
ORIGINAL ARTICLE

Hakan Arslan1
& Ezgi Doğanay Yıldız2 & Gizem Taş3 & Nuray Akbıyık3 & Hüseyin Sinan Topçuoğlu4

Received: 11 December 2018 /Accepted: 2 May 2019 /Published online: 17 May 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Objectives The aim of the present study was to determine the effect of taper (.08, .06, and .04) of separated K3XF instruments on
duration taken for the secondary fracture formation during ultrasonic activation.
Materials andmethods Ten 25/.08 K3XF (SybronEndo, Orange, CA, USA), ten 25/.06 K3XF, and ten 25/.04 K3XF instruments
were used for the study. The apical 5 mm of the instruments was cut to simulate the fragments in root canals. Fragments of the
instruments were sandwiched between two straight dentin blocks. An ultrasonic tip was used to cause a secondary fracture of the
fragment. The time needed for the secondary fracture was recorded for each instrument. The data were statistically analyzed using
the Kruskal-Wallis H test (alpha = 0.05).
Results Secondary fractures occurred in all instruments. In the .08 taper group, secondary fractures took longer than in the case of
the .06 and the .04 taper groups (P < 0.05). There were no significant differences between the .06 and the .04 taper groups in terms
of the time required for the occurrence of a secondary fracture (P > 0.05).
Conclusions In the .08 taper group, secondary fracture took longer time than in the case of the .06 and the .04 taper groups due to
its larger cross-sectional area involved.
Clinical relevance Typically, when removing separated instruments, a much lower power setting is chosen. The purpose of this
in vitro study was to determine which tapered files were more resilient to secondary fracture, thus allowing a higher power setting
to be chosen. Thus, the results of the present study cannot be used in clinical practice. If the clinician knows the taper of the
broken file, the clinician should be very careful with regard to secondary fractures when using ultrasonics to remove the separated
smaller tapered instruments.
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Introduction

Nickel titanium (NiTi) files offer more flexibility and better
cutting efficiency than stainless steel files. However, the size
and taper of NiTi files limit their bending properties. A larger
tip size or taper reduces the flexibility of the instrument [1].
Instruments with larger diameter shafts fail after significantly
fewer cycles than do instruments with smaller diameter shafts
[2, 3]. Instruments with larger diameters also have greater
internal stress accumulation [4]. On the other hand, there is a
corresponding increase in the cross-sectional area due to in-
creasing instrument diameters that may increase resistance to
torsional failure [5]. Thus, to improve the physical and
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mechanical properties of NiTi instruments, new manufactur-
ing techniques have been developed such as R-phase heat
treatment (SybronEndo, Glendora, CA). R-phase is an inter-
mediate phase between austenite and martensite [6]. Specific
thermal processing of NiTi alloys, R-phase, modifies the crys-
talline structure to accommodate the internal stresses that are
produced during the grinding process involving NiTi end-
odontic files. This process improves the flexibility and
strength of the NiTi alloys and eliminates the disadvantages
of the grinding process in such a way as to improve the me-
chanical properties of NiTi files [7]. The fatigue process
causes crack initiation in the case of NiTi files [8, 9]. K3XF
(SybronEndo, Orange, CA, USA) endodontic files are pro-
duced using R-phase technology to achieve a better flexibility
and cyclic fatigue resistance compared with K3 instruments
[10]. According to the results of some studies that have com-
pared the properties of K3XF and K3 (SybronEndo), K3XF
files have a greater fatigue resistance [10, 11].

