BBRC

Bioscience Biotechnolo
Biosci. Biotech. Res. Comm. 10(2): 241-247 (2017) Research Communications

Influence of reciprocation and rotary motion on
fracture of Oneshape nickel titanium rotary files

Yazdan Shantiaee,’ Babak Zandi,> Reza Mofidian® and Negar Norouzi* *

!Assistant Professor, Department of Endodontics, School of Dentistry, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

2Resident, Department of Oral and Maxillofacial Surgery, School of Dentistry, Shahid Beheshti University of
Medical Sciences, Tehran, Iran

’Postgraduate Student, Department of Endodontics, School of Dentistry, Shahid Beheshti University of
Medical Sciences, Tehran, Iran

ABSTRACT

Single file rotary systems are frequently used for preparation root canals due to their speed, single use and decreased
contamination possibility, however, file fracture is a main problem in these systems. This study assessed the effects
of different reciprocating angles and rotary movements on the fracture resistance of OneShape instruments. 150
mesiobuccal and mesiolingual canals of mandibular molars or mesiobuccal and distobuccal canals of maxillary
molars having 30-60° curvatures were selected and assigned to 3 groups; OneShape files were used with rotary
movement, reciprocating movement with 30-150°, reciprocating movement with 30-90° until they will fracture. The
time required for canal preparation, the canal’s curvatures, the mean length of fractured segments and the mean
number of prepared canals with one file were measured. In rotary movements, in 8 canals (16.0%) files were frac-
tured, while in the reciprocating movement with 30-150 degree and 30-90°; in 6 (12.0%) and 5 (10.0%) canals files
were fractured, respectively. No significant differences were noted regarding the fracture incidence of 3 groups. The
mean time required for canal preparation in OneShape instruments with rotary, reciprocating movements with 30-90
degrees and 30-150 degrees were 31.31+15.83, 62.89+48.87 and 46.5+35.54 seconds, respectively. The preparation
time with rotary movements were significantly lower than reciprocating movements with 30-90° (P=0.001). No other
significant differences were noted in the paired comparisons. Using OneShape instruments had higher fracture resist-
ance by reciprocating movements with different angles, but it was not significant. The preparation time with rotary
movements were significantly lower than reciprocating movements with 30-90°.
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INTRODUCTION

Nickel titanium (NiTi) rotary files are wide range of bio-
materials which have ability to recover original shape
after undergoing large deformations through heating
(shape memory effect) or removal of the load (super elas-
tic effect) (Ye and Gao, 2012). NiTi files have low elastic
modulus and super elasticity compared to stainless steel
instruments (Al-Hadlaq et al., 2010). Root canal instru-
mentation must reserve the existing apical foramen with
a flared shape from apical to coronal and not change the
original canal curvature (Capar et al., 2014). The One-
Shape instruments contain of one instrument, which is
characterized by different cross-sectional designs over
the whole length of the working part. This instrument
is made of a conventional austenite NiTi alloy (Burklein
et al., 2013). OneShape consists of 3 different cross-sec-
tional zones; in the first zone at the tip region, the cross
section is characterized by a 3-cutting edge design, in
the last zone at the shank, the S-shaped cross section
shows 2 cutting edges (Saber et al., 2014).

Instrument fracture is a serious problem which can
affects root canal treatment. It is reported more than
50% of dentists had experience of complications dur-
ing or after removal of fractured files (Castell6-Escriva
et al., 2012). The removal of ledges, canal transporta-
tions and root perforations are the most common com-
plications (Castello-Escriva et al., 2012). A major con-
cern with use of NiTi engine-driven rotary instruments
is fracture (Sattapan et al., 2000). Fracture of endodontic
rotary instruments occurs by torsional and flexural frac-
ture (Sattapan et al., 2000). Torsional strength reveals
the capability of the file to twist before fracture and is
required in the preparation of narrow and constricted
canals because the file is susceptible to high torsional
loads (Elsaka and Elnaghy, 2015). On the other hand,
flexibility is essential for curved canals. An instrument
with great flexibility may result in less undesirable vari-
ations in the shape of curved canals and improvements
cyclic fracture resistance (Elnaghy et al., 2015).

