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ABSTRACT

Background: The purpose of this study is to compare the efficacy of XP-endo
finisher R file and PIPS technique using Er: YAG laser on gutta-percha removal
in root canals obturated with two obturation techniques.

Methods: The root canals of sixty single-rooted teeth were prepared with
ProTaper Next Rotary instruments up to X3 (Dentsply, Ballaigues,
Switzerland). Half of the root canals were obturated with cold lateral
condensation technique and the other half with System B technique (Kerr
Corporation, CA, USA) and BioRoot RCS sealer (Setodent, Louisville, USA) was
used in all groups as a root canal sealer. After one week, all samples were
retreated with Protaper Universal retreatment instruments (Dentsply
Maillefer, Ballaigues, Switzerland) and enlarged to ProTaper Next X5 File at
the working length. Both groups were divided into 3 subgroups according to
the additional cleaning methods: control group without an additional
cleaning method, XP-endo Finisher R or PIPS technique using Er: YAG laser.
Finally, all teeth were split longitudinally and images were taken using an
operation microscope (Carl Zeiss, Heidelberg, Germany). The images were
analyzed by Image J program. Two-way ANOVA and Tukey tests were used
for statistical analysis.

Results: There was a statistically significant difference between the canal
filling techniques applied in the evaluation of remnants (p=0.010). There was
no significant difference between additional cleaning methods (p=0.196).

Conclusion: Within the limitations of this study, cleanliness is more difficult
in root canals obturated with System B technique. Use of additional cleaning
method was not effective in removal of root canal filling materials.

Keywords: XP-endo Finisher R, Er: YAG laser, PIPS, Retreatment, BioRoot
RCS, Endodontics

(074
Amag: Bu calismanin amaci, iki farkli obturasyon teknigi ile doldurulan kdk

kanallarinda giita-perka cikarilmasinda Er: YAG lazer kullanilarak PIPS
tekniginin ve XP-endo Finisher R egesinin etkinligini karsilastirmaktir.

Yontemler: Altms tek koklu disin kok kanallann X3'e kadar (Dentsply,
Ballaigues, isvicre) ProTaper Next Rotary aletleri ile sekilledirildi. Kok
kanallarinin yarisi soguk lateral kondenzasyon teknigi ile diger yarisi System
B teknigi (Kerr Corporation, CA, ABD) ile dolduruldu ve tiim gruplarda kok
kanal pat1 olarak BioRoot RCS pati (Setodent, Louisville, ABD) kullanildi. Bir
hafta sonra tiim kok kanallarindan Protaper Universal retreatment egeleri
(Dentsply, Ballaigues, isvicre) kullamlarak gutta perka uzaklastinldi ve kék
kanallan calisma uzunlugunda ProTaper Next X5’ kadar sekillendildi. Her iki
grup da ek temizleme yontemlerine gore 3 alt gruba aynldi: Ek temizleme
yontemi olmayan kontrol grubu, XP-endo Finisher R veya Er: YAG lazer
kullanilarak PIPS teknigi. Son olarak tiim disler uzunlamasina ayrildi ve
operasyon mikroskobu (Carl Zeiss, Heidelberg, Almanya) kullamlarak
goriintiiler alind1. Goriintiiler Image J programi ile analiz edildi. istatistiksel
analiz icin iki yonlii ANOVA ve Tukey testleri kullanildi.

Bulgular: Gita perka uzaklastinlmasinda uygulanan kanal doldurma
teknikleri arasinda istatistiksel olarak anlamli fark vardi (p=0.010). Ek
temizleme yontemleri arasinda anlamli bir fark yoktu (p=0,196).

Sonug: Bu calismamin sinirlan dahilinde System B teknigi ile doldurulan kok
kanallarinda giita perka uzaklastirmak daha zordur. Kanal dolgu
malzemelerinin ¢ikarilmasinda ek temizleme yonteminin kullanilmasi etkili
olmamustir.

Anahtar Kelimeler: XP-endo Finisher R, Er: YAG laser, PIPS, Retreatment,
BioRoot RCS, Endodonti

Introduction

Root canal treatment is a safe procedure that aims to keep the tooth
with decay or periapical lesion in the mouth without pain, with high
success rate between 86-93 percent.' However, in some cases, success
may not be achieved, infection continues in the periapical tissues,
causing the patient's symptoms to persist. Nonsurgical retreatment is
suggested in order to reconstruct healthy periapical tissues after
secondary infection of the obturated root canals in consequence of
inadequate root canal treatment or coronal-apical leakage.?

