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Abstract

Introduction: Full decontamination and disinfection of the root canal system is essential for the success of regenerative endodontic
procedures. The relevant literature has little information on the mechanical cleaning of immature teeth with modern endodontic instru-
ments.

Aim: To compare the thickness and volume of the dentin removed from the roots of immature teeth after endodontic preparation using
XP-endo Finishers, Gentlefile Brushes and a standard H-file scraping technique through micro-computed tomography.

Materials and methods: The study included 51 immature permanent molars. Endodontic access was prepared and without per-
forming preliminary pulp extirpation, the teeth were divided into three groups. The teeth in the Group 1 were instrumented for two
minutes with an XP-endo finisher, Group 2 teeth - for two minutes with a Gentlefile Brush; in Group 3, the root canal walls were scraped
with a No. 40 H-file. The thickness and the volume of the removed dentin was assessed using micro-CT imaging before and after the
use of the instruments.

Results: There was no statistically significant difference in the mean thickness of dentin removed between the teeth prepared with
the XP-endo finisher and the Gentlefile Brush. When comparing the mean values of volume of dentin removed between the separate
groups, a statistically significant difference was found for every compared pair with the highest volume of removed dentin in the group
prepared with a hand instrument.

Conclusion: When the endodontic systems we tested are used to scrape the root canal in immature permanent teeth the amount of
hard dental tissue is significantly less than that obtained using a hand file.
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INTRODUCTION

Complete decontamination and disinfection of the root
canal system is essential for the success of regenerative
endodontic procedures.!? According to some authors, this
includes only irrigating the root canal in immature perma-
nent teeth with sodium hypochlorite and chlorhexidine.’-®
Revitalization protocols without mechanical instrumenta-
tion of the root canal allow the preservation of vital stem
cells and reduce the risk of additional weakening of already
the thin root canal walls.>® Other researchers insist that
minimal mechanical instrumentation of dentin walls is also
necessary, but the current literature does not accentuate on
this.? The authors® implementing such mechanical instru-
mentation only describe it as careful instrumentation of
the root canal using K-files” and minimal instrumentation
without dentin removal.!%-12

The proposed thinning of the walls in immature perma-
nent teeth is valid when using classic endodontic instru-
ments which shape a predominantly round final form of
the preparation, regardless of the canal’s initial shape.!’ The
progress in the field of engineering science and the creation
of new endodontic instruments allowing for three-dimen-
sional and at the same time minimal hard dental structures
removal is not taken into account. Such instruments in-
clude XP-endo Finisher (FKG Dentaire SA, Switzerland)
and Gentlefile Brush (MedicNRG Ltd., Israel).

XP-endo Finisher shows an improvement of the cleaning
capabilities of currently known nickel-titanium reciprocat-
ing or rotational instruments. They are made from a special
alloy, NiTi MaxWire® (martensite-aust enite-electropol-
ish-fleX). This material has a different behavior in differ-
ent temperatures and is very flexible. The files “remember”
their shape. They are straight in their M-phase at room
temperature and when they enter the canal, they warm up
to body temperature, they change their shape thanks to the
molecular memory in their A-phase. The shape of the file
in its A-phase allows the access to and cleaning of spaces
otherwise inaccessible with standard instruments.!* The
files can be manually straightened after cooling (M-phase).
Made from this exceptionally flexible alloy and thanks to
the special shape they take, the XP-endo Finisher files fol-
low the contour of the canal’s wall with an extended range
of 3 mm in diameter or more than any other standard in-
strument of the same size. The XP-endo Finisher files are
capable of instrumenting canals with complex morpholo-
gy - from the narrowest to the widest.'*!” The XP-endo
Finisher, as an irrigation agitation technique, may help to
remove biofilm from hard-to-reach areas in the root canal
system.!8

Gentlefile is a new root canal instrumentation system
that in the manufacturer’s opinion allows for preservation
of more tooth structures, cleaning of a larger surface of the
canal’s wall and possibility of irrigation up to the dental
apex. This system allows for optimal control of the usual
nickel-titanium instruments winding to the apex. The in-
struments are extremely flexible and are adapted to any ca-
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nal shape. Coronary access widening is not necessary. Gen-
tlefile preserves the original shape of the canal, ensuring
symmetrical reduction of dentine layer from the canal walls.
It ensures high-energy activation of the irrigation solutions
over the entire length of the canal. This enables the effec-
tive instrumentation of canals with complex morphology.'?
The file’s multiple layer structure provides unique flexibility
over its entire length.!® Gentlefile uses a new approach for
instrumentation of the canals which leads to removal of an
even layer of very fine debris, described as dentine “dust”
This system also includes one instrument just for activation
of the irrigants in the canals — Gentlefile Brush. It activates
the sodium hypochlorite at a speed of 6500 rpm, removing
the rest of the debris located primarily in the apical third.
It destroys the residual biofilm attached to the canal’s wall
using its outspread brush-like end during the files move-
ment by the endomotor. The centrifugal movement creates
a vortex and activates the solution. At the handpiece’s high
speed the brush is outspread and fills the entire diameter of
the canal. That way the debris cleaning is achieved and the
contact of the disinfecting solution with its entire dentine
surface is ensured.?

