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Abstract

Background: The aim of this review is to identify, evaluate, and analyze the methodologies used
for the quantitative assessment of root canal transportation. Numerous research papers have
examined various transportation methods employed across different instrumentation approaches.
A range of experimental models, utilizing simulated canals or extracted teeth provide valuable
illustrations of the significance of root canal transportation. However, studies have utilized several
approaches for quantitatively evaluating root canal movement, which poses challenges in
comparing the results. In this study, a comprehensive literature review was conducted by
searching databases such as PubMed, Google Scholar, and Scopus, as well as examining the
reference lists of relevant papers. The search was carried out up to the year 2023, using relevant
keywords to identify various methodologies employed in the evaluation of root canal
transportation.
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Results: The methods used in the selected papers were gathered, evaluated, and categorized.

Scientific studies typically follow a standardized structure that encompasses three fundamental

stages: image capture, measurement of images, and computation of parameters.

Conclusion:lt is concluded that in future research concerning root canal transportation, a full

evaluation of the root canal's length be performed using a 3D imaging technique is recommended.

This method would necessitate measuring the distance from the center point for each segment,

despite its inherent drawbacks of being laborious and expensive.

Keywords: images superimposition; CBCT; Micro-CT; Image Acquisition; Transportation.

1. Introduction

Root canal instrumentation primarily
aims to enlarge the root canal to facilitate
cleaning and to employ irrigation agents to
prevent reinfection. It also simplifies the
insertion of root canal obturating material,
ensuring adequate apical closure (Loizides A

et al., 2006).
Due many root canals are curved, the
possibility of procedural mishaps is

significant. The original root canal geometry
and apical foramen placement must be
preserved during endodontic treatment. The
safety of the whole procedure is at risk during
root canal transportation since there are still
areas that need to be cleaned (Lopes HP et
al., 1997).

Researchers have previously employed a
diverse range of criteria to evaluate the
efficacy of instruments regarding root canal
transportation, centering capability, minimal
dentine thickness, tapering and root canal
inner wall, smoothness, angular changes in
curvature, canal aberrations, and loss of the
working length were also considered.”
However, the most prominent examples
include transportation and centering ratios
(Short JA et al., 1997).

Various studies have reported on the
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methods wused to evaluate root canal
preparation, and these reports may be found
in the literature. However, the actual
assessment capacities of such approaches are
often constrained (Lopez, F.U. et al., 2009).

The employment of simulated roots is
one example of such a technique using resin
block-built canals (Merrett SJ et al., 2006;
Weine FS et al., 1975), histological sections
(Glosson CR et al., 1975), scanning electron
microscopy (SEM) (Hilsmann M et al.,
2005), serial root sections (Berutti E et al.,
1993), silicon molds (Abou-Rass M et al.,
1992), computed tomography (Nielsen RB et
al., 1995), and computer-assisted techniques
(Haller RH et al.,, 1995), in addition to
photographic (Hilsmann M et al., 2005) and
radiographic comparisons (Schéfer E et al.,
2003).

An academic paper from a previous
period emphasized the importance of
conducting a systematic and critical
assessment of root canal preparation studies.
It underscored the necessity of carefully
considering the advantages and drawbacks of
the research while also noting a recurring
pattern of introducing novel evaluation
criteria in each subsequent study (Hulsmann



M. et al., 2013).

The objective of this research is to
identify and appraise current approaches used
for evaluation root canal transportation. So,
specific inquiries include: What are the
procedures  utilized  for  quantitative
assessment of canal transportation? and When
evaluating root canal transportation, what are
the positive and negative effects of
employing different methods and metrics?

2. Review the research strategy

We conducted an organized literature
search from 1960 to 2023 using electronic
databases (PubMed, Google Scholar, and
Scopus). Transportation, assessment, micro-
CT, CBCT, image superimposition, and a
simulated canal were among the target
keywords used. This study focused on
endodontic  journals and other dental
literature. These articles were restricted to
those written in English. The inclusion and
exclusion criteria were used to assess whether
the remaining articles fulfilled the
requirements, based on an initial screening of
their titles and abstracts. For this study to be
considered, it had to either describe or use
some kind of quantitative canal transportation
assessment approach. When the requirements
for inclusion were not satisfied, the articles
were declared irrelevant and removed. After
the exclusion of irrelevant research, the full-
text publications were retrieved and carefully
evaluated.

