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ABSTRACT

Aim: The aim of the present study was to determine the effect of sodium hypochloride solution on the cyclic fatigue resistance
of BioRace (BR) NiTi instrument with different tip size.

Methods: Eighty BioRace instrument with two different size (BR4-35.04 and BR5-40.04) were used. These instruments were
randomly divided into four group, each containing 20 files. The cyclic fatigue resistance were than tested in the following
conditions; group 1, BR 4 with no immersion; group 2, BR 4 with dynamic immersion in 5.25% NaOCI at 37°C + 1°C for 5
minute; group 3, BR 5 with no immersion; group 4, BR 5 with dynamic immersion in 5.25% NaOCI at 37°C % 1°C for 5 minute.
Then the instruments were used in stainless steel artificial root canal with a curvature of 60° and 5 mm radius. Number of cycle
to failure (NCF) were measured for each group. The time to failure (TTF) in seconds were also recorded. Data were subjected
to the statistical analysis.

Results: Nonimmersion groups were statistically superior to immersion groups (groupl>group 2 and group 3>group4) both
regarding TTF and NCF. However, no significant difference was found between instruments with different tip size regardless of
the immersion procedure.

Conclusion: The cyclic fatigue resistance of BR instrument was affected by NaOCl immersion but not with tip size.
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Amag: Bu calismanin amaci sodyum hipokloridin ayni taper dederine sahip ancak farkll ug boyutlar olan BioRace (BR) doner
alet sistemi egelerinin dénglisel yorgunluguna etkisini degerlendirmektir.

Gereg ve yontem: Bu calismada toplam seksen adet BioRace (BR4-35.04 ve BR5-40.04) aleti kullanildi. Egeler, her bir grupta
20 adet olacak sekilde rastgele 4 gruba ayrilmistir. Daha sonra aletlerin donguisel yorgunlugu su sekilde test edildi; Grup 1, BR
4 hig bir sollisyonda bekletiimeden; Grup 2: BR 4 5 dakika boyunca 905,25 NaOCl soliisyonunda 37°C £+ 1°C'de dinamik
uygulama sonrasi ; Grup 3: BR 5 hig bir sollisyonda bekletiimeden; Grup 4: 5 dakika boyunca %?5,25 NaOCI sollisyonunda 37°C
+ 1°C'de dinamik uygulama sonrasi 60° kurvattr acili ve 5 mm kurvatlr yaricapl paslanmaz gelik bloktan uretilmis egimli olukta
test edildi. Her bir edenin kirllana kadarki dongi sayisi (NCF) 6lglildi. Kirllana kadarki stiresi (TTF) ise saniye cinsinden
kaydedildi. Elde edilen veriler istatistiksel analizler ile degerlendirildi.

Bulgular: TTF ve NCF dederleri g6z 6niine alindiginda sodyum hipokloritte bekletiimeyen gruplar bekletilen gruplardan daha
direngli bulundu. Bununla beraber, aletlerin ug boyutlarindaki farkin kirlma direngleri zerinde istatistiksel olarak anlamli bir
etkisinin olmadigi gorilda.

Sonug: BioRace doner aletinin dénguisel yorgunluk direnci sodyum hipokloritten etkilenirken, farkli ug boyutlarinin bdyle bir etki
yaratmadigi gorildi.

Anahtar Kelimeler: BioRace, dongiisel yorgunluk direnci, sodyum hipoklorit
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INTRODUCTION

One of the most fearful complication for the
clinicians is the separation of endodontic instruments.
Fracture of NiTi instruments can take place as a result
of cyclic or tensional fatigue.’? Cyclic fatigue failure
occurs because of metal fatigue.> Repeated cycles of
tension and compression of the metal, increase the
cyclic fatigue of the instrument and cause failure of
the instrument without any sign of previous
deformation.>* One potential factor that affect the
resistance of the file may be the presence of sodium
hypochlorite (NaOCl).>>%

Although NaOCI is the most commonly used
and preferred irrigation solution in root canal
treatments, it has some disadvantages such as bad
odour, toxicity and corrosion effect.>” NiTi instruments
come into contact with this solution during irrigation
and instrumentation procedures.®® The corrosive
effect of NaOCI cause microstructural defects which
weaken the structure of the instruments and
accordingly affect the fatigue resistance.’ The affect of
NaOCl on the cyclic fatigue resistance (CFR) of files
were studied before but contradictory results were
shown due to the test conditions.>>1012

BioRace instruments (BR; FKG, La Chaux-de-
Fonds, Switzerland) are manufactured from
conventional austenite nickel titanium. This system
includes six rotary instruments with various tapers of
0.02 to 0.08 and tip size #0.15 to #0.60.1> The files
have electropolished surfaces, safety tips, triangular
cross-sections with alternating cutting edges.'**
Lopes et al. showed that the CFR of this instruments
was significantly effected by electropolishing surface
treatment.'® However, there is not any study in the
literature about the CFR of BioRace instrument that
was treated with any irrigation solution. We aimed to
evaluate the effects of sodium hypochloride immersion
of cyclic fatigue resistance of BioRace NiTi instruments
which had different tip size.

