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Introduction: The aim of this study was to determine the shaping abilities of
three nickel-titanium (NiTi) endodontic file systems by comparing six parameters: canal
deviation, apical foramen position, angle of curvature, radius of curvature, aberrations
and instrumentation time. Methods: Thirty simulated S-shaped canal blocks were placed
in a customized stand for imaging, and the glide paths were prepared using #10 K-files
and #13, 16 and 19 PathFiles. The blocks were then randomly assigned into three groups
(n=10): ProTaper Universal, ProTaper NEXT, and iRace. Each system was used per its
manufacturer’s recommendation up to apical size #25. Pre- and post-operative images
were superimposed and used to determine canal deviation at eight levels and any shifting
in apical foramen position. Angle and radius of curvatures were measured both coronal
and apical curvatures from pre- and post-operative images. The post-operative images
were magnified to identify canal aberrations. Instrumentation times were recorded.
Results: The iRace system resulted in the least canal deviation, while the ProTaper
Universal system produced the most. All canal deviations were to the inner side of the
curvatures. The apical foramen position was shifted to the outer side of the curvatures
with marked differences among the groups. The ProTaper NEXT system produced the
least canal aberrations and the ProTaper Universal system produced the most which was
significant difference. There were no significant difference of changing of angle and radius
of curvature among groups. There were significant difference of instrumentation time
among three groups, iRace system required the least instrumentation time, while the
ProTaper Universal system required the most. A 0.05 significance level was set for
statistical analysis. Conclusion: The iRace system showed the least canal deviation at
most canal levels, shifting in apical foramen position and instrumentation time while the
ProTaper NEXT system produced the least canal aberrations. ProTaper Universal showed
the most canal deviation at most canal level, shifting in apical foramen position and
instrumentation time. Percent difference of angle and radius of curvatures were not

significant difference among three groups.
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CHAPTER |
INTRODUCTION

Background and Rational

Root canal preparation is one of the most important step in root canal
therapy. The goals of root canal preparation (1) is consisted of
1. Toremove all tissue debris from root canal system.
2. To create sufficient space for irrigation and root canal medication.
3. Shaping the canal to receive a three-dimensional hermetic filling of
entire space.
4. Conform to the general shape and direction of the original canal.
5. Leaving the original foramen in its natural position.

One of the challenges in root canal preparation is to shape the canal which
have multi-curvatures known as “S-shaped”. From the study that investigated canal
curvatures in 433 anterior and posterior human teeth by radiographic imaging, they
found 16% of S-shaped canal which was relatively high. Most of the canals always
have unseen curvatures which are not shown in radiograph and can be bent at every

point with varying degrees (2). Shaping with stainless steel files in multi-curvatures



canals leads to many errors during shaping procedures such as misshaped, ledge,
Zipping, transportation and perforation (3).

To overcome the errors from root canal preparation procedure, the NiTi
rotary instrument was developed and introduced to endodontic field. NiTi rotary
instrument has been proved of efficacy in shaping the root canal with superior
outcome and less errors (4-6).

Recently, the new NiTi rotary instrument system called “ProTaper NEXT” was
introduced. This system was developed in a basis of combining benefits from many
previous and recent generations of NiTi rotary system, which is comprised of variable
taper design, M-Wire alloy, new cross-section design and off-set of the center of
rotation (7). The ProTaper NEXT was recently introduced into the market and there is
no scientific literatures related to this instrument, so we are interested in
investigation of shaping abilities of ProTaper NEXT in the simulated S-shaped canal.

In the era of evidence-based dentistry, using instruments and techniques in
endodontic treatment also required scientific supports. ProTaper NEXT was a new
release NiTi rotary system which was developed from ProTaper Universal. ProTaper
Universal had a long history of wildly used all over the world. But from scientific
literatures about shaping ability in S-shaped canal, they showed less effectiveness
when compared to other NiTi rotary systems (8, 9). iRace has a metallurgy and design
from the same generation of ProTaper Universal, but was introduced later. iRace has

number of instruments closed to ProTaper NEXT. According to manufacturer, iRace is



effective in curved canal, but no available scientific literatures to support this claim.
It is of my interest to study shaping abilities of the new ProTaper NEXT in simulated
S-shaped canals and compared the results with other NiTi rotary systems; ProTaper

Universal and iRace.