The purpose of this study was using an X-ray microto-
mograph and a 3D image reconstruction to compare the
thickness and volume of the dentin removed after end-
odontic preparation using these two modern systems and
a standard H-file scraping technique. The hypothesis tested
is that the removed thickness and volume of root dentin
after endodontic preparation of immature permanent teeth
with the new types of files are less than those achieved by
standard H-file scraping technique.

MATERIALS AND METHODS

The study included 51 permanent third molars extracted
for orthodontic reasons from patients aged 15 - 19 years.
A signed informed consent was obtained by the patients/
parents for their inclusion in the study. The teeth were at a
stage with developed root walls, close to the final length or
developed root walls with non-developed apex. After ex-
traction, the gingival and periodontal tissues were removed
by scraping the root with a scalpel and a No. 15 blade. The
teeth were cleaned using gauze soaked in hydrogen perox-
ide solution and were stored in a 10% formaldehyde solu-
tion for two weeks. A silicone key was prepared for each
tooth (HD Elite Putty, Zhermack, Germany), which covers
part of the tooth’s crown and has the purpose of properly
placing the specimen before and after scanning. SkyScan
1272 (Bruker, United States), X-ray tube voltage 100 kV
and current amperage 100 pA, and a 0.55 mm copper filter
was applied. The beam was conical in shape and the size
of a single voxel (3D pixel) varied between 10 and 12 um
depending on the tooth’s size.

After that an endodontic access was prepared, during
which using a round diamond No. 16 (314 801 016, Axis
Dental, Switzerland) bur and a turbine handpiece, a part
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of the occlusal enamel was removed, following the contour
of the classical endodontic access. A carbide cylindrical
bur (Endo Z bur, Dentsply Sirona, Ballaigues, Switzerland)
with an inactive tip mounted on a turbine handpiece was
used for final shaping of the endodontic access. Working
length was determined by inserting a size 15 file into the
root canal until the tip of the file was just visible at the api-
cal foramen: the working length was set 0.5 mm short of
the apical foramen. One investigator with experience per-
formed cleaning and shaping of the canals. Without per-
forming preliminary extirpation of the pulp from the root
canal, the teeth were divided into three groups:

1. The teeth in group 1 were instrumented for two min-
utes with XP-endo Finisher at a speed of 800 rpm and a
torque of 1 N.cm™!. We opted for this duration of the pro-
cedure in order to simulate a clinical protocol in which the
file is used for one minute with sodium hypochlorite and
one minute with EDTA;

2. Group 2 teeth were instrumented for two minutes
with Gentlefile Brush by using the manufacturer proposed
handpiece with fixed work settings;

3. Group 3 had their root canals walls scraped with a
No. 40 H-file (H-file Readysteel, Dentsply Maillefer, Swit-
zerland) using circumferential filing.

The teeth were returned in the prepared silicone keys
and a second scan was performed using the same settings
of the instrument. After that a 3D image reconstruction was
performed using commercial software, InstaRecon, provid-
ed with the SkyScan 1272 tomograph and the quantity data
were extracted using the company Bruker’s CTan software.

For the difference before and after the root’s instru-
mentation the structure thickness and its distribution
were calculated. The structure thickness is determined by
a software method of the distribution of spheres covering
entirely a given object and are entirely inscribed into it. The
interpretation of structure thickness depends on the shape
of the object for which it is calculated. In this case the part
removed from the teeth has the shape of a surface with
determined thickness and the structure thickness has the
meaning of mean thickness of the material removed from
the tooth.

Statistical analysis

Statistical analysis of the results obtained was done using
SPSS-19. A parametrical test was used (t-test) for the differ-

ence in main values at a 95% level of significance. P < 0.05
indicated statistically significant differences.

RESULTS

The mean values of the dentin thickness removed after
preparation with Gentlefile Brush (group 1), XP-endo Fin-
isher (group 2) and H-file (group 3) are provided in Fig. 1.
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Figure 1. Mean values of the dentin thickness removed after

preparation with Gentlefile Brush, XP-Endo Finisher and H-file.

The registered mean values of dentin thickness removed
were mutually compared and are shown in Table 1.

When comparing the mean values of thickness of den-
tin removed, no statistically significant difference between
group 1 and group 2 was found (Gentlefile Brush - XP-endo
Finisher, p>0.05, Table 1). A statistically significant differ-
ence in the mean values of thickness of dentin removed was
found between Groups 1 and 3 (Gentlefile Brush — H-file)
and Groups 2 and 3 (XP-endo - H-file) (p<0.05, Table 1).