Despite the recent developments in endodontics, broken
instruments and the removal of instrument fragments are chal-
lenging clinicians. The incidence of instrument separation
during preparation using NiTi instruments is greater than in
the case of stainless steel files [12]. Also, according to the
results of the study by Iqbal et al. [12], the probability of a
file separating in the apical third of the root canal is six times
more likely when compared with the coronal and middle
thirds of the canal. The tooth type is also an important factor
in instrument fractures. According to various studies, instru-
ment fracture is more frequent in mandibular or maxillary
molars due to narrow and curved root canals [12, 13].
Factors such as multiple uses of rotary instruments and the
size and design of such instruments also affect the incidence
of instrument fracture [13, 14]. According to the results of a
study by Ward et al. [15], separated instruments would break
off from the original broken file and leave a smaller fragment
in the root canal. The removal of shorter fragments from root
canals is more difficult than the removal of longer fragments,
and the removal rates of fragments that are located apical to
the canal curvature are low [16–18]. Attempts to remove a
fractured instrument should be halted when the ultrasonic re-
moval time exceeds 5 min [19, 20].

The removal of separated instruments has been achieved
using the Masserann kit (Micro-Mega, Besancon, France), the
loupe technique, and ultrasonic techniques [19, 21, 22]. The
removal of separated instruments from root canals using the
ultrasonic technique has a success rate that ranges between 76
and 100% (with experienced operators) [20, 23, 24]. The time
taken for the removal of fractured instruments varies accord-
ing to the separated instrument location regarding the location
of canal curvature.Ward et al. [15] reported that the mean time
taken for removal fractured instruments was 10, 14, and
17min for before the curve, at the curve, and beyond the curve
respectively. On the other hand, the direct contact of the tip to

the separated instrument is an undesirable and unavoidable
outcome that may result in secondary fractures [15, 20].
Smaller fragments associated with secondary fractures are
more difficult to remove than larger fragments, and their re-
moval rates are low for apically fractured fragments due to
root canal curvature [18, 20].

Greater tapered canal preparation offers more efficient
irrigant placement and fewer voids in obturation [25, 26].
The separation of instruments with different tapers may occur
in the root canal. However, to date, no data are available with
regard to the likely time to the secondary fracture of separated
instruments with different tapers as a result of ultrasonic acti-
vation. Therefore, the aim of the present study was to deter-
mine the effect of taper (.08, .06, and .04) of separated K3XF
instruments on duration taken for secondary fracture forma-
tion during ultrasonic activation. The null hypothesis tested
was that there were no significant differences between the
separated instruments with different tapers in terms of the
duration of ultrasonic activation that led to the secondary frac-
ture of the separated instruments.

Materials and methods

In the present study, the experimental design protocol follow-
ed the protocol as described by Terauchi et al. [20]. Straight 8-
mm long, 4-mm deep, and 5-mm wide dentinal blocks were
created from six mandibular molars extracted for reasons un-
related to the study purpose. Dentinal blocks were cut using
cylindrical diamond burs. A total of six dentin blocks were
prepared for use in three groups.

Ten 25/.08 K3XF (SybronEndo, Orange, CA, USA), ten 25/
.06 K3XF, and ten 25/.04 K3XF instruments were used for the
study. The apical 5mmof the instruments was cut to simulate the
fragments in the root canals. These fragments of the instruments
were sandwiched between two straight dentin blocks with a tor-
sional load of 50 Ncm. A mini aluminum vise was used to press
the blocks together. A 1-mm portion of the coronal portion of the
instrument was kept out of the dentin blocks to mimic separated
instrument removal in a clinical setting (Fig. 1).

An ultrasonic tip (E4D; NSK Nakanishi Inc., Kanuma,
Japan) was used to cause a secondary fracture of the fragment
as would happen in a clinical setting. The ultrasonic tip was
sharpened for each instrument using a diamond-impregnated
porcelain polisher. The ultrasonic tip was activated with the
help of the ultrasonic device (Varios 370, NSKNakanishi Inc.,
Kanuma, Japan) at endodontic mode (power 10), and the tip
was used in the form of back and forth movements between
the interface of the file fragment and the dentin block until a
secondary fragment was broken. The ultrasonic tip was im-
mersed in water and cooled to reduce the heat generated dur-
ing long ultrasonic applications. Each experimental procedure
was conducted under an operation microscope (Zeiss Pico;
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Zeiss, Oberkochen, Germany). The time needed for secondary
fracture was recorded for each instrument. Normality and ho-
mogeneity tests were performed. Kruskal-Wallis H test was
performed to analyze the data. The level of significance was
set at 0.05 (alpha = 0.05).