Adequate removal of primary root canal filling materials is the most
important step during retreatment to reach residual bacteria. Although
there are many retreatment techniques (hand files, ultrasonic devices,
nickel-titanium (NiTi) rotary and reciprocating systems, solvents) and
most of them are found to be effective, it has been shown that the
complete removal of filling materials could not be achieved.3 As a result
of this, while the success rate in the primary root canal treatment is
very high, the success rate in retreatment falls between 60-85 percent.’
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Hand file usage for gutta-percha removal can be difficult and takes a
lot of time and effort, particularly if the root canal filling material is
well condensed.* Accordingly, the use of rotary files is the most
common technique for removal of root canal filling materials. ProTaper
Universal retreatment system (Dentsply Maillefer, Ballaigues,
Switzerland) is specially designed and widely used retreatment system,
containing 3 instruments (D1, D2 and D3). All three instruments have
different tapers and tip diameters (0.09/0.30 mm for coronal, 0.08/
0.25 mm for middle and 0.07/0.20 mm for apical portion) for removal
of the root canal filling materials in different portions of root canals.

Additionally, supplementary methods have been designed to raise the
removal efficiency of obturation materials.® One of these
supplementary methods is laser activated approach known as photon
induced photo acoustic streaming (PIPS). PIPS is a protocol which Er:
YAG laser is used with 20 mJ energy and 50 ps pulse rate. Shock waves
and intracanal cavitations are produced as a result of photo-acoustic-
mechanic effect in the root canal system. The use of PIPS technique has
been informed to improve the removal efficacy of root canal filling
materials.®
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Recently, the XP-endo Finisher (FKG Dentaire, La Chaux-de- Fonds,
Switzerland), another finishing file, was presented for use as a final
step in root canal disinfection. The non-tapered rotary NiTi
instruments, made of a MaxWire alloy with #25 tip, are straight at
room temperature (M-phase), could modify their shape owing to their
molecular memory to the A-phase, when they are placed to the root
canal and subjected to the body temperature. It is claimed that areas
that cannot be reached with standard instruments can be accessed
and cleaned with the A-phase shaped files. The XP-endo Finisher R
(FKG Dentaire) which has a core diameter larger than the XP-endo
Finisher, is a novel variation. This feature makes it slightly stiffer and
also more effective in removing remnants in root canals cleaving to
the canal walls, especially hard-to-touch areas such as curved and
oval areas.

PIPS technique with Er: YAG laser and XP-endo finisher R have been
shown to be useful as an additional cleaning method in gutta-percha
removal®'?; however, there is no study compared with each other in
removal efficiency of obturation materials in the literature.
Therefore, the purpose of this study is to compare the efficacy of PIPS
technique and XP-endo finisher R files in removal of root canal filling
materials from the root canals obturated with System B and cold
lateral condensation technique.

Materials and Methods
Specimen Selection and Initial Preparation

February 2, 2021 dated and 2021.01.19 numbered ethics committee
approval certificate from the Kirikkale University Non-interventional
Research Ethics Committee, Turkey, was obtained for this study. The
sample size calculation was performed using the G* Power v3.1
(Heinrich Heine, Universitat Dusseldorf, Dusseldorf, Germany) with
0,05 alpha-type error and beta power of 0.95."

Sixty straight single-rooted teeth with completely formed roots and
without internal resorption or calcifications were used in this study.
Calculus and soft tissues were eliminated from the root surfaces with
a periodontal scaler. The samples were decoronated to leave a 16-
mm root length for standardization. The working length (WL) was
determined 1 mm shorter than the length at which it appears at the
apical foramen by inserting a #10 K-file into the root canal. The root
canals were prepared with ProTaper Next Rotary instruments
(Dentsply, Ballaigues, Switzerland) up to X3 at the WL and irrigated
with 2 ml %2.5 NaOCl solution after each instrument. A final irrigation
with 5 ml of %2.5 NaOCl, distilled water and %17 EDTA, was performed
respectively. Then the root canals were dried using paper points.

After the preparation, 60 samples were divided into two groups
according to the obturation techniques and half of the root canals
were obturated with cold lateral condensation and the other half with
System B technique (Kerr Corporation, CA, USA). BioRoot RCS sealer
(Setodent, Louisville, USA), mixed in accordance with the
manufacturer’s instructions, was used in both groups as a root canal
sealer. The samples were stored at 37°C, %100 humidified atmosphere
for 1 week for the sealer to set completely.

