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ABSTRACT
Aim: The aim of this study was to compare time of preparation and canal aberrations in a 
simulated root canals after using three different rotary systems: Endostar E5, Endostar E3 and 
T One File Gold. Materials and Methods: A total of 90 endodontic training blocks were used 
in this study and divided into three groups consisting of 30 each (n = 30). Blocks process-
ing was performed by thirty dentists without any prior experience in rotary instrumentation 
techniques. In the first group blocks were prepared using Endostar E5, in second one with 
Endostar E3 and in third one with T One File Gold system. The preparation time was measured. 
The postoperative image of each block was taken by stereomicroscope and canal aberrations 
(ledge and instrument fracture) was recorded. Statistical analysis was done by SPSS software. 
Results: Instrumentation with T One File Gold system is significantly faster compared to in-
strumentation with Endostar E5 and Endostar E3 systems (p <0.05). There are no statistically 
significant differences in the type and number of procedural errors between Endostar E5, 
Endostar E3 and T One File Gold systems when the operators have no previous experience in 
rotary instrumentation techniques. Conclusion: Under the conditions of this study, the inci-
dence of examined canal aberrations were similar for all tested systems. The preparation time 
was significantly shorter with single file system.
Keywords: endoblocks, root canal preparation, canal aberration, simulated root canals.

1. INTRODUCTION
The proper shaping of the root ca-

nal is one of the basic preconditions 
for the long-term success of the end-
odontic treatment. The instruments 
designed for treatment of root canals 
are constantly updated and devel-
oped. In current trends of instrumen-
tation increasing attention is given to 
rotary instrumentation techniques 
with Ni-Ti rotating instruments. The 
reason for this is primarily the speed 
and efficiency of the cleaning and 
shaping of the root canal.

Time needed for canal preparation 
is significantly longer with manual 
than with rotary instrumentation 
techniques (1). At the same time, 
time consumption depends on the 
experience of the therapist (2). Ni-Ti 
endodontic rotary systems provide 
canal preparation with fewer proce-
dural errors (3, 4). However, complex 
anatomy of the root canal makes the 
mechanical preparation one of the 
most difficult tasks and errors are 
possible regardless of the applied 
instrumentation technique. The api-
cal area of the root canal is the most 
difficult area to clean and to main-

tain the natural canal shape (5), so 
the procedural errors, such as ledge 
formation and instrument fracture 
are most common in this part of the 
canal (6).

A ledge is iatrogenic created irreg-
ularity of the root canal wall, which 
occurs when the file attempts to con-
tinue in a straight line rather than the 
curved path of the canal and “stuck” 
in the dentinal wall which interferes 
with the placement of the intracanal 
instrument to the apex. It most of-
ten occurs on the outer side of the 
curvature as a platform. Therefore, 
the greater the curvature of the root 
canal, it is likely forming ledges. Fur-
ther application of force in the zone 
of ledge will result in root canal per-
foration.

The fracture of Ni-Ti files can oc-
cur due to torsion and fatigue. Tor-
sional fracture occurs when the top 
or any other part of the instrument 
is blocked in the canal, while the 
handle is still turning and there is ac-
cumulation of torsional stress with-
in the material. After exceeding the 
elastic limit of metal, fracture occurs 
on the instrument tip. The other type 
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of instrument fracture is caused by metal fatigue result-
ing in flexural fracture. The fatigue is greater when the 
instrument is used in a curved canal (7).

According to some opinions, untrained therapist is the 
main factor of failure in working with Ni-Ti rotary in-
struments (8).

2. GOAL
The aim of this study was to compare procedural er-

rors in rotary instrumentation with five, three and one 
file in simulated root canals (endo blocks), and the time 
of manipulation. Operators were dentists with no pre-
vious experience in rotary instrumentation techniques.

3. MATERIALS AND METHODS
Simulated canals
Ninety acrylic-resin simulated root canals with a single 

curvature of 60°, a taper of 0.02, an apical diameter of 
0.15 mm and length of 16.5 mm (Endo Training Bloc; 
VDW co; Munich, Germany) were used in this study. 
The blocks were randomly divided into 3 groups (n = 30).

Instrumentation of simulated canals
The instrumentation of all blocks was performed by 

thirty dentists without any prior experience in rotary in-
strumentation techniques. Before starting work, all par-
ticipants were instructed on proper working with Endo-
star E5, Endostar E3 Basic Rotary System and T One File 
Gold systems.