Results

No instrument fragments were dislodged from the dentin
blocks during the ultrasonic activation. Secondary fracture
occurred in all instruments. In the .08 taper group, secondary
fracture took longer time than in the case of the .06 and the .04
taper groups as shown in Fig. 2 (P < 0.05). The .06 and the .04

taper groups were similar in terms of the time required to
secondary fracture.

The secondary fracture occurred at 2.90 ± 0.96mm (0.48 ±
0.07 mm in diameter), 3.25 ± 0.48 mm (0.44 ± 0.02 mm in
diameter), and 3.80 ± 0.53 mm (0.40 ± 0.02 mm in diameter)
from the apical terminus of the file for the .08, .06, and .04
taper groups, respectively.

Discussion

Instrument separation during root canal preparation is a com-
mon problem in routine endodontic practice. However, anoth-
er problem, secondary fracture of the separated instrument can
occur during the attempts to remove fragments using ultrason-
ics. Because more efficient irrigant placements and fewer
voids in obturation can be obtained by preparation using great-
er tapered instruments, clinicians may prefer different instru-
ment tapers for canal preparation [25, 26]. However, to date,
no data are available on the required time to the secondary
fracture of separated instruments with different tapers during
ultrasonic activation. Therefore, the aim of the present study
was to determine the effect of taper (.08, .06, and .04) of
separated K3XF instruments on duration taken for secondary
fracture formation during ultrasonic activation. Because there
is a significant difference between the groups, the null hypoth-
esis was rejected.

The results of the present study revealed that in the case of
the .08 taper group, secondary fracture took longer than in the
.06 and the .04 taper groups. According to the results of a
previous report, a large cross-sectional area showed high tor-
sional resistance [27]. Another study evaluated the mechanical
properties of differently tapered nickel titanium endodontic
rotary instruments and found that smaller tapered instruments
exhibit greater resistance to cyclic fatigue [28]. In our test
setup, ultrasonic activation was applied to the fragments.
Thus, a direct comparison cannot be done with the results of
the previous reports evaluating cyclic fatigue and torsional
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Fig. 2 Diagrams presenting mean
time with standard deviations in
seconds for secondary fracture.
.08 tapered instrument group had
a longer time for secondary
fracture to occur than in the other
groups (Kruskal-Wallis H test,
P < .05)

Fig. 1 Experimental model with file fragments sandwiched with dentin
blocks to simulate separated files in canals



stress. The result obtained in the present study might be ex-
plained by the large cross-sectional area in the .08 taper
instrument.

In our study, the protocol detailed in the study by Terauchi
et al. [20] was followed. Terauchi et al. [20] used the lowest
power setting in their study. The purpose of the current study
was to determine which tapered files were more resilient to
secondary fracture. Consequently, a higher power was chosen.
A lower power setting might have been more appropriate if
the purpose of the current study was to simulate a clinical
situation. Since the lower power setting extends the time re-
quired for a secondary fracture, we preferred the higher power
setting in this in vitro study. Thus, the results of the present
study do not have clinical significance.

Perhaps the use of a small tapered file of one metallurgy
might actually be more resilient than a larger tapered file of
another. Thus, future studies are needed comparing different
file types with different metallurgies.

In the present study, none of the instrument fragments were
dislodged from the dentin blocks. However, two of the dentin
blocks were fractured. Ultrasonic activation and tight fixation
seem to have been the cause of this. The dentin blocks were
replaced by new ones. Because the shortest time for secondary
fracture to occur was observed in the case of straight dentin
blocks groups, we used straight dentin blocks for both groups.

Conclusion

It can be concluded that in the case of the .08 taper group, the
occurrence of secondary fracture took longer than in the case
of the .06 and the .04 taper groups due to the .08 taper groups’
larger cross-sectional area. If the clinician knows the taper of
the broken file, the clinician should be very careful with regard
to preventing secondary fractures when using ultrasonics to
remove the separated smaller tapered instruments.
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