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Abstract
Aim of the Study: To measure and compare the cleaning efficiency of 2 Shape, Hyflex EDM and Protaper 
GOLD rotary systems in removing debris and compare the percentage of remaining debris at three different 
levels of root canal by using digital image morphometric analysis.

Material and Method: Total 60 freshly extracted human maxillary first molar with single straight palatal 
roots were selected were disinfected in a solution of 1% Thymol for 1 day then the palatal roots were 
sectioned at a length of 12 mm from the apex and randomly divided into three groups of twenty teeth : 
Group A: Was prepared by 2 Shape file system (Full rotary technique). Group B: Was prepared by Hyflex 
EDM file system (Full rotary technique). Group C: Was prepared by Protaper GOLD system (Full rotary 
technique) . All systems were used according to the manufacture instructions and roots prepared to an apical 
preparation corresponding to size 40 K-file. Sodium hypochlorite (3%) was used as an irrigant for all groups.

Conclusions: 2 Shape system was significantly less effective than Hyflex EDM and Protaper GOLD systems 
in eliminating debris from root canals at all levels. There were no differences in the cleaning efficiency 
between Hyflex EDM and Protaper GOLD systems at all levels of root canals.

Keywords:  2Shape, Hyflex EDM, ProTaper GOLD, cleaning efficiency, Digital image morphometric 
analysis.

Introduction
The Successful endodontic treatment that depends 

on sufficient biomechanical preparation of the root canal 
space. The goals are consists of cleaning of root canal 
and removing most of debris and shaping of canal1,2. The 
cutting efficiency is one of the basic properties of nickel–
titanium (NiTi) endodontic instruments3. Instrument 
design may be a factor that affects the efficacy of 
remnant debris removal and for smear layer production4. 
The revolution in the manufacturing of root canal 
instruments leads to a great variety of these endodontic 
instruments.5 The cleaning capabilities of different NiTi 
rotary systems varies because of the different cross-
sections and blade designs of each system6. That’s 
include variable tapering along of the cutting blades, 
modifying the instrument’s design of cross-section, 
and the manufacturing process or by the use of new 

alloys that produce better mechanical properties7. 
Recently introduced 2Shape file system that consist of 
TS1 (25/.04) and TS2 (25/.06) files at 300 rpm and 1.2 
Ncm The 2Shape system (Micro-Mega) in continuous 
rotation and two finishing files, F35 size (35, .06) and 
F40 size(40, .04). The 2Shape system has undergone a 
thermomechanical proprietary process not disclosed by 
the manufacturer. The files have a special cross-section 
with a modified triple helix blade. One of the three 
blades is off-centred and is 0.06 mm shorter than the two 
others8. Hyflex EDM is made by a thermo-mechanically 
treated alloy (CM-Wire), and it has three different 
horizontal cross-sections: quadratic in the apical third, 
trapezoidal in the middle and triangular in the coronal. 
The file has a 0.10 mm tip diameter and 5% constant 
taper9,10. The ProTaper Gold system was manufactured 
by (M-wire) treated to gold wire with a triangular cross 
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section with variable progressive taper. This design 
of file with progressively tapered that improve cutting 
efficiency and safety and more durability for ProTaper 
Gold system.11,12

Material and Method
Sixty freshly extracted human maxillary first molar 

teeth, Immediately after extraction, bone, calculus and 
soft tissue on the tooth surface were removed manually 
with cumine scaler. Teeth was disinfected in 3% of 
(NaOCl) for 30 minutes then wash and maintained wih 
distilled water at room temperature with 0.1% thymol 
crystal until use and in saline solution during the 
experiment.

The palatal root length was standardized for all 
samples (12 mm) . The length was determined from 
anatomical apex to bifurcation area by using digital 
caliper and marked on the root using permanent marker.

The crown of the tooth was grasped with metal 
vice and a double-faced diamond disc mounted on a 
straight handpiece and water as coolant. The sectioning 
of the palatal root was perpendicular to the long axis 
of the root to facilitate straight line access during root 
canal procedure, and to establish a flat coronal surface 
that served as a stable reference position to facilitate 
length measurement of the canal, instrumentation, and 
penetration of irrigation needle.

The Pulp tissue was extirpated by using barbed 
broach followed by irrigation with 5ml distilled water. 
The k-file #15 was inserted in the canal until it appear 
from apical foramen to check the patency of the canals13. 
The correct WL was established by subtracting 1mm 
from root length.

Only roots with initial file size 20 K-file were included 
in the study. each sample was embedded in silicone 
rubber base impression material (putty consistency) that 
placed inside a mold To facilitate handling of the sample 
during instrumentation procedure.

