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ABSTRACT

Comparison of The Effect of Different File Systems With
Rotation and Reciprocating Motion on Apical Transportation
and Canal Straightening

Background: This study aimed to compare apical transportation
and canal straightening of ProTaper Next, HyFlex Electric
Discharge Machining, Reciproc and Reciproc Blue nickel-titanium
(NiTi) files with different apical enlargements.

Methods: Forty-eight mandibular molar human teeth were
included in the study. The teeth were divided into four groups
according to the NiTi file types (n=12). A digital radiographic
method was used to compare apical transportation and canal
straightening in the buccolingual and mesiodistal directions using
before-and-after images superimposed with Image J software.
The Kruskal-Wallis test with Bonferroni correction and the
Wilcoxon test were used; the P value was set at 5%.

Results: The maximum transportation of the buccolingual and
mesiodistal directions were 0.216 mm and 0.196 mm with
Reciproc file. The maximum straightening of the buccolingual and
mesiodistal directions were degrees of 8.661 and 8.048
respectively with ProTaper Next and Reciproc files.

Conclusion: ProTaper Next, HyFlex Electric Discharge Machining
and Reciproc Blue filespresented similar results. Using a larger
instrument increased the apical transportation and canal
straightening.
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0z
Rotasyon ve Resiprokasyon Hareketi ile Calisan Farkh Ege

Sisteminin Apikal Transportasyon ve Kanal Diizlesmesine
Etkisinin Kargilagtiriimasi

Amag: Bu calisma, farkl apikal ¢aplara sahip ProTaper Next, HyFlex
Electric Discharge Machining, Reciproc ve Reciproc Blue nikel-
titanyum (NiTi) egelerin apikal transportasyonu ve kanal
dizlegtirmesini karsilagtirmay! amaglamistir.

Gere¢ ve Yontemler: Kirk sekiz mandibular molar insan disi
calismaya dahil edildi. Digler NiTi ege tiplerine gore (n = 12) dort
gruba ayrildi. Image J yazilimi ile Ust Gste cakistinlmig ilk ve son
radyografik gérintiler kullanarak bukkolingual ve meziodistal
yonlerde apikal transportasyonu ve kanal duzlestirmeyi
karsilagtirmak icin dijital radyografik yéntem kullanildi. Analizlerde
Bonferroni dizeltmeli Kruskal-Wallis testi ve Wilcoxon testi kullanildi;
P degeri %5 olarak belirlendi.

Bulgular: Hem apikal transportasyon hem de kanal dizeltme igin
egeler arasinda istatistiksel olarak énemli farkliklar bulundu. Ege
capinin #40'a ¢cikarlmasi apikal transportasyon ve kanal dizlesmesini
arttirdi (P <0.05).

Sonug: ProTaper Next, HyFlex Electric Discharge Machining ve
Reciproc Blue egeleri benzer sonuglar verdi. Daha buyik bir
enstriiman kullanmak apikal transportasyonu ve kanal diizlesmesini
arttirdi.

ANAHTAR KELIMELER

Apikal Transportasyon,Hyflex EDM,Kanal Diizlesmesi,Reciproc
Blue,Protaper Next

INTRODUCTION

Adequate cleaning and shaping of the root canal
system during root canal preparation is indispensable
for successful treatment.! It is essential to maintain the
original shape of the root canal and not shift the position
of the apical foramen.? Especially in curved root canals,
it is more difficult to maintain the original shape of the
root canal anatomy.

The amount of pulpal debris and infected dentin
decrease when the apical preparation applied larger,®
efficacy of the action of irrigations improves, * but the
potantial risks of apical transportation and canal
straightening may increase. Increased apical

transportation can have a negative effect on the seal of
root canal obturation.® and reduced curvature as a result
of canal straightening may change the working length
(WL). Various procedural errors, such as canal
transportation, apical zipping, canal ledges, strip
perforations and instrument separation, are likely to
occur. The introduction of nickel-titanium (NiTi) systems
into the field of endodontics has led to significant
improvements in root canal shaping, and it has
significantly reduced apical transportation.®

ProTaper Next (PTN) (Dentsply-Sirona, Ballaigues,
Switzerland) has an innovative off-centre rectangular
cross-section that provides a snake-like shape as it
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moves through the root canal. The manufacturer claims
that the rotation of this cross-section creates an
enlarged space for the removal of debris. The file is
made of M-Wire alloy, which improves its flexibility and
resistance to cyclic fatigue while maintaining cutting
efficiency.”®

