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Abstract

Introduction: The aim of this study was to compare centering ability and dentin removal of
three rotary systems in curved root canals of extracted teeth.

Materials and Methods: Sixty root canals of mandibular first molars with curvatures
ranging between 25-35° were divided into three groups of 20 teeth each. Based on pre-
instrumentation radiographs that assessed the angle and the radius of canal curvatures, teeth
with curvatures were equally spread between the three groups. The root canals were sectioned
horizontally at two levels before preparation and then remounted onto the muffle. All root
canals were prepared using a low-torque control motor with Mtwo or Medin or Race
instruments. Cross sectional images were obtained before and after instrumentation. Cross-
sectional area and centering ability were evaluated. The data were analyzed using the one-way
ANOVA and Tukey tests.

Results: Neither instrument fracture nor permanent deformation occurred during
preparations. The best centering ability was obtained by Mtwo instruments compare to Race and
Medin instruments. In the coronal and middle sections, Mtwo removed less dentin than Race
and Medin; while the difference in the apical section was not significant.

Conclusion: Under the conditions of this study, the debridement of root canals was more
conservative with Mtwo. The canals prepared with these instruments were better centered in all

three regions of the root. [iranian Endodontic Journal 2009;4(3):91-5]
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Introduction

Success of root canal treatment greatly depends
on the complete removal of microorganisms
and necrotic tissue through chemo-mechanical
preparation of root canal system which includes
debridement of infected dentin and organic
tissue (1). The aim of instrumentation is
preparing a continuously tapered root canal
area with increasing apico-coronal diameter
which facilitate the irrigation and handling of
the instruments (2,3). Effective root canal
preparation should also provide a three
dimensional area for proper condensation of
root filling materials to establish an acceptable
apical seal. Anatomic limitations of root canals
such as curvatures make debridement difficult.
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Many instruments have been presented to
overcome these problems, but only a few seem
to be capable of obtaining the primary
objectives of root canal preparation (4,5).

It has been shown that root canal preparation
using rotary nickel-titanium instruments
facilitates root canal shaping and also maintains
the canal curvature, even within severely
curved canals (5-8). Many manufacturers have
introduced new instruments with various novel
designs and claims of superb preparation and
quality.

There are many variations in the design of NiTi
rotary instruments and accordingly, many
investigations have assessed their quality
(1,4,8).
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Table 1. The degree of canal curvature in study
groups before canal instrumentation

Groups n Mean SD
Mtwo 20 28.9000 3.20197
Race 20 28.9400 3.20385
Medin 20 30.4250 3.32148
Total 60 29.4217 3.93779
Results P=0.546 F=0.611

Recently introduced rotary instruments include
Medin, Mtwo and Race which are used world-
wide. Investigations that assess these
instruments are rare; therefore we aimed to
compare the root canal shaping ability of
recently introduced rotary instruments. Cross-
sectional area and centering ability were the
two parameters evaluated.

Materials and Methods

Sixty freshly extracted human permanent
mandibular first molars were selected for this
study. The inclusive criteria wereas follows: 1)
mesiobuccal canal curvature between 25- 35
degrees and the radius between 4-9 mm; 2)
mature and intact apices; and 3) apical diameter
of canals compatible with file size #10. Coronal
access cavities were prepared using diamond
burs (FG Swiss, Tec Swiss) and the apical
patency of root canals was confirmed with k-
file (Dentsply Maillefer, Ballaigues,
Switzerland) size #10.

Standardized radiographs were taken prior to
instrumentation with the (Dentsply Maillefer,
Ballaigues, Switzerland) file size #10 has been
inserted into the mesiobuccal canal in order to
determine the degree and radius of the
curvature.

The X-ray tube (Siemens, Heliodent, Germany)
was aligned perpendicular to the root canal.
The exposure time (0.125; 70Kv, 7mA) was the
same for all radiographs. The degree and radius
of canal curvature were obtained from these
preoperative radiographs with a computer
program Image Pro plus 5.0 (Media
cybernetics, silver spring MD, USA). The
degree of curvatures was determined according
to Schneider method (9) and the radius of the
curvature was determined according to Schafer
method (10). The teeth were divided into three
groups of 20 each. The homogeneity of the
groups with respect to the degree and the radius
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of curvature were evaluated using analysis of
variance (ANOVA) and post-hoc student-
Newman-Keuls test (Tables 1 and 2).

