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ABSTRACT

Background: File fracture is one of the main concerns in root canal
therapy, which can affect endodontic treatment outcomes. The
present study aimed to assess the fracture rate of the Smart Tract X3
as a new file system, in comparison with the commonly used rotary
file system, during the preparation of simulated severely curved root
canals.

Methods: A total of 180 resin blocks with simulated severely curved
canals were randomly assigned to three equal groups (n=60)
including Smart Tract X3, ProTaper Universal and Neoniti. Each set
of files was used for cleaning and shaping of five canals, in total, 12
sets of files were used to prepare 60 channels in each group. All files
were prepared according to the manufacturer’s instructions. The
number (%) of fractures, location, length and distance of fractured
segments from the apex of the block were recorded.

Results: Overall 60 files of Smart tractX3 and ProTaper universal (5
files in a set) and 36 files of the Neoniti (3 files in a set) were used.
The fracture rate did not show a statistically significant difference in
between-groups comparison. All fractures occurred at the apical third
of the canal with the mean length of fractured segments and the
distance of fractured segments from the apex of the block
2.228+0.216 mm and 0.845+0.186 mm, respectively.

Conclusion: There was no significant statistical difference among
Smart Tract X3, ProTaper Universal, and Neoniti files regarding the
incidence of fracture during the preparation of five severely curved
canals.
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Extended abstract

Background: File fracture is one of the
main concerns in root canal therapy, which
can affect endodontic treatment outcomes.
The introduction of nickel-titanium (Ni-Ti)
alloy brought about a revolution in
endodontic treatment and preparation of
canals. Ni-Ti alloy has some major
advantages over stainless-steel files such as:
faster preparation time, more flexibility and
adaptation to conform to the canal
curvature, more resistance to fracture and
better preservation of canal geometry;
despite their acceptable qualities, they still
have the risk of file fracture. Present study
aimed to assess the fracture rate of Smart
tract X3 and its fracture location as a new
file system, in comparison with the
commonly used NiTi alloys rotary files
system, during the preparation of simulated
severely-curved root canals. The
introduction of nickel-titanium (Ni-Ti)
alloy brought about a revolution in
endodontic treatment and preparation of
canals.

Methods: A total number of 180 simulated
canals (Farahani, Tehran, Iran) made of
clear polyester resin with standardized
canal shape and Knoop hardness of 40
kg/mm were used as specimens with the
same working length and severe curve (45
degrees), taper 2%, and apical size of #15.
The hardness of this resin block is the same
as dentin. Resin blocks were assigned to
three equal groups (n=60) of Smart tract
X3, Protaper universal and Neoniti system
and prepared according to manufacturer
recommendation. In the Smart tract X3
group, canals were negotiated with K file
#15 (Mani, Tochigi, Japan), after the
determination of working length, NI
(#17.6%) and N2 file (#17.4%) were used
with brushing motion in 2.3 coronal of the
canal; subsequently, canal orifices were
shaped with Nx (#25.12%). The preparation
of the canal was completed with Cl1

(#20.6%) and C2 (#25.6%) to its apical.
The rotation speed for all files was 300 rpm
with a rotary motor (NSK, Nakanishi,
Japan); and the torque of rotation was
3Ncm. In the last group, the preparation of
canals was performed by the Neoniti
system. Canal scouting and determination
of working length were the same as the
other systems. After the application of K
file #15, the C1 file (#25.12%) was used as
an orifice shaper in 1/3 of the coronal canal.
Thereafter, the red Al file (#25.8%) and
yellow Al file (#20.8%) were used,
respectively, with a circumferential motion
to 1.3 middle of the canal and with a
pecking motion to the apical of the canal.
The rotation speed of all files of Neoniti
was 350 rpm; moreover, the torque results
of C1 and Al were 3Ncm and 1/5 Ncm,
respectively.

Results: In Protaper universal system
group, after negotiation and determination
of working length same as Smart tract X3
system, the Sx was used in 1/3 of the
coronal canal. Thereafter, the preparation of
the canal was terminated at working length
with S1, S2, F 1(#20.7%), and F2 (#25.8%)).
Rotation speed was reported as 300 rpm for
all of files; moreover, the torque of Sx and
S1 was 3Ncem, S2: 1Ncm, F1: 1/5 Ncm, and
F2: 2 Ncm. The Rc-Preb (Morvaben,
Tehran, Iran) was used as a lubricant in the
three groups. Canals were irrigated with
10°C of 5.25% Naocl (Morvaben, Tehran,
Iran). After each step of preparation, files
were cleaned with gauze and Naocl and
sterilized in an autoclave. Every set of files
was used for five canals. After the
preparation of canals, photo of blocks,
along with file fracture, were taken
mesiodistally under the stereomicroscope.
Following that, the photos were
investigated with MIP4 (Acia pardazn,
Tehran, Iran), a computer software;
moreover, the length of fractured
instrument and distance of apical point
were estimated with 6.9 micrometer error.
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Finally 60 files (5 files in a set) of Smart
tract and Protaper universal and 36 files
(3files in a set) of the Neoniti were
used.After canal preparation, no file
fracture was observed in Smart tract X3 and
Neoniti groups, Nevertheless, in the
Protaper group, one F2 file after four
applications and three F2 files after five
applications  were fractured (6.6%).
According to Chi-square Test, no statistical
difference was detected between Protaper
and Neoniti groups (p=0.075), as well as
Protaper and Smart tract groups (p=0.065).
The mean scores of fractured segments
length and the distance of fractured
segment from the apex of the block were
obtained at 2.228+0.216 and 0.845+0.186
mm, respectively.

Conclusion: Manufacturers have attempted
to produce a rotary file by improving the
thermomechanical characteristics of Ni-Ti
alloys. These treatments include thermal,
mechanical, electropolishing, and recently
introduced electric discharge machining.
These treatments mainly aim to impart a
more martensitic phase into the files at

normal body temperature to obtain the
maximum advantage of flexibility, as
compared to the austenitic phase. These
heat-treated instruments also  possess
improved cyclic fatigue resistance, in
comparison with conventional NiTi alloys.
Smart tract X3 is a new heat-treated rotary
files system which claimed to have a high
resistance to fracture in curved root canals
by manufacture, however, its fracture has
not been examined so far, the present study
as best aimed to assess the fracture rate and
location of fracture of Smart tractX3 in
comparison with conventional NiTi alloys
rotary files system in highly curved root
canals.

The rate fracture of Smart Tract X3 is less
than Protaper but similar to the Neoniti
system; nonetheless, this difference is not
statistically ~ significant. The  greater
flexibility of Smart tract x3 can be
attributed to heat treatment methods in the
manufacturing process.

Keywords: Fractured Instrument, Root
Canal, Endodontics, Nickel-Titanium Alloy
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