A recently developed technology, with controlled
memory, has optimized the mechanical properties of
NiTi alloy to make the files extremely flexible. Hyflex
Electric Discharge Machining (HFEDM) (Coltene-
Whaledent, Altstatten, Switzerland) is a new type of NiTi
wire product. This file system is produced with a unique,
complex heating and cooling process to control the
material’s memory.® The manufacturer claims that these
files provide excellent flexibility that allows better
preservation of the original canal curvature and
increased adequacy and safety.™

Reciproc (RC) (VDW, Munich, Germany) a NiTi system
with M-Wire technology, was developed due to the
separation problem of NiTi instruments during clinical
use. These files perform clockwise and counter-
clockwise rotations to complete the root canal
preparation with only one instrument, which simplifies
the process. The reciprocating motion was reported to
extend the lifespan of RC instruments in comparison to
those that use constant rotation. "

Recently RC has recently been upgraded to Reciproc
Blue (RCB) (VDW) using an innovative heat treatment
that changes the molecular structure of the alloy and
gives the instrument a blue colour. It has been reported
that this heat treatment increases the flexibility and
cyclic fatigue resistance of the instrument and shows
less surface microhardness values than RC."2

Further apical enlargement may be needed for the
apical third with chronic apical lesions to eliminate the
infection However, there is little data on how this
enlargement affects apical transportation and canal
straightening in comparison to previous apical
enlargements with different kinematics. The aim of the
present study was to compare the amount of apical
transportation and canal straightening in the
mesiobuccal canals of mandibular molars after
instrumentation at #25 and #40 apical diameters in two
different continuous rotation or reciprocating systems.
The null hypothesis tested was that the instruments
would provide similar apical transportation and canal
straightening both in buccolingual and mesiodistal
directions at #25 and #40 apical diameters.

MATERIALS AND METHODS
Selection of the teeth

An alpha-type error of 0.05 and a beta power of 0.80
were established and the minimal estimated sample
size for each group was calculated to be 12 samples for
each group. Forty-eight extracted first mandibular
molars were collected under a protocol approved by the

local Ethics Committee of Kirikkale University, Turkey
(2019.11.24). Teeth with -calcifications, internal or
external root resorption, root cracks, severe curves or
roots with multiple curves and a single canal with a
mesial root were excluded. Teeth with 20-45° curvatures
according to Schneider’s method'® and roots with a 3-
7 mm radius of curvature were selected according to
the method suggested by Estrela.’* Based on the
degree and the radius of the curvature, the teeth were
assigned into four groups each consisting of 12 teeth.
The homogeneity of the four groups according to the
curvature angle and radius was assessed using
analysis of variance (ANOVA) and the Student-
Newman-Keuls post-hoc test.

Coronal access was achieved using diamond burs, and
the mesiobuccal canal was located under a dental
operating microscope (Carl Zeiss Meditac AG, Jena,
Germany) and checked to determine if a #10 file (VDW,
Munich, Germany) reached the apical region. After
irrigating the root canals with 1% sodium hypochlorite,
the WL was defined as 1 mm away from the point at
which the file tip became visible at the major foramen
under the dental operating microscope. The teeth
were selected that has a 14=1 mm mesial root length
from the cemento-enamel junction (CEJ) to apex
(considering out-curvature surface) to standardized
root length. The distal root was removed with a
stainless-steel disc at the level of furcation. The mesial
root of all the teeth was embedded in the putty
impression material to mimic periodontium conditions.

Initial radiographs (before instrumentation) were taken
with a #15 K-file (VDW). Each tooth was embedded in
resin cubes, which had the same size and shape
(25%x25%25 mm), to provide a standard position for all
the radiographs. A radiographic-sensor holding
paralleling device (Cone Indicator, Indusbello,
Londrina, Brazil) was used to take the radiographs. The
exposure parameters (0.08 s; 65 kV, 7 mA) were the
same for all of the radiographs. Buccolingual and
mesiodistal radiographs were obtained from all the
samples to ensure the presence of two separate mesial
canals.

