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1. Abstract

Aim: Our study aims to characterize the differen-
tial efficacy of martensitic and austenitic files in root canal
retreatment regarding defiling ability, debris management
and morphometric features. Materials and methods: A
total of 10 human premolar teeth with two separate fully
formed roots were selected, prepared with BioRace system
(BR) up to asize BR2 (0.04/25). Root canals were filled and
then divided according to the file type into two groups (n =
10). Two geometrically identical files have been used with
the only difference between them is heat treatment; One
Curve (OC) martensitic and One Shape (OS) austenitic.
Preoperative and postoperative Micro-CT scans were done
for all the samples, and the percent volume of residual fill-
ing materials was calculated. Canals reshaping and remain-
ing debris in the canals were assessed by calculating the vol-
ume of the canals before and after retreatment using Micro-
CT software. Results: The percentages of removed fill-

ing materials were similar between both groups (97.2% OC
vs 97.8% OS). OS was significantly faster than OC (P <
0.05). Retreatment procedure did not significantly change
volume, structure model index, surface area, and canal cur-
vature. OS group transported the canals more than OC at
the apical third (P < 0.05). There were no significant dif-
ferences between both groups concerning un-instrumented
surface area and accumulated hard tissue debris (AHTD)
(P > 0.05). Conclusion: Under the circumstances of this
study, neither file systems could completely remove the fill-
ing materials. However, OC resulted in less transportation
than OS in the apical one third (P < 0.05). Also, OC re-
sulted less AHTD than OS but with no statistical difference.

2. Introduction

NiTi endodontic rotary files have been used for the
cleaning and shaping during endodontic treatment to elim-
inate infection from inside the root canal. The enhanced
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flexibility and super elasticity of these files allow them
to negotiate sever canal curvatures without separation and
with minimal alteration to the original anatomy of the root
canal. Two main phases of these NiTi files are associated
with the shape memory and super elasticity, martensite and
austenite, with R-phase as intermediate phase that may oc-
cur [1]. The effect of these phases on the mechanical prop-
erties of NiTi files have been studied in the literature. A
previous report showed that there is a correlation between
stress point localization during file bending and cross sec-
tion geometry, therefore it is recommended to move the file
in and out during rotation inside the canal to distribute in-
ternal stresses along the file length [2]. Also, it was shown
that the presence of R-phase because of heat treatment im-
proved file flexibility [3]. Different geometrical factors can
also affect the file behavior and characteristics. A finite ele-
ment analysis study showed that the polar moment of inertia
is the most important factor in determining file’s torsional
resistance over cross sectional area and metal mass [4].

Complete removal of endodontic materials is cru-
cial for the success of nonsurgical root canal retreatment as
it enables efficient cleaning, disinfection, shaping, and fill-
ing of the root canal system [5]. Conservative access design
is also recommended to save coronal tooth structure while
allowing efficient instrumentation of the root canal system
[6].

The removal of filling materials from the root
canal system has been implemented using multiple tech-
niques, including the use of endodontic Gates Glidden burs,
hand files, heat, ultrasonic instruments, nickel-titanium
(NiTi) rotary files, laser, and use of adjunctive solvents
[7, 8]. Nonetheless, none of the previous studies have
shown the ability to completely remove root canal filling
materials [9], especially in the apical portion of root canals
[10]. Remaining filling materials inside the root canal pre-
vents the complete disinfection of the root canal and also
prevents the bonding of root canal sealer into dentin walls.
However, the use of NiTi rotary files in root canal retreat-
ment is proved to be more effective than hand instruments
with fewer procedural errors [11, 12]. Thus, different ro-
tary systems have been developed by several manufactures
to optimize gutta-percha removal techniques.

ProTaper Universal Retreatment system (Dentsply
Maillefer, Ballaigues, Switzerland) has been used as an
alternative to hand files for removing gutta-percha in en-
dodontic retreatment cases [12]. The system has three files,
D1, D2, and D3, where each one is used for each root canal
third, according to the manufacturer [13, 14].

