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Background and Aim: The purpose of this study was to evaluate the effect of auto-
clave sterilization on the fracture rate of ProTaper instruments (ex vivo).

Methods and Materials: One hundred shaping and finishing ProTaper instruments
were used in a crown — down technique for cleaning and shaping the mesial canals of
extracted mandibular molars using 5.25% NaOCl for irrigation. In the experimental
group, 50 files were steam autoclaved before each use. In the control group, the files
were not exposed to the sterilization process. The working time was reported for each

Fracture, file. Independent t- test was employed to evaluate the statistical significance of the
Nickel Titanium, measured values.
rotary instrument, Results: The instruments that underwent the sterilization processes did not show any
ProTaper, .. .. R . . .
e statistically significant differences in comparison with those of the control group.
Sterilization.
(P>0.12)
Conclusion: The results of this study showed that sterilization in autoclave in the
presence of NaOCl did not lead to a decrease in survival time of the files.
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Introduction:

Unexpected fracture of rotary files during
root canal preparation is one of the biggest con-
cerns in the process of rotary root canal prepa-
ration. ) Fracture often occurs at the apical one
third of the file, making removal of the fractured
segment difficult if not impossible, especially in
narrow canals. @ Currently, despite the innova-
tions in file designs and electric gear reduction
rotary motors, aiming at reduction of such mis-
haps, unexpected file fracture remains a problem.
The fractured segment causes obstruction in the
canal which makes three dimensional cleaning,
shaping and obturation impossible.®) Therefore,
failure of treatment, due to failure in fulfilling
the biologic aims of root canal therapy can be
expected.®

Recently, many investigations have been
done on the effect of sterilization on the frac-
ture rate of NiTi rotary instruments. However,
whether any changes occur in physical or cutting
efficiency of NiTi rotary instruments after auto-
clave sterilization remains a question. Platino
et al reported that repeated autoclaving does not
affect the mechanical properties of some Ni-Ti
rotary files. An evaluation was made by means
of Spectroscope on NiTi alloy surface after nu-
merous sterilization cycles and it was concluded
that sterilization at temperature of 121-C and
pressure of 21 psi could cause some changes in
the concentration of Nickel , Titanium, Oxygen
and Carbon of the alloy, which was directly pro-
portional to the duration of heating.® It seems
that the steam produced in autoclave is able to
Oxydate the surface of rotary files.®) The effect
of sterilization on NiTi rotary instruments has
remained a matter of disagreement. Serene et al
reported an increase in number of rotations prior
to file fracture following dry heat and autoclave
sterilization.® On the other hand, Mize et al
showed that after sterilization of instruments that
had rotated 25%, 50% and 75% of their mean
fatigue life time, no significant difference was
evident in their fatigue resistance.® Silvaggio
and Hick concluded that the sterilization of NiTi
rotary instruments, up to ten cycles, did not in-
crease their fracture rate.” Viana et al explained
that the differences in mechanical properties of

endodontic instruments was not significant after
five cycles of sterilization. ® Melo et al showed
that after five cycles of sterilization, an obvious
increase in fatigue resistance was seen. © The
aim of this study was to evaluate the effect of
autoclave sterilization on the fracture resistance
of ProTaper rotary file system.

Materials and Methods:

One hundred shaping and finishing files of
ProTaper rotary instruments (Dentsply Maillefer,
Ballagigues, Switzerland) were used in this ex-
perimental study. (20 for each instrument size:
S1, S2, F1, F2, F3).

Mandibular molars were kept in 5.25%
NaOCl for one hour. Then the degree of mesial
root curvature was determined based on Pruett
method. 9 Teeth with weine’s class 3, moder-
ate degree of curvature (15-35 degrees), radius
curvature of 7-10 mm and maximum apical fo-
ramen size not more than 0.15 mm in the mesial
root were included in this study. All teeth with
canal ramifications, internal /external resorption
or any canal configuration were excluded.®

The access cavity was prepared in all teeth,
and the working length was determined based
on Kuttler’s observational method .'" Aiming at
equalizing the working length in all specimens
at 16 mm, the rest of the coronal segment was
reduced by a diamond disc (D&Z, Germany).
ProTaper instruments, (SX, S1, S2, F1, F2, and
F3) were used to prepare the canals.

Then the files were randomly divided into
two groups of 50 using random number table. In
the first group ( group S: Sterilized), files were
entered into the sterilization cycle at tempera-
ture of 135°C and 15 psi pressure for 30 minutes,
and then were used to prepare the canals. In the
second group (group NS: non sterilized), 50 files
were used to prepare the canals without steriliza-
tion.