The patency of the root canals was confirmed with a 
stainless steel #10 K-file (Poldent Co., Warsaw, Poland). 
All files were used in full clockwise rotation with con-
stant rotational speed of 250 rpm generated by NSK 
endo-mate TC (Endo-Mate TC, NSK, Nakanishi Inc., 
Tokyo, Japan) and changing torque from 0,5 to 4 Nm ac-
cording to the manufacturer’s instruction. Endo-prep gel 
(Cerkamed; Poland) was used as a lubricant before using 
of each file and 1,5% NaOCl (Semikem, Bosnia and Her-
zegovina) was used as a irrigant.

Group 1:
In this group, the canals were prepared using Endostar 

E5 (Poldent Co., Warsaw, Poland). System Endostar E5 
is classical multi-sequential system based on the crown-
down technique which consists of 5 nickel-titanium files, 
numbered 1, 2, 3, 4, 5 and marked with blue stripes on 
the handle. The method for canal preparation was as fol-
lows:

• a file with one strip was used to prepare the first 
6 mm,

• a file with two strips was used to prepare the next 
5 mm,

• a file with three strips was used to prepare the next 
1-2 mm,

• a file with four strips was used to prepare the next 
1-2 mm,

• a file with five strips was used to the full working 
length of 16.5 mm,

• a file with four strips was used to the full working 
length of 16.5 mm,

• a file with three strips was used to the full working 
length of 16.5 mm.

Group 2:
In this group, the canals were prepared using Endostar 

E3 Basic Rotary System (Poldent Co., Warsaw, Poland). 
This system is consist of three files: a file with taper 0.08 
and tip diameter 30 marked with one strip, a file with 
taper 0.06 and tip diameter 25 marked with two strips 
and a file with taper 0.04 and tip diameter 30 marked 
with three strips. The method for canal preparation was 
as follows:

• a file with one strip was used to prepare the first 
8 mm,

• a file with two strips was used to prepare two-
thirds of canal followed by a check of working 
length with hand file,

• a file with two strips was used to the full working 
length of 16.5 mm,

• a file with three strips was used to the full working 
length of 16.5 mm.

Group 3:
In this group, the canals were prepared using T One 

File Gold (Global Top Inc., Goyang, Korea), which is a 
single file system. A file with taper 0.06 and tip diameter 
25 was used for preparation.

Preparation time
The time for canal preparation, which included active 

instrumentation, replacement of files and irrigation, was 
recorded.

Assessment of canal preparation
A postoperative image of each sample was taken un-

der the same conditions using stereomicroscope (Novex 
RZ-series, Euromex microsopes BV; NL) at magnifica-
tion of 10X. Each image was assessed for the presence 
of ledge and instrument fracture. The tendency to canal 
perforation, which in simulated conditions could not oc-
cur, is also registered as ledge formation.

Statistical analysis
Statistical analysis was done by SPSS (IBM SPSS Statis-

tics 21, SPSS inc., Chicago, USA). ANOVA was used to 
analyze the preparation times, and Chi-square test was 
used to analyze the incidence of canal aberrations.

4. RESULTS
Preparation time
Instrumentation with one file showed significantly 

faster compared to the instrumentation with three and 
five files (p<0.05). Mean instrumentation time was 128.4 
± 13.9 s for Endostar E5 system, 109.4 ± 11.9 s for Endos-
tar E3 system and 85.8 ±10.2 for T One File Gold system.

Procedural errors
As shown in Table 1. the most common procedural 

error was the ledge formation (Figure 1 and Figure 2) 
which have been recorded in 13 endo blocks processed 

Group (n=30) instrument fracture ledge
Endostar E5 4 13
Endostar E3 Basic Rotary System 3 13
T One File Gold 4 14

Table 1. Type and number of procedural errors in relation to the system 
of instrumentation
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by Endostar E5 and Endostar E3 systems, and 14 endo 
blocks instrumented by T One File Gold system. The 
instrument fracture (Figure 3) was recorded in 4 blocks 
processed by Endostar E5 and T One File Gold and 3 
blocks instrumented by Endostar E3 system. There were 
no statistically significant differences in type and num-
ber of procedural errors related to the system of instru-
mentation.

5. DISCUSSION
The purpose of this study was to evaluate differences 

in the canal aberrations after using three different rotary 
systems. Operators were beginners in rotary instrumen-
tation techniques. The study was performed on simulat-
ed root canals.