Different reports showed that when ProTaper re-
treatment files are used, they leave between 10 and 35%
of gutta percha remnants behind. Therefore, it is recom-
mended to use supplementary files [14, 15].

The removal of gutta-percha with ProTaper re-
treatment files with or without the use of self-adjusting
file was evaluated, it was found that the gutta-percha was

not completely removed from the apical portion of curved
canals. However, using SAF enables the removal of more
gutta-percha than ProTaper alone [15].

Reciprocating single-file systems, originally de-
signed for root canal instrumentation, were suggested to be
used for root canal retreatment [16—18]. Their reciprocat-
ing motion increases the instrument’s resistance to cyclic
fatigue [19, 20], and when compared to rotational and hand
files, they were shown to be more efficient in the removal
of gutta percha from the root canal walls [19].

The use of 2 reciprocating systems, i.e., WaveOne
and Reciproc was compared with a continuous rotation sys-
tem (ProTaper Universal Retreatment). Both Wave One and
Reciproc reciprocating systems were as efficient as the Pro-
Taper Universal retreatment system in removing sealer and
gutta-percha [9].

Although different nickel-titanium (NiTi) files
were developed [21],extensive research has been done to
modify the presently available root canal instrument de-
signs, modifying the surface of the alloy or changing the
alloy microstructure with post-twisting or post machining
heat treatment [22].

Single file systems use was introduced and rec-
ommended to use to reduce cross-contamination and in-
strument fatigue. Thus, minimizing instrument separation
within the canal without compromising the cutting effi-
ciency [23].

One Shape single file system (OS) is based on one
instrument composed of electropolished austenite 55-NiTi
alloy. The OS single instrument is used in a full clockwise
rotation with a constant taper of 0.06 with variable cross-
sections across the length of its active working part and
a tip size of 25 mm [24]. This innovative asymmetrical
cross-section with a longer pitch increases the available vol-
ume for upward debris elimination allowing better shaping.
More flexibility is also gained because of the longer instru-
ment pitch, which provides an increased ability to navigate
curves and allows easy instrument progression to the apex
[24, 25].

One Curve single file system (OC) is a heat-treated
OS NiTi file, made of martensite C-Wire, which is an ex-
clusive proprietary, developed by the manufacturer. It is
claimed to be hyperflexible with increased cyclic fatigue
resistance without sucking effect. The tip size comes in
multiple sizes, i.e., 25, 35, and 45 with either 4% or 6%
taper [26].

Both systems OS and OC, have a similar design
with a unique asymmetrical cutting profile and an inactive
tip to maintain the original canal curvature and therefore
may cause less transportation [27].

From a clinical point of view, added to the inability
to completely remove root canal filling materials, root canal
retreatment procedures can result in transportation of root
canals that could lead to ledging, perforation, zipping, espe-
cially in the apical third [28]. Thus, these conditions should
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be examined, which can lead to the prevention of root weak-
ening and to reduce the possibility of vertical root fracture
or canal perforation. To date, there are few studies about
the efficacy of filling material removal in natural canals us-
ing single-file NiTi systems. Furthermore, the ability of OS
and OC systems in removing filling material from natural
canals has not been evaluated yet. Therefore, the present
study aimed to compare One Shape and One Curve single
file systems regarding filling material removal efficiency,
the working time needed for filling removal, and canal mor-
pho geometry changes after retreatment through certain pa-
rameters such as canal volume, surface area, SMI, straight-
ening, transportation, un- instrumented canal surface area,
and debris removal.