The mean values of volume of dentin removed after
preparation with Gentlefile Brush, XP-endo Finisher and
H-file are shown in Fig. 2.

A comparative review was also performed between the
registered mean values of volume of dentin removed be-
tween the separate groups and it is shown in Table 2.

When comparing the mean values of volume of den-
tin removed between the separate groups, a statistically
significant difference was found for every compared pair
(p<0.05), i.e. there is a statistically significant difference be-
tween the three studied groups.

Table 1. Comparison of mean removed dentin thickness in the different groups

Mean=SD Min Max
Group 1 - Gentlefile 73.333+15.235 47.00 96.00
Group 2 - XP-Endo Finisher 82.333+21.752 66.00 106.00
Group 3 - H-file 138.395+31.841 114.00 203.00

t,,=1438 t ;=782 t,;=6.168

py,=0.161 p, 5 =0.000 p, 5 =10.000
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Figure 2. Mean values of volume of dentin removed after prepa-
ration with Gentlefile Brush, XP-Endo Finisher and H-file.
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Although there are a wide variety of endodontic files
with different qualities of the alloy they are made from,
they shape primarily a round end shape of the preparation
regardless of the canal’s initial shape. The clinician’s ability
is to remove the biofilm from the walls of the canal using
files with round shape by creating a round preparation is
severely limited.!?

The perfect case is for the oval canal’s preparation to
correspond to the canal’s original shape, to be symmetrical
and not to lead to dentin walls thinning.!*

This study compares the impact of two contemporary
endodontic systems on the geometry of the root canal and
the quantity loss of dentin. These systems have been cre-

Table 2. Comparison of mean dentin volume removed in the different groups

Mean+SD Min Max
Group 1: Gentlefile 0.418+0.205 0.15 0.73
Group 2: XP-Endo Finisher 0.648+0.260 0.18 0.99
Group 3: H-file 1.13+0.683 0.59 2.55

t,,=2.946 t 3 =4.235 t,5=2.797

p,, =0.006 p,;=0.000 p,;=0.008

Fig. 3 shows a reconstructed image of the quantity of
dental structures removed according to the three protocols
for root canal instrumentation.

Figure 3. Reconstruction of instrumentations and therefore
structures thickness in: a) Gentlefile Brush, b) XP-Endo Finisher,
¢) H-file. (colour coded are green — enamel, purple - dentin re-

moved from the pulp chamber, and yellow - dentin removed from
the root canals).

DISCUSSION

An important task in treating immature permanent teeth
with necrotic pulp is the elimination of bacteria and debris
from the root canal but without removing or with remov-
ing as little dentin as possible. The endodontic instrumen-
tation aiming at the removal of debris from the root canal
of such teeth can be compared to instrumentation of a very
large and oval root canal - a problem researched by mod-
ern endodontics.'?!

ated particularly for reaching larger widening and func-
tioning better in anatomically complex canals compared to
conventional instruments.!*!?

In our study we established that the thickness of den-
tin removed when using XP-endo Finisher and Gentlefile
Brush is less when compared to the debris from the canal
using a file (Fig. 1). At the same time the least amount of
dentin removed occurs when using the Gentlefile Brush,
followed by XP-endo Finisher and the most is when us-
ing a hand file (Fig. 2). This confirmed hypothesis tested
by us that the systems investigated lead to removal of dif-
ferent amount of root dentin with comparable thickness.
Currently several studies examine the XP-endo Finisher
instruments and their ability to remove debris, microor-
ganisms and calcium hydroxide in teeth with complete
root development and they demonstrate their increased
efficacy compared to conventional techniques.!®?223 At
the same time, the additional activation of irrigants with
the Gentlefile Brush significantly removes the pulp left-
overs from the root canal in teeth with complete root de-
velopment.?® In the specialized literature available to us
we did not find similar studies in immature permanent
teeth which made it difficult for us to compare the results
obtained by us.

The accuracy and reproducibility of the micro-X-ray
study have been proven before?*?> and it is thought to be
an important scientific method for analyzing the different
preparation techniques.?®?” Multiple micro-X-ray studies
show the presence of uninstrumented regions after using
practically all available instruments and techniques with
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following conclusions for possible retention of bacterial
biofilm and tissue leftovers from the pulp on the walls not
instrumented.?32° Additional studies are needed to assess
the XP-endo Finisher and Gentlefile Brush’s ability to ef-
fectively remove the necrotic pulp and biofilm from the
root system of immature permanent teeth, so that they can
be recommended when applying regenerative endodontic
procedures.