The specimens Will be randomly divided into three 
groups (n=20) according to the type of instrumentation 
systems used. The canal was irrigated with 2 ml of 
3% freshly prepared NaOCl, and the final irrigation 
was done with 3mL of normal saline after root canal 
instrumentation

In this study The gradation of root canal preparation 
used were performed according to the manufacturer’s 

instructions of the file system by electrical motor 
endomate used for each group. First, the silicon stopper 
was set on the instrument at full of W.L for all types 
of files and all root canals were instrumented to master 
apical file to size 40. For standardization all samples 
were fixed by a small bench vice during instrumentation.

2Shape:

Teeth (n = 20) were prepared with 2Shape system. 
All canals were prepared by:

1.	 TS1 (25/.04), at speed 350 rpm and 1.2 Ncm torque 
until a resistance can be felt.

2.	 TS2 (25/.06), at speed 350 rpm and 1.2 Ncm torque 
until a resistance can be felt

3.	 F40 (40/.04), at speed 350 rpm and 1.2 Ncm torque 
until a resistance can be felt

Each file use movement in three waves (3 up-and-
down movements) with upward circumferential filing 
movement.

Each new instrument was used to prepare only two 
canals (Staffoli., et al, 2018). Remove the file from the 
root canal, clean the flutes and irrigate the root canal 
until reach to file size (40/0.04).

Hyflex EDM: Teeth (n = 20) were prepared with 
Hyflex EDM was used until reach to finishing file size 
(40/0.04). Each file was discarded after being used in 
two canals14.

ProTper GOLD: Teeth (n = 20) were prepared with 
ProTaper GOLD files.. The instrumentation was started 
with shaping files (S1 & S2) were use with a brushing 
action on the withdrawal stroke: S1 (18/.02) was used to 
3/4 of W.L then, to full WL (speed: 300 Rpm and torque: 
3.0 Ncm). S2 (20/.04) (shaping file # 2) was used to 3/4 
of W.L then, to full WL (speed: 300 Rpm and torque: 
1.0 Ncm).

while the finishing files were used with non-brushing 
motions (pecking motions) until reaching the full WL: 
F1 (20/.07), (speed: 300 Rpm and torque 1.5 Ncm). F2 
(25/.08), (speed: 300 Rpm and torque 2.0 Ncm). F3 
(30/.09), (speed: 300 Rpm and torque 2.0). F4 (40/.06) 
(speed: 300 Rpm and torque 2.0 Ncm).the canal was 
completed in crown down manner by gentle in and out 
motion . The canal was instrumented to MAF # F4/.06. 
One set of instruments was used for the preparation of 
two canals15.
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Finally after final irrigation the canal was dried 
with absorbent paper points and the access opening was 
sealed with moist cotton pellet and temporary filling to 
block the entry of debris during sectioning and prevent 
contamination of the root canal space16,17.

After removed the teeth from the impression 
material and before sectioning, a permanent blue marker 
was used to draw guiding line longitudinally on the tooth 

surface parallel to the long axis of the roots .A metal 
saw was used to make longitudinal groove along root, a 
short blast of air was used to remove any remaining dust 
then the root was splinted by placing a surgical chisel 
on the grooves and with small mallet applied with slight 
pressure .the longitudinal section root with most visible 
part <180 degree was selected for the study (because 
>180 degree possibly interfere with visualization during 
photography18-21. (Fig. 1).

Figure 1: Split root

All images of split roots were taken by using a 
Nikon D5300 professional digital camera with macro 
lens(105) at 1:1 setting with electronic macro flash,The 
images was saved at computer with maximum resolution 
of 6000×4000 pixels.. The camera position selected 
according to the optimum focusing without blurred 
vision. Sectioned root was placed over a gridding paper 
under lens for measurement. 16

All Images were saved and opened into Adobe 
Photoshop CC 2018 and magnified 100 times with the 
digital zoom tool. The root canal area was divided into 
three equal thirds (Apical, Middle and Coronal) by 
superimposed lines above canals after discarded 2mm 
coronally avoidance any remnant of temporary filling at 

1, 4, 7 and 10 mm from the measured working length (1 
mm shorter from the apical foramen).

by using special software tool (magnetic lasso tool) 
that allow traced The remaining debris in canal and 
the total number of pixels occupied by the debris was 
reported by using the histogram function in the software 
program.

Percentage of remaining debris will be calculated 
for the 1-4 mm (apical), 4-7 mm (middle) and 7-10 mm 
(coronal) areas for each canal

Percentage of Dentine Debris at each third = 

�  × 100
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Figure 2: Digital image analysis magnifi ed at (X 33.33) of one root section that instrumented by 2SHAPE 
system with using Adobe Photoshop CC 2018. pink arrows referred to some of dentin debris.

