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Effectiveness of rotatory and
reciprocating movements in root canal
filling material removal

Abstract: The purpose of this study was to compare the efficacy
of reciprocating and rotary techniques for removing gutta-percha
and sealer from root canals. Forty straight and oval single-rooted
premolars were prepared up to size 30, filled with gutta-percha and
sealer, and then randomly allocated to two experimental retreatment
groups: Prolaper Retreatment System (PTRS) and WaveOne System
(WS). Procedural errors, time of retreatment and apically extruded
material were recorded for all the roots. The roots were radiographed
after retreatment. The percentage of residual material was calculated
using image analysis software. The data were analyzed by
Kolmogorov-Smirnov and t tests, with a significance level set at 5%.
No system completely removed the root filling material from the root
canal. No significant differences were observed between the systems, in
terms of residual filling material in any tested third (p > 0.05). WS was
faster in removing filling material than PTRS (p < 0.05). Extrusion was
observed in 4 cases in PTRS and in 5 cases in WS. No procedural errors
were observed in either group. It can be concluded that although no
differences were observed in the efficacy of PTRS and WS for removing
root filling material, WS was faster than PTRS.
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Introduction

Although root canal treatments have a success rate of higher than 90%
when properly conducted,'? failures may occur and are often associated
with poorly treated canals.? Problems related to canal anatomy,® as well
as microbial factors, can explain failure rates of about 8% for treated
canals.* In these cases, endodontic retreatment of the root canal system
is necessary.” This retreatment requires the removal of the original root
canal filling, further cleaning, shaping, and refilling.®

Numerous techniques have been proposed for removing root filling
materials, including stainless steel hand files,”® adjunctive solvents and/or
ultrasonics,’’® and nickel-titanium (NiTi) rotary systems.”®"'? ProTaper
Universal rotary system improved the previous ProTaper series by
adding rotary retreatment instruments designed specifically to remove
obturation material from root canals, and studies have reported their
efficacy, cleaning ability and safety.”"1213
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Recently, a new technique using reciprocating
motion was proposed for endodontic treatment.™
The method relieves stress on the instrument by
using special counterclockwise (cutting action) and
clockwise (release of the instrument) movements. This
extends the durability of the NiTi rotary instrument
and increases its resistance to fatigue, in comparison
with continuous rotation motion."*’* WaveOne is one
of the available reciprocating systems. It is a single-file
reciprocating root canal preparation system that
alternates different degrees of counterclockwise
(CCW) and clockwise (CW) rotation movements,
allowing the file to rotate 360° after performing
3 reciprocating movements. Even though there is
growing evidence of safety and shaping effectiveness
of the reciprocating motion, 718192021 there is still
limited knowledge of the potential benefits of using
this system in retreatment cases.?>*

The purpose of this study was to evaluate the
efficacy of removing filling materials from oval-shaped
root canals using the ProTaper Retreatment System
(PTRS), and compare the results with those obtained
with the WaveOne System (WS). The time required for
gutta-percha removal, the apical extrusion of filling
materials and the number of instrument fractures
were also evaluated. The null hypothesis was that
no differences regarding effectiveness of filling
material removal could be found between WaveOne
and ProTaper Retreatment systems.

Methodology
Tooth selection and preparation
Eighty-seven human permanent maxillary
premolars were selected from a random collection of
extracted teeth obtained after receiving the respective
patients’ informed consent, under a protocol approved
by the local Ethics Committee Review Board. Digital
periapical radiographs (IDA, Dabi Atlante, Ribeirdo
Preto, Brazil) were taken in the buccolingual and
mesiodistal directions to select only teeth with complete
formation of the apex, absence of endodontic treatment
and presenting single, oval-shaped root canals, with
a cross-section diameter ratio of = 2.5, as measured
5 mm from the apex.** After accessing the cavity, canal
patency was established with a size 10 K-type file
(Dentsply Maillefer, Ballaigues, Switzerland). Canals
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showing patency greater than size 20, as defined by
the International Standards Organization Regulation
(ISO 3631-1) and/or showing more than 15 degrees
root curvature were also discarded.