Although the preparation on simulated root canals is 
not completely identical as working in vivo, these blocks 
are suitable for the assessment of procedural errors that 
occur during the instrumentation of the canal, as well as 
for estimation the time required for rotary instrumenta-
tion techniques. Variations of anatomy that are normally 
seen on extracted teeth (differences in the morphology 
of access cavity and root canals, hardness of the dentin, 
working length...) are excluded on simulated blocks (9). 
Shape, length and hardness of canals on simulated blocks 
are in standardized form and are exactly the same, which 
eliminates the need for a larger number of samples. Due 
to the transparency of blocks, it is possible to clearly see 
some procedural errors occurred during the treatment 
of root canals.

The occurrence of canal aberrations is associated with 
the apical diameter of the processed canal, wherein the 
number of aberrations increases as the apical diameter is 
over 35 (10). In this study, the root canals are processed 
by crown-down technique, using Endostar E5 (apical di-
ameter of last file in system is 30), Endostar E3 (apical 
diameter of last file in system is 20) and T One File single 
file system (apical diameter of one file in system is 25). 
Therefore, the canal aberrations that have been identi-
fied in this study are not associated with the apical diam-
eter of the processed canals.

As researchers already stated, canal aberrations could 
be attributed to operators’ inexperience in working with 
rotary files (2, 11).

In this study, ledge formation proved to be the most 
common procedural error during canal preparation, 
although with no statistically significant differences be-
tween the used systems. This is in agreement with previ-
ous research Sonntag et al (12). The existence of the cur-
vature of the canal is the most significant variable in the 
incidence of ledge formation (11). For processing canals 
with the complex morphology, it is necessary to use the 
Ni-Ti rotary files with smaller taper but higher flexibility 
(13). Schäfer found that flexibility of Ni-Ti instruments 
decreases with increasing of file taper, and for processing 
apical third of curved canals recommended using files 
with taper less than 0.04 (9).

Ledge formation in this study could occur due to forc-
ing major instruments in the curved canal.

In this study there was no statistically significant dif-
ference in the number of separated instruments among 
the tested systems, which is consistent with previous 
research (12), although the number of separated files is 
higher than in the above mentioned study.

The occurrence of instruments fractures can be at-
tributed to inexperienced operators as the most consis-
tent and most predictable parameter. Mandel et al stated 
that incidence of instrument fracture decreased with the 

 
Figure 1. Extensive ledge formation under the stereomicroscope (10x). 

 

 
Figure 2. Ledge formation under the stereomicroscope (10x).  
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Figure 2. Ledge formation under the stereomicroscope (10x).  
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Figure 3. Instrument fracture under the stereomicroscope (10x). 

 

 

 

Figure 3. Instrument fracture under the stereomicroscope (10x).
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number of processed blocks, indicating the importance 
of the gained experience of each operator (8).

It has to be considered that in this study operators were 
beginners in rotary instrumentation, without clinical or 
any practical experience. Therefore, it can be said that 
experience is the key factor for successful rotary canal 
treatment. This is in agreement with the research Yared 
et al (14) and Munoz et al (2) which showed that the ma-
jority of procedural errors occurred with most inexperi-
enced operator.

A possible reason for the file fracture in the plastic 
simulated block is existence of friction that leads to an 
increase in temperature, softening of the plastic and the 
blade interlocking into the wall, resulting to separation 
of the instruments (16).

Single-file systems were invented to simplify the pro-
cess of rotary canal treatment and to prevent cross-con-
tamination of instruments. In this study, the canals were 
processed significantly faster with single file system 
compared to other tested systems, which corresponds to 
the previous studies (17, 18).

The obtained results are not only related to the pro-
cessing time, but also to the total time required for the 
establishment of patency, canal irrigation, file replacing 
and recapitulation. Processing time depends on the op-
erator s experience and is inversely proportional to the 
experience (2). Previous studies stated that quality of ca-
nal treatment depends on the type of used rotary tech-
nique as well as the file number in the system (18), which 
in our study also proved to be an important factor.

6. CONCLUSION
Taking into consideration the limitations of this study 

it can be concluded that, operators with no previous ex-
perience in rotary instrumentation techniques do similar 
procedural errors during root canal processing, regard-
less of the used instrumentation system. The preparation 
time was significantly shorter with single file system.