The null hypotheses were as follows;

1. The CFR of the file is not affected by different tip
size

2. The CFR of the file is not affected by immersion in
NaOCl solution.

MATERIAL AND METHODS

A total of 80 new 35.04 BR 4 and 40.04 BR 5
were selected and examined under 20 X magnification
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with a surgical microscope (Leica M320, Leica
microsystems, Wetzlar, Germany) to determining the
defects and deformities. None of the instruments were
discarded.

The files were than divided randomly in 4
group (n; 20); group 1, BR 4 with no immersion;
group 2, the working part of BR 4 (16mm) dynamically
immersed in 5.25% NaOCl at 37°C + 1°C for 5
minute; group 3, BR 5 with no immersion; group 4,
the working part of BR 5 (16mm) dynamically
immersed in 5.25% NaOCl at 37°C + 1°C for 5
minute. For the dynamic immersion, the instruments
were rotated freely at 600 rpm in a small glass
container fulled with NaOCl solution. After the
immersion procedures, the instruments were rinsed
with 10 ml distilled water in order to neutralize the
effect of the irrigation solution. Cyclic fatigue test was
performed in artificial root canal with 1.5 mm wide
and 3.0 mm depth, milled in stainless steel blocks with
a curvature of 60° and 5 mm radius. The center of the
curvature was 5 mm from the tip of the instrument
and the curved segment of the canal was 5 mm in
length. The artificial canal was covered with the glass.
The block was fixed inside a cabinet that was filled
with  37°C distilled water. The hand piece of the
rotary motor (XSmart Plus, Dentsply Mailleffer) was
fixed to the system and all instruments were rotated
freely according to the manufacturer instructions at
600 rpm and 1 N/cm inside the canal until fracture
occurred.

The time to failure in seconds (TTF) and the
number of cycles to failure (NCF) was recorded both
visually and audibly. All procedures were performed by
a single operator. Shapiro-Wilk test was used to verify
the assumption of normality of the data. The one-way
analysis of variance and Tukey multiple comparison
tests were then performed using NCSS™ 2007
Software (NCSS, Kaysville, UT) at the significance level
of %5. The predicted cycles and time for 99%
survival of the instruments were calculated by Weibull
Analysis which were described by Nguyen et al.'’

RESULTS

The mean and standart deviation of NCF and
TTF was presented in Table 1 and Table 2.
The results as follows for the instruments;

1. Nonimmersion; Nonimmersion groups were
statistically superior to immersion groups
(groupl > group2 and group3 > group4) both
regarding TTF and NCF. However there was no




statistically ~ sinificant  diference  between
nonimmersion groups (group 1 and group 3)

2. Immersion in NaOCl; there was no statistically
significant difference between 35/.04 (group 2)
and 40/.04 (group 4) both regarding TTF and
NCF when they immersed in NaOCI solution.

3. Tip size; considering the TTF and NCF, no
significant difference was found between
instruments with different tip size regardless of
the immersion procedure.

Weibull analysis was listed in Table 2 and
Figure 1. According to the results, it was predicted
that non immersion groups needed average 20
seconds and 200 rotations to failure in clinical
conditions. On the other hand, the predicted cycles
and time to %99 survival of the instruments were
drastically reduced in NaOCl immersion groups.

Table 1. Comparison of Time to Fracture of Groups with Mean +

Standard Deviation
(Statistical level at P < 0.05)

No immersion Immersion in NaOCl  Pvalue
Mean +Sd Mean +Sd
(BR4) Group 1: Group 2:
34.95 (4.03) 28.71 (5.05) 0.000
(BR5) Group 3: Group 4:
34.49 (4.33) 27.13 (2.98) 0.000
Pvalue 0.741 0.263

Table 2. TTF, NCF, Weibull modulus, predicted time and cycles
for % 99 survival of the experimental groups

Predicted
. Predicted time (sec)
TIF NCF ";zl‘::'s R2 cyclesfor% for %
99 survival 99
survival
Group 1 34,96 349,59 9,65 0,95 21,71 217,07
Group 2 28,71 287,09 6,41 0,95 14,00 140,00
Group 3 34,49 344,94 9,01 0,95 20,70 207,04
Group 4 27,14 271,36 10,18 0,99 17,27 172,68

Weibull calculations included Weibull modulus, coefficient of
determination (R2) , and predicted cycles for % 99 survival
and time
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Figure 1. Survival probabilty of experimental groups
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DISCUSSION

The purpose of the present study was to
evaluate the effects of sodium hypochloride immersion
of CFR of BioRace NiTi instruments with different tip
size. The null hypotheses that immersion in NaOCI
would not affect the CFR were rejected while the
different tip sizes would not affect the CFR were
accepted.