Root canal preparation and filling

The working length (WL) was established by deduct-
ing 1 mm of the length, making a size 15-K file visible at
the apex. Initial root canal preparation was performed
using the Prolaper Universal instruments (Dentsply
Maillefer), according to the manufacturer’s instruc-
tions. The following sequence was used: SX file (1/2 of
the WL), S1 file (2/3 of the WL), S2 file (2/3 of the WL),
and F1, F2, and F3 files (full WL). Root canal prepara-
tion was performed using a VDW silver engine (VDW,
Munich, Germany) using the manufacturer’s (Dentsply
Maillefer) recommended torque and speed: SX and S1
file 300 rpm and 3 N cmy); S2 file (300 rpm and 1 N cmy;
and F1, F2 and F3 files (300 rpm and 2 cm). The canals
were irrigated during root canal preparation with 2 mL
of 5.25% sodium hypochlorite (NaOCl) between each
file. The smear layer was then removed with 5 mL of
17% ethylenediaminetetraacetic acid (EDTA) during
3 minutes, followed by rinsing with a total of 10 mL of
twice-distilled water. Canals were dried with paper
points after instrumentation, and filled with a .06
taper gutta-percha point size 35, coated with AH Plus
sealer (Dentsply De Trey, Konstanz, Germany), using
the continuous wave of condensation technique (Sys-
tem B, Analytic Technology, Redmond, USA). Access
cavities were sealed with a temporary filling material
(Coltosol F, Coltene/Whaledent AG, Alstatten, Swit-
zerland). The teeth were radiographed in the buccolin-
gual and mesiodistal directions to assess the quality of
the filling procedure and the presence of bubbles. One
sample displaying a radiographic void inside the gutta-
percha was discarded. Another tooth was included
to replace this sample. The samples were then placed
in 100% humidity for 14 days to ensure complete set-
ting of the sealer.”® After this period, the teeth were
pair-matched according to their shape and size, and
one tooth from each pair was randomly distributed
(http://www.random.org) into 2 experimental groups
(n = 20). A single operator carried out the initial treat-
ment, another one, the retreatment procedures, and a
third one, the evaluations.
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Silva EJNL, Orlowsky NB, Herrera DR, Machado R, Krebs RL, Coutinho-Filho TS

Root Canal Retreatment

Canal filling material was removed from both PTRS
and WS groups with files, using a crown-down tech-
nique with three, slow in-and-out pecking motions
and a brushing action.

The instruments in the PTRS group (Dentsply-
Maillefer, Ballaigues, Switzerland) were used as fol-
lows: D1 (size 20, .09 taper) for the cervical third, D2
(25/08) for the middle third and D3 (20/07) and F4
(40/06) for the apical third. The instruments were
used with a VDW electric motor (VDW, Munich, Ger-
many) at a speed of 600 rpm for D instruments, and
at 300 rpm for the F4 instrument, with a torque of
2N cm?, according to the manufacturer’s instructions.

Canal filling material in the WS group was removed
using a Large WaveOne file (Dentsply-Maillefer, Bal-
laigues, Switzerland), with size 40 at the tip and a
taper of .06 over the first 3 mm, applied with recip-
rocating motion. The instruments were used with a
VDW electric motor using the WaveOne motion pro-
gram, according to the manufacturer’s instructions.

No solvent was used in any group to prevent
any interference with the removability of the mate-
rials in each system, and with the evaluation of this
removability. Each time the instruments were with-
drawn, they were wiped with gauze to remove the
adherent filling material and debris. Canals were
irrigated with 3 mL of 5.25% NaOCI at each change
of file, and 10 mL of 5.25% NaOCI was used for the
final flush. The root canals were then dried with
paper points. Retreatment was considered complete
when no gutta-percha or sealer was detected on the
instrument surfaces or inside the root canal or den-
tinal walls. A dental operating microscope (DFYV,
Valenga, Brazil) was used throughout.