All teeth were shortened to 12 mm by
decoronation. A modified Bramante muffle
system (11) was used to assess the criteria. The
specimens were embedded in acrylic resin in a
muffle, which was specially prepared for this
study. The inner surfaces of the muffle had
grooves which made traces on the surface of
the acrylic resin. These traces served as a guide
to help to reassemble the pieces of the
sectioned blocks. The blocks were sectioned
horizontally by a thin cutting disk (0.3-mm
thick) at two levels: one 4 mm from the apex
and the other 8 mm from the apex. The disk
was mounted on a special machine (Zooeek
Z600, Germany) for cutting the blocks.
Photographs were taken of all three cross-
sections of each tooth under a stereomicroscope
connected to a charge coupled device (CCD)
camera (Nikon digital sight Ds-U1, Tokyo,
Japan) at a fixed position. Magnification was
achieved using a special mounting device that
enabled exact repositioning of the sections. The
sections were reassembled in the muffle.

Group 1 was assigned for preparation with
Mtwo (VDW, Munich, Germany) instruments,
group 2 with RaCe instruments (FKG Dentaire
Company, Switzerland), and group 3 with
Medin (MEDIN co, Czech) instruments. The
working length for all canals was assigned 0.5
mm from the length at which the tip of a size 10
file could be visualized at the apical foramen
when viewed under a stereomicroscope (Nikon
sm Z1000, Tokyo, Japan).

All rotary instruments in this study were set
into permanent rotation with a 4:1 reduction
handpiece (WD-66 EM: W&H. Buermoos,
Austria) powered by a torque limited electric
motor (Endo IT motor: VDW). For each file the
individual torque limit and rotational speed
used were carried out according to
manufacturer's instructions.

In all canals irrigation was performed after each
file change with 0.2 mL of a 5.25% NaOCI
solution followed by 2 mL of a 17% EDTA
solution and a final rinse with 2 mL saline.
After instrumentation, all sectioned canals were
separated, and then photographed in the same
manner as pre-treatment photographs.
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Table 2. The radius of canal curvatures in study
groups before canal instrumentation

Table 4. Centering ability of middle section of
study groups

Groups n Mean SD Groups n Mean SD
Mtwo 20 6.1950 1.51187 Mtwo 20 0.9185 0.06184
Race 20 6.2300 1.48237 Race 20 0.7450 0.05206
Medin 20 6.2100 1.50223 Medin 20 0.7545 0.05226
Total 60 6.2117 1.47569 Total 60 0.8060 0.09713
Results  P=0.997 F=0.003 Results ~ P=0.000 F=61.612

Table 3. Centering ability of coronal section of
study groups

Table 5. Centering ability of apical section of
study groups

Groups n Mean SD Groups n Mean SD
Mtwo 20 0.9600 0.04963 Mtwo 20 0.9060 0.06012
Race 20 0.8905 0.07837 Race 20 0.6120 0.03238
Medin 20 0.9020 0.07245 Medin 20 0.6130 0.03230
Total 60 0.9175 0.07350 Total 60 0.7103 0.01459
Results  P=0.004 F=6.010 Results ~ P=0.000 F=301.922

The shaping ability of the rotary instruments
was evaluated using the computer program
IMAGE PRO plus 5.0 as follows:

1- Cross-sectional area: cross-sectional surface
area of each section was measured both before
and after instrumentation.

2- Centering ability: centering ability of the
instruments towards the original canal was
evaluated by the ratio of X;-X)/Y:-Y,
according to the method developed by Garip
(12); in this formula X; and Y; represent the
thickness of the internal and external sides of
the canal wall, respectively, mesiodistally,
before instrumentation. A result with ratio 1
indicates that the canal has remained centered
and a result less than 1 indicates deviation of
the canal outward, and result of more than one
show that the canal deviates inward.
Mesiodistal deviation of curvature was studied
as most changes after instrumentation occur in
this aspect. Data were analyzed with one-way
ANOVA and Tukey tests at a significant level
of 0.05 using SPSS 11.0 (SPSS Inc., Chicago,
IL, USA).

