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Absztrakt
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Abstract

The purpose of this literature review study was to compare the different NiT1i instrumentation
systems and quantifying root canal morphology changes after instrumentation with the support
of the Micro-CT technique.
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Biomechanical root canal preparation is an
absolutely critical endodontic treatment step.
The target is the complete removal of residual
pulp tissue, bacteria, and infected dentin; as
well as shaping of the root canal system. Root
canal instrumentation is strongly affected by
canal configuration therefore a
comprehensive and profound morphology
knowledge can be highly influential on the
sealing efficacy and prevention of root canal
aberrations (e.g., zip, elbow, perforations, and
asymmetric preparation).

Since the knowledge of the root canal
anatomy is essential in endodontics, many
studies focus on a morphometric analysis of
teeth for evaluating aspects such as the
shaping ability of endodontic instruments,
canal  abnormalities,

simulated root

decalcification and sectioning techniques
(Queiroz, Rovaris, Santaella, Haiter-Neto and
Freitas, 2017). Moreover, several methods
have been proposed to identify the canal
dia-
phonization, computed tomography (CT),

anatomy, such as radiographies,
and more recently, micro-CT (Santa-Rosa, de

Sousa-Neto, Versiani, Nevares, Xavier,
Romeiro, Cassimiro, Leoni, de Menezes and

Albuquerque, 2016).

Aim of the study

With a large number of rotary systems
available on the market, clinicians need an
of these
characteristics to help them select systems to

impartial ~ evaluation systems’
use clinically. The purpose of this literature

review study was to compare the different
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NiTi instrumentation systems and quantifying

root canal morphology changes after
instrumentation with the support of the

Micro-CT technique.

Micro-CT

X-ray microfocus computed tomography as
an imaging modality has been widely utilized
as a reliable methodology for the quantitative
evaluation of root canal instrumentation due
to its non-destructive technology that enables
visualization of anatomical structures at the
(Bergmans, Van
Cleynenbreugel, Wevers, and Lambrechts,

micrometer level

2001; Peters, Peters, Schonenberger and
Barbakow, 2003).

endodontics, micro-tomography allows for

In other words, in
qualitative and quantitative three-dimensional
analyses of root canals while maintaining root
integrity. Similarly, the results achieved with
this modality can be as good as those obtained
with histological images for endodontic
analyses.

The micro-CT has been considered as the
gold standard for laboratory studies in
endodontics (Parekh, Shah and Joshi., 2011;
Queiroz, Rovaris, Santaella, Haiter-Neto and
Freitas, 2017). However, studies with upper
molars showed no difference between the
images obtained with micro-CT and CBCT in
terms of canal detection (Domark, Hatton,
Benison and Hildebolt, 2013). Furthermore,
CBCT images acquired with a voxel size less
than 300 um have been shown to be
compatible with micro-CT images for the
morphological study of hard tissues (Maret,
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Peters, Galibourg, Dumoncel,
Kahn, Sixou and Telmon, 2014).
To characterize the efficiency of various

Esclassan,

instrumentation techniques, micro-CT based
imaging studies has been used for the
evaluations the following parameters: surface
area change (ASA), volume change (AV), ratio
of surface area change to volume change
(ASA/AV), structure model index change
(ASMI), centre of mass change (CM shift)
(Juhasz., Hegedus., Marton, Benyo, Orhan.,
and Dobo6-Nagy, 2019; Bergmans, Van
Cleynenbreugel, Wevers, and Lambrechts,
2001;  Hartmann,  Barletta,
Fontanella and Vanni, 2007; Peters, Peters,

Camargo

Schonenberger and Barbakow, 2003; Queiroz,
Rovaris, Santaella, Haiter-Neto and Freitas,
2017).

To calculate root canal volume and surface
area in  micro-CT images, an image
segmentation by selecting values either by
visual or automatic methods is required. In a
study, 31 extracted human anterior teeth were
scanned by a pCT scanner. Results showed no
significant difference between visual and
automatic segmentation methods regarding
root canal volume measurements and root
canal surface (Queiroz, Rovaris, Santaella,

Haiter-Neto and Freitas, 2017).

Nickel-titanium

rotary enlargement systems

The application of nickel-titanium (INiT1)
rotary instrumentation has not only enabled
easier and faster preparation of the root canal
system but has also provided consistent,
predictable, and reproducible shaping with
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considerably  less
(Hulsmann, Peters and Dummer, 2005)

Juhasz et al. (2019) with the help of
mictoCT, analysed ASMI and ASA/AV

parameters in straight and curved human root

iatrogenic  damage

canals and resin simulated canal blocks
subjected to ProTaper rotary enlargement.
Results ASMI

difference between tested groups whereas

showed no significant
statistically significant (p<<0.005) deviations in
ASA/AV were quantified as 1.92 and 3.22 for
straight human  canals,

and  curved

respectively.

Protaper Next

ProTaper Next (PTN; Dentsply Maillefer,
Ballaigues, Switzerland) is a somewhat new
system. PTN instruments are made of M-wire,
a special heat treated NiTi alloy that seemingly
increases flexibility and resistance to cyclic
fatigue. In a study supported by micro CT on
twenty-four  mandibular  first  molars,
ProTaper Gold and ProTaper NEXT resulted
in less transportation and greater ability to
maintain furcation dentin thickness than
ProTaper Universal (Gagliardi, Versiani, de
Sousa-Neto, Plazas-Garzon and Basrani,
2015). Nevares et all (2016) reported success
of PTN in the removal of gutta-percha
obturation from severely curved canals and its
chance to be used for retreatment. However,
since PTN did not completely remove the
obturation material; therefore, supplementary
techniques are needed to improve the root

canal cleaning.
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Protaper Gold

ProTaper Gold (PTG, Denstply Maillefer)
presents the same geometric design of PTU
files, but
development

is more flexible due to its

with  proprietary advanced
metallurgy and more resistance to fatigue.
Silva et all (2016) reported that PTG system
has less canal transportation in the curved
portion when to ProTaper
Universal (PTU) system due to their different

manufacturing processes, which evidently

compared

affect their stress-strain distribution patterns
and bending behaviors, making PTG files
more flexible and decreasing their tendency to
straighten in curved canals.