One of the main factor that affect the CFR of
rotary instruments is the angle of the curvature of the
root canal.'® Although there is not any certain method
for the studies on CFR of endodontic instruments,
artificial root canals have been widely used instead of
extracted human teeth. For this purpose, 45°, 60°,
75°, and 90° curved canals of 5-mm radius were used
in prior studies.>''%2 \We used artificial root canals
with 60° curvature and 5-mm radius which are mostly
used dimensions in these kind of studies.?>2%2?

Although NiTi instruments are used in root
canals at body temperature in clinical conditions, some
studies tested the CFR of NiTi instruments at room
temperatures.”*>* However, NiTi instruments may
have different behaviours at different temperatures.
Jamleh et al. showed that surrounding temperature
had influence on the CFR of the instruments.?
Concordantly, it was reported in several studies that
the instruments are more resistant to cyclic fatigue at
low surrounding temperatures. '%'222 From this point
of view, to mimic the clinical conditions, the block was
fixed inside a cabinet that was filled with 37°C distilled
water. By this way, we aimed to perform the
experiment at body temperature. On the other hand,
in the present study a closed system was created. To
prevent instrument slippage, the artificial canal was
covered with a glass. This method was used in several
studies before. 2%

The cross sectional design, speed and rotation
type, immersion in irrigation solutions, thermo-
mechanical surface treatment, type of alloy,
manufacturing process of NiTi instruments are the
possible factors that may affect its CFR,1%!%1922
Plotino et al. compared the CFR of Vortex Blue and
Profile Vortex with different tip and taper size and
could not found any significant difference between the
instruments only with small sized tip and taper. They
explained this fact with the higher flexibility of the
smaller instruments. The mean NCF of 40/.04 of these
two rotary instruments were reported as higher than
30/.06 but lower than 35/.06. ¥ In our study, we
compared the CFR of the BioRace 35/ .04 and 40/ .04




and concluded that instrument was not affected by
the different tip size. The main reason could be the
slightly less taper of the BR instrument.

Conflicting results about the effect of irrigation
solutions on the CFR of NiTi instruments have been
stated in previous studies.>>®!%2 Immersion time >2®
static or dynamic immersion type®, concentration and
heat of the irrigation solution ®2%%  test
mechanism'®??, manufacturing process of the tested
instruments?’ could cause these differences. Alfawaz
et al. tested the CFR of Protaper Gold which was
immersed in either NaOCl solution or distilled water at
various temperature conditions. They reported that
sodium hypochloride solution and high surronding
temperature reduced the fatigue resistance.!® Keles et
al evaluated the CFR of several NiTi instruments which
were immersed in NaOCL solution with different
surronding temperatures and reported that high
temperature of sodum hypochloride solution reduce
the fatigue resistance.® Beside this, Pedulla et al.
immersed only the working part of Twisted file, Revo
S and Mtwo files, size 25./06, statically or dynamically
in NaOCI solution at 37°C for 1 minute or 5 minute
and did not find any reduce in the CFR of the
instruments. They attributed this result to the type of
analysis.> Darabara et al. immersed both stainless
steel and NiTi instruments statically in NaOCl for 1
hour and found no corrosion sign. However, this study
did not reflect clinical conditions in terms of duration
of use and immersion method.”® To mimic clinical
conditions, the instrument dynamically immersed in
sodium hypochloride solution and 5 minute contact
time with solution was selected to push the limits of
the instrument in our study. In order to avoid galvanic
corrosion phenomena, only the 16 mm working part of
the instruments were immersed in NaOCl.3! In this
experimental conditions, dynamic immerison in NaOCl
for 5 minute significantly reduced the CFR of the files
with different tip sizes. These result may be the
because of alloy type and immersion style.

CONCLUSION

Under the limitation of this study, the
immersion in sodium hypochloride solution decreased
the CFR of the instrument. The CFR of BR instrument
was affected by NaOCl immersion but not with tip size.
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