After 1 week, retreatment was performed with Protaper Universal
retreatment instruments which were used (300 rpm with 2 N/cm
torque) in a crown-down motion. The root canals were irrigated with
2 ml of 2.5% NaOCl solution during retreatment procedure and then
all root canals were instrumented to ProTaper Next X5 File at the WL.

Supplementary cleaning approach

Both groups were divided into 3 subgroups according to the
supplementary cleaning approach.

Control group: An additional cleaning method was not used. 5ml 2.5%
NaOCl solution is delivered using a syringe with 27 gauge needle.

XP-endo Finisher R: The root canals, positioned in the water bath with
constant temperature 37°C, were filled with 2.5% NaOCl and the XP-
endo Finisher R was activated with 7-8 mm lengthwise movements up
to the WL for 1 min (800 rpm and 1 Ncm). Each instrument was used
in five canals and then discarded.

PIPS technique using Er: YAG laser (PIPS): Each canal was filled with
2.5% NaOCl and the optical fibre was placed approximately 1 mm
below the root canal orifice without touching the inner surface of the

canal wall and activated for 1 min (3x20 sec). When the irrigation
solution in the coronal reservoir decreased, the supplemental NaOCl
was applied through the root canal. Each specimen was irradiated
using a 2940 nm Er. YAG laser (Fotona, Ljubljana, Slovenia), 0.3 W, 15
Hz, and 20 mJ per pulse with 300 pm diameter quartz tip. The pulse
duration was 50 ps.

Finally, each root canal was irrigated with 5 ml 2.5% NaOCl in all
groups.

Evaluation of residual material

To evaluate the residual filling material, the teeth were grooved
buccolingually using a double-sided diamond disk and split
longitudinally using an Ochsenbein chisel. Both root halves were
photographed at x10 magnification using an operation microscope
(Zeiss, Heidelberg, Germany). The images were transferred to a
computer and analyzed by Image J program. The results were
calculated by proportioning the area of residual filling materials on all
root canal surfaces to the area of all root canals.

Statistical Analysis

Statistical analysis were made using SPSS version 22.0 (SPSS Inc.,
Chicago, IL, USA) software program. The data were analyzed with two-
way analysis of variance (ANOVA), one-way ANOVA, post hoc Tukey
multiple comparison test and Independent Samples t test. P value was
established at 0.05.

Results

The mean and standard deviations of the amount of residual gutta-
percha are presented in Table 1. When the cleaning methods were
ignored, the root canals obturated with cold lateral condensation
technique have significantly less gutta-percha remnants than the root
canals obturated with System B (p=0.010) after retreatment. When the
obturation techniques were ignored, there was no significant
difference between the subgroups in cleanliness effect (p=0.196), but
XP Endo Finisher R had the lowest remnant rates.

Table 1. Intergroup and intragroup comparison of mean + standart
deviation of residual values of gutta percha

Control 0,168 = 0,177 0,042 0,295 0,225 = 0,155 0,115 0,336
XPEFR 0,094 + 0,066 0,047 0,141 0,170 = 0,099** 0,100 0,240
PIPS 0,128 + 0,134** 0,033 0,224 0,270 + 0,125 0,178 0,357
Total 0,130 + 0,133" 0,081 0,180 0,221 + 0,130" 0,172 0,270

There was no significant difference between the cleaning methods in
terms of remaining gutta-percha in either cold lateral condensation
technique (p=0.467) or System B filling technique (p=0.250).

No significant difference was found in the pairwise comparison of
filling methods in the control group and XP-endo Finisher R group
(p=0.453, p=0.058). A significant difference was only found in the
pairwise comparison of filling methods in the PIPS group (p=0.027).