3. Materials and methods

3.1 Preparation of the specimens

Ten double-rooted teeth with canal curvature (10—
20°) were selected from a pool of teeth that were stored
in 0.1 thymol to be used for the study. Canals were pre-
pared using BioRace rotary instruments—BRO (25/0.08),
BR1 (15/0.05), and BR2 (25/0.04)—to the full WL with
the Elements Motor (SybronEndo, Orange, CA) in a con-
tinuous rotation motion with 600 rpm speed and 1.5 N/cm
torque. Canals were irrigated between each file using 2 mL
of sodium hypochlorite (5.25%) delivered via a 5 mL plas-
tic syringe with a 30-gauge side-vented needle (Ultradent,
South Jordan, UT). After completion of the preparation, En-
doActivator (Dentsply Maillefer, Ballaigues, Switzerland)
was used with a last rinse of 1 mL EDTA (17%) followed by
5 mL sodium hypochlorite (5.25%). The canals were then
dried using paper points. The canals were obturated using
AH Plus sealer (Dentsply DeTrey, Konstanz, Germany) and
the continuous wave warm vertical compaction technique to
their orifices. The cavity of access was temporized using a
pellet of cotton and Cavit (ES- PE, Seefeld, Germany). The
specimens were kept in an incubator at a temperature of 37
°C and 100% humidity for 15 days to let the sealer com-
pletely set. All endodontic treatments were performed by a
single operator.

3.2 Root canal retreatment

Teeth were divided randomly into two groups with
10 canals per group (n = 10) according to the rotary file used
for retreatment. In group A (n = 10), OC was used and in
group B (n = 10), OS was used. Both systems were used
at 600 rpm with 2.5 N/cm to improve their retreatment ef-
ficiency and penetration capability. Complete removal of
the filling materials was verified by a dental operating mi-
croscope (Zeiss, Munich, Germany) and periapical radio-
graphs.

3.3 Micro CT measurements and evaluations

All teeth were inserted in special micro-CT hold-
ers to ensure accurate positioning between scans. The
samples were scanned with a commercially available cabi-
net micro-CT (uCT 100 Scanco Medical AG, Briittisellen,
Switzerland) at an energy of 90 kVp, intensity of 88 A,
and integration time of 500 ms for each projection. As is
typically done, a series of 1422 to at most 1896 slices were
acquired with a voxel size of 14 ym utilizing a filtered back-
projection calculation. Similar settings were applied for the
whole measurements. The outer contour of each tooth was
generated automatically by using a special-purpose script.
The dentin segmentation was automatically adjusted ac-
cording to the grayscale in the CT slices. The area of in-
terest was outlined roughly by a contour drawn by hand.
Various algorithms were used, such as volume, 3D registra-
tions, segmentation, conicity, curvature, and surface area.
These measurements were obtained from SCANCO evalua-
tion software (IPL V5.06B, SCANCO Medical), which pro-
vides multiple result files. Two micro-CT scans were done
for each tooth, one after root canal obturation and one af-
ter retreatment procedure. Post-obturation micro-CT scans
were saved in the computer for post retreatment /reshaping
calculations. The region of interest was taken at 12 ;sm from
the apical foramen. Post-retreatment and canal cleanliness
micro-CT scans were performed after gutta-percha removal
using standard positions and parameters to allow for com-
parisons. The volumes from preoperative and postopera-
tive distribution of root filling materials were measured in
cubic millimeters (mm?). The mean values for every spec-
imen and the percentage of residual filling materials after
retreatment procedures were calculated. The qualitative as-
sessment was made by superimposing results from created
3D images over each other and a green image for the pre-
retreatment scan as well as a red one for the post-retreatment
scan. The cross-section of the image at selected levels was
presented in raw and illustrated form throughout the experi-
ment. Also, the following parameters were calculated: vol-
ume, surface area, structural model index, canal straighten-
ing and transportation, un-instrumented surface area. Ac-
cumulated hard tissue debris (AHTD) was calculated be-
fore and after retreatment by determining the difference in
instrumented and un-instrumented root canal space. The
AHTD was quantified by analyzing the difference in the
images taken before and after retreatment. The debris was
calculated in cubic millimeters and was shown as a percent-
age of the full canal system volume following retreatment
(vol %).