Results

After instrumentation of root canals no
instrument fracture or permanent deformation
were observed.

The mean ratios of all sections indicated that
the centering ability of Mtwo instruments was
significantly greater than others (P<0.05);
while this difference was not significant
between Race and Medin Tables 3-5.
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There was no statistical difference between
groups when comparing pre-instrumentation
section areas. However, after instrumentation
there was difference between the three groups;
in Mtwo group, canals had the smallest coronal
and middle cross section areas compared to the
two other instruments (P<0.05) indicating less
dentine removal in these sites. No statistical
significant difference was observed between
Race and Medin groups in these two regions
after instrumentation.

The results also showed no statistically
significant difference in apical cross-section in
all groups after instrumentation.

Discussion

Canal preparation involves elimination of
necrotic tissues and debris, and shaping of root
canals. It is fundamental that root canal
preparation should not change the primary
shape of the canal (13).

Instruments that can follow the path of the
canal and are able to remain centered in the
canal, are good choices for root canal
preparation (14,15). Many studies have shown
better efficacy of rotary instruments in
comparison with hand instruments, here, the
comparison of three rotary instruments was
considered (16,17).

In this study torque limited electric motor
[Endo ZT motor: (VDW)] was used for
instrumentation. This electric motor also
controlled the speed and torque of the
instruments. Endo IT electric motor can be
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programmed for different types of rotary
instruments and is able to rotate the file in
reverse direction when the file is locked in
canal in order to prevent file separation. Also
this electric motor produced better results when
compared with the others (18).

In this study, and Yang et al.’s (19), serial
sectioning method and special muffle were
used in order to evaluate centering ability and
the amount of dentin removal. Al-Omari (20)
and Yun (21) used simulated canals in their
studies. As  physical and  chemical
characteristics of these acrylic canals differ
from natural tooth, an advantage of the study
was the fact that it did utilize natural extracted
teeth. In addition the root canal curvature, the
radius was measured according to determined
ranges, and with the purpose of achieving
precise measurements.

Race files have a single triangular cross-
sectioned shape with alternating cutting edges.
Schafer and Vlassis (22) showed that race
created no canal aberration and maintained
working length well in curved canals. Other
authors showed more canal transportation with
race files, compared with profile and K3 (23)
and with Hero shaper and Protaper (15).

The Mtwo cross-sectional design resembles S-
shaped file with two blades; it also has a
positive rake angle. The use of Mtwo resulted
in the lowest canal transportation and the best
centered canal preparations in this study and in
Yun and Kims (21).

As results show, Mtwo instruments in all
sections had better centering ability in
comparison with Race and Medin instruments,
it seems these differences are due to different
instrumentation techniques. Race and Medin
systems instrument the canals with crown down
technique but Mtwo prepare the canals with
step back technique. These results are in
accordance with Veltri (24) and Schafer (25).
The amount of dentin removal by Mtwo
instruments at coronal and middle sections was
significantly less than other groups, but at
apical section there was no significant
difference between three groups. These
differences again maybe due to different
instrumentation technique between Mtwo and
the two other groups which is confirmed by
Yun (21) and Schirrmeister (26).
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Further studies which evaluate cleaning
effectiveness and instrument deformation are
suggested.

Conclusion
According to the results of this study Mtwo
instruments had better centering ability and
removed dentin more conservatively, at coronal
and middle portions, than Race and Medin
instruments.

Acknowledgement
This study was supported by dental research
center of Mashad Medical University.

References

1. Hilsmann M, Schade M, Schéfers F. A
comparative study of root canal preparation with
HERO 642 and Quantec SC rotary Ni-Ti
instruments. Int Endod J 2001;34:538-46.

2. Pertot WJ, Camps J, Damiani MG.
Transportation of curved canals prepared with canal
master U, canal master U niti, and stainless steel K-
type files. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1995;79:504-9.

3. Peters OA, Peters CI, Schénenberger K,
Barbakow F. ProTaper rotary root canal preparation:
effects of canal anatomy on final shape analysed by
micro CT. Int Endod J 2003;36:86-92.