3. An Overview of Studies

In 1975, the resin-simulated canal (RSC)
was introduced to simulate the anatomy of a
natural tooth's canals to address the problem
of uneven canal shapes among teeth that had
to be extracted before preparation. There have
been several instrumentation investigations
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on resin simulations (Weine F et al., 1975).
The shape, curvature, and size of resin-
simulated canals can be standardized, and
infection control is not a concern. If the canal
is molded in transparent resin, the instruments
can be seen clearly. Because of these benefits,
resin-simulated canals are commonly utilized
in teaching and as models in many scientific
studies (Wu C et al., 2015; Kamha S et al.,
2016; Di Nardo D et al., 2020; Conceicao | et
al., 2020; Kataria EM et al., 2021; Kadir Sk
etal., 2022).

Despite their supposed benefits, plastic
building blocks can't compare to human
dentin when it comes to toughness and
temperature resistance. Notably, it has been
observed that certain resins may be melted by
the frictional heat produced by rotary devices,
indicating that this approach may not always
be practical (Shen Y et al., 2013).

The studies reported that the prepared
canal's cross-sectional shape differed between
RSC and extracted teeth . It was thought that
this was because RSC had nearly round cross-
sections, whereas the roots that were
extracted were often elongated or less
circular. After instrumentation, the extracted
roots became more round in cross-section,
while the RSC became less round. However,
no instrument made a round canal at any level
of the natural root canals, or RSCs (Shen Y et
al., 2013).

In terms of the distance and route of
transportation, Coleman and Svec discovered
that the form of the canal longitudinally was
quite comparable for both substrates. This has
increased the likelihood that RSC may be
employed in  canal instrumentation
investigations, where the extent of canal
transportation and variations in canal
curvature are crucial (Coleman CL, Svec TA,



etal., 1997).

Bramante et al. suggested a cross-
sectional study of artificial teeth where the
artificial tooth is set in resin with reference
holes. The plaster box that holds the tooth-
resin block can be opened to take it out. The
tooth is split horizontally, and a picture is
taken of the post-canal shape. After putting it
back together in the muffle, it can be
prepared with instruments. In cross-section,
the shape of the canal post-operatively is
compared to the pre-operative shape of the
canal (Bramante et al., 1987). The variations
of this original technology have used stainless
steel (Campos and Rio, 1990). Teflon
(Halsmann et al., 1999), or rubber-based
molds (Short et al., 1997). This "muffle
system™ evaluates the size, shape, form, and
centering ratios of root canal cross-sections
(Short et al., 1997; Kosa et al., 1999). The
same canal may be used as a reference for

comparison, as its preoperative and
postoperative shapes are documented.
The geometry of a canal after

instrumentation can also be evaluated using
periapical radiographs, which have been
employed in several research studies to
evaluate tooth anatomy and study root canal
transportation.  However, as  periapical
radiographs are only two-dimensional, they
cannot adequately depict the root canal shape
(Tarim Ertas E et al., 2013; Nabavizadeh M et
al., 2014).

Cone-beam computed tomography
(CBCT) is a practical, non-destructive 3D
imaging method. The root canal system's
volume, surface area, cross-sectional shape,
and taper can all be evaluated using this
method. By using rendering, it is possible to
reproduce the tooth in three dimensions and
cross-sectional (cut plane), enabling a better
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pre- and postoperative assessment of the root
canal morphology (Mamede-Neto | et al.,
2017). When compared to micro CT, CBCT
has less radiation and poorer resolution, which
may present issues when enhancing data
during imaging and for study (Dhingra A. et
al., 2015).

micro-CT enables a comprehensive, non-
destructive, three-dimensional study of root
canals and assessment of the shaping
characteristics of various instruments at certain
levels, both pre- and post-instrumentation; The
micro-CT is widely used for root canal
assessment. Various characteristics, including
changes in root canal volume, area, perimeter,
and diameter in various sections before and
after instrumentation, can be assessed.
(Pasqualini D et al., 2015; Zuolo ML et al.,
2018; Pinheiro SR et al., 2018; Cesaitien¢ G et
al., 2019). For these reasons, the current
generation of micro-CT devices is regarded as
a better approach for assessing the quality of
root canal preparation procedures (Stavileci
M. et al., 2013).

In contrast, examining a single tooth with a
microCT requires an average of three hours.
Additionally, the investment required for
frequent clinical utilization renders the
technology unsuitable. Radiation doses are too
excessive for in vivo investigations, whereas
microCT is optimal for in vitro investigations
(Tachibana H et al., 1990; Rhodes JS et al.,
1999).