Root Canal Instrumentation

All the steps were performed by the same operator.
PTN files were used at 300 rpm and at a torque of up to
2.0 Ncm, HFEDM files were used at 500 rpm and at a
torque of up to 2.5 Ncm, RC and RCB files were used
with the “Reciproc All” mode, using an 8:1 reduction
handpiece powered by an X-Smart Plus (Dentsply-
Sirona, Ballaigues, Switzerland) with an in-and-out
motion and a crown-down technique. Each canal was
prepared to meet the WL specification. Root canals
were prepared to an apical size #25 and #40 with PTN
(Group 1), HFEDM (Group 2), RC (Group 3) and RCB
(Group 4). The instruments were replaced after three
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canals were prepared. After each file in any group,
the root canal was irrigated with 2 mL of a 2.5 %
NaOCl solution; after instrumentation was
completed, the root canal was irrigated with 5 mL of
NaOCI using a plastic syringe with a 30-g open-
ended needle (NaviTip; Ultradent, South Jordan, UT,
USA). Then, the radiographs were first taken in the
buccolingual and mesiodistal directions 15 with a
#25 K-ile inside the root canal; after further
preparation, radiographs were taken with a #40 K-
file.

Evaluation of the Samples

Adobe Photoshop (Adobe Systems, San Jose, CA,
USA) was used to combine the radiographs. A
toolbar was used with 50% transparency to
superimpose each post-instrumentation image (with
a #25 K-file and with a #40 K-file) separately onto its
corresponding pre-instrumentation image (with a
#15 K-file). Imaged software (NIH, Bethesda, MD,
USA) was used to measure apical transportation at a
point 0.5 mm away from the WL.

The direct distance between the tips of two files
(#15K/#25K or #15K/#40K) at 0.5 mm was
measured on the superimposed images and
recorded as apical transportation data. Similarly, the
angle that occurred on the superimposed images of
the two files was measured and recorded as the
canal straightening data using Imaged software
(Figure 1).

Figure 1.

Superimposition of the initial and last radiographs taken with #15
and #40 K files (a). Negative image of superimposition (b).
Magnification of apical third of negative image. Black arrows show
#15 K-file and white arrows show #40 K-file. White circle shows
measured distance between the files (c). Canal straightening
measurement using the angle between intersecting lines (d).

Data were analyzed using SPSS 22.0 software
(SPSS Inc., Chicago, IL, USA ). After applying
normality tests to the apical transportation and root
canal straightening data, the Kruskal- Wallis and

post-hoc Bonferroni tests were used to compare the
differences between the groups and the Wilcoxon signed
rank test was used to compare the differences between the
file sizes. The level of significance was established at 5%.

RESULTS

Significant differences in homogeneity were not observed
between the groups before instrumentation (p> 0.05).
Moreover, none of the samples were excluded due to
instrument fracture and shaping error.

The inter-group comparisons of apical transportation and
canal straightening based on the different apical sizes and
directions are presented in Table 1. The apical transportation
results based on apical diameter enlargement differences
were statistically significant between file systems (#25 K-files
and #40 K-files) in the buccolingual direction (p < 0.05).
HFEDM had the lowest apical transportation scores at the
#25 and #40 apical file sizes. In the mesiodistal direction,
no statistically significant difference was observed between
the file systems when apical enlargement was completed at
#25 (p > 0.05); however, statistical difference between file
systems was observed when the size of apical enlargement
increased to #40 (p < 0.05). Based on the canal
straightening in the buccolingual direction, no statistically
significant difference was observed between the file systems
when apical enlargement was completed at #25 (p > 0.05);
however, canal straightening was affected by the type of file
systems that was used, when the apical enlargement
increased to #40 (p < 0.05). In the mesiodistal direction,
significant differences were observed in canal straightening
for both apical sizes (#25 and #40) (p < 0.05).

Table 1.

Inter-group comparisons of apical transportation and
canal straightening according to different apical size and
direction

ProTaper Next
(#25/.06) 0,119 + 0,037a,b 0,146 + 0,078a 5,920 + 3,648a 2,365 * 3,537a
Hyflex (#25/ ~) 0,076 + 0.036a 0,096 + 0,040a 3,651 £ 2,217a 2,359 + 1,543a,b
Reciproc (#25/.08) 0,137 + 0.067b 0,159 + 0,069a 6,585 + 3,423a 6,815 + 4,947b
Reciproc Blue
(#25/.08) 0,095 * 0.057a,b 0,080 + 0,062a 4,633 + 4,283a 2,458 = 2,067a,b
ProTaper Next
(#40/.06) 0,134 = 0.047a,b 0,170 + 0,057a,b 8,661 = 4,418a 3,384 + 4,127a
Hyflex (#40/.04) 0,098 + 0.038a 0,112 + 0,035a 4,238 + 1,862b 4,205 + 1,926a,b
Reciproc (#40/.06) 0,215 + 0.132b 0,196 = 0,071b 8,314 + 2,565a 8,048 + 4,986b
Reciproc Blue
(#40/.06) 0,118 = 0.054a,b 0,124 + 0,062a,b 6,339 + 5,279a,b 3,465 + 2,758a
P value <.001 <.001 <.001 <.001