Gutta-percha removal assessment

Digital radiographic images of the roots were cap-
tured in both the mesiodistal and buccolingual direc-
tion, at a fixed distance of 10 cm. The images were
transferred to image analysis software (UTHSCSA
Image Tool 3.0, San Antonio, USA) to measure the
areas of residual filling material and root canal walls.

Starting from the cement-enamel junction, the
roots were measured to determine the exact length,
which was then divided into three equal parts (cervi-

cal, middle and apical third). The areas with remain-
ing filling materials (gutta-percha/sealer) in each root
canal third were identified, outlined and measured
by one blinded observer using a manual threshold.
Total canal areas and corresponding remaining fill-
ing material areas were calculated by adding the
values obtained from the three thirds, as previously
described.?” The area percentages of remaining fill-
ing material were calculated by dividing the filling-
material-covered areas by the designated canal areas
and multiplying by 100. The averages of the values
obtained from the radiographic measurements for the
mesiodistal and buccolingual directions were used.”

Time required for gutta-percha removal
The total time needed to complete the procedure was
recorded for each sample. Time measurements were per-
formed by the same operator. Time included the irriga-
tion protocol during the retreatment and file changes.

Apical extrusion

Extrusion of root canal filling material debris
through the apical foramen was observed visually
using an operating microscope. The samples where
gutta-percha remnants could be observed beyond
the apex were recorded.

Procedural errors

The number and type of fractured and deformed
instruments were recorded. An operating microscope
was used to verify the fracture and deformations.

Statistical analysis
The data were analyzed by Kolmogorov-Smirnov
and f tests, with a significance level set at 5%.

Results

All the teeth had remnants of filling material in
the canal, except for 2 teeth in the PTRS group and
1 in the WS group. Table 1 shows the averages of the
residual filling material area in relation to the root
canal area after instrumentation for each group. Anal-
ysis of the total area revealed no statistical differences
between the two systems tested (p > 0.05) (Figure 1).
Both groups also showed similar results in all tested
thirds, without any statistical differences (p > 0.05).
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Table 1. Area of residual filling material (means = standard deviations) of each specimen third after instrumentation, as well as

statistical significance™*.

Group Cervical Apical Total
WS 1.2% (2.2)% 5.9% (8.3)" 26.5% (23.1)% 9.0% (8.5)*
PTRS 2.2% (3.3)% 3.8% (6.4)% 23.3% (17.8)* 8.5% (9.2)*

*In each column, values followed by same capital letters are statistically similar (p > .05). In each row, different lowercases represent significant
differences among the different root canal thirds in the same group (p < .05).

Figure 1. Representative radiographs of (A) PTRS and (B)
WS in mesiodistal and buccolingual directions, showing
filling remnants.
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Regarding the retreatment mean time, WS removed
gutta-percha significantly faster than PTRS (p < 0.05)
(Table 2). PTRS and WS had apical extrusion of gutta-
percha in four (20%) and five cases (25%), respectively
(p > 0.05). No fractured instrument and no perma-
nently deformed files were noted in either group.

Discussion

A major goal of root canal retreatment is to remove
filling material, because doing so promotes the effec-
tive action of instruments and irrigating solutions
on debris and microorganisms responsible for apical
periodontitis.®?'22>% To date, it has not been proven
that complete removal of filling materials will ensure
success of root canal retreatment, or that any remain-
ing material will cause retreatment failure. However,
removing as much filling material as possible would
seem essential in uncovering any remaining necrotic
tissue or bacterial remnants that may be responsible
for periapical inflammation and persistent disease.