Despite the considerable variation in the
aforementioned procedure, all the included
techniques share the same three steps: Image
acquisition (scanning and imaging), image
superimposition, and image measuring these
phases were outlined, contrasted, further
classified, and debated.



Root Canal Image Acquisition (Scanning
and imaging):

Two-dimensional (2D) and three-
dimensional (3D) image acquisition techniques
were used to capture pictures of the root canal
(Fidler A et al., 2021).

periapical radiographs (Burroughs JR et
al, 2012; Talati A et al., 2013), digital cameras
(Saber SE et al.,, 2014; Wu H et al., 2015),
cameras connected to stereomicroscopes (Hiran-
Us S et al., 2015), stereoscopic magnifiers
(Aguiar CM et al., 2009), and standardized
digital radiographs (Nabavizadeh M et al.,
2014; Ferrara G et al., 2015) are examples of
2D image acquisition methods.

Different kinds of computed tomography
(CT) (Hashem AA et al, 2012), CBCT
(Elsherief SM et al., 2013), spiral CT (Maitin N
et al., 2013), and microCT (Pasqualini D et al.,
2015; Zuolo ML et al., 2018; Pinheiro SR et al.,
2018; Cesaitiené G et al., 2019) are examples of
acquiring 3D image methods.

Three-dimensional methods are capable of
generating 2D root canal images (either
longitudinal or cross-sectional images) from a
3D image of the canal. In contrast, two-
dimensional acquisition methods are limited to
producing 2D root canal images (either
longitudinal or cross-sectional images). When
illustrating a longitudinal section, root canals
are denoted by a range of widths along a straight
or curved line. Beyond the projection plane, any
curvature that is not accessible for examination
is disregarded, thus enabling an evaluation of
the complete length of the root canal. In cross-
sectional imaging, variously sized round,
elliptic, or asymmetrical geometric features
represent root canals. The CSI approach, in
contrast to a LI, permits transportation
evaluation in either orientation but only at a
single canal level. The number of potential CSls
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acquired using two-dimensional techniques is
limited, especially if physical sectioning is
performed, in contrast to a LI, which permits
analysis at any point along the canal.
Additionally, physical sectioning in cross-
sectional imaging is complicated and difficult in
the last 3 mm of the canal, where there is
maximum transportation in this area. By
creating a CSI using three-dimensional imaging
techniques obtained by microCT, these
limitations may be overcome. The number of
potential CSls acquired using two-dimensional
techniques is limited, especially if physical
sectioning is performed, in contrast to a LI,
which permits analysis at any point along the
canal. Additionally, physical sectioning in
cross-sectional imaging is complicated and
difficult in the last 3 mm of the canal, where
there is maximum transportation in this area. By
creating a CSI using three-dimensional imaging
techniques obtained by microCT, these
limitations may be overcome (Fidler A. et al.,
2021).

The size of the voxels used in 3DI
acquisition techniques is a major factor in
determining the accuracy of the assessment of
canal transportation. Only micro-CT provides
enough resolution, while CBCT imaging should
not be employed since the reported canal
transportation values are less than the voxel size
(Ozer SY etal., 2011). CBCT pictures have a
voxel size that ranges from 76 to 400 mm
(Nemtoi A et al., 2013), which is an order of
magnitude bigger than the voxel size of micro-
CT images. Micro-CT scans have voxel sizes
ranging from 16.7 mm to 39 mm, according to
the studies that were looked at (Peters OA et al.,
2001). The use of CBCT imaging with larger
voxel sizes resulted in a partial volume effect,
which rendered it difficult to take reliable
measurements (Oliveira CA et al., 2009).



image superimposition

Several popular programs, including
Adobe Photoshop and AutoCAD, have been
used in previous studies to superimpose and
overlap pre- and post-operative images. The
software's layer settings overlap the two photos
(before and after preparation) to create an
overlay layer with reduced transparency,
effectively emphasizing the differences (Lim YJ
et al., 2013; Saber SE et al., 2014; Talati A et
al., 2013; Garcia M et al., 2012; Nabavizadeh
M et al., 2014; Ferrara G et al., 2015; Meireles
D et al., 2012; Uzunoglu E et al., 2015).

image measuring

Gambill's equation was used in the
majority of investigations (ANNEX [) (Hashem
AA et al., 2012; Yamamura B et al., 2012; El
Batouty KM et al., 2011; Junaid A et al., 2013;
Elsherief SM et al., 2013; Capar ID et al., 2014;
Eliasz W et al., 2020; Dhingra A et al., 2014;
Martin N et al., 2013). Calculate the difference
in instrumented and uninstrumented pictures
between X1, X2, and Y1, X2. A number of 0
indicates no transportation; a value of one
indicates proximal or middle movement; and a
value of two indicates distal or furcation
movement (Elsherief SM et al., 2013; Junaid A
etal., 2013).