4. Statistical analysis

Data was checked and we excluded the outliers
prior to any statistical analysis performed. Normality of pre
retreatment data distribution was tested suing the Shapiro-
Wilk test, which showed normally distributed data [29].
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Fig. 1. Three dimensional rendered images of concatenated root canals of the pre- and post-retreatment scans. Green color shows the pre-retreatment

root canal geometry and orange shows post-retreatment root canal geometry. (A) shows palatal view of the root canals. (B) shows mesial view of the root

canals. (C) shows buccal view of the root canals. (D) shows distal view of the root canals.

Mean and standard deviation was calculated for all pa-
rameters. Statistical analysis was performed using IMB®
SPSS® (PASW version 23.0 IBM®, Chicago, IL, USA).
The paired sample t-test was used for statistical analysis
between pre and post retreatment data for each group. The
unpaired sample t-test was used for statistical analysis be-
tween post retreatment data in the two groups. The P-value
for statistical significance was set at <0.05.

5. Results

There was no statistically significant difference in
the volume of filling materials before retreatment between
both groups (P > 0.05) or the volume of filling materi-
als after retreatment between both groups (P > 0.05). The
mean time needed to perform the retreatment procedure was
shorter in the OS group than in the OC group (P = 0.001)
(Table 1). None of both files was able to completely remove
all filling materials from the canals.



Fig. 2. Cross section slices taken from raw micro-CT data at level slices 701 (top) 901 (middle), and 1201 (bottom) of both pre- and post-

retreatment scans. Cross sections on the left side show pre- retreatment images and cross sections on the left show images of post-retreatment.
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Table 1. This Table shows mean initial volume of filling
material (mm®), mean percentage of filling material removed
(%), and mean time (T) for complete filling materials
removal in seconds. It also shows difference in morpho
geometric parameters (volume, area, and SMI) of the root
canals between pre- and post-retreatment of both groups.

Variable One Curve n = 10 One Shape n = 10 P-value

Initial filling material (mm?3)  1.90 + 0.76 1.67£0.56  0.437
Filling material removed (%) 97.38 &+ 2.09 97.87 £1.94  0.595
Time in seconds 308.80 £ 28.11 262.20 £+ 23.99 0.001
Volume (mm?) 0.46 + 0.35 0.40 £ 045  0.724
Area (mm?2) 1.62 £1.24 1.42+130  0.721
SMI 0.28 + 0.27 0.27+ 0.30 0.927

The morpho geometric changes created by OC and
OS files in the root canals were analyzed. The results
did not show statistically significant differences between
both groups in terms of pre-retreatment measurements (P >
0.05). These measurements include volume, surface area,
and structural model index of the canal. This indicates ho-
mogenous morpho geometry between the groups before re-
treatment. There is no statistically significant difference be-
tween the groups after retreatment in volume and surface
area (P > 0.05). However, the SMI value was higher with
a statistically significant difference in the OC group (P <
0.05). The increased SMI values indicates that OC files
changed the canal geometry to be more rounded that OS
files. This can be explained by the fact that OC files are
more flexible and ductile, thus leaving canal walls more
rounded than the stiffer OS files which resulted in more
straight canal walls. The difference in the morpho geomet-
ric parameters between pre-and post-retreatment was calcu-
lated for volume, surface area, and SMI, with no statistically
significant difference between both groups (P > 0.05), Ta-
ble 1.

Three dimensional rendered images were con-
structed showing concatenated root canals of the pre-and
post-retreatment scans, Fig. 1. The green color shows the
pre-retreatment root canal geometry, and the orange shows
post-retreatment root canal geometry. Cross-section slices
were taken from raw micro-CT data at level slices 701, 901,
and 1201 of both pre-and post-retreatment scans, Fig. 2.