Despite considerable improvements were done in file
design and manufacturing methods, file separation caused
by cyclic fracture is remained a major concern (Hsieh et
al. 2010). Also, several factors such as cross-sectional
shape, diameter, mass, flute depth and taper influence the
fracture life of the files (Elsaka and Elnaghy, 2015).

Rotary and single-file systems are frequently used for
the preparation of root canals due to their speed, single
use and decreased contamination possibility, however,
file fracture is a main problem in these systems (Arias
et al., 2012). Reciprocating systems are developed to
overcome this problem, in which, two-sided movements
decrease the torsional and flexural fracture of the instru-
ments leading to decreased file fracture (Dagna et al.,

2014). Rotation of endodontic instruments subjects them
to tensile and compressive forces in the curvature of the
canal (Bhagabati et al., 2012). Numerous studies have
proved that reciprocation motion improved the cyclic
fracture resistance of files (Pedulla et al., 2013; Vadhana
et al., 2014). It is reported rotary files with reciprocat-
ing motion increases the fracture life of an instrument
(Yared et al. 2008). In reciprocating movement, the
instrument rotates in clickwise and counterclockwise
direction before completing a full rotary cycle (Wan
et al., 2011; Ferreira et al., 2016).

Despite previous reports, there is concern about appli-
cation of the continuous or reciprocating movements on
cyclic fracture (Plotino et al., 2015). However, there is
not enough information about influence of reciproca-
tion and rotary motions on the fracture of Ni-Ti rotary
files. So, the aim of the current study was to determine
effects of rotary and reciprocating movements with dif-
ferent movement angles on the fracture resistance of
OneShape Ni-Ti instruments.

MATERIAL AND METHODS

In this in vitro experimental study, OneShape files
(Micro Mega, Besanc, France) (25, 6%) were selected.
By using SEM (VEGA2, TESCAN, Czech) at x20, each
instrument was examined for defects before the test.
Then OneShape samples were randomly divided into 3
groups. In group 1, OneShape files were used by rotary
movement (350 rpm, torque 2N/Cm). In group 2, One-
Shape files were operated by reciprocating movement
with 30-90° (350 rpm). In group 3, OneShape files were
operated by reciprocating movement with 30-150° (350
rpm). Based on previous study (Pedulla et al., 2013) 150
mesiobuccal and mesiolingual canals of mandibular
molars or mesiobuccal and distobuccal canals of max-
illary molars having 30-60° curvatures with ability of
K-file # 10 (Mani,Japan) insertion into the entire of the
canal, Vertucci type 1 canal and with no S curve were
selected. All teeth were located into NaOCI (5.25%) for
30 minutes and then transferred into normal saline (Lee
et al. 2013). At first glidepath was done using K-file no.
10 and after observation of the file from root apex ,
the length was measured by subtracting 1mm from that
point. Determination of canal curvature was done by
Schneider technic (Schneider, 1971). All shaping proce-
dure was done using Acteon motor (Acteon,North Amer-
ica) by hanpase 1:6 and pecking movement (3mm) until
they will fracture (Gavini et al. 2012). The files’ fracture
incidence was calculated in each group when preparing
total 50 canals. Preparation of the canals was done with
RcPrep (MD-ChelCream, META BIOMED COLTD, Korea).
The time required for the tooth preparation, the canal’s
curvatures, the mean length of fractured segments and
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FIGURE 1. Percent of the canals with or without fracture files

the mean number of prepared canals with one file were
measured also. After insertion the fractured section into
ultrasonic bath (CODYSON, China) for 5 minutes, they
evaluated by scanning electron microscope (SEM).

STATISTICAL ANALYSIS

Fracture incidence rates were statistically analyzed by
chi-square test among 3 groups while the time of tooth
preparation and the canal curvature were subjected to
one-sided analysis of variance test using the software
SPSS 16.0 for Windows. The paired comparisons were
done by Tukey test. P< 0.05 was considered as signifi-
cant difference between groups.

