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Shaping Ability and Buckling Resistance of TruNatomy, WaveOne gold,

and XP-Endo Shaper Single-File Systems

Abstract

Objectives: The target of the current study was to evaluate and compare the shaping ability and
buckling resistance of various single-file systems (TruNatomy [TRN], WaveOne gold [WOG],
and XP-Endo Shaper [XPS]). Materials and Methods: Thirty recently extracted human first
mandibular molars were chosen with severely curved mesiobuccal (MB) canals. Following access
cavity preparation and determination of working length, teeth were randomly divided into three
groups (n = 10) according to the instrumentation technique used, Group 1 (TRN), Group 2 (WOG),
and Group 3 (XPS). Preinstrumentation and postinstrumentation, cone-beam computed tomography
images were recorded at 3, 5, and 8 mm from the apex representing apical, middle, and coronal levels
under the same circumstances, superimposed, and then canal transportation was determined using a
particular equation. For buckling resistance calculation, files were loaded in the axial direction of
the shaft and the maximum load was determined during the deflection of the file. One-way analysis
of variance and Tukey test at 5% significance level were used to analyze data. Pearson’s correlation
between shaping ability and buckling resistance was performed. Results: XPS and TRN displayed
significantly less canal transportation than WOG at the coronal and middle levels. While WOG
recorded the highest value of buckling resistance, XPS recorded the least. Conclusions: XPS and
TRN preserved the original curvature slightly better than WOG, while WOG reported the highest
buckling resistance. There was a positive correlation between canal transportation and instrument
resistance to buckle. Clinical Relevance: Preservation of the original shape of the canal after
instrumentation is beneficial.

Keywords: Buckling resistance, cone-beam computed tomography, shaping ability, single file
system, TruNatomy

Introduction TRN-shaping instruments are given in
three distinct sizes, which are small
(20/0.04 taper), prime (26/0.04 taper),
and medium (36/0.03 taper). These files
have an off-center parallelogram square
cross-section design and a variable
regressive taper.’) These files have been
gone through various heat treatments,
increasing the elasticity and resistance to

fatigue of the files.

Root canal preparation comprises a crucial
advance in endodontic treatment. The
intricate anatomy of the canal presents
challenges during instrumentation, which
may hinder sufficient disinfection of the root
canal system or cause procedural defects,
for example, perforations, transportation,
instrument separation, or ledges.!"!

Instrument development prompted
single-file preparation systems, this new
kinematic eliminates the need of utilizing
a succession of instruments to prepare the
original canal by utilizing just a single
instrument.™

Persistent advancement of instruments and
alloys prompted the improvement of more
current file systems, for example, WaveOne
Gold (WOGQG) which is a single-file system
with reciprocal movement, alternating
170° counterclockwise and 50° clockwise
movement.! The particular gold appearance
of WOG instruments is due to the effect
of a novel heat treatment method which
applied after manufacturing. Raw metal
is repeatedly heated and cooled, which
not only gives it a golden color but also
improves its strength and flexibility.[

The TruNatomy System (TRN)
(Dentsply  Sirona) has recently been
developed as a specially designed novel
type of heat-treated NiTi instrument.
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XP-Endo Shaper (XPS) is another single-file system with
continuous rotation, representing a novel snake-shaped
instrument  with  adaptive core and innovative
thermomechanically  processed Ni-Ti alloy called
Max-Wire (Martensite-Austenite-electropolish-fileX), which
gives superelasticity and shape memory. This instrument
is relatively straight in its martensitic phase (M-phase) at
room temperature and changes to a curved shape when
presented to intracanal temperature because of a phase
transformation to austenitic phase (A-phase). Subsequently,
this instrument displays a shape memory effect when
embedded into the root canal (M-phase to A-phase) and has
superelasticity during preparation. During its M-phase, it
has an initial taper of 0.01 when cooled. While it presented
to body temperature 35°C, the taper changes to 0.04.1"!

The ability of the root canal instrument to persist within the
center of the root canal space without causing iatrogenic
defects is one of the essential contributing elements to
successful canal shaping.® Different methodologies have
been used to evaluate the shaping ability of endodontic
instrument, for example, longitudinal cleavage of the root,
cross—sectioning, and radiographic imaging.”!

Recently, cone-beam computed tomography (CBCT) has
been proposed for this purpose, as it is nondestructive
method that accurately determines the amount and direction
of dentin removed after preparations.!'%

Buckling can be described as the elastic lateral
deformation of the endodontic instrument when exposed
to a compressive load in the direction of its axis.''! In
endodontic files, the low resistance to buckling can produce
clastic or plastic deformation that impedes their progress
in the canal apically.l'¥ Both the exploration of the canal
orifices and the negotiation of the narrow canal walls need
adequate buckling resistance.']