A lot of studies have already shown that
instruments that are more flexible produce
more centered root canal preparations. The
present results are also in harmony with a new
study using micro-computed tomo-graphic
imaging that showed less transportation to the
PTG when compared to PTU (Gagliardi,
Versiani, de Sousa-Neto, Plazas-Garzon and
Basrani, 2015)

Waveone (WO)

The more recentl single-file NiTi system,
WaveOne (WO) Maillefer,
Ballaigues, Switzerland) is claimed to be able

(Dentsply

to completely prepare root canals with just
one instrument. The system is planned to be
used with a dedicated reciprocating motion
motor (movements alternating in clockwise
which
might reduce the effect of cyclic fatigue on the
NiTi

and counterclockwise directions),

rotary instrument, compared with
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rotational motion (You, Bae, Baeck, Kum,
Shon and Lee, 2010).

The files are made of a special NiTi alloy
called memory wire that is created by an
innovative thermal treatment process which
also confers more instrument flexibility and
greater resistance to fatigue as a big advantage
(Shen, Cheung, Bian and Peng, 20006).
Burklein et al (2012) have shown that root
canal shaping with the WO rotary instrument
can be performed with a good centering ability
in regularly curved canals of extracted teeth.

In a study canal volume (CV) and surface
area (SA) of 18 extracted human mandibular
molars subjected to ProFile (PF), Twisted File
(TE), and WaveOne (WO) nickel-titanium
instrument systems were analyzed using
micro-CT.

Results revealed that instrumented canals
were larger and had greater surface area than
uninstrumented canals. Yet, the amount of

canal volume and surface area increase after

instrumentation showed no  significant
difference (Baek, Yoo, Park, Oh, Kum, Shin
andChang, 2014).

Santa et all (20106) reported no significant
difference in the amount of canal
transportation and shaping ability between
two Single-file Systems (WaveOne and

OneShape) in preparation of 10 maxillary
molars with single mesiobuccal root canals
with sever curvature using micro CT.

Discussion

NiTi rotary instruments have dramatically
improved the quality of the cleaning and
shaping of the root canals since past two
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decades. The super elasticity and shape
memory of these instruments decrease the
likelihood of the canal transportation along
reducing valuable chairside time. Quite a lot
of different brands of these instruments are
available by various characteristics of the
wonder NiTi alloy and also the cross-sectional
shapes, cutting edges, tapering and numbers

and distances of the flutes of the
instruments. Currently, the single-file NiTi
rotary systems such as WO is highly

recommended due to saving the time for both
the clinicians and the patients and improving
root canal shaping quality.

In WO system, use of a glide path is not
suggested by the clinical procedure flow chart
given by the manufacturer that might affect
the performance of WO. According to the
study of Berutti (2012), WO-
reciprocating files produced less alteration in

et al

canal curvature when the glide path was
a glide
establishment prior to both rotary and

established. Consequently, path
reciprocating motion instrumentation appears
to be appropriate especially in the case of
curved canals.

The WO file has a different cross-sectional
design along its entire active portion; the tip
has a modified triangular cross-section, and
the middle and neck portions of the working
part of the instrument change to a neutral rake
angle with a convex triangular transverse
cross-section. This design of the WO system
seems to increase the stiffness of files at the 5
mm level, resulting in its lower centering
abilities despite the use of a reciprocating
motion (Baek, Yoo, Park, Oh, Kum, Shin

91

andChang, 2014). Therefore, tip size and taper
of different instruments are suggested to be
carefully considered in the future studies. WO
could cause more canal transportation than
PF in the apical part of root canals.
Consequently, glide path establishment prior
to use of WO in curved canals might be
beneficial.

Curved canals either natural or simulated in
resin blocks have been traditionally used to
evaluate the aspects of the shaping ability,
including canal transportation and centering
ability of different NiTi systems. However, a
major limitation of most of proposed
evaluation methods is the need of operator
intervention. Therefore, developing of root
transportation analysis with an automatic
approach measuring the entire simulated canal
without operator intervention 1is highly
recommended in future studies.

In several studies, acrylic blocks have been
used to analyze the quality and safety of
different instrumentation systems (Juhasz.,
Hegedus., Marton, Benyo, Orhan., and Dobé-
Nagy, 2019; Silva, Muniz, Pires, Belladonna,
Neves, Souza and De-Deus, 20106). The use of
blocks this enabled

standardization of root canal anatomy, such as

resin in study
angle, curvature radius, diameter and length of
the root canal. Therefore, this technique
allows a reduction of variations during the
instrumentation procedures. However, resin
blocks present different properties when
compared to human teeth, as they do not
provide information about remaining dentin
thickness after root canal preparation (Maia-
Filho, Rizzi, Coelho, Santos, Costa, Carvalho,
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et al, 2015). As a result, studies based on
actrylic blocks specimen should be combined
with analysis of the shaping ability of
enlargement systems in human teeth (Yun and
Kim, 2003).
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