The Garip approach (ANNEX I), which
involves splitting X1, X2, Y1, and Y2, was
utilized by Javidi et al. When the ratio is greater
than 1, When it is less than 1, the canal has been
moved to the outside wall of the root canal
curvature, but when it is more than 1, it has
been moved towards the inner wall. If the value
is one, the canal centering remains unchanged
(Javidi M. et al., 2012).

Al-Manei further suggests dividing the
prepared root canal's dentinal widths by the
unprepared root canal's in the furcation and
mesial directions to determine the root canal's
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transportation (Al-Manei KK et al., 2014).

Others  assessed  transportation by
calculating the canal's curvature using the
“Cunningham and Schneider methods" (Wu H
etal., 2015).

Zhao et al. determined transportation by
correlating the differences in micrometers at
selected canal locations before and after
instrumentation (Zhao D et al., 2014).

The quantity, level, and orientation of
measurements  for cross-sectional imaging
generated by two-dimensional measurement
techniques are determined during the image-
capturing phase. while the quantity, level, and
direction of measurements calculated for
longitudinal imaging are acquired during the
measurement stage for both the 2D and 3Dl
acquisition techniques (Fidler A et al., 2021).

The reviewed studies had a wide range of
measurement  levels. Pre and  post-
instrumentation measurement levels were
determined by an arbitrary distance from the
apex. Levels were chosen to reflect common
levels of aberration (Weine FS et al.,, 1975;
Weine FS et al., 1976). A post-instrumentation-
determined level strategy was presented to
identify the proper levels with typical
aberrations, as aberration levels cannot be
established in advance. 2D image acquisition
studies had 2-30 levels. The number of slices
per tooth is determined by voxel size and
measurement levels in 3DI acquisition, ranging
from 150 to 900 slices (Moore J. et al., 2009).
Increased levels enhanced the likelihood of
finding maximum transportation levels and
transition points (Gilles JA et al.,, 1990).
However, increased the assessment workload.
To evaluate, merely a few cross-sectional
pictures from a three-dimensional image,
usually at three, six, or nine millimeters from
the working length, if 3D imaging is bought for



analysis, it's not wise to only look at a few
cross-sections (Fidler A. et al., 2021).

To measure and compare canals
objectively, all of them should be instrumented
all the way to the apical terminus.

moving around various instruments and
techniques. The most apical point was typically
located 1 mm (Fogarty TJ et al., 1991). Short of
the working length when using the distance-
determined level technique, resulting in an
underestimation of transportation and a failure
to get the greatest transportation values at the
apical third of the canal. The loss of working
length and the inability to perform shaping and
associated transportation at the canal's apex both
result in the creation of the ledge.

The canal that has lost working length
cannot be compared to correctly shaped canals
since its diameter has decreased across its whole
length. Therefore, it should not be subjected to
further investigation (Jafarzadeh H et al., 2007).

All measures, regardless of the kind of
picture, follow the same methodology and fall
into two categories: removed material direction
and center point distance (Fidler A. et al.,
2021). Center-point distance measurements are
straightforward. It needs no calculation as
compared to the removed material distance
measurements.

The fact that the CP distance method
doesn't require any calculations was especially
helpful when only CP evaluation was used for
3DI evaluation. With 3DI, there are a lot of
slices, which means that there are a lot of
measurements that are hard to show and
analyze. To make the presentation easier, the
mean values of the measurements in the
coronal, middle, and apical thirds of the canal
are taken (Peters OA et al., 2001).

Even though pooling taking the mean was
employed to make it simpler to evaluate and
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report a large number of data points, it could be
deceptive since it obscures how diverse
transportation is in  various locations.
Comparing the entire value of canal thirds to a
regional maximum appears incorrect. The
effective and full comparison of all
transportation information supplied by three-
dimensional imaging still presents a difficulty.
(Fidler A. et al., 2021).