Many manufacturing approaches have been adopted to
produce instrument systems for better preservation of the
original canal path without deviation. Thus, the aim of this
study was to evaluate and compare the canal transportation
after using the recently introduced TRN with other
single-file NiTi instruments (WOG and XPS) in addition to
assessing the buckling resistance for each file system.

Materials and Methods

For this study, thirty newly extracted human mandibular
first molars with separate mesiobuccal (MB) canals
(Vertucci’s type II anatomy) were chosen. This research used
only the MB canals. According to Schneider’s method,!" all
root canals should accommodate file # 15 as an initial file
with curvature angle ranging from 25°-35° [Figure 1]. The
study plan was approved by the Research Ethics Committee
of the Faculty of Dentistry, Tanta University.

Round bur size # 3 followed by Endo-Z (Dentsply, Maillefer)
was used to prepare the access opening cavities. By using

Figure 1: The lower first molar’ mesiobuccal canal with a curvature angle
of 27°, determined according to Schneider methodology

water-cooled diamond disc (Komet; Brasseler, Lemgo,
Germany), the distal root was cut at the furcation area.

After each tooth numbered, they were haphazardly
distributed into three groups (n = 10) Group I: TRN, Group
II: WOG Primary, and Group III: XP-Endo Shaper (XPS).

As per the manufacturer’s instructions, transparent
autopolymerizing acrylic resin (Acrostone, Dental and
Medical Supplies, Cairo, Egypt) was mixed and applied to
a silicon mold, then the teeth were placed vertically in this
custom-made mold to maintain and stabilize samples while
taking CBCT images.

For each sample, three preinstrumental tomograms
were chosen for evaluation.”) The first corresponded to
3 mm from the radiographic root apex (apical third), the
second to 5 mm (middle third), and the third to 8 mm
(coronal third). CBCT scanning pictures were captured with
Cranex three dimension unit (Soredex, Helsinki, Finland)
operating at 90 kV and 8 mA. Exposure parameters were
maintained constant before and after instrumentation.

The working length of each MB root canal was visually
calculated by passing the hand St-St K-file size 15 (Mani,
Tochigi, Japan) till it became visible at the apical foramen
and subtracted 1 mm from that length. For NiTi rotary
instrumentation, a particular glide path was ensured using
standardized K-files sizes 10 and 15.

X-Smart Plus endodontic motor (Dentsply, Maillefer) with
a 16:1 gear reduction contra-angled handpiece was used
following the manufacturer’s preset mode and instructions
for each preparation system as follows:

Group 1: Root canals’ preparation was carried out using
TRN Prime (Dentsply, Sirona, Ballaigues, Switzerland)
size 26 and 4% taper operated at 500 rpm and 1.5 Ncm.

Group 2: Root canals’ preparation was carried out using
primary WOG (Dentsply, Maillefer, Switzerland) size
25 and 8% taper using the preset reciprocation mode.
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Group 3: Root canals’ preparation was carried out
using XPS (FKG Dentaire SA, La Chaux-de-Fonds,
Switzerland) (#30/04) at speed of 800 rpm and 1 Ncm
torque in gentle 3—5 strokes until the canal was prepared
to the full working length. The instrumentation process
was carried out inside a rubber bowel containing water and
heater at a controlled temperature of 37°C.

Copious irrigation with 3 mL of 5.25% NaOCI solution
using a plastic disposable syringe with 27-gauge side-ended
NaviTip (Ultradent Inc., South Jordan, Utah, USA) was
used after each instrument. Then, the prepared canals were
flushed with 3 mL of 17% ethylenediaminetetraacetic acid
for 1 min and finally rinsed with normal saline solution.

The root canals were scanned after preparation to obtain
three postinstrumentation tomograms of each specimen
under the same scanning parameters of preinstrumented
CBCT.

Assessment of canal transportation

Canal transportation was calculated for each sample at
the three selected levels of MB canal after superimposing
the pre- and postinstrumentation CBCT images using
Adobe Photoshop software program (Adobe Systems,
Mountain View, California, USA). To detect the canal wall
differences between both the images, the final image was
rotated over the initial image until their external contours
coincided together. Then, the superimposed images were
transferred to Auto-CAD software (Autodesk Inc., San
Rafael, California, USA) to calculate canal transportation
using a specific equation: (al—a2)—(b1-b2) where: al is the
shortest distance from the mesial edge of the root to the
mesial edge of the uninstrumented canal, bl is the shortest
distance from the distal edge of the root to the distal edge
of the uninstrumented canal, a2 is the shortest distance
from the mesial edge of the root to the mesial edge of
the instrumented canal, and b2 is the shortest distance
from the distal edge of the root to the distal edge of the
instrumented canal.' [Figure 2].