4.  Versimer J, Hilsmann M, Schéfers F. A
comparative study of root canal preparation using
Profile .04 and Lightspeed rotary Ni-Ti instruments.
Int Endod J 2002;35:37-46.

5. Schafer E, Erler M, Dammaschke T.
Comparative study on the shaping ability and
cleaning efficiency of rotary Mtwo instruments. Part
2. Cleaning effectiveness and shaping ability in
severely curved root canals of extracted teeth. Int
Endod J 2006;39:203-12.

6. Bergmans L, Van Cleynenbreugel J, Beullens
M, Wevers M, Van Meerbeek B, Lambrechts P.
Progressive versus constant tapered shaft design
using NiTi rotary instruments. Int Endod J
2003;36:288-95.

7. Schafer E, Schlingemann R. Efficiency of
rotary nickel-titanium K3 instruments compared
with stainless steel hand K-Flexofile. Part 2.
Cleaning effectiveness and shaping ability in
severely curved root canals of extracted teeth. Int
Endod J 2003;36:208-17.

8. Grande NM, Plotino G, Butti A, Messina F,
Pameijer CH, Somma F. Cross-sectional analysis of
root canals prepared with NiTi rotary instruments
and stainless steel reciprocating files. Oral Surg Oral

IE] -Volume 4, Number 3, Summer 2009


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schirrmeister%20JF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22H%C3%BClsmann%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schade%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4fers%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pertot%20WJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Camps%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Damiani%20MG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Oral%20Surg%20Oral%20Med%20Oral%20Pathol%20Oral%20Radiol%20Endod.');�
javascript:AL_get(this,%20'jour',%20'Oral%20Surg%20Oral%20Med%20Oral%20Pathol%20Oral%20Radiol%20Endod.');�
http://www.ncbi.nlm.nih.gov/pubmed/12657151?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=8�
http://www.ncbi.nlm.nih.gov/pubmed/12657151?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=8�
http://www.ncbi.nlm.nih.gov/pubmed/12657151?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=8�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vers%C3%BCmer%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22H%C3%BClsmann%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4fers%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4fer%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Erler%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dammaschke%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bergmans%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Van%20Cleynenbreugel%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beullens%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beullens%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beullens%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wevers%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Van%20Meerbeek%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lambrechts%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4fer%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schlingemann%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Grande%20NM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Plotino%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Butti%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Messina%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pameijer%20CH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Somma%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Oral%20Surg%20Oral%20Med%20Oral%20Pathol%20Oral%20Radiol%20Endod.');�
javascript:AL_get(this,%20'jour',%20'Oral%20Surg%20Oral%20Med%20Oral%20Pathol%20Oral%20Radiol%20Endod.');�

Centering ability and dentin removal

Med Oral Pathol Oral Radiol Endod 2007;103:120-
6.

9. Schneider SW. A comparison of canal
preparations in straight and curved root canals. Oral
Surg Oral Med Oral Pathol 1971;32:271-5.

10. Schafer E, Diez C, Hoppe W, Tepel J.
Roentgenographic investigation of frequency and
degree of canal curvatures in human permanent
teeth. J Endod 2002;28:211-6.

11. Hulsmann M, Stryga F. Comparison of root
canal preparation using different automated devices
and hand instrumentation. J Endod 1993; 19: 141-
5.

12. Garip Y, Glnday M. The use of computed
tomography when comparing nickel-titanium and
stainless steel files during preparation of simulated
curved canals. Int Endod J 2001;34:452-7.

13. Rangel S, Cremonese R, Bryant S, Dummer P.
Shaping ability of RaCe rotary nickel-titanium
instruments in simulated root canals. J Endod
2005;31:460-3.

14. Jungmann CL, Uchin RA, Bucher JF. Effect of
instrumentation on the shape of the root canal. J
Endod 1975;1:66-9.

15. Ozgur Uyanik M, Cehreli ZC, Ozgen Mocan
B, Tasman Dagli F. Comparative evaluation of three
nickel-titanium instrumentation systems in human
teeth using computed tomography. J Endod
2006;32:668-71.