Canal straightening for OC and OS groups was
13.93% (4+11.93%) and 32.80% (438.11%), respectively,
which means the OS file resulted in more straightening than
the OC file, but without statistically significant difference
between groups (P > 0.05). The presence of large standard
deviation in canal straightening results can be explained by
the different canal configuration to start with which can-
not be standardized. Mean canal transportation measure-
ments (xm) are summarized in Table 2. Retreatment with
the OS group showed significantly more apical transporta-
tion than the OC group (P = 0.047). The mean canal trans-
portation for OS was higher than OC at the coronal and
middle thirds but without a statistically significant differ-

ence (P > 0.05). The mean static voxels and percentages
of un-instrumented voxels in both OC and OS groups are
summarized in Table 2. The OS group presented more un-
instrumented surface area than the OC group, which means
the OS group touched less surface area than the OC group.
However, there was no statistically significant difference
between both groups (P > 0.05).

The mean volume of accumulated hard tissue de-
bris (AHTD) before and after retreatment was calculated.
There are no statistically significant differences in the ex-
perimental groups before or after retreatment (P > 0.05),
meaning there is a similarity between the two groups. Re-
ductions in the AHTD were seen in both groups. OC group
showed a 95%-99% reduction with a mean of 96.97%.
Similarly, OS showed 92%-98% with a mean of 95.82%
debris reduction (Table 2). However, there was no statisti-
cally significant difference between the groups (P > 0.05).
Fig. 3 shows different views of three-dimensional computer
constructed images of the root canal system showing the
amount of hard tissue debris after retreatment with either
OC or OS.

6. Discussion

Recent advances in the metallurgical engineering
of NiTi instruments led to the development of various NiTi
rotary files that are manufactured by different heat treat-
ment such as max-wire, c-wire, t-wire, controlled memory
(CM), R-phase, and M-wire [30-33]. Different heat-treated
files exhibit different phase transformation behavior, which
improves fatigue resistance, torsional reissuance, and flex-
ibility [34-38]. Heat-treated NiTi rotary files are available
in two forms, martensitic and austenitic with wide range of
motion kinematics, cross section, design, and sizes, which
may result in biased shaping ability results.

In the study, we aimed to compare the differen-
tial efficacy of two heat-treated rotary files systems which
are only different in their metallurgical properties, austenite
(OS) and martensite (OC), in the ability to remove gutta-
percha from root canals, the time needed for removal, and
the morpho geometric changes created during the removal.

The main objective of root canal retreatment is the
disinfection of the root canal system which leads to healing
of the periapical tissues. Studies have reported that the suc-
cessful outcome of root canal retreatment ranges from 87
to 97% depending on whether preoperative periapical peri-
odontitis was present or absent [39]. One of the factors that
affect the outcome in cases of endodontic retreatment is the
ability to completely remove the previous filling material
from the root canal [40, 41].

Micro-computed tomography (u-CT) has been
suggested for assessing the tomography of canal walls, as
it is a non-destructive technique, which provides accurate
three-dimensional reproduction of the tooth without de-
structive sectioning of the specimens or loss of the root ma-
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Table 2. This Table shows mean canal transportation determined for the coronal, middle, and apical third after retreatment
with OC and OS files. It also shows mean score of static voxel and mean percentage of un-instrumented canal surface area of
root canals after retreatment with OC and OS files and mean score of the percentage in debris reduction of both groups’

reduction.
Variable One Curve n =10 One Shape n = 10 P-value
Coronal third ~ 29.2600 =+ 19.40940 33.5400 =+ 22.700 0.656
Mean canal transportation ~ Middle third 31.8000 £ 32.00757  35.7400 =+ 33.71641 0.792
Apical third 33.5600 =+ 21.64328 86.2600 + 70.98346 0.047
Un-instrumented Static voxels 23500.20 + 12179.27  21027.90 =+ 8476.27 0.605
Un-instrumented canal surface area (%) 40.32 £+ 19.94 41.28 +19.41 0.915
Percentage reduction of debris 96.97 &+ 1.47 95.82 £ 2.78 0.263

Fig. 3. Different views of three-dimensional computer constructed images of root canal system showing the amount of hard tissue debris after

retreatment with either OC (One Curve) or OS (One Shape) files.