Figure 3: Digital image analysis magnifi ed at (X 33.33) of one root section that instrumented by Hyfex EDM 
system with using Adobe Photoshop CC 2018. blue arrows referred to some of dentin debris.
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Figure 4: Digital image analysis magnifi ed at (X 33.33) of one root section that instrumented Protaper 
GOLD system with using Adobe Photoshop CC 2018. yellow arrows referred to some of dentin

Results
data were tested for normality using the Shapiro-

Wilk test .Kruskal-Wallis test showed a signifi cant 
difference (P ≤ 0.05) between groups for the remnant of 
dentin debris at all levels (Apical, Middle, and Coronal).

The median values of the remnant of dentin debris 
for different groups and different levels . At the apical 
level, group A showed the highest remnant (2.79%) 
followed by a group B(0.40%) while the lowest remnant 
was found at group C (0.35%).

At the middle level, the highest remnant was found 
at the group A(1.32%) followed by group C(0.42%), 
and the lowest remnant was found at group B (0.39%). 
At the coronal level, the highest remnant was found in 
group A(0.95%) followed by group B(0.5553%), and 
the lowest remnant was found at group C (0.35%). 
(Figure 5).

For all groups and thirds, the highest remnant was 
found at the apical level of group A and the lowest 
remnant was found at middle of group B and coronal 
thirds of group C.(Figure 6)

Figure 5: Median of percentages of remnant of dentin debris at different levels and groups.
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Figure 6: Median of percentages of remnant of dentin debris at different levels and groups.

Mannwhitney with bonferroni correction test 
showed a significant difference at apical and middle 
levels between group A and group C and also found 
significant difference at apical and middle levels between 
group A and group B.

Discussion

The most important objective of root canal therapy 
is to decrease the number of microorganisms and 
pathologic debris in root canal systems to prevent or 
treated apical periodontitis. Grossman (1976) described 
mechanical cleaning as the most important part of root 
canal therapy.

The result shows significant difference between 
(2Shape at all levels with no significant difference 
between Hyflex EDM and ProTaper Gold). The cause of 
a significant difference between groups and levels may 
be related to two reasons: the first one the instruments 
design and second one metallurgical properties (alloy 
processing) . Endodontic instruments vary in their debris 
removal efficacy and their smear layer production.

In this study the 2Shape file produced the highest 
amount of debries among the tested file system. Also the 

2 Shape file has a significant difference between levels 
(apical - middle) and (apical-coronal) most of remnant 
diagnosed apically.

Manufacture done by applied the thermal treatment 
which as the (T.wire) 2Shape files are exposed to 
multiple thermal cycles to transition the crystalline phase 
of nickel-titanium. The Hyflex EDM file system shows 
second least amount of debris. Hyflex EDM is the first 
endodontic instrument that is manufactured an electrical 
discharge machining (EDM) process creates a ‘rough 
spark-machined’ That creates a hard and rough surface 
of the file, resulting in superior fracture resistance and 
improved cutting efficiency.

Conclusions
Within the limitation of this in vitro study, None of 

the experimental instrumentation systems used were able 
to achieve completely clean canal from debris; 2 Shape 
system was significantly less effective than Hyflex EDM 
and Protaper GOLD systems in eliminating debris from 
root canals at all levels and There were no differences 
in the cleaning efficiency between Hyflex EDM and 
Protaper GOLD systems at all levels of root canals.



2590  Indian Journal of Forensic Medicine & Toxicology, July-September 2020, Vol. 14, No. 3

Financial Disclosure: There is no financial 
disclosure.

Conflict of Interest: None to declare.

Ethical Clearance: All experimental protocols 
were approved under the College of Dentistry, and 
all experiments were carried out in accordance with 
approved guidelines.

References
1.	 Devi T. (COMPARATIVE EVALUATION OF 

CLEANING EFFICACY OF THE ROOT CANAL 
BY K-FILE AND PROTAPER NEXT, HYFLEX 
EDM ROTARY SYSTEM AN IN VITRO 
STUDY). (J.e.m.d.s.)2016;. 100(5),7365-7369.

2.	 Sahu GK, Shivani C, Nandkishore KJ. Rotary 
endodontics or reciprocating endodontics: Which is 
new and which is true? J Health Sci Res 2016;7:51-
57.

3.	 Plotino G, Giansiracusa Rubini A, Grande NM, 
Testarelli L, Gambarini G Cutting efficiency of 
Reciproc and WaveOne reciprocating instruments. 
Int Endod J .2014; 40: 1228–30.

4.	 Henry SY and Von Stebut J: Cutting effieciency 
loss of root canal instruments due to bulk plastic 
transformation. Int Endod J; 1994. 20: 367-72

5.	 Del Fabbro M, Afrashtehfar KI, Corbella S, El-
Kabbaney A, Perondi I, Taschieri S. In vivo and 
in vitro effectiveness of rotary nickel-titanium vs 
manual stainless steel instruments for root canal 
therapy: systematic review and meta-analysis. J 
Evid Based Dent Pract 2018;18(1):59–69.

