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Abstract N\

\

To study the effect of continuous irrigation of rotating nickel-titanium instrument with several common clinical fluids on the diameter, |

breaking length and breaking position of nickel-titanium instrument, so as to provide some reference and theoretical basis for clinical
operation and instrument improvement.

A standardized curved root canal model was established, and ProTaper Universal (PTU) F1 instrument was selected for root canal
preparation. The nickel-titanium F1 instrument was flushed with distilled water, 0.9% NaCl, 0.2% chlorhexidine, 1% sodium hypochlorite
and 5% sodium hypochlorite, and the diameter, length and position of the instrument before and after breakage were recorded.

Only 5% sodium hypochlorite influenced the diameter of 6 mm marker points under different irrigation conditions (P < .05). There
was no statistical difference in the length of broken instruments among all the groups, and torsional deformation mainly occurred at
the end of broken instruments. The broken positions of instruments in all the groups were located at the bending segment of the root
canal. The breaking frequency of the 5% sodium hypochlorite group was the highest in the area 3-5.5 mm away from apical foramen,
while the other 4 groups had the highest breaking frequency in the area 0 to 1.5mm away from apical foramen.

External irrigation with different fluids did not influence the breaking length of instruments. The closer to the apical foramen was, the
higher the breaking frequency of instruments was. However, only 5% sodium hypochlorite can affect the diameter of rotary nickel-
titanium instruments, and may lead to early breakage of the instrument, indicating that the use of disinfectants, except 5% sodium
hypochlorite, cannot reduce breakage resistance of nickel-titanium instrument compared with distilled water flushing. Furthermore,

5% hypochlorite could not be recommended for irrigation in clinical practice.

Abbreviation: PTU = ProTaper universal.
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1. Introduction

Because of the complexity of the root canal system, the fracture of
instrument needle in root canal preparation and therapy is
considered one of the most common challenging complica-
tions.»?! Recently, there are no steps of flushing with liquid while
preparing root canals with rotating nickel-titanium instruments.
Fluid is useful for root canal therapy due to its characteristics of
lubrication, cooling and removal of debris. Therefore, we
hypothesized that the introduction of liquid in advance during
root canal preparation could improve fatigue resistance and
prolong the service life of nickel-titanium rotary instrument,
which has been proved in previous experiments.>** However,
different disinfectants may also have different effects on the
preparation of nickel-titanium rotary instruments.

At present, surface grooves or cracks of rotating nickel-
titanium instruments were observed and noted by scanning
electron microscopy, and wear was explained qualitatively based
on the degree of defect. However, there are few studies on
whether the diameter of different parts of nickel-titanium
instruments can be changed after using a certain number of
times. If the diameter of different parts of rotating nickel-titanium
instruments decreases with wear, the prepared root canal taper
will also be smaller. Subsequently, the corresponding tapered
gum tip may not reach the physiological apical foramen and
could be locked in the upper end of the root canal wall in
advance, thus affecting the effect of root canal filling. When this
happens in the clinic, clinicians will be very troubled and
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confused. The purpose of this study was to investigate whether
different liquids flushing nickel-titanium rotary instrument could
affect the diameter of different sites before and after the breakage
of rotary nickel-titanium instruments, to further analyze the
breaking length and the breaking location of instruments in
standardized root canals, and to explore the morphological
changes of the broken ends of instruments, so as to provide some
reference and theoretical basis for clinical operation and device
modification.

2. Materials and methods

2.1. Materials and instruments

Protaper Universial F1 instrument (Dentsply, Switzerland), X
smart plus machine nickel-titanium motor equipment (Dentsply,
USA), electron microscope (Optical Instrument World, China),
SK2610B Precision parts measurement system (Sack Digital,
China, 0.001 mm), resin transparent root canal model (Hebei
Hanru Crafts Co., Ltd., China), Aohua Laser AHL-FB50
(Shenzhen Aohua Laser Co., Ltd., China), Pointer push-pull
force meter and fixture (Nanjing Su Metrology Instrument Co.,
Ltd., China), 360° universal sucker table pliers (G-CRAFT
Company, China), and dental punch (Beijing Meide Innovation
Technology Co., Ltd., China), etc. Since animal experiment or
human was not involved in this study, the ethical approval was
not necessary.