Micro CT analysis was used in our study to eval-
uate the removal of failing materials as well as to evaluate
the morphometric changes created in the root canals after
the use of two different rotary systems, One Curve, and One

terial during sectioning [42]. It also allows superior preop-
erative and postoperative evaluation of the morphological
changes in the root canal trajectory for better assessment of
root curvatures and canal transportation [43].
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Shape. None of the previous retreatment studies show that
it is possible to remove 100% of the filling materials from
the root canals [5, 40, 44-46]. However, in this study, both
systems were able to remove around 97% of filling material
compared to 75-81% in a previous study in which ProTaper
rotary files were used with solvent for retreatment [5]. The
mean time to remove gutta-percha ranges from 262 seconds
by OS to 308 seconds by OC compared to 540—720 seconds
in a study by Mittal 2014 and 412-532 seconds in a study
by Giuliani, 2008 [5, 47]. These results come in agreement
with previous studies in which the use of rotary instruments
resulted in shorter working times [7, 46, 48, 49]. However,
other reports show opposing results in which root canal re-
treatment was achieved using hand instruments compared
to rotary instruments [40, 50].

In other parts of this study, the morpho geometric
changes in the root canals were observed. The shaping abil-
ity of rotary files can be affected by several factors, such as
instrument design (cross-section, taper, size, and the num-
ber of flutes), motion kinematics (reciprocation, adaptive
rotation, continuous rotation, or oscillation), and the num-
ber of instruments used [43, 51-53]. In this study, all these
variables were standardized except for file metallurgy be-
tween OC (martensitic) and OS (austenitic). Martensitic
files such as OC are characterized by enhanced flexibil-
ity and controlled memory. However, OS files with its
austenitic crystal arrangement tend to be harder and stiffer
[32]. This difference in flexibility could be the reason why
OS files were able to remove gutta-percha from the root
canals in a statistically significant shorter time than OC
files. Pretreatment parameters such as volume, area, and
SMI did not show significant differences. However, OC
shows a statistically significant increase in SMI which was
not shown in a study in which canals were not filled with
gutta-percha [53]. This means that OC files resulted in more
round canals then OS files, which can be explained by the
increased flexibility of OC files [32]. When it comes to
canal straightening and apical transportation, OS showed a
significant increase compared to OC, which comes in agree-
ment with a previous report [53]. This can also be explained
by the decreased flexibility of OS file and absence of con-
trolled memory feature [32]. We can assume that the ther-
momechanical treatment of the files exerted its effect on the
behavior of the files inside the root canal especially when it
comes to canal straightening and apical transportation. On
the other hand, in a study by Almeida et al. [54], there
was no statistically significant difference between the heat-
treated K3FX files and the superplastic conventional K3 in
terms of canal transportation using the same methodology
for quantification. However, superior results were found in
terms of canal transportation with the use of ProTaper Gold
compared to conventional ProTaper Universal [55].

Both OS and OC files showed a significant reduc-
tion in accumulated hard tissue debris with no statistically
significant difference between both files. This indicates

that both files can be used during root canal retreatment for
gutta-percha removal.

Limitations of the study are the use of only one
type of sealer and only one technique of obturation. Future
studies could focus on the retreatment ability to remove bio-
ceramic sealers from root canal walls.

7. Conclusions

Both OS and OC files were unable to completely
remove gutta-percha 100% from the root canal with a
significantly shorter time using OS for retreatment. OS
showed a significant increase in canal straightening and
apical transportation, while OC files touched more canals
walls. According to our results, both files can be used for
root canal retreatment, however OC files should be used in
curved and narrow canals and OS should be used in more
straight and wide canals.
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