16. Tan BT, Messer HH. The quality of apical
canal preparation using hand and rotary instruments
with specific criteria for enlargement based on
initial apical file size. J Endod. 2002;28:658-64.

17. Liu SB, Fan B, Cheung GS, Peng B, Fan MW,
Gutmann JL, Song YL, Fu Q, Bian Z. Cleaning
effectiveness and shaping ability of rotary ProTaper
compared with rotary GT and manual K-Flexofile.
Am J Dent 2006;19:353-8.

18. Birklein S, Schafer E. The influence of
various automated devices on the shaping ability of

[f] -Volume 4, Number 3, Summer 2009

Mtwo rotary nickel-titanium instruments. Int Endod
J 2006;39:945-51.

19. Yang GB, Zhou XD, Zheng YL, Zhang H, Shu
Y, Wu HK. Shaping ability of progressive versus
constant taper instruments in curved root canals of
extracted teeth. Int Endod J 2007;40:707-14.

20. Al-Omari MA, Dummer PM, Newcombe RG,
Doller R. Comparison of six files to prepare
simulated root canals. 2. Int Endod J 1992;25:67-81.
21. Yun HH, Kim SK. A comparison of the
shaping abilities of 4 nickel-titanium rotary
instruments in simulated root canals. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2003;95:228-
33.

22. Schafer 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;37:239-48.

23. Al-Sudani D, Al-Shahrani S. A comparison of
the canal centering ability of ProFile, K3, and RaCe
Nickel Titanium rotary systems. J Endod
2006;32:1198-201.

24. Veltri M, Mollo A, Mantovani L, Pini P,
Balleri P, Grandini S. A comparative study of
Endoflare—Hero Shaper and Mtwo NiTi instruments
in the preparation of curved root canals. Int Endod J
2005;38:610-6.

25. Schafer E, Erler M, Dammaschke T.
Comparative study on the shaping ability and
cleaning efficiency of rotary Mtwo instruments. Part
1. Shaping ability in simulated curved canals. Int
Endod J 2006;39:196-202.

26. Schirrmeister JF, Strohl C, Altenburger MJ,
Wrbas KT, Hellwig E. Shaping ability and safety of
five different rotary nickel-titanium instruments
compared with stainless steel hand instrumentation
in simulated curved root canals. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2006;101:807-13.

95


http://www.ncbi.nlm.nih.gov/pubmed/5284110?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=7�
http://www.ncbi.nlm.nih.gov/pubmed/5284110?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=7�
http://www.ncbi.nlm.nih.gov/pubmed/5284110?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=7�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4fer%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Diez%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hoppe%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tepel%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'J%20Endod.');�
http://www.ncbi.nlm.nih.gov/pubmed/8509753?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2�
http://www.ncbi.nlm.nih.gov/pubmed/8509753?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2�
http://www.ncbi.nlm.nih.gov/pubmed/8509753?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2�
http://www.ncbi.nlm.nih.gov/pubmed/8509753?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2�
http://www.ncbi.nlm.nih.gov/pubmed/11556512?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=3�
http://www.ncbi.nlm.nih.gov/pubmed/11556512?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=3�
http://www.ncbi.nlm.nih.gov/pubmed/11556512?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=3�
http://www.ncbi.nlm.nih.gov/pubmed/11556512?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=3�
http://www.ncbi.nlm.nih.gov/pubmed/11556512?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=3�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rangel%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cremonese%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bryant%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dummer%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'J%20Endod.');�
http://www.ncbi.nlm.nih.gov/pubmed/1061779?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2�
http://www.ncbi.nlm.nih.gov/pubmed/1061779?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2�
http://www.ncbi.nlm.nih.gov/pubmed/1061779?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=2�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ozgur%20Uyanik%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cehreli%20ZC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ozgen%20Mocan%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ozgen%20Mocan%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ozgen%20Mocan%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tasman%20Dagli%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'J%20Endod.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tan%20BT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Messer%20HH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'J%20Endod.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20SB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fan%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cheung%20GS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Peng%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fan%20MW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gutmann%20JL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Song%20YL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fu%20Q%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bian%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Am%20J%20Dent.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22B%C3%BCrklein%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4fer%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20GB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhou%20XD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zheng%20YL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shu%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shu%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shu%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20HK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
http://www.ncbi.nlm.nih.gov/pubmed/1399055?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1�
http://www.ncbi.nlm.nih.gov/pubmed/1399055?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1�
http://www.ncbi.nlm.nih.gov/pubmed/1399055?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1�
http://www.ncbi.nlm.nih.gov/pubmed/12582365?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed/12582365?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed/12582365?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed/12582365?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed/15056350?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed/15056350?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed/15056350?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed/15056350?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed/15056350?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed/15056350?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=4�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Al-Sudani%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Al-Shahrani%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'J%20Endod.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4fer%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Erler%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dammaschke%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
javascript:AL_get(this,%20'jour',%20'Int%20Endod%20J.');�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schirrmeister%20JF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Strohl%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Altenburger%20MJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wrbas%20KT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hellwig%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
javascript:AL_get(this,%20'jour',%20'Oral%20Surg%20Oral%20Med%20Oral%20Pathol%20Oral%20Radiol%20Endod.');�
javascript:AL_get(this,%20'jour',%20'Oral%20Surg%20Oral%20Med%20Oral%20Pathol%20Oral%20Radiol%20Endod.');�
javascript:AL_get(this,%20'jour',%20'Oral%20Surg%20Oral%20Med%20Oral%20Pathol%20Oral%20Radiol%20Endod.');�

