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Abstract

Introduction: Although nickel-titanium (NiTi) rotary
instruments may produce a well- tapered root canal
with a low tendency of aberrations, these are generally
perceived to have a high fracture risk during use and
may produce significant forces on root dentin during
instrumentation, which may induce a dentinal defect
or crack in the apical part of the root. This study
compared mathematically the stress generated by the
Self-Adjusting File (ReDent-Nova, Ra’anana, Israel)
with conventional rotary instruments during the move-
ment of 3 NiTi endodontic file designs in a curved root
canal. Methods: Stresses were calculated using finite
element analysis. Three file designs with tip size ISO
#20 were used in this study. Finite element models of
ProFile #20/.06 (Dentsply Maillefer, Ballaigues,
Switzerland) (a constant tapered shaft), ProTaper
Universal F1 (Dentsply Maillefer) (a progressively
changing taper shaft), and SAF 1.5 mm (a mesh shaft)
were activated within a curved root canal model. The
stress generations resulting from the simulated shaping
movement were evaluated in the apical root dentin area.
Results: The SAF induced the lowest von Mises stress
concentration and the lowest tensile principal stress
component in root dentin. The calculated stress values
from ProTaper Universal F1 and ProFile #20/.06 were
approximately 8 to 10 times bigger than that of the
SAF. Conclusions: Stress levels during shaping and
the susceptibility to apical root cracks after shaping
vary with instrument design. The design of the SAF
may produce minimal stress concentrations in the apical
root dentin during shaping of the curved canal, which
may increase the chance of preservation of root dentin
integrity with a reduced risk of dentinal defects and
apical root cracking. (J Endod 2013;39:1572–1575)
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Advancements in rotary nickel-titanium (NiTi) instruments over the last 2 decades
have led to new design and instrumentation concepts and root canal preparation

techniques for each system (1–3). Root canals prepared by NiTi instruments showed
fewer aberrations such as ledge and zip formation, canal transportation, and
perforations (4, 5). These benefits could be attained from the flexibility of the NiTi
alloy and the specific geometric design features of each instrument (6). However,
NiTi instruments are still perceived to have a high fracture risk during use (7, 8)
and may produce significant forces on root dentin during instrumentation, which
may induce a dentinal defect or an apical root crack (9–11). This potential
tendency may hazard the root integrity and reduce the long-term prognosis of
endodontically treated teeth (9). The basic principles of biomechanics indicate that
crack propagation under repeated loads until catastrophic fracture occurs is a likely
event (12, 13).

However, the Self-Adjusting File system (SAF; ReDent-Nova, Ra’anana, Israel) was
introduced recently with a totally different concept—an instrument without an internal
core with a mesh-like structure (14, 15). The SAF is a hollow file designed as
a compressible, thin-walled, pointed cylinder composed of 120-mm-thick NiTi lattice.
Although conventional NiTi rotary files are operated by a rotating movement, the SAF is
operated with in-and-out vibrating handpieces with 3000–5000 vibrations per minute
and an amplitude of 0.4 mm (14). It has been reported to have a significantly better
effect on the cleaning and shaping for ovoid and irregular root canal lumen (16–
19). The original canal shape and root dentin integrity can be preserved when using
the SAF because the SAF does not cut the canal wall; the gentle scrubbing effect of
the SAF allows it to use minimal instrumentation and preserve the original form of
the canal. Stresses in root dentin during instrumentation using the SAF have not been
compared yet. Therefore, the purpose of this study was to compare the stress
generated when using the SAF with conventional rotary instruments during
instrumentation movement in a curved root canal using finite element (FE) analysis.

Materials and Methods
FE Models of NiTi Instruments and Root Canals

Three brands of endodontic NiTi instruments with different geometric features but
comparable sizes (#20) were selected for this study: SAF 1.5 mm (#20 apical tip),
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Figure 1. The FEmodels of 3 NiTi endodontic instruments and root canal models used in this study. (A) The SAF, (B) ProFile .06/#20, and (C) ProTaper Universal F1.

Figure 2. The cyclic stress profile during simulated movement over a period
of 1 second for all 3 rotary instruments at the location where the highest von
Mises stress was generated.
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ProFile (Dentsply Maillefer, Ballaigues, Switzerland) with a U-shaped
cross-section and constant 6% tapered shaft, and ProTaper Universal
F1 (Dentsply Maillefer) with a convex triangular cross-section and
a progressively changing taper shaft (Fig. 1).