Discussion

Nickel-Titanium (NiTi) rotary systems are frequently used for
endodontic retreatment procedures because they are safe, effective
and speedy (13). One of the specially designed rotary instrumentation
systems used for endodontic retreatment is the ProTaper Universal
Retreatment (PTR) System. This system, whose efficacy in removal of
the root canal filling material has been well documented in the
literature,3 was used in this study. In addition, as recommended in the
literature, the retreatment procedure was completed with ProTaper
Next X5 (50/0.06) instrument that two size larger than enlargement
size of primary preparation (30/0.07) to reduce the amount of residual
obturation materials in the root canal.™

Several techniques have been used to evaluate remaining root canal
filling materials on the root canal walls after non-surgical endodontic
retreatment, including radiography, longitudinal sectioning before
microscopic or photographic analysis, and micro-computed
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tomography scanning. Similar to the previous studies'®, in this study,
the roots were separated vertically to evaluate the residual root canal
filling material under the operation microscope. It has been reported
that this method offers advantages over other techniques due to its
ease of use and the constant distance between the object and the
device and provides image standardization.' ' This methodology has
been shown to be more effective than radiographic techniques to
investigate remaining filling materials.”>' In addition, Image J
program, used in some previous endodontic studies, has been stated to
fulfill most routine image processing and analysis needs.'® This
software was used in the present study, since it is non-destructive and
gives accurate results without the need for any intervention in the
evaluation of remaining gutta-percha percentages.

Cold lateral condensation technique is the most widely used technique
for root canal filling worldwide. On the other hand, the studies have
indicated that this technique does not ensure a successful seal of the
root canals.'®?° Warm vertical compaction is able to create an intimate
obturation with good three dimensional sealing with plasticized gutta-
percha condensed into the root canals.?’ In this study, cold lateral
condensation and system B techniques were compared for ease of
removal during retreatment and a statistically significant difference
was found between them, in agreement with other studies.?'?> More
remnants were observed in the root canal walls obturated with System
B technique (p=0.01). This may be due to the ability of System B
technique to plasticize the gutta-percha and thus allow better
compaction of the material into the root canal irregularities.

The issue of the present study was the efficacy of two novel
supplementary cleaning approaches in removing filling materials from
the root canals during retreatment. Residual filling materials were
remained in all samples. This finding is in consistency with previous
reports that also indicated that no retreatment technique was capable
of removing entire filling material from the root canal walls*>? and the
need to develop additional methods.

In the study by Tavares et al.'?, XP-Endo Finisher R was shown to
provide a better cleaning than R1-Clearsonic, which is an ultrasonic tip
produced especially to complement cleaning during retreatment. It
was stated that XP-Endo Finisher R provides a better cleaning than
passive ultrasonic irrigation.® Also in previous studies, it has been
determined that Xp-Endo Finisher R contributes to gutta-percha
removal as an additional cleaning method.”'"?* In a study investigating
the effectiveness of XP-endo Finisher R in the removal of mineral
trioxide aggregate, bioceramic, and epoxy resin-based sealers, XP-
endo Finisher R file improved removal only in the AH Plus group.? In
this study, there was no significant difference between the subgroups
in cleanliness effect, however the lowest amount of gutta-percha was
determined in the group that received additional cleaning with XP Endo
Finisher R.

The effect of PIPS technique using Er: YAG laser on smear layer removal
has been investigated in many studies. It has been demonstrated that
activation of NaOCl and EDTA solutions by PIPS technique using Er: YAG
laser with parameters of 0.3 W, 15Hz and 20 mJ were removed smear
layer effectively.??” However, there are few studies investigating the
gutta percha removal efficacy of the PIPS technique. In one of these
studies, it was determined that PIPS was more effective than ultrasonic
and passive ultrasonic irrigation in gutta-percha removal.? The results
of this study contradict with the results of our study. On the other
hand, in another study, it was stated that there was no difference
between PIPS technique using Er:YAG laser and conventional needle
irrigation.? In the other study, Er: YAG laser application with optic
fiber plain tip after the use of rotary instruments had a significantly
higher removal of filling remnants than using Er:YAG laser with PIPS
fiber tip.* The results of aforementioned studies are in accordance
with our study. According to the results of this study, no statistically
significant difference was found between the activation with PIPS and
conventional irrigation according to the amount of residual gutta-
percha. In addition, there was no statistically significant difference
between XP-Endo Finisher R and PIPS technique in terms of gutta
percha removal. This is the first study to compare the gutta percha
removal efficiency of PIPS and XP-Endo Finisher R. Therefore, there is
no study to compare our results.

Conclusion

e It can be accomplished that under the limitations of this study
cleanliness is more difficult in root canals obturated with System
B obturation technique.

o Neither the XP-Endo Finisher R nor the PIPS technique were
effective in completely removing the residual root canal filling
material.

« More effective root canal cleaning techniques should continue to
be investigated, as any amount of remaining debris or bacteria
will be sufficient to substantially jeopardize retreatment.
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