CONCLUSION

The endodontic systems we tested when used in immature
permanent teeth remove significantly less quantity of hard
dental structures compared to using a hand file for scraping
the root canal. This is extremely important in the endodon-
tic instrumentation of immature teeth with necrotic pulp
when continuation of root development and apex closure
is aimed.
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CpaBHUTE/NbHbIA aHaIN3 NOTEPU KOPHEBOro AEHTUHA
npn ncnosib3oBaHMN COBPEMEHHbLIX MEXaHUYECKNX
MHCTPYMEHTOB AJ1A HACTKUN HE3PEJIbIX MOCTOAHHbIX
3y60B

Kpacumup Xpuctos!, Haranus laresa!, IlaBen Crannmupos?, Hukonait Vimkntnes?,
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Pe3tome

BBeAeHVle: [TonmHas JEKOHTAMMHAINA N ﬂeSI/IH(t)eKLU/IH CHCTEMbI KOPHEBbBIX KaHAJIOB MIMEET Ba)XKHOE 3HAa4Y€HME /I YCII€Xa pETeHe-
PaTUBHBIX SHAOAOHTNYECKUX ITpOLENYP. B COOTBeTCTByIOH.leﬁ JINTEPATYpE CONEPIKUTCA MaIo I/IHq)OpMaHI/II/I 0 MEXaHUYeCKON YMCTKe
HE3pEeJIbIX 3Y60B COBPEMEHHDBIMM SHTONOHTNYIECKMMI NHCTPYMEHTaMMI.

Lenb: CpaBHUTH TOMNHY 1 06BEM [JEHTIHA, YEATIEHHOTO I3 KOPHEI He3peybIX 3y60B MOC/Ie SHAOZOHTNYECKOTO IPeapipOBaHILs
¢ ncronb3oBanreM XP-endo finisher, Gentlefile Brushes u crangaprroit H-file TexHUKNM yanmeHNs ¢ OMOIIBIO MUKPOKOMITBIOTEPHOI
Tomorpadum.

Marepuanbl 1 MeToAbI: B ncciegoBanme BKI0YeHbl 51 He3pesblil IOCTOSHHBII MOLSIP. DHIOJOHTUYECKUIT ZOCTYII ObUT 06ecte-
deH, 11 6e3 [IpefiBapUTeIbHOTO YAA/IEHNSI ITY/IbIIbI 3yObl ObUIN pasjie/ieHbl Ha TPy IpyIbl. 3yOsl B rpyiie 1 06pabaTbiBaiu NHCTPYMeH-
TaMU B TeYeHIeE JBYX MUHYT ¢ oMolpio XP-endo finisher, B rpyrmie 2 - B Teyenne aByx MunyT ¢ nomolsio Gentlefile Brush; B rpymie
3 KOpHeBble KaHajIbl Obln ouniens npyu nomomu No. 40 H-file. Tomuuny n 066éM yanéHHOTO JeHTUHA OLEHNUBAIN C IOMOLIBIO
MukpoKT 10 11 1OC/Ie MCIO/Ib30BaHMs MHCTPYMEHTOB.

Pe3ynbrathbl: He 65110 cTaTHCTHYECK) 3HAYMMOIT Pa3HMIIBI B CPEHEIl TOMIIHE YAanéHHOTO IeHTIHA MEX/y 3ybamu, o6paboTaH-
HpiMK ¢ omolbio XP-endo finisher n Gentlefile Brush. Ipu cpaBHeHNu cpegHux 3HadyeHuit 06béMa yHaaéHHOTO IEHTVHA MEX/Y
PA3/IMYHBIMY TPYIIIaMI ObITa 0OGHAPY)KEHa CTATUCTUYECKY 3HAYMMast PAsHIIIA MEXK/Y KaXK/[0il CpaBHIUBAEMOII ITapOii, ¥ HAMOOIbIIINIT
00bEM yaIEHHOTO AeHTHHA ObI B IPyIIIe, 06pabOTaHHOI C IOMOLIBIO PYYHOTO MHCTPYMEHTA.

3akntoveHue: Korga sHZOTOHTUYECKIE CUCTEMBI, KOTOpbIe Mbl TECTMPOBA/IMN, UCIIONb30BAMUCD I OYMCTKY KOPHEBBIX KaHAIOB
He3PeJIbIX IOCTOSIHHBIX 3y60B, KOMIECTBO TBEPHOI 3YOHOIT TKaHM OBUIO 3HAUUTETBHO MEHBIIIE, YeM KOIIIeCTBO, YAaTEHHOE C IOMO-
1IbI0 PyYHOTO MHCTPYMEHTA.

KnwoueBble cnoBa

Gentlefile Brush, He3pernbie mocTosiHHBIE 3y0ObI, pereHepaTuBHas sHAoKoHTH, XP-endo finisher
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