2.2. Exclusion criteria

The surface of the nickel-titanium instrument was observed under
an electron microscope, and the pictures were archived. If the
following defects appeardc on the surface, they were eliminated:

(1) different degrees of cracks;

(2) pitted structures;

(3) partial protrusions or scratches on the surface of the
instrument;

2.3. Experimental group

According to the literature, the sample size of studies similar to
our experiment was between 15 and 20 .1>°! Thus, the sample size
of nickel-titanium instrument in each test group was set at 20.
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Additionally, according to the different flushing fluids, our
experimental group was divided into the following five groups:

1) Distilled water (the control group);
2) 0.9% NaCl;

3) 0.2% chlorhexidine;

4) 1% sodium hypochlorite;

5) 5% sodium hypochlorite.

2.4. Methods
2.4.1. Laser labeling of specific sites of PTU F1. Twenty PTU

F1 pins in each group were fixed on the silicone rubber template
in accordance with numbered sequence, which ensured that the
tips of PTU F1 pins were leveled with each other (Fig. 1). After the
laser marking program was started, the fiber laser mode was
selected. Six laser marking lines were set up at a 3-mm interval
and a 0.1-mm line width, and marking parameters were set to
speed: 200mm/s, power: 30%, and frequency: 500 KHz. The
laser indicator was opened and made to level with the tips of PTU
F1 (Fig. 1A). Before laser marking, the first and second laser lines
(blue solid lines) were not selected in the program, but other laser
markers (red dotted lines) were selected to work, which enabled
accurate and uniform laser marking at 6 mm, 9 mm, 12 mm, and
15 mm (Fig. 1B).

2.4.2. Root canal preparation. The PTU F1 was removed from
the silicone rubber template according to the numbered sequence
to carry out root canal preparation experiment at room
temperature. The stop ring was placed at 18 mm, and the motor
of X-Smart plus was set at 350 rpm/min with a torque of 3 Ncm.
The rotation was clockwise and unidirectional. The vertical
pressure of each preparation to the root canal side was kept at
10N, so that the filing needle could stay for 2 seconds in the root
canal each time. At the same time, the flusher was used, and the
needle was continuously flushed outside the root canal at about
1 cm perpendicular to the needle. The liquid flow rate was set to
220 ml/min, so that the working length of the root canal can be
prepared repeatedly to 18 mm. In this experiment, only the
control group did not undergo extra-canal irrigation for root
canal preparation. However, none of the five groups changed the
existing clinical irrigation methods (five times after nickel-
titanium instruments entered the root canal, and the root canal
was dredged with No. 10 enlarged needle and irrigated with
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Figure 1. The method of laser marking.
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Figure 2. Method of root canal preparation. Note: (1) refers to ON when no force is applied, (2) refers to 10N when pressing down.

lateral opening needle). Each root canal was prepared by the
above methods until the needle was broken and a new needle was
replaced, and the above operations were repeated (Fig. 2).

2.5. Detection parameters

Before root canal preparation, the original diameter of each PTU
F1 laser marker site was measured and recorded on the silicone
rubber template using electron microscopy. After breakage, the
broken PTU F1 was restored to the silicone rubber template in
accordance with its numbered sequence, and its diameter of
different laser marker sites of PTU F1 was measured and recorded
again (Figs. 3-6).

The breaking location of PTU F1 in root canal was recorded
(Fig. 7). The formula for calculating the breaking length of PTU
F1 was as follows:

Breaking length = Original length of needle — Remaining
length after breaking.

2.6. Statistical analysis

SPSS 21.0 was used for statistical analysis. The diameter of
specific sites and breaking length were described as mean+SD.
Kolmogorov-Smimov test showed that the data were normally
distributed, and the homogeneity of variance test was performed.
The paired # test of diameters of instruments before and after the

Figure 4. Measurement at the 9-mm laser marker site.
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Figure 5. Measurement at the 12-mm laser marker site.

breaking of specific sites was performed, and the variance of
breaking length of nickel-titanium instruments under five
different irrigation conditions was analyzed. P<.05 was
considered statistically significant.