FEmodels of 3 NiTi instruments and curved root canals weremade
according to the method described by Kim et al (9). Briefly, the ProFile
and ProTaper files were scanned at 2-mm intervals using a micro–
computed tomography machine (HMX; X-Tek Group, Santa Clara,
CA). The acquired surfaces were further processed using a 3-
dimensional (3D) modeling program (IDEAS11 NX; UGS, Plano, TX)
to suppress noise and refine the definition of the file tips and sharp
edges. For the SAF, the computer-aided design file presented from
the manufacturer was used. The file models were meshed in IDEAS
using linear, 8-noded hexahedral elements.

The final FE model of the SAF consisted of 3644 elements with
11,380 nodes, ProFile consisted of 5910 elements with 14,338 no-
des, and ProTaper Universal consisted of 5808 elements with
10,065 nodes (Fig. 1). The z-axis was chosen along the length of
the instruments (ie, normal to the cross-section). Additionally, the
simulated FE canal model was designed to have a sufficient canal
size for the file models to move inside. The canal model had
a 0.35-mm diameter apical foramen (constriction) and simulated
16.5-mm working length from the orifice to the apical constriction
at the canal center with approximately 6% apical taper. The canal
curvature was chosen to be approximately 42� with a 6-mm radius.
The final FE model of the root canal consisted of 18,800 elements
with 23,602 nodes.

Stress Measurements during Shaping Simulation
The shaping simulation to evaluate the stress concentration was

conducted using Abaqus v6.10 (Simulia Corp, Providence, RI). The
SAF was slowly inserted to the apical end of the FE canal model and
moved with an oscillation motion of 50 Hz (3000 oscillations per
minute) to simulate the clinical SAF movement. For the ProFile and Pro-
Taper, the file models were inserted to the working length and rotated
without pecking motions. The ProFile and ProTaper were rotated at 240
JOE — Volume 39, Number 12, December 2013
rpm (4 rotations per second). The rotation was prescribed on the end
of the shaft cross-section around the z-axis. The root was rigidly fixed at
its coronal cross-section. A Coulomb friction coefficient of 0.01 was
applied between the instruments and the canal wall. This low value
was chosen to avoid binding during the numeric analysis. The mechan-
ical properties (elastic modulus/Poisson ratio) of dentin and NiTi mate-
rial were 14.7 GPa/0.31 and 36 GPa/0.3, respectively (20–22).

During the simulated shaping movements, stresses were calcu-
lated in the apical root dentin over a period of 2 seconds. Stress levels
were characterized using von Mises equivalent stress, which uses the
von Mises criterion to integrate the 3D stress state into a single value
(23). The nodal point on the apical constriction area of the root canal,
which had the highest von Mises equivalent stress value, was traced
during file movement. Principal stress values were also recorded for
comparison with the tensile strength of dentin.
Stress Generation by SAF Instrumentation 1573
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Results
The FE analysis simulated the changing stress pattern in the contact

points along the root canal dentin during the file movement. Figure 2
shows the distribution of von Mises equivalent stresses captured at
the moment when the maximum value was generated in the apical
constriction area during the oscillation movement of the SAF and the
rotation of ProFile and ProTaper files. Although the ProFile and Pro-
Taper files generated the highest von Mises stress values in the apical
root dentin (ie, 86.7 MPa and 98.1 MPa, respectively), the SAF showed
10.4 MPa.

The maximum (ie, first) principal stress values were also deter-
mined in the same apical locations. The maximum principal stresses
at the same nodal point were 2.9 MPa, 23.5 MPa, and 29.5 MPa for
the SAF, ProFile, and ProTaper, respectively. The ProFile and ProTaper
files generated approximately 8 to 10 times higher principal stresses
than the SAF.

During the simulation movement, the SAF had the continuous
shape changes of self-adjusting. Figure 3 shows a momentary shape
(notice the change from Fig. 3A to B) of the SAF inside the root canal.
Figure 3A shows the cross-sectional mass of the SAF at various levels.

Discussion
Because the structural features of endodontic file systems have

been shown to depend largely on the geometric shape, manufacturers
have introduced various new designs that were developed to reduce
instrument fracture risks. File design is also likely to affect the shaping
forces on the root dentin (24). Meanwhile, the forces generated during
instrumentationmay increase the risk of root fracture (9). Some studies
reported that root canal preparation had caused significant dentinal
defects such as fractures, craze lines, incomplete cracks, and dentinal
detachment (25, 26).