To eliminate the effect of metal fatigue as
a confounding variable ? in the current study
according to the recommendation of other re-
searches, Protational time of each file in each
engagement was limited to 5 seconds. (!9 At
this point, files of the group S were entered into
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the sterilization process for the same time du-
ration prior to preparation of the next canal. In
the group NS, files were used in the other canals
without sterilization. This process was repeated
for all files until they fractured. RC Prep (Pre-
mier, USA) was used as lubricating agent and 1
ml of NaOCl 5.25% was used for irrigation be-
tween each filing.

The working time duration and the number
of prepared canals were recorded for each file.
Due to normal distribution of the samples, inde-
pendent T-test was used to compare the work-
ing time duration of each file between the two
groups.

Result:

In group “S”, maximum and minimum work-
ing time belonged to F1 and S1, respectively. In
group “NS”, S1 had the shortest working time
and S2 showed the maximum working time. (Ta-
ble 1)

The working time duration was slightly long-
er in group NS which was not significant
(0.12<P<0.53).

Discussion:

Increased elasticity, separation and deforma-
tion of rotary files still remain as weak points of
NiTi rotary instruments. Separation can happen
without any macroscopic deformation. Some in-
vestigations have revealed that various factors,
like sterilization, can affect the fatigue of NiTi
rotary instruments.- 1019

Endodontic instruments need to be cleaned
and sterilized prior to usage, since the direct
contact with blood, saliva and necrotic pulp tis-
sues can lead to cross infection between patients.
Sterilization stands for the reduction of all type of
microorganisms and spores and autoclave steri-
lization is accepted as the most efficient method
for sterilization. 19

It is evident that no significant changes should
happen to physical properties of endodontic in-
struments.'® Few studies have worked on the
effect of sterilization on mechanical properties
like cyclic fatigue,™ torsional moment 7 cutting
efficiency and micro hardness of endodontic in-
struments.5® This study is the first to evalu-
ate the effect of sterilization on the survival time
of ProTaper rotary instruments under clinical
circumstances, over a thousand canals without
limitation of sterilization cycles.

The radius and degree of curvature are the
two main points in the root canal anatomy that
can influence fatigue life of files. ® In this study,
all canal curvatures were between 15 — 35 de-
grees with radius of curvature ranging from 7 to
10 mm. The working length was set at 16 mm for
all canals.

In some investigations, metal or resin blocks
were used to simulate the canal.®- %20 These
artificial canals tend to wear or break during the
procedure. Although these tubes are similar in
their structure, the difference between the micro
hardness of these blocks and natural canals can
justify the different result of the previous studies
and the current one. In the current study, extract-
ed teeth were used to simulate natural circum-
stances. Nair et al stated that sterilization cycles
can cause corrosion in files which increases their
failure.?Y This finding is not in line with ours.
On the other hand, Gutmann et al found that the
Number of Cycles to Failure (NCF) in NiTi ro-
tary files increases after autoclave and dry heat
sterilization which could be due to rejuveniliza-
tion of NiTi alloy.® This result also contradicts
our finding. We found that sterilization cycles
tend to be safe for rotary instruments, as shown
in the studies by Silvaggio & Hicks” and Mize

Table 1 -Mean and standard deviation of the number of prepared canals based on file size

File type

S1 S2 F1 F2 F3 P. value
Groups
Sterilized 16 27.20 27.30 24.80 26.30 0.03
S (x4.3)  (x2.3) (£2) (£4.3) (x2.7)
Non Sterilized 2130 35 3244 3218 33.50 0.04
NS (£7.3) (8.4) (x6.2) (£7.2) (£8)
P.value 0.12 0.35 0.41 0.38 0.53
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Table 2 — Mean and standard deviation of working time of instruments in the two groups

\F“e{ st s2 F1 F2 F3 P.value
Groups
Sterilized 284 206.50 185.50 183 179.50 0.02
(S) (£68.1) (£28.4) (£22.4) (£28.8) (£28.4)
Non Sterilized 287.50 218.50 199.44 186.36 184 0.03
(NS) (+71.4)  (#33.7)  (£27.6) (£93.5)  (+36.3)
P. Value 0.06 0.07 0.07 0.06 0.06

et al. © Similar with the study by Hilt et al, *®this
investigation showed that nor the number of cy-
cles, neither the sterilization process could affect
the torque, hardness and microstructure of NiTi
alloy.

Another important finding of the present
study is that larger files tend to fracture more
often than smaller ones and have shorter fatigue
life.

According to our results, although autoclave
sterilization could not statistically improve the
working time of rotary files, but it had a posi-
tive effect on them. It should be mentioned that
from metallurgical point of view, the temperature
of autoclave sterilization is not high enough to
cause significant changes in the structure of alloy.
On the other hand, it is important to emphasize
that the files can be safely reused after steriliza-
tion process.

Conclusion:

The results of this study showed that auto-
clave sterilization has no significant effect on the
fatigue resistance of Protaper instruments.
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