3. Results

3.1. Different liquids did not change the diameter before
and after breakage except 5% sodium hypochlorite group.

Root canal preparation was performed under different liquid
conditions. At the 6-mm laser marking site, the 5% sodium
hypochlorite group showed statistical difference in diameter
change before and after breakage, while there was no significant
change in diameter before and after breakage in the other four
groups (Table 1). In addition, there was no significant change in
the diameter of the 5 groups before and after breakage at the 9
mm, 12mm and 15 mm laser marking sites (Tables 2-4).

3.2. Different liquids had no effect on breaking length.

In the experiment, the breaking length of instrument needle
ranged from 2.4853mm to 2.7644mm (95% confidence
interval). The breaking lengths of the five preparatory
methods were 2.5358 +£0.4157 mm in the distilled water group,

Figure 6. Measurement at the 15-mm laser marker site.

Figure 7. Distribution of location of broken PTU F1 in area away from the apical
foramen. Note: “Oto 1.5 mm” refers to the broken PTUF1 located atareaOto 1.5
mm from the apical foramen of the module, whichis equivalent to 80% to 100% of
complete root canal preparation. By inference, “1.5 to 3 mm” is equivalent to 60%
t0 80% of the complete root canal preparation, “3to 5.5 mm”is equivalent to 40%
t0 60% of complete root canal preparation, “5.5 to 8 mm” is equivalent to 20% to
40% of complete root canal preparation, “8to 10 mm” is equivalent to 0% to 20%
of complete root canal preparation, respectively.

2.5052+0.5905 mm in the 0.9% NaCl group, 2.5908 +0.5494
mm in the 0.2% chlorhexidine group, 2.9040 +0.7286 mm in the
1% sodium hypochlorite group, and 2.5884 +1.0555 mm in the
5% sodium hypochlorite group. The results of variance analysis
demonstrated that there was no statistical difference in the
breaking length among the 5 groups (Table 3).

Diameter Change of instrument before and after breakage at the
laser marking site of 6 mm.

Diameter before

Diameter after

Groups n breakage (mm) breakage (mm) P value
Distilled water (control group) 20 0.5075+0.0117 0.5022+0.0138  >.05
0.9% NaCl 20 0.4936+0.0082 0.4947+0.0115 >.05
0.2% chlorhexidine 20 0.4825+0.0103 0.4899+0.0141  >.05
1% sodium hypochlorite 20 0.4958+0.0107 0.4920+0.0134  >.05

5% sodium hypochlorite 20 0.4831+0.0137 0.4935+0.0145 <.01

Diameter Change of instrument before and after breakage at the
laser marking site of 9 mm.

Diameter before

Diameter after

Groups n breakage (mm) breakage (mm) P value
Distilled water (control group) 20 0.6517+0.0146 0.6477+0.0143  >.05
0.9% NaCl 20 0.6336+0.0167 0.6356+0.0147  >.05
0.2% chlorhexidine 20 0.6244+0.0179 0.6287+0.0157  >.05
1% sodium hypochlorite 20 0.6314+0.0157 0.6353+0.0140 >.05
5% sodium hypochlorite 20 0.6337+0.0167 0.6234+0.0156  >.05
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Diameter Change of instrument before and after breakage at the laser marking site of 12 mm.

Groups n Diameter before breakage (mm) Diameter after breakage (mm) P value
Distilled water (control group) 20 0.7564+0.0174 0.7545+0.0211 >.06
0.9% NaCl 20 0.7560+0.0200 0.7603+0.0193 >.05
0.2% chlorhexidine 20 0.7568+0.0153 0.7559+0.0161 >.05
1% sodium hypochlorite 20 0.7523+0.0141 0.7494+0.0180 >.05
5% sodium hypochlorite 20 0.7544+0.0181 0.7498 +£0.0171 >.05
Table 4

Diameter Change of instrument before and after breakage at the laser marking site of 15 mm.