Adorno et al (10) reported that root canal preparation with over-
instrumentation might significantly weaken roots and create apical root
cracks. NiTi rotary instruments sometimes accidentally go over the
Figure 3. (A) The cross-sectional mass of the SAF at various levels and (B)
a momentary shape of the SAF inside the simulated root canal. (Note the
change from A to B).
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apical foramen, especially with instruments with a screw-in tendency re-
sulting from the active cutting edges and continuing rotation (27, 28).
Bier et al (11) reported that NiTi rotary files may make craze lines and/
or microcracks on root dentin after instrumentation and that signifi-
cantly more dentinal defects were attributed to the significantly higher
number of rotations of the rotary systems.

However, the SAF system does not have the structure of a flute
helix, cutting blades, and an internal core (shaft), and it moves with
oscillation motion. Thus, this system may not have screw-in force and
the risk of losing the working length; it also has no pressure from ametal
shaft. Yoldas et al (29) revealed no microcrack formation after using
the SAF. Therefore, the purpose of this study was to compare the stress
generation in apical root dentin during filemovement (rotation or oscil-
lation) in a curved canal with the SAF and conventional NiTi files
(ProFile and ProTaper) using FE analysis.

Vertical root fractures (VRFs) are the reason for the extraction of
10%–20% of endodontically treated teeth (30–32). In part of the cases,
the VRFs resulted from an endodontic origin. VRFs may originate from
stress concentrations arising not only from the final canal shape and the
extent of canal enlargement but also from the instruments’
characteristics and geometries (9, 33). From the results of this
simulation study, the SAF has been shown to generate minimal von
Mises stresses, which were much less than the stresses generated
when using the ProFile and ProTaper files. The generated stresses at
the apical foramen area were almost one tenth of the stresses that
resulted from the rotary instrument systems. Although we selected the
instruments of #20 size in this study, those instruments usually used
in clinical practice are bigger than the #30 size. In this clinical
situation using #30 size rotary instruments, the principal stress could
be beyond dentin’s tensile strength (106 MPa) (9, 34). Considering
the difference between study conditions and practical conditions, the
stress difference between the SAF and conventional NiTi rotary
instruments would be more than 10 times.

3D FE analysis has been used to assess stresses in numerous
research scopes. Although the present study used the stress value
from 1 nodal point, which may skew the results and bring a singular
peak value, it has been the sole method to estimate the stress generated
in an endodontic instrument itself and the root dentin during root canal
preparation. In the present study, not only the stress accumulation in
the innards of files could be measured but also the shape of the ‘‘ergo-
morphic’’ SAF could be estimated. Courtesy of the self-adaptability of the
SAF, as the name implies, the SAF adapted itself to the canal’s original
anatomy and shape and resulted in noninvasive root canal preparation
(Fig. 3B). The reasons why this phenomenon is possible are because of
the SAF’s unique mesh structure. As shown in Figure 3A, the SAF
has unique cross-sectional configurations, consisting of several very
small points. As a result of the minimized cross-sectional dimension,
the reaction forces against the root canal walls were minimized.

During preparation, the root canal dentin is shaped by the reaction
force of the instrument. When the files move inside the root canal, the
contacts between the instrument and the canal walls create many
momentary stress concentrations in dentin (9). Higher stresses in the
root during instrumentation can be generated by the stiffer instrument
with the bigger cross-sectional area, which may increase the risk of
VRFs. The cross-sectional and longitudinal design of endodontic instru-
ments affect root stresses during shaping, and the SAF with its minimal
cross-sectional area may have minimal risk of VRFs and maximum
potential to preserve the root integrity (9, 35, 36). These equivalent
von Mises stresses are an indication of the total stress condition
because it combines all 3D stress components. Although the tensile
stresses, which are identified by the maximum principal stresses,
from all the file models were far from the dentin’s tensile strength
JOE — Volume 39, Number 12, December 2013
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(106 MPa), the stresses from the SAF were only one tenth of those from
the ProFile and ProTaper models.

Higher root stress concentrations may cause more canal deviation
and result in thinner dentin areas. Thinner dentin weakens the root struc-
ture and increases the risk for apical cracking (9, 30). On the contrary,
the SAF generated a minimal reaction force and resulted in minimal
dentin removal. This could contribute to the reduction of the fracture
risk and dentinal defects. As much as the loss of tooth structural
integrity can be minimized, the cleaning should be done by effective
irrigation. Therefore, an elongated application time of sodium
hypochlorite is essential to clean the infected canals. A 4-minute use of
the SAF under continuous irrigation and agitation by 3000–5000
oscillation per minute, as recommended by the manufacturer, gives
good results for disinfection (18, 19, 37).

Further research is needed to achieve the effectively cleaned and
shaped root canal while preserving the tooth structure using the SAF.
Subsequently, the prognosis of endodontically treated teeth might be
enhanced.
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