*In each group the values followed by the same superscript letter do not differ (p <0.05).
~Hyflex - One file has a variable taper

In intra-group comparisons of apical transportation and
canal straightening based on the different apical sizes and
directions are showned in Table 2. When the #40 size was
used, the amount of apical transportation and the degree of
canal straightening increased in all the file systems in
comparison with the #25 size in the buccolingual and
mesiodistal directions (p < 0.05). Only the comparison was
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not statistically significant for PTN in the mesiodistal direction in the apical transportation. On the hand, the files
showed similarly statistically differences in apical transportation and canal straightening with buccolingual and
mesiodistal directions when comparing different apical size enlargements.

Table 2.

Intra-group comparisons of apical transportation and canal straightening according to different apical
size and direction

ProTaper Next

#.25/.06 0,119 + 0,037a 0,146 = 0,078a 5,920 + 3,648a 2,365 + 3,537a
#40/.06 0,134 + 0.047b 0,170 + 0,057a 8,661 + 4,418b 3,384 + 4,127b
peiayy) Hyflex
#25/ ~ 0,076 * 0.036a 0,096 + 0,040a 3,551 + 2,217a 2,359 + 1,543a
#40/.04 0,098 + 0.038b 0,112 = 0,035b 4,238 + 1,862b 4,205 = 1,926b
Reciproc
#25/.08 0,137 = 0.067a 0,159 * 0,069a 6,585 * 3,423a 6,815 + 4,947a
#40/.06 0,215 + 0.132b 0,196 + 0,071b 8,314 + 2,565b 8,048 + 4,986b
Reciprocal =
Reciproc Blue
#25/.08 0,095 + 0.057a 0,080 + 0,062a 4,633 * 4,283a 2,458 + 2,067a
#40/.06 0,118 + 0.054b 0,124 + 0,062b 6,339 + 5,279b 3,465 * 2,758b

*In each group the values followed by the same superscript letter do not differ (p <0.05).

DISCUSSION

The present study investigated apical transportation and canal straightening of four different Ni-Ti file systems at
the apical part of curved canals using different apical enlargement. According to the results the null hypothesis
was partially accepted because the files showed similar performance in apical transportation for mesiodistal
direction and in canal straightening for buccolingual direction at #25 apical enlargement comparisons. When
the results of apical transportation and canal straightening were analyzed at #40 apical enlargement, significant
differences were observed between the file systems especially due to the flexibility property of the file. Increased
flexibility decreased apical transportation and root canal straightening of root canal. Also the results of study
revealed that use of a #40 size file after #25 size file generally resulted in more apical transportation and canal
straightening. These findings can be attributed to preparation safety for curved canals.

In the last several decades, innovations in instrumentation systems were expected to lead to better root canal
preparation with different kinematics, designs and geometry, such as the recently designed heat treatment NiTi
alloys. These alloys have advantages when used for biomechanical preparation; they can help overcome
anatomic challenges and severe curvatures.'®

Optimization of the instrumentation size is an important factor when shaping root canals. Inadequate
instrumentation cannot provide effective irrigation and disinfection of the root canal system, and it may adversely
affect healing.’”” Some studies have reported that, to reduce the risk of infection, mechanical preparation is more
efficient with large files than with small files.'®'® One study recommended enlarging the apical third of the root
canal up to a diameter of #40 in order to remove more debris and ensure better cleaning of this part of the
tooth.'® Moreover, the preparation needs to be enlarged to a diameter of #40 to provide a satisfying amount of
irrigation contact with the debris remaining at the apical third.'® However, over-instrumentation of the root canal
system is challenging, and it can cause more irreversible shaping errors in root canals.?

Various methods, such as computed tomography and microcomputed tomography, can be used to evaluate the
efficacy of endodontic instruments and root canal preparation techniques. Although these techniques provide
very accurate information,?' they are costly and time-consuming.?>?3 Digital radiography is another method that
is used for this purpose. In this method, pre- and post-instrumentation radiographs are taken and overlapped to
assess the degree of flattening of the canal and the amount of apical transportation in the buccolingual and
mesiodistal directions. This method is easy to use and cost-effective®® but it lacks the capacity to disclose
volumetric information.? In the present study, this technique was used and the canals were evaluated in the
buccolingual and mesiodistal directions to obtain more accurate information than two-dimensional conventional
radiography.