Transportation parameters include
removed material measurements. Even so, if the
distance from one side of the canal wall is used
to measure canal transportation and the other
site or direction is disregarded, an incorrect
assessment of canal transportation occurs. The
Removed Material parameter is not zero for a
canal that is centered yet has no transportation.
This was resolved by computing the direction of
the removed material in the opposing directions
as well. Since the (direction of removed
material) was calculated and shown in the
(longitudinal section) with positive and negative
values indicating outer and inner transport,
respectively, and vice versa, parameters might
still be confused. Cross-section imaging had
similar parameter confusion, but for mesial and
distal transportation rather than outer and inner
(center point cp), measuring the transportation
seemed best and easiest to recognize in relation
to the center of the pre-and post-instrumentation
when compared to the removed material
measuring method. It could also be linked to the
direction of the removed material (DRM) using
an equation that already exists. (CP
transportation = 1/2 DRM) (Fidler A et al.,
2021).

Measurement in the scientific literature is
simplified by a variety of programs, among the
most common being “Image Tool Software"
(Aguiar CM et al., 2009); magnetic optical disc
(Gergi R et al., 2010); DiCom software (Maitin



N et al., 2013); Digimizer Image Analysis
Software (GAJOUM, A et al, 2021),
(Aminsobhani M et al., 2021), (Al-Gharrawi
and Jasim A., 2019).

Conclusion

1- Assessing apical transportation can be
difficult because there is no single best
approach. Every method employed has
limitations.

2- Objective evaluation and comparison of
equipment for root canal preparation and
transportation calls for a standardized root
canal anatomy.

3- While evaluating canal transportation at
any depth or angle, 3D image acquisition
capture eliminates the primary restrictions
of 2D image acquisition.

4- Taking multiple two-dimensional images
of the root canal through three-dimensional
image collection still doesn't ensure a
correct three-dimensional evaluation.

5- Center point (CP) distance and
removed material (RM) distance were
found to be the two distinct sorts of
measurements. When compared to RM
methods, CP measurement has two
advantages. It entails only a single
measurement the difference in canal CP
before and after instrumentation and covers
transportation in either direction.

6- The large amount of data in three-
dimensional evaluation necessitated
gathering the measurements by dividing
the canals into thirds (coronal, middle, and
apical), but this presents a challenge since it
hides the substantial local variability in
canal transportation.
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Suggestions

For future root canal transportation studies, it is
proposed to employ three-dimensional image
capture to assess the whole root canal length,
utilizing (center point) distance for each slice,

despite the time-consuming and costly
procedure involved.
Acknowledgements:
The authors would like to thank Al-
Mustansiriyah University

(www.uomustansiriyah.edu.iq), Baghdad, Iraq,
for its support in the present work.

Financial support and sponsorship:
Nil.

Conflicts of interest:
The authors declare that they have no
conflicts of interest.

References

1. Abou-Rass M, Jastrab RJ. The use of
rotary instruments as auxiliary aids to
root canal preparations of molars. J
Endod 1982; 8: 78-82

2. Aguiar CM, De Andrade Mendes D,
Camara AC, De Figueiredo JAP.
Evaluation of the centreing ability of the
ProTaper Universal™ rotary system in
curved roots in comparison to Nitiflex™
files. Aust Endod J. 2009;35(3):174-9.

3. Al-Manei KK, Al-Hadlag SM.
Evaluation of the root canal shaping
ability of two rotary nickel-titanium
systems. Int Endod J. 2014;47(10):974-9

4. Aminsobhani M, Avval AR,
Hamidzadeh F. Evaluation of Curved
Canal Transportation Using the Neoniti


http://www.uomustansiriyah.edu.iq/

10.

11.

12.

Rotary System with Reciprocal Motion:
A Comparative Study. Int J Dent. 2021
Nov 24;2021:4877619.

Berutti E. Computerized analysis of the
instrumentation of the root canal system.
J Endod 1993; 19: 236-8.BMC Oral
Health, 15 (2015), pp. 27

Campos JM, Del Rio C. Comparison of
mechanical and  standard  hand
instrumentation techniques in curved
root canals. J Endod. 1990; 16: 230-234.
Capar ID, Ertas H, Ok E, Arslan H,
Ertas ET. Comparative Study of
Different Novel Nickel-Titanium Rotary
Systems for Root Canal Preparation in
Severely Curved Root Canals. J Endod.
2014,40(6):852-6.