	Pertot WJ, Camps J, Damiani MG. Transportation of curved canals prepared with canal master U, canal master U niti, and stainless steel K-type files. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1995;79:504-9.
	Schäfer E, Erler M, Dammaschke T. Comparative study on the shaping ability and cleaning efficiency of rotary Mtwo instruments. Part 2. Cleaning effectiveness and shaping ability in severely curved root canals of extracted teeth. Int Endod J 2006;39:20...
	Bergmans L, Van Cleynenbreugel J, Beullens M, Wevers M, Van Meerbeek B, Lambrechts P. Progressive versus constant tapered shaft design using NiTi rotary instruments. Int Endod J 2003;36:288-95.
	Schäfer E, Schlingemann R. Efficiency of rotary nickel-titanium K3 instruments compared with stainless steel hand K-Flexofile. Part 2. Cleaning effectiveness and shaping ability in severely curved root canals of extracted teeth. Int Endod J 2003;36:20...
	Schäfer E, Diez C, Hoppe W, Tepel J. Roentgenographic investigation of frequency and degree of canal curvatures in human permanent teeth. J Endod 2002;28:211-6.
	Rangel S, Cremonese R, Bryant S, Dummer P. Shaping ability of RaCe rotary nickel-titanium instruments in simulated root canals. J Endod 2005;31:460-3.
	Ozgur Uyanik M, Cehreli ZC, Ozgen Mocan B, Tasman Dagli F. Comparative evaluation of three nickel-titanium instrumentation systems in human teeth using computed tomography. J Endod 2006;32:668-71.
	Tan BT, Messer HH. The quality of apical canal preparation using hand and rotary instruments with specific criteria for enlargement based on initial apical file size. J Endod. 2002;28:658-64.
	Liu SB, Fan B, Cheung GS, Peng B, Fan MW, Gutmann JL, Song YL, Fu Q, Bian Z. Cleaning effectiveness and shaping ability of rotary ProTaper compared with rotary GT and manual K-Flexofile. Am J Dent 2006;19:353-8.
	Bürklein S, Schäfer E. The influence of various automated devices on the shaping ability of Mtwo rotary nickel-titanium instruments. Int Endod J 2006;39:945-51.
	Yang GB, Zhou XD, Zheng YL, Zhang H, Shu Y, Wu HK. Shaping ability of progressive versus constant taper instruments in curved root canals of extracted teeth. Int Endod J 2007;40:707-14.
	Schäfer E, Erler M, Dammaschke T. Comparative study on the shaping ability and cleaning efficiency of rotary Mtwo instruments. Part 1. Shaping ability in simulated curved canals. Int Endod J 2006;39:196-202.

