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Abstract 
      The aim of the study was to compare the mean preparation time of three different shape 
memory rotary files (Hyflex EDM, Flexer and ProTaper Gold). A total of 30 extracted mandibular 
molar were divided into three groups (n=10) with mean mesio-buccal root canal curvatures up to 
70°. Working length 18mm was standardized in all three groups and the pre-enlargement was done 
up to 25k stainless steel file and in All root canals were prepared to size 25 using crown down 
technique preparation technique for the rotary nickel-titanium instruments. The canal preparation 
time was recorded using stop watch. The canal preparation time with the ProTaper gold group 
(108.80±10.2 seconds) and Flexer group (80.70±13.2 seconds) and Hyflex EDM (54.30±7.7 
seconds), Hyflex EDM was shown to be significant faster by ProTraper gold and Flexer group by 
using analysis of variance (p<.05).  
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 Introduction 
 
 The main objective of root canal 
preparation is to shape and clean the root canal 
system excellently. While maintaining the original 
configuration without creating any iatrogenic 
events such as instrument fracture, external 
transportation, ledge, or perforation.1,2  Adequate 
tapered canal shapes cannot be achieved by 
stainless steel file.3Several new nickel–titanium 
(Ni–Ti) instruments for rotary endodontic 
treatment have extended the endodontic 
armamentarium recently. The operational safety 
of rotary instruments has been conversed in 
several ways; numerous investigation shaves 
shown the ability of some new rotary Ni–Ti 
systems to maintain the original root canal 
curvature well.4  

 

In order to improve working safety, 
shorten preparation time and create a 
continuously tapered, conical flare of 
preparations advanced instrument designs with 
noncutting tips, radial lands, and different cross-
sections, superior resistance to torsional fracture 
and varying tapers have been developed.5 There 
are several series of investigations that have 
focused on different. Ni–Ti systems using an 
identical design.6 Most recent studies available in 
the literature focus only on the comparison 
between two instrument types; moreover, in 
many cases these investigations have been 
performed by different operators.  

In general, information on the various 
aspects of several different systems is rare. Thus, 
the purpose of the present study was to evaluate 
several parameters of root canal preparation 
using Hyflex EDM (Coltene), Flexer 
(motherdental) and ProTaper gold (Densply). 
   

Materials and methods 
 

A total of thirty extracted mandibular 
molar were divided into three groups (n=10) with 
mean mesio-buccal root canal curvatures up to 
70°. The teeth had completed root formation 
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(without multiple root curvatures), narrow canals 
(due to the age of the patients), and were without 
visible apical resorption. Standard endodontic 
access opening was done with endodontic 
access opening bur no.2. The root canals are 
tested to ensure apical patency of the root 
canals; a size 10 k file was inserted until its tip 
could be visualized at the apical foramen. Each 
mandibular molar were shortened coronally to a 
length of 18 mm and Orifice enlargement with 
three orifice opener as standard working length is 
determine. The working length of each root canal 
was determined by advancing this file passively 
into the root canal until the tip of the file was just 
visible at the apical foramen. This was done by 
using the Heine HR 2.5x High Resolution 
Binocular Loupes with LED (Heine Optotechnik, 
Herrsching, Germany).Working length was 
determined by subtracting 0.5 mm from this 
measurement. To avoid any bias caused by the 
initial canal width, any root canals that could be 
negotiated without any resistance up to the apex 
with #10 K-file (or larger) were not included in the 
study. Accordingly, 30 mesio-buccal root canals 
were selected, and working length was 
determined. The mesio-buccal canals were 
randomly assigned to 3 experimental groups of 
30 canals each for canal preparation. 
 
