCs were
flushed with 1% NaOCl (2 ml) and dried with paper points.

The RCs were obturated with GP (DiaDent�), AH plus
sealer� (Dentsply; Sirona USA) through the warm vertical
technique with System B� (Kerr Dental) for the canal’s

apical part, and obtura II� (Obtura Spartan) as backfill
(Figure 1C and D). Roots were stored in damp gauze for 2
weeks at 37 �C to facilitate setting of the sealer.

The teeth were assigned randomly to two groups, each with

30 specimens, according to a random number table. Chloro-
form, as the solvent, was placed in the canals’ coronal third for
5 min before the insertion of files for GP retrieval. For group I

(control group), the retrieval of GP was performed with stan-
dardized assorted H-files, until size 4024 (Dentsply Maillefer;
Ballaigues, Switzerland). H-files of numbers 40, 35, 30, 25,

and 20 were consecutively used for GP/sealer removal, until
the approximate WL was reached. The H-files were used in a
1/4th turn, pushepull, and circumferential filing motion.
Subsequently, the apical area of the canals was prepared with

assorted H-files (numbers 20, 25, 30, 35, and 40) sequentially
until no GP/sealer was detected.

In group II (experimental group), Pro-Taper Univer-

sal Retreatment, shaping, and finishing files (up to F4)
(� Dentsply Sirona, all rights reserved) were used with an
electric motor (Dentsply; X-Smart) (speed ¼ 300 RPM;

torque¼ 3 Ncm) for GP removal. First, PURSR instruments
were used sequentially in canals (D1, coronal third; D2,
middle third; D3, apical third) to remove GP/sealer. Canal

instrumentation was subsequently performed with assorted
PURS instruments (S1/S2/F1/F2/F3/F4). The irrigation
protocol followed during the GP/Sealer removal was iden-

tical to that used during the initial tooth preparation and
obturation phase. Removal time was recorded with a stop-
watch for both groups. The stopwatch was started when the
first instrument was used for GP removal and was stopped

when the final instrument was withdrawn after GP removal
was considered complete.

Evaluation

Digital periapical radiographs (DPRs) for all teeth were
acquired from the bucco-lingual and proximal directions

with a Kodak RVG digital radiography system. Subse-
quently, differences in radio-opacity within the canals indi-
cating residual GP were analyzed in each tooth by a single

operator using Kodak dental imaging software (version
6.10.8.3). The RC and residual GP were outlined with
AutoCAD 2006 software by a trained operator (S.A).

The AutoCAD software tool is used to measure the

volumes of two- or three-dimensional objects. The total
volume of the object can be calculated, and the tool’s add/
subtract option can be used to calculate subvolumes. After

the residual GP fragments were outlined by a trained
operator, the same principle was applied to calculate the
total volume of each canal on a two-dimensional DPR.

The remaining amount of GP on each DPR was then
outlined with the same software. Subsequently, the
remaining outlined GP volume was calculated objectively

in AutoCAD software (Figure 2).

Data analysis

Data were analyzed in SPSS-24 software (IBM).

Mean � SD were calculated for the coronal, middle, apical,
and total residual GP in both groups, in both the bucco-
lingual and proximal directions. Total residual GP in both

groups was compared with independent sample t-tests with a
significance level (p-value) set at <0.05.

Results

Root length in both groups

The mean root length in both groups combined was
15.005 mm � 0.34 mm (Table 1). The difference in length

between groups was insignificant (p > 0.5).

Evaluation of residual root filling material

No residual GP was observed in the coronal and
middle thirds of the RCs in both groups. The residual



Figure 2: (A) and (B) Sample AutoCAD images for calculating the volume of residual GP.

Table 3: Time required for GP removal.

Groups Time (minutes)

Mean � SD

Hedstrom files 8.93 ± 1.18

ProTaper files 6.18 ± 1.32

Figure 1: (A) Post decoronation 16 mm root. (B) Root cross-sectional post canal preparation view. (C) and (D) Post-obturation periapical

radiographs.

Table 1: Root lengths of the teeth (mm).