As per this equation, a score of 0 corresponds to no canal
transportation, positive value shows that the canal is
transported to the furcation region (distal), while negative
values illustrate transportation away from the furcation
region (mesial).['>1¢]

Measurement of buckling resistance

The head of the universal testing machine was connected to
the handle of the instrument and the tip of the instrument
was placed in a small punch cavity prepared on a stainless
steel plate. A small punch hole (depth of 1 mm and width
of 0.5 mm) was positioned in the center of the plate using a
small round bur. The presence of this punch hole prohibits
slippage of a file laterally during force application. Using a
universal testing machine (Lloyd Instruments Ltd, Fareham,
UK), with a speed of | mm/min, a gradually rising load

was applied in the axial direction of each instrument from
its head to the tip. The buckling resistance of the respective
instrument was reported as the maximum load necessary to
induce the lateral elastic displacement of 1 mm.['”

Statistical analysis

Data were expressed as mean and standard deviation.
Statistical analysis was performed using One-Way
ANOVA with SPSS software program version 20 (SPSS
Inc, Chicago, USA) at a significance level of P < 0.05,
then multiple pairwise comparisons were performed using
post hoc Tuckey test. Finally, Pearson’s coefficient (r)
was performed to pick up a statistical correlation between
shaping ability and buckling resistance of the tested
instruments.

Results

Table 1 presents the descriptive statistics and comparison
of the mean canal transportation at the apical, middle,
and coronal levels for each group. Regarding canal
transportation values, there was a statistically significant
difference between the groups at the middle and coronal
levels (P < 0.05). On the other hand, there were no
significant differences (P = 0.1443) at the apical level.

When comparing the root levels in each group, the coronal
level recorded the highest value of canal transportation,
while the apical level recorded the lowest value for all
groups, with statistically significant difference except in
the TRN group (P = 0.3275). The least canal transportation
was recorded for the XPS group (0.095 £ 0.049), however,
the highest value with the WOG group (0.209 £+ 0.0933)
regardless of the tested level with a statistically significant
difference among groups (P < 0.0001).

Buckling resistance results revealed that the highest load
to buckle was recorded by WOG, while the lowest value

Table 1: Canal transportation mean and standard
deviations at the three predetermined levels for the
studied groups

Groups Apical Middle Coronal P
Group 1 0.092+0.039*A 0.114+0.048*8 0.144+0.067~° 0.3275
Group 2 0.090+0.022># 0.250+0.047¢ 0.286+0.023%F <0.0001
Group 3 0.058+0.018%* 0.090+0.032% <5 (0.136+0.056>P 0.0239
Within the same raw, groups with the same lowercase were not
statistically significant. Within the same column, groups with the
same uppercase were not statistically significant

a b

Figure 2: lllustration of the prepreparation (a) and postpreparation (b)
measurements of the mesial and distal dentinal walls
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was recorded by XPS instruments with a statistically
significant difference between the studied groups
(P <0.0001) [Table 2].

The Pearson correlation revealed a positive significant
correlation between the shaping ability of the studied
files at the middle and coronal levels represented
by canal transportation and their buckling resistance
(r=0.853, P=0.000 and » = 0.828, P = 0.000 respectively),
while there was positive nonsignificant correlation at the
apical level (r = 0.356, P = 0.192).

Discussion

Retaining the original shape of the canal, including the
apical foramen and curvature, is recommended during
preparation; therefore, the root canal should be enlarged
evenly in all directions.!'"” However, these targets often are
not easy to accomplish, leading to uneven dentin removal
and subsequent canal transportation, that might jeopardize
the outcome of treatment.l'! Canal transportation is
attributed to several variables, including the geometric
characteristics of the instrument, additional thermal
treatments during the manufacturing process, and its
operating mode.[!*-2

Heat treatment process of NiTi alloys can improve the
performance of rotary endodontic instruments during root
canal preparation. Therefore, various rotary endodontic
instruments (TRN, WOG, and XPS) made of different NiTi
alloys were selected in this study.

Three-dimension method was wused to assess the
morphology of the tooth externally and internally and to
evaluate the extent and direction of canal transportation
before and after instrumentation.!

The transportation of the canal during instrumentation
happens most often at three different levels with different
degrees of root canal curvature:?* the apical third where
the apical part of the instrument enlarges the outer wall of
the canal, the middle third where the instrument attempts
to cut the inner wall of the canal, and at the opening
facing the outer wall of the root canal.’ In this study,
canal transportation was therefore tested at these levels to
examine all potential canal transportations.

Resistance to buckling is one of the important factors that
control the advancement of the instrument apically during
cleaning and chapping of curved and narrow root canal.l'”
Therefore, it was investigated in this study.