Groups n Diameter before breakage (mm) Diameter after breakage (mm) P value
Distilled water (control group) 20 0.9124 +0.0206 0.9129+0.0149 >.05
0.9% NaCl 20 0.9209+0.0128 0.9194+0.0193 >.05
0.2% chlorhexidine 20 0.9138+0.0208 0.9122+0.0248 >.05
1% sodium hypochlorite 20 0.9129+0.0244 0.9120+0.0233 >.05
5% sodium hypochlorite 20 0.9006 +0.0262 0.9045+0.0217 >.05

Breaking length of PTU F1 under different flushing conditions.

Groups n Breaking length P value
Distilled water (control group) 20 2.5358 +£0.4157 >.05
0.9% NaCl 20 2.5052 +0.5905 >.05
0.2% chlorhexidine 20 2.5908 +0.5494 >.05
1% sodium hypochlorite 20 2.9040+0.7286 >.05
5% sodium hypochlorite 20 2.5884 +1.0555 >.05

3.3. All breakage occurred in the curved segment and
none in the straight path segment.

In this experiment, our results showed that no events of breakage
of PTU F1 occurred in the straight path segment of the root canal
model (area 8-18mm from the apical foramen), while all the
locations of broken PTU Flwere distributed in the curved

segment (area 0-8 mm from the apical foramen). Additionally,
the frequency of breakage of the distilled water group, 1%
sodium hypochlorite solution group, 0.2% chlorhexidine group
and 0.9% NaCl group were the highest in the area 0 to 1.5 mm
away from the apical foramen, followed by area 1.5 to 3 mm from
the apical foramen. However, in the 5% sodium hypochlorite
group, the breakage frequency was the highest in the area 3-5.5
mm, but no breakage occurred in the area 0 to 1.5m (Fig. 8).

4. Discussion

4.1. Marking method of nickel-titanium rotary instruments

Nowadays there is no relevant report on the method of marking
the surface of nickel-titanium instruments. Maybe most scholars
believe that no matter what the method is, the surface integrity of
nickel-titanium rotary instruments will inevitably be destroyed,
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Figure 8. Frequency of regional distribution of broken PTU F1 in different groups.
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which may affect breaking resistance of the instruments. In order
to quantitatively study the diameter changes of different sites
before and after breakage of nickel-titanium rotary instruments, a
reliable and non-destructive method is required to mark nickel-
titanium rotary instruments accurately. Compared with tradi-
tional marking methods such as mechanical stamping, electro-
lithography and corrosion, the laser marking method generally
has no special requirement for materials, and has the advantages
of no damage to the workpiece, no disturbance, no deformation,
high efficiency and low individual cost. In this experiment, fiber
laser was selected and a suitable marking parameter was found
through continuous exploration and adjustment. In our prelimi-
nary experiment, the accuracy of laser marking was verified, and
the breaking resistance of the instrument was not affected.

4.2. Selection of root canal irrigation solution

There are some common solutions used in root canal irrigation,
including sodium hypochlorite, chlorhexidine, EDTA, 0.9%
NaCl, hydrogen peroxide, distilled water, etc. Sodium hypochlo-
rite is a broad-spectrum antimicrobial reagent widely used in root
canal therapy, which can dissolve the necrotic pulp tissue
components, and can effectively remove the smear layer of root
canal wall. 0.5% to 5.25% sodium hypochlorite solution is
commonly used in clinic. With the increase of its concentration,
the antimicrobial effect will increase, but the tissue toxicity and
ability of corrosion will also increase at the same time.!”!
However, there are different opinions on whether sodium
hypochlorite will corrode nickel-titanium rotary instruments. It
is suggested that the presence of sodium hypochlorite in root
canal therapy may corrode rotating nickel-titanium instruments,
thereby limiting fatigue resistance of instruments.!®! Nevertheless,
Cavalleri et al believed sodium hypochlorite would not affect the
structure of nickel-titanium rotary instruments through corro-
sion.””! Secondly, 0.2% to 2%chlorhexidine is another common-
ly used irrigation solution for root canal therapy, which has
strong broad-spectrum antimicrobial and bactericidal effect, but
it possesses no ability to dissolve tissue and remove the smear
layer and infectious debris from the root canal wall. In addition,
0.9% NaCl is another indispensable irrigation solution for root
canal therapy, which is often used with other irrigation solutions
to remove other disinfectants or residual debris in root canals.
However, 0.9% NaCl has a certain conductivity, and the handle
and body of nickel-titanium rotary instrument are made of
different metals. Thus, galvanic battery reaction may occur
during irrigation, which may lead to corrosion.