6.	 Schäfer E, Vlassis M. Comparative investigation of 
two rotary nickel-titanium instruments: ProTaper 
versus RaCe. Part 2. Cleaning effectiveness and 
shaping ability in severely curved root canals of 
extracted teeth. Int Endod J. 2004;37:239-248.

7.	 Park SY, Cheung GS, Yum J, Hur B, Park JK, 
Kim HC (Dynamic torsional resistance of nickel-
titanium rotary instruments). Int Endod J.2010; 36: 
1200–4.

8.	 Staffolia S, Özyürek T, Hadad A, Lvovsky 
A.Comparison of shaping ability of ProTaper Next 
and 2Shape nickel–titanium files in simulated severe 
curved canals, Giornale ItalianodiEndodonzia. 
2018; 32(2):52-56.

9.	 Uslu G, €Ozy€urek T, Yılmaz K, G€undo_gar M 
Cyclic fatigue resistance of R-Pilot, HyFlex EDM 

and PathFile nickeltitanium glide path files in 
artificial canals with double (Sshaped) curvature. 
Int Endod J .2018; 51: 584–9.

10.	 Jain A et al.(Root Canal Surface after Mechanical 
Instrumentation with Protaper Gold and Wave One 
Gold).I. J. O. H. M. R .2019; 6(3) : 2395-7387

11.	 De Gregorio C, Paranjpe A, Garcia A, Navarrete 
N, Estevez R, Esplugues EO, Cohenca N. Efficacy 
of irrigation systems on penetration of sodium 
hypochlorite to working length and to simulated 
uninstrumented areas in oval shaped root canals. 
Int Endod J. 2012; 45 (5): 475-481.

12.	 Al-Asadi A. In-vitro Assessing the Shaping Ability 
of Three Nickel-Titanium Rotary Single File 
Systems by Cone Beam Computed Tomography)) 
International Journal of Medical Research & Health 
Sciences, 2018; 7(2): 69-74

13.	 Rose E, Svec T. An Evaluation of Apical Cracks 
in Teeth Undergoing Orthograde Root Canal 
Instrumentation. J Endod. 2015 Dec; 41(12):2021-
4.

14.	 Shetty K, Kamath P, Kundabala M, Rao A. Smear 
Layer Evaluation after Root Canal Instrumentation 
with Manual and Rotary Techniques: A Scanning 
Electron Microscopic Study. IJAR. 2014; 2(4): 
447-453.

15.	 Al-Dulaimi A. Evaluation of The Cleaning 
Efficiency of Oneshape, Waveone, Reciproc 
and Protaper Systems Using Digital Image 
Morphometric Analysis (An in vitro study),JODR 
. 2017; 4 (2), 169-183.

16.	 Kadhom TH, Al-Hashimi WN. A study to compare 
the efficiency of different instrumentation systems 
for cleaning oval-shaped root canals (An in vitro 
study). J Bagh College Dentistry.2013; 25(1): 49-
55.

17.	 Grossman LI. a bicentennial history against the 
background of general dentistry. J Am Dent Assoc 
1976: 93: 78–87.

18.	 Vaudt J, Bitter K, Klebassa AM. Evaluation of 
rotary root canal instruments in vitro: a review. 
ENDO. 2007; 1(3): 189-203.

19.	 Kaloustian M. Evaluation of Two Shaping Systems 
and Two Ultrasonic Irrigation Devices in Removing 
Root Canal Filling Material from Mesial Roots of 
Mandibular Molars: A Micro CT Study) Dent. J. 
2019, 7: 2.

20.	 Sankhe DD (Evaluation of effect of HyFlex EDM 



Indian Journal of Forensic Medicine & Toxicology, July-September 2020, Vol. 14, No. 3  2591

on root dentin during root canal preparation- A 
stereomicroscopic study); IJMDS;July 2017; 6(2)

21.	 Özyürek T, Ülker Ö, Demiryürek EÖ, Yılmaz 
F. The Effects of Endodontic Access Cavity 
Preparation Design on the Fracture Strength of 
Endodontically Treated Teeth: Traditional Versus 
Conservative Preparation. Int Endod J.2018;44(5): 
800-805.

22.	 Gouda B. TO EVALUATE THE CLEANING 
EFFECTIVENESS OF ROOT CANAL 
PREPARATION USING PROTAPER NEXT, 
MTWO AND HYFLEX EDM ROTARY 
SYSTEMS BY SCANNING ELECTRON 
MICROSCOPE) 2017; 6; 6435-6437.