Instruments and preparation techniques 
 

Flexer 
Newest generation rotary files made up of 

NiTi. It is activated by heat energy with shape 
memory characteristics. Heat activation recovers 
to full elasticity at 30-70 degree centigrade bends 
randomly at low temperature elasticity decreases, 
good elasticity in oral temperatures, best feature 
in super high fracture resistance, 300-500% 
improved than normal super files, safety and 
usage life greatly increases. Improving 300%-
500% fracture resistance On the basis of taking 
use of high quality raw material heat activation is 
the feature of excellent flexibility and resistance. 
Product Parameters are Conservative 6 file 
design ,Length 21mm/25mm/31mm,Sizes 
application sequence are  Mx to prepare the 
orifice of the canal, M1 to prepare the middle 
third of the root canal,M2 to the working 
length,C1 to the working length, C2 to the 
working length, and selective use C3 to the 
working length with tip diameter 
0.19,0.18,0.20,0.25 and variable taper .Shaping 

files as Making file Mx,M1,M2.Finishing Files as 
completion files C1,C2,C3. The recommended 
working speed is between 250-400 rpm and the 
Torque of 2.0~2.5N/cm^2 .These Instruments 
have a non-cutting tip, a positive rake angle, and 
triangular cross section. 
 

Hyflex   EDM 
Hyflex EDM files are one of the first 

endodontic instruments manufactured with EDM 
technology.7 In this technique an electric spark is 
used as the cutting tool to wear away the work 
piece to produce the finished part to the desired 
shape. The metal-removal process is performed 
by applying a pulsating electrical charge of high-
frequency current through the electrode to the 
work piece. This erodes very tiny pieces of metal 
from the work piece at a controlled rate. The 
frequent bombarding of the alloy with sparks 
melts the material or even leads to evaporation in 
some places. The result is a file with a distinctly 
textured surface where heat creates a new 
surface hardness. To improve cutting 
performance spark erosion is a best method it 
also generates distinctive and hardened surface.8 
There are three different cross section designs in 
single file.  

The rectangular cross section at the tip 
provides more ‘core material’, which results in 
high resistance to breakage of these files. Then 
the cross section becomes trapezoidal in the 
middle of the file and finally near the handle, the 
cross section changes to triangle which keeps 
the file more flexible there. It can be labelled as a 
unique combination of flexibility and strength. It is 
made up of NiTi alloy .This Instruments has a 
variable cross section design, positive rake angle. 
It has the sequence files of orifice opener, glide 
path file, one shaping files with tip diameter of 
0.25mm and variable taper. The recommended 
speed is between 250 -350.9  
 

ProTaper gold 
ProTaper Gold was developed with 

proprietary advanced metallurgy.10 The outstroke 
brushing techniques were designed in ProTaper 
gold.11 Developed for all dentists who desire 
predictable shapes, ProTaper Gold features a 
patented, progressively tapered design that 
significantly improves cutting efficiency and 
safety.12 This Instruments has a non-cutting tip, a 
positive rake angle, triangular cross section. It 
has the sequence files of Sx,S1,S2,F1,F2,F3 with 
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tip diameter of 0.19,0.18,0.20,0.25,0.30 mm and 
variable taper . Sx with a brushing motion to 
move the coronal aspect of the canal away from 
furcal concavities and to create more coronal 
shape, S1 with the brushing action until working 
length is reached, S2 with the brushing until 
working length is reached, F1 in a non-brushing 
action with each insertion deeper than the 
previous insertion until the working length is 
reached do not leave the file at the working 
length for longer than one second. If the 20 hand 
file is loose at the length, proceed to the F2 and 
F3 with the same non-brushing motion to working 
length respectively. The recommended working 
speed is between 250 -350 rpm.13 

 
All canals were sequentially prepared 

from size 15 up to 30. The working length was 16 
mm for each instrument. Furthermore, in all 
groups, irrigation was performed with 10ml of 
5.25% NaOCl and 3ml of EDTA after each 
instrument size. All root canal were prepared to 
size 25 using crown down technique preparation 
technique for the rotary nickel-titanium 
instruments. Thus, standardized conditions could 
be established for each system used. New 
instruments were only used for the preparation of 
each canal and Preparation with the different 
instruments was performed by the same operator. 
The canal preparation time was recorded using 
stop watch with all systems used. 

 

 
Table 1. Shows the comparison of canal 

preparation time. 
 

Statistical Analysis 
Mean and standard deviations were 

determined for each group, and one way ANOVA 
was used to compare the preparation time and 
later post hoc Tukey HSD was performed. The 
significance level was set at p<0.05 (Table 2). 
Statistical procedures were performed on SPSS 
19.  

 
Table 2. Descriptive Statistics for Total 

Preparation Time (Seconds) for the Different 

Groups. 
 