In summary, 1% and 5% sodium hypochlorite, 0.2%
chlorhexidine and 0.9% NaCl were included in the experiment,
and distilled water was selected as the control group. EDTA and
hydrogen peroxide were not included in this experiment. The
chemical and antimicrobial effects of hydrogen peroxide are
relatively weak, and there will be bubbles in the process of
irrigation, which may squeeze debris out of the apical foramen.
At present, hydrogen peroxide is seldom used for root canal
irrigation in the clinic, so hydrogen peroxide is excluded in this
experiment. In addition, EDTA has remarkable effect in dredging
curved or small calcified root canals, but still many controversies
remain about the clinical application of EDTA. It is reported that
root canal wall exposure to 17% EDTA for 10 minutes would
affect dentin hardness and lead to a larger diameter of dentinal
tubules.*%! Therefore, it is not recommended to excessively use
EDTA in the clinic. Moreover, because of its ability to soften
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tooth tissue or affect the properties of module possibly, EDTA
may interfere with fatigue resistance of nickel-titanium instru-
ments. Thus, EDTA was not included in this experiment as a
flushing solution.

4.3. The effect of different liquids on the diameter before
and after breaking

In this experiment, there was no significant difference in diameter
between different groups before and after breaking at the 9, 12,
and 15-mm laser marking sites. However, at the 6-mm laser
marking site, the diameter after breaking was statistically larger
than that before breaking in the 5% sodium hypochlorite group.
During root canal preparation, the 9, 12 and 15-mm laser
marking sites were all in the straight path segment of the root
canal model. The diameter of instrument is larger in this section,
and instrument cannot undergo bending, which suffers less wear
and deformation. No obvious deformation was found in the 9 to
15mm section of each group of nickel-titanium needles by
electron microscopy. We speculated that although different
irrigation liquids may have a corrosive effect on the surface of the
instrument, the edge of the instrument may become blunter after
breaking, but it will not lead to a change in the diameter of the 9
to 15 mm section of instrument.

However, in the preparation of root canals, nickel-titanium
rotary instruments mainly work in the bending section of our root
canal model, which are subject to larger tensile and compressive
stresses. The closer to the tip of the instrument is, the greater the
tension and compression stress, and the more serious the
deformation and wear of the instrument may be, causing that
the diameter of the 3-mm laser marking site could not be
measured again after the instrument was broken. Electron
microscopy found that a small number of PTU F1 were deformed
at the 6-mm laser marking site in different groups, and the
frequency of deformation was especially higher in the 5% sodium
hypochlorite group. 0.2% chlorhexidine and 0.9% NaCl had no
tissue solubility, and 1% sodium hypochlorite had weak ability of
corrosion. These liquids have no obvious corrosive effect on
nickel-titanium rotary instruments and no influence on the
diameter of the 3-mm laser marking site before and after
breakage. Therefore, continuous external irrigation with these
liquids during root canal preparation could not reduce breakage
resistance of instruments. However, nickel-titanium instrument
may be corroded in high concentration sodium hypochlorite
solution, and the application of §% sodium hypochlorite to flush
PTU F1 during root canal preparation will reduce breakage
resistance of the instrument.”®) Some scholars believed that 5%
sodium hypochlorite may cause damage to the edge and flat
surface of nickel-titanium rotary instruments, resulting in
corrosion products such as nickel-titanium oxide and calcium
carbonate, which accelerate wear and deformation of the edge of
instruments.'""! When the instrument is deformed, it may lead to
larger or smaller diameter, while wear will lead to smaller
diameter. We assumed that the PTU F1 of the 5% sodium
hypochlorite group had severe deformation and wear at the 6-
mm laser marking site simultaneously, and the effect of
deformation was greater than that of wear, so the diameter of
PTU F1 became larger after breaking at the 6-mm marking site.