Cesaitiené G, Venskutonis T,
Maciulskiené V, Cicénas V, Samaitis V,
Jasiliniené E. Micro-Computed
Tomography (Micro-CT) Evaluation of
Effects of Different Rotary Glide Path
Techniques on Canal Transportation and
Centering in Curved Root Canals. Med
Sci Monit. 2019 Aug 24;25:6351-6358.
Coleman CL, Svec TA. Analysis of Ni—
Ti versus stainless-steel instrumentation
in resin simulated canals. J Endod. 1997;
23: 232-235

Conceicao |, Ferreira I, Braga AC, Pina-
Vaz |. Simulated root canals preparation
time, comparing ProTaper Next and
WaveOne Gold systems, performed by
an undergraduate student. J Clin Exp
Dent. 2020 Aug 1;12(8):e730-e735.
Dhingra A, Banerjee S, Aggarwal N,
Yadav V. Canal Shaping with ProTaper
Next: An Ex Vivo Study. ISS.
2014;2(9):1-4.

Di Nardo D, Miccoli G, Mazzoni A,
Seracchiani M, Gambarini G, Testarelli

66

13.

14.

15.

16.

17.

18.

19.

L. Centering Ability of a New Nickel-
Titanium Rotary Instruments with a
Peculiar Flatside Design: An In vitro

Study. J Contemp Dent Pract.
2020;21(5):539-42
El Batouty KM, Elmallah WE.

Comparison of canal transportation and
changes in canal curvature of two
nickel-titanium rotary instruments. J
Endod. 2011;37(9):1290-2.

Eliasz W, Kubiak K, Poncyljusz W,
Surdacka A. Root Canal Transportation
after Root Canal Preparation with
ProTaper Next, WaveOne Gold, and
Twisted Files. J Clin Med. 2020 Nov
14;9(11):3661.

Elsherief SM, Zayet MK, Hamouda IM.
Cone-beam  computed  tomography
analysis of curved root canals after
mechanical preparation with three
nickel-titanium rotary instruments. J
Biomed Res. 2013;27(4):326-35

Ferrara G, Taschieri S, Corbella S, Ceci
C, Del Fabbro M, Machtou P.
Comparative evaluation of the shaping
ability of two different nickel-titanium
rotary files in curved root canals of
extracted human molar teeth. J Investig
Clin Dent. 2015

Fidler A, Plotino G, Kuralt M. A Critical
Review of Methods for Quantitative
Evaluation of Root Canal
Transportation. J  Endod. 2021
May;47(5):721-731.

Fogarty TJ, Montgomery S. Effect of
preflaring on canal transportation.
Evaluation of ultrasonio, sonic, and
conventional techniques. Oral Surg Oral
Med Oral Pathol 1991;72:345-50.
Gajoum A, Patel E, Munshi IE, Tootla
S. A comparison of root canal



20.

21.

22.

23.

24,

25.

26.

transportation and centering ability
between WaveOne® Gold and Protaper
Next® files, using micro-computed
tomography. S. Afr. dent. j. [Internet].
2021 Feb 76( 1): 22-27.

Garcia M, Duran-Sindreu F, Mercade M,
Bueno R, Roig M. A comparison of
apical transportation between ProFile
and RaCe rotary instruments. J Endod.
2012;38(7):990-2.

Gergi R, Rjeily JA, Sader J, Naaman A.
Comparison of canal transportation and
centering ability of twisted files,
Pathfile-ProTaper system, and stainless
steel hand K-files by using computed
tomography. J Endod. 2010;36(5):904-7.
Gilles JA, del Rio CE. A comparison of
the canal master endodontic instrument
and K-type files for enlargement of
curved root canals. J Endod
1990;16:561-5.

Glosson CR, Haller RH, Dove SB, Del
Rio CE. A comparison of root canal
preparations using niti hand, niti engine
driven and K-flex  endodontic
instruments. J Endod 1995; 21: 146-51.

Wu, H., Peng, C., Bai, Y., Hu, X,
Wang, L., & Li, C. (2015). Shaping
ability of ProTaper Universal, WaveOne
and ProTaper Next in simulated L-
shaped and S-shaped root canals. BMC
Oral health, 15, 1-7.Haller RH. Nickel-
titanium hand and engine driven root
canal preparations: a comparison study.
J Endod 1994; 20: 209

Hashem AA, Ghoneim AG, Lutfy RA,
Foda MY, Omar GA. Geometric
analysis of root canals prepared by four
rotary NiTi shaping systems. J Endod.
2012;38(7):996-1000.

Hiran-Us S, Pimkhaokham S,

67

27.

28.

29.

30.

31.

32.

33.

34.

35.

Sawasdichai J, Ebihara A, Suda H.
Shaping ability of ProTaper NEXT,
ProTaper Universal and iRace files in
simulated S-shaped canals. Aust Endod J
2015.

Hilsmann M, Gambal A, Bahr R. An
improved technique for the evaluation of
root canal preparation.J Endod. 1999;
25: 599-602.