Table 2: Buckling resistance (Newton) of tested
endodontic instruments

Groups Buckling resistance (n) P
Group 1 2.234*4+0.197 <0.0001
Group 2 6.004*+0.379

Group 3 1.068°+0.124

Mean values with the same letters were not statistically significant

MB root canals of mandibular first molars were chosen with
extreme curves because they comprise canals which are
often narrow and curved in two planes, raising the severity
of instrumentation.*! Initial canal width is standardized by
selecting only MB canals accommodating size #15 K-file
as an initial apical file and exhibiting (25°-45°) curvature
according to Schneider’s method,!'*! this canal anatomy
could probably lead to preparation defects like canal
transportation.?”)

In addition, crowns were retained to mimic as closely
as possible the clinical endodontic procedure in which
tension on files during root canal instrumentation
was generated by the intervention of cervical dentin
projections.?®!  Furthermore, distal root sectioning was
performed to facilitate the evaluation of before and after
instrumentation multi-slice CBCT scan images.™”

Higher efficiency of the XPS instrument was observable
relative to TRN and WOG. In relation to WOG, XPS
and TRN showed significantly less transportation in the
middle and coronal root areas. These results can be due
to the creative rotary shaping XPS instrument, which is
made of Max-Wire alloy that made it more flexible and
resistant to cyclic fatigue. These results can be due to the
creative rotary shaping XPS instrument, which is made of
Max-Wire alloy that made it more flexible and resistant
to cyclic fatigue, besides its opportunity to expand and
contract to conform to the anatomy of the root canal. The
instrument has a size/taper of 30/0.01, which can reach a
final canal preparation of a minimum of 30/0.04 according
to the manufacturer.”

This finding is in accordance with Azim et al., Hassan
et al. studies, and Pacheco-Yanes et al., which revealed
best-centering  ability which retained the original
canal anatomy of XPS files in comparison with other
instruments.”*%311 On the other hand, this result disagrees
with Versani et al. and Werdina and Bahnam studies
which showed that XPS significantly altered the overall
geometry of the root canal or it had a lower centering
ability.’>*! However, the contradictory results were difficult
to compare and may be explained by differences in systems
and methodology applied.

TRN was manufactured using a NiTi alloy heat-treatment
process designed to maximize the fatigue resistance and
flexibility of this system during root canal treatment.?4 It
has a regressive taper and an off-centered parallelogram
cross-section, and these can clarify its results. The TRN
present study results were in agreement with Pit et al. that
reported more conservative preparations were obtained with
TRN and VDW.ROTATE systems as they provided less
removal of the tooth substance and more preservation of
the original shape of the canal during the instrumentation
step of the endodontic treatment’®! and Kabil et al. who
showed that XPS and TRN instruments caused very small
canal transportation which were in the distal direction.
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There is an inverse relationship between instrument
tapering and canal transportation.*® The primary WOG
instrument has an 8% taper over the first 3 mm. This is
greater than the other two rotary instruments in which the
TRN instrument has a constant 4% taper along its entire
length, while XPS possesses an initial 1% taper along its
whole length, which expands to a final 4% taper and this
can explain the finding of WOG.[” The findings of WOG
were contradicted by Abdullah ef al. and Singh et al. who
showed the superiority of the WOG system over tested
systems in terms of shaping ability, lower canal aberrations,
and better performance.?’¥ However, the contradictory
results were difficult to compare and may be explained by
differences in systems and methodology applied.

The higher buckling resistance of WOG may be related to
its larger taper of 8% along the apical 3 mm length, this
design provides a larger core diameter of the file which can
resist to buckle during axial force. These results were in
agreement with Lopes ef al. who record higher resistance
of WOG to buckling.® On the other hand, XPS had the
lowest resistance to buckling due to that it is manufactured
from Maxwire alloy with a tip diameter of 0.30 mm and a
constant 1% taper along the entire shaft which expands to a
final 4% taper. In addition, the lower modulus of elasticity
of this alloy leads to greater flexibility and superelastic
behavior of XPS. These explanations were in agreement
with Kwak ef al. and Patil et al. who attributed higher
buckling resistance to higher taper.t**4!]

The results revealed a strong correlation between the
shaping ability of the tested files and its buckling resistance
where the values of both variables tend to increase together.
The increase in buckling resistance plays an important
role in advancement of the instrument apically during the
cleaning and shaping of narrow and curved root canals,™
which reproduce efficient performance and less canal
transformation.

Conclusions

The shaping abilities of XPS and TRN instruments are better
than WOG instrument particularly at the middle and coronal
portions of the curved root canal. WOG demonstrated
greater buckling resistance than TRN and XPS systems.
A positive correlation existed between the shaping ability of
the tested instruments and their buckling resistance.
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