• Acknowledgement: This study was a part of the project entitled 
„Testing the Application of IBP Technology for the Devrelopmet of 3D 
Tooth Models and Endoblocks“ supported by fund from the Federal 
Ministry of Education and Science (BiH).

• Conflict of interest: none declared.
• Authors’ contributions: All authors contributed equally to the prepa-

ration of this manuscript. All authors read and approved the final 
manuscript.

REFERENCES
1. Short JA, Morgan LA, Baumgartner JC. A comparison of ca-

nal centering ability of four instrumentation techniques. J 
Endod. 1997; 23: 503-7.  

2. Munoz E, Forner L, Llena C. Influence of operator’s experi-
ence on root canal shaping ability with a rotary nickel-tita-
nium single-file reciprocating motion system. J Endod. 2014; 
40(4): 547-50.

3. Pereira AG, Santos RM F d, Mendes Azevedo KC, Raposo LH, 
Biffi JC. Asessment of influence of flexion angles of files in api-
cal stop preparation by using manual and rotaryinstrumen-
tation techniques. J Endod. 2012; 38: 1383-86.

4. Alrahabi M. Comparative study of root-canal shaping with 
stainless steel and rotary NiTi files performed by preclini-
cal dental students. Technol Health Care. 2015; 23: 257-65.

5. Wu MK, Wesselink PR. Efficacy of three techniques in clean-
ing the apical portion of curved root canals. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 1995; 79(4): 492-6.

6. Heard F, Walton RE. Scanning electron microscope study 
comparing four root canal preparation techniques in small 
curved canals. Int Endod J. 1997; 30(5): 323-31.

7. Sattapan B, Nervo GJ, Palamara JE, Messer HH. Defects in 
rotary nickel-titanium files after clinical use. J Endod 2000; 
26(3): 161-5.

8. Mandel E, Adib-Yazdi M, Benhamou LM, Lachkar T, Mes-
gouez C, Sobel M. Rotary Ni-Ti profile systems for preparing 
curved canals in resin blocks: influence of operator on instru-
ment breakage. Int Endod J. 1999; 32(6): 436-43.

9. Schäfer E, Tepel J, Hoppe W. Properties of endodontic hand 
instruments used in rotary motion. Part2. Instrumentation 
of curved canals. J Endod. 1995; 21: 493-7.

10. Abu Haimed AS, Abuhaimed TS, Dummer PE, Bryant ST. 
The root canal shaping ability of WaveOne and Reciproc ver-
sus ProTaper Universal and Mtwo rotary NiTi systems. Saudi 
Endod J. 2017; 7: 8-15.

11. Jafarzadeh H, Abbott PV Ledge formation: review of a great 
challenge in endodontics. J Endod. 2007; 33(10): 1155-62.

12. Sonntag D, Ott M, Kook K, Stachniss V. Root canal prepara-
tion with the NiTi systems K3, Mtwo and ProTaper. Aust En-
dod J. 2007; 33(2): 73-81.

13. Yoshimine Y, Ono M, Akamine A. The shaping effects of three 
nickel-titanium rotary instruments in simulated s-shaped ca-
nals. J Endod. 2005; 31(5): 373-5.

14. Yared GM, Bou Dagher FE, Machtou P. Influence of rotational 
speed, torque and operator’s proficiency on ProFile failures. 
Int Endod J. 2001; 34(1): 47-53.

15. Mesgouez C, Rilliard F, Matossian L, Nassiri K, Mandel E. In-
fluence of operator experience on canal preparation time when 
using the rotary Ni-Ti ProFile system in simulated curved ca-
nals. Int Endod J. 2003; 36(3): 161-5.

16. Silva EJNL, Muniz BL, Pires F, et al. Comparison of canal 
transportation in simulated curved canals prepared with Pro-
Taper Universal and ProTaper Gold systems. Restor Dent En-
dod. 2016; 41(1): 1-5.

17. Bürklein S, Hinschitza K, Dammaschke T, Schäfer E. Shap-
ing ability and cleaning effectiveness of twosingle-file sys-
tems in severely curved root canals ofextracted teeth: Recip-
roc and WaveOne versus Mtwo and ProTaper. Int Endod J. 
2012; 45(5): 449-61.

18. Wei Z, Cui Z, Yan P, Jiang H. A comparison of the shaping abil-
ity of three nickel-titanium rotary instruments: a micro-com-
puted tomography study via a contrast radiopaque technique 
in vitro. BMC Oral Health. 2017; 17(1): 17-39.