RESULTS

The results of influence of rotary and reciprocation
movement using various angle on fracture of NiTi rotary

files is present in figure 1. According to figure 1, in
rotary movements, in 8 (16.0%) canals, files were frac-
tured, while in reciprocating movements with 30-150
degree and 30-90 degree; in 6 (12.0%) and 5 (10.0%)
canals, files were fractured respectively. No significant
differences were noted regarding the fracture incidence
of 3 groups (P>0.05).

The results of the time required for canal preparation
in OneShape instruments is presented in table 1. Accord-
ing to the results, the time required for canal prepara-
tion in OneShape instruments with rotary, reciprocat-
ing movements with 30-90 degree and 30-150 degree
were 31.31+15.83, 62.89+48.87 and 46.5+35.54 seconds,
respectively. The preparation time of rotary movement
were significantly lower than reciprocating movement
with 30-90 degree (P=0.001).

The result for scattering parameters of canal curva-
ture is presented in table 2. As seen , the canal curvature
was distributed evenly.

Table 1. Time required for the tooth preparation in OneShape instruments
Mean + Sd Minimom Maximum
OneShape-rotation 31.31+15.83 26.38 36.24
OneShape: reciprocating; 30-90° 62.89+48.87 48.21 77.57
OneShape: reciprocating; 30-150° 46.5+35.54 35.69 57.31
Table 2. The scattering parameters of the curvature
Mean + Sd Maximum Minimum
OneShape-rotation 43.60+12.19 47.07 40.13
OneShape: reciprocating; 30-90° 42.3+12.79 45.94 38.66
OneShape: reciprocating; 30-150° 43.48+11.56 46.77 40.19

BioscieNcE BioTECHNOLOGY RESEARCH COMMUNICATIONS

INFLUENCE OF RECIPROCATION AND ROTARY MOTION

243



Yazdan Shantiaee et al.

BN NAS HEia vl k]
BEW B4 10 B w1l AU e e =
w13 [ e e - n

TR
BUE B 1L

Tl 1 30ak !

ot oo ki L i

1RO e N =

T orE e

s [l

FIGURE 2. The scanning electron microscope (SEM) of the OneShape using rotary movement. White arrow: striations
and cracks. Blue arrow: central microvoids and dimple (magnification x3000).

In SEM analyse the characteristic of torsional and
flexural fatigue in 3 groups was seen.

The mean length of fractured segments with rotary,
reciproc 90-30 and 150-30 degrees motions were
3.75(+1.87), 5(+4.5), 6(+3.25), respectively. There was
not significant differences between them.The mean
number of prepared canals with one file by rotary, recip-

roc 90-30 and 150-30 degrees motions were 4.75(+3.57),
8.4(+4.037), 5.8(+4.4), respectively.

DISCUSSION

Super-elasticity, shape memory effect and corrosion
resistance of NiTi alloy provide many advantages for
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FIGURE 3. The SEM of the OneShape using reciprocating movement with 30-90°. White arrow: striations and cracks.
Blue arrow: central microvoids and dimple (magnification x3000).
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FIGURE 4. The SEM of the OneShape using reciprocating movement with 30-150°. White arrow: striations and cracks. Blue
arrow: central microvoids and dimple (magnification x3000).

application in dental, medical, and commercial applica-
tions (Parashos and Messer, 2006). Rotary file fracture
usually occurs because of cyclic fracture near the apical
third of root canals (Ye et al., 2012). The microstructure
of NiTi instruments plays an essential role on root canal
treatment outcome and fracture resistance (Ye et al.,
2012). A cost-effective technique for endodontic files is
needed to prevent unexpected fracture during root canal
treatment procedures (Elsaka and Elnaghy, 2015).