Hilsmann M, Paul OA, Dummer MH.
Mechanical preparation of root canals:
shaping goals, techniques and means.
Endod Top 2005; 10: 30-76

Hulsmann M. Research that matters € —
canal preparation, retreatment and
working length studies. Int Endod J
2013;46:293-5.

Jafarzaden H, Abbott PV. Ledge
formation: review of a great challenge in
endodontics. J Endod 2007;33:1155-62.
Javidi M, Zarei M, Shirde M, Lomie M.
Canal centering after preparation with
two rotary systems. IJCDS.
2012;5(2):187-94

Junaid A, Freire LG, Eduardo da
Silveira Bueno C, Mello I, Cunha RS.
Influence of Single-file Endodontics on
Apical Transportation in Curved Root
Canals: An Ex Vivo Micro— computed
Tomographic Study. J Endod. 2013
Kadir SK. Comparison of canal
transportation and centring ability of
three different endodontic rotary systems
(an in vitro study). EDJ [Internet]. 2022
Feb. 11;4(2):175-81.

kamha, s. . canal transportation and
centric ability of four different niti rotary
systems in curved canals. egyptian
dental journal.2016 62(issue 1 - january
(part 5)), 1309-1319

Kataria, E.M., Nagy, M.M., Kataia,



36.

37.

38.

39.

40.

41.

42.

M.M., et al. Shaping ability of two heat
treated rotary NiTi instruments using
different kinematics/in vitro study. Bull
Natl Res Cent 45, 42 (2021).

Kosa DA, Marshall G, Baumgartner JC.
An analysis of canal centering using
mechanical instrumentation techniques.
J Endod. 1999; 25: 441-445.

Lim YJ, Park SJ, Kim HC, Min KS.
Comparison of the centering ability of
Wave.One and Reciproc nickeltitanium
instruments in simulated curved canals.
Restorative dentistry & endodontics
2013;38(1):21

Loizides A, Eliopoulos D, Kontakiotis
E. Root canal transportation with a Ni-Ti
rotary file system and stainless steel
hand files in simulated root canals.
Quintessence Int. 2006;37(5):369-74
Lopes HP, Elias CN, Estrela C, Siqueira
JF Jr, Fontes PP. [The endodontics Ni-Ti
and stainless steel files hand and rotatory
in an apical transportation]. Rev Bras
Odontol 1997; 54: 67-70.

Lopez, F.U., Travessas, J.A.C., Fachin,
E., Fontanella, V. and Grecca, F. (2009),
Apical transportation: Two assessment
methods. Australian Endodontic Journal,
35: 85-88

Maitin N, Arunagiri D, Brave D, Maitin
SN, Kaushik S, Roy S. An ex vivo
comparative analysis on shaping ability

of four NiTi rotary endodontic
instruments using spiral computed
tomography. J Conserv Dent.

2013;16(3):219-23

Mamede-Neto 1, Borges AH, Guedes
OA, de Oliveira D, Pedro FL, Estrela C.
Root canal transportation and centering
ability  of  nickel-titanium  rotary
instruments in mandibular premolars

68

43.

44,

45.

46.

47.

48.

49.

assessed using cone-beam computed
tomography. Open Dent J. 2017;11:71-8
Meireles D, Marques A, Garcia L,
Garrido A, Sponchiado E. Assessment
of apical deviation of root canals after
debridement with the Hybrid, ProTaper
and PathFile systems. JID. 2012;2(1):20-
4

Merrett SJ, Bryant ST, Dummer PM.
Comparison of the shaping ability of
RaCe and FlexMaster rotary
nickeltitanium systems in simulated
canals. J Endod 2006; 32: 9602

Moore J, Fitz-Walter P, Parashos P. A
micro-computed tomographic evaluation
of apical root canal preparation using
three instrumentation techniques. Int
Endod J 2009;42:1057-64.

Nabavizadeh M, Abbaszadegan A,
Khojastepour L, Amirhosseini M, Kiani
E. A comparison of apical transportation
in severely curved canals induced by
Reciproc and BioRaCe systems. Iran
Endod J. 2014;9(2):117-22.

Nemtoi A, Czink C, Haba D, Gahleitner
A. Cone beam CT: a current overview of
devices. Dentomaxillofac Radiol
2013;42:20120443.

Nielsen RB, Alyassin AM, Peters DD,
Carnes DL, Lancaster J. Microcomputed
tomography: an advanced system for
detailed endodontic research. J Endod
1995; 21: 561-7.