New NiTi instruments designed to work with
reciprocating motion have recently been marketed,
including WS. This study set out to evaluate the
effectiveness of this instrument in removing the fill-
ing material from within the root canal space, and
to compare it with PTRS. To standardize the proce-
dures, a single operator carried out the initial treat-
ment, another one, the retreatment procedures, and
a third one, the evaluations.

As in previous studies, none of the retreatment
techniques allowed complete removal of filling mate-
rial 7?2%22 These studies reported the virtual impos-
sibility of removing 100% of the residual gutta-percha
and sealer from root canal walls, irrespective of the
technique used for filling material removal. In this
study, no significant cleansing differences were found
between WS and PTRS. The favorable results observed
for the WaveOne system corroborated those reported
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Table 2. Means * standard deviations of the time necessary for retreatment, number and percentage of specimens (%)
that had apically extruded material, and number and percentage of specimens (%) that had file fracture recorded for the

different groups, as well as statistical significance*.

Group Time (s)
WS 172.3 + 41.3*
PTRS 245.0 + 62.9°

Extrusion (%) Fracture (%)
4 (20" 0 (0
5 (25 o ©n

*Different capital letters represent significant differences between the tested groups (p < .05)

previously,?* in which single-file reciprocating systems
showed results similar to full-sequence rotary and hand
systems. The reciprocating motion, together with the
marked taper of WaveOne files, creates a greater con-
tact area between the instrument and the gutta-percha,
allowing filling removal as effective as that produced
by full-sequence rotary systems. In addition, no differ-
ences between PTRS and WS were observed in apically
extruded debris and procedural errors; however, WS
needed less time to perform retreatment than PTRS.
Therefore, the null hypothesis was rejected. The bet-
ter time results for WS indicate that this system may
have similar efficacy during endodontic retreatment,
i.e.,, it requires a shorter time than PTRS. The rationale
to explain the better time-related results is that only
one file was used in the WS group, whereas four files
were needed to perform the retreatment in the PTRS
group. The PTRS consisted of three files; however, as
suggested in previous studies,*® further root canal refin-
ing is necessary because of the apical diameter of the D3
ProTaper Retreatment file (size 20). The last instrument
designed to reach the working length does not permit
complete cleansing action at the apical portion. In this
study, Prolaper F4 was used to complete the removal of
the PTRS and to match the tip of the used WaveOne file
(WaveOne Large). Apical enlargement was performed
from size 30 to a final size 40. The option to use this
final size was based on previous investigations, which
showed that apical enlargement by two sizes beyond
the initial preparation size significantly reduced the
amount of residual filling material >"

According to the results of this study, apical debris
extrusion occurred regardless of the instrument type
used, with no differences between the two groups. A
recent study showed statistically significant differ-
ences when comparing the ProTaper Treatment System
and WS, with a greater amount of extruded debris
in the WS group.” Moreover, different continuous

rotation systems and therapeutic procedures used
in the studies can explain the differences observed.

One important methodological aspect that needs to
be addressed is related to tooth selection. Oval canals
were selected, because they represent a major challenge
for performing endodontic retreatment. High anatom-
ical variability exists regarding the shape, size, and
dimensions of these teeth.?* No standardization, such
as tooth length, was performed in the present study;
however, special care was taken to obtain groups that
were as balanced as possible in terms of anatomical
features. As previously suggested, pair-matching of
the teeth was sought when the groups were formed,
thus equalizing the challenge levels and boosting the
statistical power of the study.*

This study was carried out on teeth with straight
root canals, and the conclusions cannot be directly
extended to teeth with curved root canals. The effi-
cacy, maintenance of original canal morphology
and safety of the reciprocating instruments during
retreatment of teeth with complicated root canal
anatomy are issues that remain to be investigated.

Conclusion

No differences were observed in the efficacy of the
ProTaper Retreatment System and the WaveOne Sys-
tem in removing root filling material. Apical thirds
showed more residual filling than middle and cer-
vical thirds, in both groups.
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