Results 

 
No specimens were lost as a result of 

instrument fracture or root canal blockage. The 
mean total times for glide path preparation and 
standard deviation values for the preparation 
groups are presented in Table 2.  

Canal preparation with the Flexer and 
Hyflex EDM group was shown to be statistically 
significantly faster than the ProTraper gold group 
by using analysis of variance (P < .05). There 
was no statistically significant difference 
observed between the mean preparation times of 
the ProTraper gold Flexer and Hyflex EDM 
groups (P < .05). 
 
 Discussion 
 
 NiTi rotary instruments are important in 
endodontic because of their ability to shape root 
canals with minimum complications.14 As the 
rotary NiTi instruments maintained the original 
canal curvature, particularly in the apical region 
of the root canal better than stainless steel hand 
instruments, studies compared the shaping ability 
of different rotary NiTi systems with different 
designs. The large variations concerning root 
canal morphology and dentin hardness have to 
overcome by highly standardized preparation and 
evaluation procedures as well as by a sufficiently 
large number of specimens when using natural 
teeth. In the present study, all root canals were 
uniformly prepared to size 25; this was because 
of the instrument diameters limited by the 
greatest file of the ProTaper system. Thus, the 
standardized assay arrangement used here 
allowed the evaluation of comparative 
measurements between three different rotary 
NiTi systems and the standardized manual 
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technique,15 a method which is widely used in 
more or less modified forms in general practice.16 
To fix standardization all teeth were shortened to 
a length of 17 mm. There are several parameters 
found in the in-vivo situation(e.g. complicated 
access to cavity, greater length of root canals, 
young versus old teeth with narrowed canals) 
could not be simulated. Moreover, the speed 
variability of the different systems has not been 
evaluated, and although the manufacturers’ 
recommendations have been followed, the 
results do not allow conclusions concerning the 
differences of the various systems (e.g. hand 
piece, motor, torque). 

In Alternation working length a number of 
reasons have been discussed to explain possible 
reason for alternative of the working length17 from 
clinical point of view it seems to be questionable. 
The Hyflex EDM technique, including irrigation, 
required significantly less time than preparation 
with ProTaper gold and Flexer. Less time used 
for instrumentation is a potentially attractive 
feature of the Hyflex EDM single file technique 
compared with multiple files technique. However, 
it is important to keep in mind that the short 
overall time of instrumentation may not have 
permitted enough contact time for the irrigants to 
aid in debriding canal irregularities untouched by 
the file and for killing microbes. Cleaning and 
removing of necrotic tissue, debris, and biofilm 
from untouched areas rely completely on 
chemical means, and sufficient use of sodium 
hypochlorite is the key factor in obtaining the 
desired results in these areas.18 However, most 
studies available in the literature focus only on 
the comparison between two instrument type19 
and moreover, in many cases these 
investigations have been performed by different 
operators. In the present study, the comparison 
was done between three instrument types (Hyflex 
EDM, ProTraper gold and Flexer). 

A study compared using the profile 
instrument alone reported six instrument 
deformations and fractures.20 In the present 
study, no instrument failures occurred to suggest 
that the use of the NiTi instrument initially to open 
the orifice allowed to pass more easily to the end 
point, and with less stress. The NiTi groups also 
displayed superior centring ability and 
transported fewer apices, as discussed in a 
previously published part of this study.21 These 
qualities in addition to a faster preparation time 
make PG (ProGlider) and GF(G-Files) potentially 

more suitable for curved canals in the clinical 
situation SystemGT, Flex master and k3 
instrument prepared canal in approximately same 
time, although the number of instrument is 
different.22 Nevertheless, the present 
investigation the root canal preparation time was 
less time. The canal preparation time by using 
Hyflex, ProTaper gold and Flexer, there was 
statistically difference between the mean 
preparation times. The results of the present 
study suggest that all system evaluated in vitro 
respected to original root canal curvature were 
safe to use and saved time. 
 

Conclusions 
 

Within the limitation of this study, the 
canal preparation with Hyflex EDM was shown to 
be statistically significantly faster than Flexer and 
ProTraper gold. It should be kept in mind that the 
clinical outcome of endodontic treatment is 
significantly affected by preoperative diagnosis 
but not the specific choice of an instrument 
system.  
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