4.4. The effect on breaking length

In this experiment, the breaking length of instrument needle
ranged from 2.4853mm to 2.7644mm (95% confidence
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interval), and the average breaking length was 2.6249 +0.7032
mm. The results of variance analysis showed no statistical
difference in the breaking length among the five groups.
Therefore, we speculated that there was no direct relationship
between the breaking length of instrument and continuous
irrigation with different fluids, which may be more affected by the
curvature of the prepared root canal or the types of instruments,
which is similar to Sattapan et al."*! The breaking forms can be
divided into fatigue breakage and over-torsion breakage.!'*1?!
The results of electron microscopy showed that more than 90%
of the broken ends of F1 instruments were distorted. Cyclic
fatigue has been considered to be the main reason for the
breakage of nickel-titanium instrument, and the broken ends
seldom undergo deformation.!" However, previous studies have
shown that metal root canals are usually used to measure the
cyclic fatigue resistance of nickel-titanium rotary instruments.!**~
7I1We believe that there is no taper change in metal root canals,
and there are significant differences between metal root canals
and clinical teeth in root canal morphology, hardness and other
physical properties. Moreover, when rotating nickel-titanium
instruments in metal root canals, there will be no locking events
due to greater friction, so the incidence of fatigue fracture in metal
root canals is higher. However, the standardized transparent
resin bending root canal module was used in this experiment. The
root canal was smaller, the degree of bending was greater, and the
hardness of the module was higher, which is in accordance with
clinical reality. Therefore, excessive torsion is the main reason for
the breakage of this experimental instrument.

4.5. Distribution of locations of broken PTU F1 in the root
canal

In this study, all the locations of broken PTU Flwere distributed in
the curved segment (area 0-8 mm from the apical foramen) of the
root canal model, but no events of breakage occurred in the straight
path segment (area 8—18 mm from the apical foramen). The closer
to the apical foramen was, the greater the frequency of breakage
was. In the 5% sodium hypochlorite group, the breakage
frequency was the highest in the area 3 to 5.5mm away from
the apical foramen, but no breakage occurred in the area O to 1.5 m.
However, the frequency of breakage of the other four groups were
the highest in the 0 to 1.5 mm area, followed by the 1.5 to 3mm
area. Our analysis suggests that it may be due to the corrosiveness
of 5% sodium hypochlorite, which accelerated the breakage of
PTU F1, and the instrument has already broken in the 1.5-8 mm
area before reaching the 0 to 1.5 mm area. Therefore, in the 5%
sodium hypochlorite group, with the increase of root canal
preparation depth, the frequency of instrument needle breakage
increased firstin the 5.5 to 18 mm reach, and reached the maximum
in the 3 to 5.5 mm area, while the frequency of instrument needle
breakage decreased in the 0 to 3 mm area. It is recommended that
root canal preparation should be more cautious as it approaches
the apical foramen to prevent breakage of instruments.

5. Conclusion

To summarize, except 5% sodium hypochlorite, there was no
significant effect on the diameter of the 6,9, 12, and 15-mm laser
marking sites when flushing with different liquids. The intense
corrosion of high concentration of sodium hypochlorite may
contribute to the effect of 5% sodium hypochlorite on the
diameter of the 6-mm laser marking site. There was no difference
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in the breaking length of PTU F1 instruments under five different
flushing conditions, and most of the broken ends were distorted.
The position of broken instruments in the root canal is mainly
located in the curved section of the root canal, and the closer to
the apical foramen is, the more difficult it is to prepare, and the
higher the rate of breakage is. The use of 5% sodium hypochlorite
for continuous irrigation of instrument needles may lead to early
breakage of instruments. These results indicated that the use of
disinfectants, except 5% sodium hypochlorite, cannot reduce
breakage resistance of nickel-titanium instrument compared with
distilled water flushing. Besides, 5% hypochlorite could not be
recommended for irrigation in further clinical practice.
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