The present study examined the influence of recipro-
cation and rotary motion on fracture of NiTi rotary files.
As observed in this study using OneShape instruments
had higher fracture resistance by reciprocating move-
ments with different angles but it was not significant.
It is well documented failure of NiTi files is influenced
by technique of preparation (Varela-Patin“o et al., 2010).
Additionally, Varela-Patin"o et al., (2008), reported the
instrument fracture incidence in resin blocks was lower
using reciprocating motion compared to the continuous
rotation. In comparison of the conventional continu-
ous rotation and reciprocating Yared (2008) reported a
forward 144° and backward 72° reciprocating motion
is more cost-effective and time-saving. Additionally,
reciprocating movement extended the fracture life of the
instrument compared to the conventional rotary move-
ment (Pedulla et al., 2013).

OneShape is made from conventional austenite NiTi
alloy (Shen et al., 2006). The reciprocating motion has
an advantage for the preparation of curved canals with
the use of one single NiTi file instead of the conven-
tional continuous rotation method (Plotino et al., 2012).
Based on the results, different angel reciprocating move-

ments had no significant effect on the OneShape instru-
ments fracture resistance. In this regard, no significant
difference was reported in the fracture cycles by recip-
rocation (140° clockwise and 45° counterclockwise) or
continuous rotation for either instrument (Lee et al.,
2013). Reciprocal motion would decrease the torsional
stress through periodically reversing the rotation (150°
counterclockwise, then 30° clockwise rotation for Recip-
roc; 170° counterclockwise, then 50° clockwise rotation
for WaveOne) (Kim et al., 2012). Extended fracture life
reported using new generation One-Shape instruments
in reciprocating motions (150° clockwise -30° counter-
clockwise, 210° clockwise -30° Counterclockwise and
360° clockwise -30° counterclockwise) compared with
continuous rotation (Karatas et al., 2016).

The average lifespan of One-Shape file was -4.63+1.30
canals. It is reported WaveOne files has higher resistance
to fracture compared with the One Shape files (Karova
et al., 2014). In evaluating the cyclic fracture resistance
with all the angles (90° clockwise /30° counterclockwise,
150° clockwise /30° counterclockwise, 210° clockwise
/30° counterclockwise and 390° clockwise /30° counter-
clockwise) , the use of reciprocating motion increased
the fracture resistance, compared to conventional rotary
motion (Gambarini et al., 2013).

Resistance to cyclic fatigue depends on various fac-
tors such as diameter, metal mass, flexibility, cross-sec-
tional shape, regressive surface area, and presence of
transitional zones in files. One Shape rotary files could
have experienced more stress cycles of tension and com-
pression per minute when compared to two for the same
time period (Sekar et al., 2016). It is reported number of
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canals successfully cleaned and shaped with continu-
ous motion were significantly higher than reciprocating
motion and less time needed for the preparation using
continuous motion than reciprocating motion (Mangat
et al., 2016).

It is reported the number of cycles to fracture for
instruments under reciprocation motion was higher
compared to continuous rotation (Gavini et al., 2012).
Also, average time until fracture using reciprocat-
ing movement was longer than continuous movement
(Gavini et al., 2012). So, It is recommended to use One
Shape files with reciprocating motion in a single tooth
(Mangat et al., 2016). Although in our study the mean
number of prepared canals with one file by rotary, recip-
roc 90-30 and 150-30 degrees motions were 4.75(+3.57)
, 8.4(+4.037) , 5.8(+4.4) , respectively. In reciprocat-
ing movement more cycle rotation is needed for full
rotation,because of that the extended fracture life and
increased preparation time were seen.

Examination of a fracture surface by the SEM reveals
distinct features and helps to identify the type of fracture
mechanism (Parashos and Messer, 2006). So, because
of that in the current study we used SEM to investi-
gate the fracture section of the files. The microcracks
and striations indicate the occurrence of fatigue failure
and microvoids and dimples indicate torsional fracture.
In conclusion, Using OneShape instruments had higher
fracture resistance by reciprocating movements with dif-
ferent angles, but it was not significant. The prepara-
tion time with rotary movements was significantly lower
than reciprocating movements with 30-90°.
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