Groups Mean � SD

Group I (Hedstrom) 15.03 ± 0.30

Group II (ProTaper) 14.98 ± 0.38

Total 15.005 ± 0.34

S. Atique et al.540
GP was confined to the apical third of the RCs in both

groups. The mean percentage volume of residual GP in
the canals (both in bucco-lingual and proximal direction)
was higher in the control group than the experimental
group (Table 2). However, the difference was statistically

insignificant (p > 0.5). Thus, the alternative hypothesis
(HA) was rejected, and the null hypothesis (H0) was
supported.

Removal time

H-files required more time for GP removal than ProTaper

files (Table 3). However, the difference in removal time
between groups was insignificant (p > 0.5).
Table 2: Residual GP percentage volume recorded on bucco-

lingual and proximal radiographs (mean ± SD).

Groups Bucco-lingual

Mean � SD

Proximal

Mean � SD

Hedstrom files 1.86 ± 3.09 0.86 ± 1.73

ProTaper files 0.11 ± 0.47 0.06 ± 0.23
Procedural errors

No incidence of intra-canal instrument separation, or any

visible signs of plastic deformation of NieTi rotary in-
struments or hand files were observed in either group. In
addition, no iatrogenic errors, such as perforations, block-

ages, or ledges, were recorded.

Discussion

This research was aimed at comparing the effectiveness of
the traditional method with rotary NiTi preparation and
retreatment systems for GP removal in the RCS during ER

procedures. Prior research has suggested that attaining a
completely clean RC during ER can be challenging.25

Despite the procedural difficulties and time involved,

NER remains widely considered the preferred choice for
endodontic failures.26 The success rates for retreatment
procedures range from 40% to 100%.27 ER outcomes
depend on numerous factors, including patient age; treated

tooth type; interindividual anatomical variation in the
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same teeth, the seal of the coronal restoration, the method
used to access the existing filling in RC, and the possibility

of repairing defects (iatrogenic or pathologic).28e31

GP, a thermoplastic material for RC filling, is typically
used in conjunction with various sealers.32 Access to necrotic

pulp remnants and residual microorganisms requires efficient
removal of the GP and sealer, followed by appropriate
chemico-mechanical root canal re-instrumentation.33 On

the basis of prior research, no existing techniques can
ensure the complete removal of old filling materials from
the RC.15,34

In the current study, decoronation of teeth was performed

at the cementoenamel junction, thereby leaving 15e16 mm
of roots. Although decoronation does not simulate retreat-
ment in clinical conditions, it enables standardization of

specimens by controlling variables, such as the tooth crown’s
morphology, and access to the RCS, thus providing a more
reliable means of comparing the methods used for retreat-

ment in endodontics.35

All procedures were performed by a single operator to
eliminate operator-dependent confounders, and the
measuring instruments were all standardized. The NieTi
rotary files used on a low-speed electric motor at low tor-
que were applied according to the manufacturer’s in-
structions. These factors enhance tactile feedback and

minimize the risk of file separation.
Radiographic evaluation is the most frequently used

method to assess the extent of root filling material

removal.36,37 However, the assessment process may be
complicated if two-dimensional dental radiographs are
used. These limitations were addressed herein by exposing

radiographs from both the bucco-lingual and proximal
views. Moreover, digital images were evaluated with Auto-
CAD 2006 software to reliably quantify the residual filling
material and minimize subjectivity in the evaluation process.

The radiographic method allowed us to avoid longitudinal
tooth sectioning, during which sealer/tooth-filling material
may be lost.38 Some studies have suggested combining

radiographic assessment of the residual root filling
materials (RFM) and longitudinal sectioning, to provide a
more accurate picture of the remaining RFM.39

Various scoring systems have been used to calculate the
quantity of residual RFM, and to assess the efficacy of the
technique used for removal. Hülsmann and Stotz40 have

proposed scores for the evaluation of residual RFM in RC
after longitudinal sectioning. The residual RFM in the root
has been divided into six categories ranging from complete
RFM removal to the presence of many residual (GP)

masses >2 mm in the apical, coronal, and middle thirds of
the RC. Other researchers have used comparable scoring
systems with fewer categories, such as severe {>75%},

moderate {50e75%}, mild {25e50%}, or no residual
debris {0e25%}.19 Despite its benefits, the examination of
sectioned teeth is time-consuming and does not provide

any information about the volume of residual RFM;
moreover, it does not offer insights into potential canal
transportation errors, which can influence retreatment
outcomes.41