Oliveira CA, Meurer MI, Pascoalato C,
Silva SR. Cone-beam computed
tomography analysis of the apical third
of curved roots after mechanical
preparation with different automated
systems. Braz Dent J 2009;20:376-81.

.Ozer SY. Comparison of root canal

transportation induced by three rotary



51.

52.

53.

54.

55.

56.

S7.

systems with € noncutting tips using
computed tomography. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod
2011;111:244-50

Pasqualini D, Alovisi M, Cemenasco A,
Mancini L, Paolino D, Bianchi C, et al.
Micro-computed tomography evaluation
of ProTaper NEXT and BioRace
shaping outcomes in maxillary first
molar curved canals. J Endod. 2015;
41(10):1706-10.

Peters OA, Laib A, Gohring TN,
Barbakow F. Changes in root canal
geometry after preparation € assessed by
high-resolution computed tomography. J
Endod 2001;27:1-6.

Peters OA, Schonenberger K, Laib A.
Effects of four Ni-Ti preparation
techniques on root canal € geometry
assessed by micro computed
tomography. Int Endod J 2001;34:221—
30.

Pinheiro SR, Alcalde MP, Vivacqua-
Gomes N, et al. Evaluation of apical
Transportation and centring ability of
five thermally treated NiTi rotary
systems. Int Endod J. 2018;51:705-31
Saber SE, Nagy MM, Schafer E.
Comparative evaluation of the shaping
ability of ProTaper Next, iRaCe and
Hyflex CM rotary NiTi files in severely
curved root canals. Int Endod J. 2014
Schéfer E, Schlingemann R. Efficiency
of rotary nickeltitanium k3 instruments
compared with stainless 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

Shen Y, Cheung G. Methods and models
to study nickel-titanium instruments.

69

58.

59.

60.

61.

62.

63.

64.

65.

Endodontic topics. 2013; 29(1):18-41
Short JA, Morgan LA, Baumgartner JC.
A comparison of canal centering ability
of four instrumentation techniques. J
Endod. 1997;23(8):503-7

Stavileci M, Hoxha V, Gorduysus O,
Tatar 1, Laperre K, Hostens J, et al.
Effects of preparation techniques on root
canal shaping assessed by micro-
computed tomography. Med Sci Monit
Basic Res. 2013;19:163-8

Tachibana H, Matsumoto K.
Applicability of X-ray computerized
tomography in endodontics. Endod Dent
Traumatol 1990; 6: 16-20

Talati A, Moradi S, Forghani M,
Monajemzadeh A. Shaping ability of
nickel-titanium rotary instruments in
curved root canals. lran Endod J.
2013;8(2):55-8

Tarim Ertas E, Ertas H, Sisman Y,
Sagsen B, Er O. Radiographic
assessment of the technical quality and
periapical health of root-filled teeth
performed by general practitioners in a
Turkish subpopulation. Sci World J.
2013;2013:1

Uzunoglu E, Turker SA. Comparison of
Canal Transportation, Centering Ratio
by Cone-beam Computed Tomography
after Preparation with Different File
Systems. J Contemp Dent Pract.
2015;16(5):360-5.

Weine F, Kelly R, Lio P. The effect of
preparation procedures on original canal
shape and on apical foramen shape. J
Endod. 1975; 1: 262-266.

Wu H, Peng C, Bai Y, Hu X, Wang L,
Li C. Shaping ability of ProTaper
Universal, WaveOne and ProTaper Next
in simulated L-shaped and S-shaped root



66.

67.

68.

canals. BMC oral health. 2015;15(1):27
Yamamura B, Cox TC, Heddaya B,
Flake NM, Johnson JD, Paranjpe A.
Comparing canal transportation and
centering ability of endosequence and
vortex rotary files by using micro-
computed tomography. J Endod.
2012;38(8):1121-5.

Zhao D, Shen Y, Peng B, Haapasalo M.
Root Canal Preparation of Mandibular
Molars with 3 Nickel-Titanium Rotary
Instruments: A Micro—Computed
Tomographic ~ Study. J  Endod.
2014;40(11):1860-4.

Zuolo ML, Zaia AA, Belladonna FG,
Silva EJNL, Souza EM, Versiani MA,
Lopes RT, De-Deus G. Micro-CT
assessment of the shaping ability of four
root canal instrumentation systems in
oval-shaped canals. Int Endod J. 2018
May;51(5):564-571. doi:
10.1111/iej.12810. Epub 2017 Jul 31.
PMID: 28667674.

70