For standardization of the study, the root portion of all the teeth was embedded in the putty impression material
to simulate the gingiva in the resin blocks. Especially in curved canals, preserving the root canal anatomy while
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simultaneously enlarging the root canal requires
choosing the appropriate instruments, which can be
challenging. Therefore, instrumentation systems with
that different kinematics (continuous rotating and
reciprocating motion), physical and metallurgic
properties were selected in this study. The mesiobuccal
canals of the mandibular molars were used because
they are generally curved between 20-45°2%
Consequently, these teeth are suitable for evaluating
the apical transportation of endodontic instruments.?”

Igbal et al. (2004)? indicated that to measure the apical
transportation at 0 mm (1 mm coronal to major
foramen) is unfavorable because of the loss of the WL.
In the present study, the apical transportation was
determined at 0.5 mm (1.5 mm coronal to major
foramen) similar to Duran-Sindreu et al. (2012)% in
order to obtain reliable measurements. Apical
transportation may lead to shaping errors, such as
zipping, canal ledges or perforations. These occur
when the instruments exceed the critical level of
instrumentation. This has a negative effect on root canal
obturation, which reduces the sealing quality. Canal
straightening can cause root strip perforation at the
middle third or weaking of the coronal third by removing
more of the cervical dentin tissue of the curved root
canals. In canal straightening, the curvature angle and
initial WL decrease and excessive root canal obturation
can occur if the practitioner does not pay careful
attention. Considering the aforementioned conditions,
the flexibility of the instrument is essential in order to
protect the root canal dynamics against iatrogenic
events. The flexibility of hand and rotary files depends
on various parameters, such as the metallurgical
properties, cross-sectional design, core diameter and
surface treatment of the instrument. To increase the
flexibility of an instrument it is necessary to increase the
number of spirals or flutes or the depth of the flutes and
decrease the taper, size and/or core diameter.°

An innovative off-centered rectangular cross- section
was integrated into PTN that gives the file a snake-like
swaggering movement.®' It was manufactured from M-
wire alloy that improved file resistance to cyclic fatigue
and flexibility whilst retaining its cutting efficiency.®?
Saber et al. (2015)3' reported that the use of PTN
resulted in significantly greater canal straightening than
HFEDM and iRace but no significant difference was
found between the three files with respect to apical
transportation. Its less flexibility against thermally
treated files resulted in greater canal straightening. In a
study that evaluated NiTi systems, PTN, RC, RCB and
TRUShape did not result in different dimensional
changes and canal transportation in the critical apical
area.'® Another study evaluated apical transportation of
maxillary molars with manual K-files, PTN and RC
showed similar apical transportation results for all
groups.®® The RCB instrument has the same metallic
volume as the RC instrument, but it resulted in the
smallest canal changes, which is similar to instruments
that have a smaller taper, such as PTN.'® Venino et al.

al. (2017) evaluated the root canal transportation and
centering ratio of PTN and HFEDM in the buccolingual
and mesiodistal directions; they reported that the files
used in the study were similarly effective.3* The results
of our study are similar to those reported in the
previously mentioned studies. Similar results were
found between PTN, HFEDM and RCB. It is acceptable
to ascribe these outcomes to the greater flexibility of
these files. Although RCB has a thermal treatment that
enhanced the cutting efficiency of the file, the
difference in the taper and hence in the volume of the
core structure, may influence its shaping ability. RC
and RCB have a .08 taper in the apical 3 mm. The
HFEDM One file (#25/.08) has a decreasing taper to
the coronal, beginning at 4 mm from the tip. PTN has
a .06 taper. The HFEDM One file has a variable taper
on the cutting surface. However, RC does not have as
much flexibility as other files that were used in our
study. This can lead to greater values for the RC file,
which could explain why we found a significant
difference for this instrument

Several methods have been and are still preferred to
compare changes before and after root canal shaping.
In apical transportation and root canal straightening
researches, the current method is micro-CT. However,
it is still a costly method in serial usage. In the present
study, the superimposition technique that is an
alternative method to micro CT was preferred. The
superimposition of digital radiographs can be
considered as a limitation of this study against the
effectiveness of micro-CT. Another limitation was the
flexibility differences of files. When measuring
superimposed radiographs, files #25 and #40 could
not adapt to the canal curvature as close as #15 and
this may have affected the measurement sensitivity for
all samples.

CONCLUSION

Within the limitation of the present study, the results
showed that the use of RC file caused more apical
transportation and degree of straightening than PTN,
HFEDM and RCB files. Additionally, achieving a larger
apical diameter (from #25 to #40) could present a
higher risk of procedural errors related to apical
transportation and root canal straightening, especially
for less flexible files.
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