The choice of solvent in the current research was influ-
enced by the existing literature as well as the relevance to
current clinical practice. The relative efficacy of various
solvents has been extensively investigated.42 Solvents have

been used for years for softening and removal of GP.
Historically, chloroform has been the preferred solvent for
GP softening, because of its demonstrated effectiveness.43

However, cytotoxicity and potential carcinogenicity remain
major concerns, particularly after its extrusion into the
periapical tissues. Several other solvents have been used

to explore less toxic alternatives. GP retrieval with NieTi
rotary files, with or without solvent, has also been
documented.44

Although this research did not indicate significant dif-

ferences between groups, previous research has suggested
that rotary instruments achieve cleaner dentinal walls than
manual techniques.45 Hullaman and Blum have reported

lower volumes of residual RFM in the middle and apical
thirds of the RC with the use of rotary instruments rather
than hand instruments.46 The percentage RFM in the

apical third of the RC was higher than that in the coronal
and middle thirds of the RC, in agreement with prior
research,47 as noted in the radiographic/microscopic
evaluation of study samples. This finding underscores that

the apical third is a critical zone requiring thorough
instrumentation.

Teeth with one straight RC were chosen to minimize

variability in this study. Because variations might still have
been encountered in root canal anatomy, thus making strict
standardization difficult, we removed the coronal portion of

the root to achieve consistent root length for instrumentation
and obturation. To better recapitulate clinical conditions, we
stored the teeth in the study at 37 �C under 100% humidity

after obturation.21 Many studies have used extracted teeth to
analyze residual GP. One study has used resin blocks,48

which are easy to obtain and standardize; however, the
nature of their substrate differs from that of the tooth

tissue, and they do not recapitulate some aspects of the
RCS of natural teeth.

The efficacy of removal of RFM can be measured ac-

cording to the time required.49 A comparison of the time
required for RFM removal with various rotary and manual
techniques has been reported.50 Given the frequent use of

rotary NiTi systems in contemporary endodontics, the
findings of our study may support informed clinical
decision-making. Determining when RC filling material

removal is complete is clinically and experimentally
challenging. Because of the lack of specific scientific
methods of measurement, operators must make subjective
decisions. Different criteria have been used for assessment,

thus potentially resulting in a lack of standardization
within and between studies. Endpoints also vary across
studies. The techniques used among operator considerably

vary: some operators stop when the canals are deemed
clean,51 whereas others stop when no remaining RFM is
visible on the last used instrument.22 Other studies have

used endpoints of removal of no further RFM after
reaching full WL52,53 or no RFM visible in the canal with
the naked eye.14 Although some studies have suggested
cleaning canals until smooth dentinal chips begin to

appear, this approach is no longer used because of its
impracticality. A more reliable and scientific method would
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be to use a radiograph to determine the endpoint. When no
RFM is evident on the check radiograph, the removal of

the old RFM may be considered complete.46

Limitations

Some limitations of the study must be acknowledged.
First, the study sample was small and used only anterior
natural teeth with straight canals. Second, two-dimensional

radiographs were used to assess the volume of residual GP
after ER was performed.

Future recommendations

Future studies involving larger sample sizes, including a
variety of natural teeth with variable degrees of root curva-

ture, are recommended to enhance the generalizability and
applicability of the research findings. Moreover, incorpora-
tion of three-dimensional imaging techniques, such asMicro-

CT and CBCT, is recommended for measuring the volumes
of the canal and the residual GP, thus increasing the reli-
ability of the results.

Conclusions

This in vitro study compared the efficacy of GP removal
with Hedstrom and ProTaper rotary files during NER.
Evaluation of DPR indicated the presence of residual GP in
the apical third of teeth in both groups. Although the Pro-

Taper appeared to be more efficient in GP removal, no sig-
nificant differences were observed between the study and
control groups. Full WL was achieved in all RCs. Under

similar conditions, the ProTaper systems and Hedstrom files
were equally effective in removing GP during ER in teeth
with straight single canals.

The inability of both study groups (ProTaper systems and
Hedstrom files) to completely remove GP from RCs apical
third highlights the importance of using a combination of

mechanical instruments and adequate irrigation techniques/
materials for achieving adequate removal of GP from the
RCS in the apical third. This combined method may ulti-
mately enhance the clinical success of ER procedures as well

as patient satisfaction.
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