Objectives

To compare shaping abilities of the ProTaper NEXT, ProTaper Universal and
iRace rotary systems in simulated S-shaped canal by six different parameters.
Parameters of shaping abilities
1.1.  Canal deviations
1.2.  Angle of curvatures
1.3, Radius of curvatures
1.4.  Canal aberrations

1.5.  Positions of apical foramen

1.6. Instrumentation time

Scope of Study

This study was scoped in experimental laboratory study. Prefabricated resin
block was used to simulate artificial S-shaped canal instead of human teeth.

Investigating the shaping abilities of instruments was done by using superimposition



techniques of pre- and post-operative images. Data was analyzed by using Adobe

Photoshop and Microsoft PowerPoint programs.

Expected Benefits

The results of this study on the shaping abilities of ProTaper NEXT compared
to ProTaper Universal and iRace in simulated S-shaped canal will be beneficial in
clinical applications. Instruments required in root canal preparation should produce
less canal deviation, preserve original shape and direction, maintain position of apical

foramen and less canal aberrations.



CHAPTER I
LITERATURE REVIEW

Origin of S-shaped Canal

One of the classification of root canal curvatures defined by Nagy, which
investigated in 433 anterior and posterior human teeth, is a mathematically based
classification, which classified into following groups (2).

1. Straight or “I” form which had incidence of 28%
2. Apical curve or “J” form which had incidence of 23%
3. Curve canal along its entire length or “C” form which had incidence of

33%

4. Multi-curved or “S” form which had incidence of 16%
They found 16% of S-shaped canal which was relatively high. Most of the
canals always have unseen curvatures which are not shown in radiograph and can be

bent at every point with varying degree.



Metallurgy of NiTi Alloys (10)

NiTi alloys used in endedontic are consisted of approximately 56% (wt.)
Nickel and 44% (wt.) Titanium. They can exist in two different structures (phases)
called martensite (low-temperature phase) and austenite (high-temperature phase).
Several properties are different. When martensite phase is heated, it begins to
change into austenite phase which has a super-elasticity property. When austenite
phase is cooled, it begins to change into martensite phase which can accumulate
greater stress without increasing strain. Composition and metallurgical treatments
have impacts on transition temperature. In clinical aspect, NiTi alloy has three
different forms which are martensite, stress-induced martensite form and austenite
from. Martensite from is soft, ductile and can be deformed. Stress-induced
martensitie form is highly elastic. Austenite form is quite hard and strong.
Conventional NiTi alloys have austenite transforming finish temperature (Af) which is
a temperature that the alloy is completely transform into austenite from, near at
room temperature. So conventional NiTi alloys are in austenite form in room

temperature and became stress-induced martensitic form during clinical use.

Improvement of NiTi Alloys

In Later, NiTi alloy has been improved the quality by many procedures such as

electropolish and heat treatment (11). Studies found that heat treatment was



effective in increasing the flexibility of NiTi alloys but manufacturers had to perform
an appropriate heat treatment, otherwise alloy’s properties might not be improved

(12, 13). In 2007, M-wire which is NiTi alloys that went through several heat treatment

Profile Vortex, Vortex Blue, WaveOne, Reciproc and recently 2013, ProTaper NEXT.
M-wire contains all three crystalline phases, including deformed and microtwinned
martensite, R-phase and austenite (14). Files utilizing M-Wire NiTi can feature deeper
flutes and smaller core diameters that add to overall flexibility and still demonstrate
a greater resistance to cyclic fatigue. Previous study had shown that M-wire reduced
cyclic fatigue by 400% comparing files of the same diameter, cross section and taper
(15). From other in vitro studies that compared files made by M-wire with files made
by conventional NiTi in artificial canals, showed greater resistance to cyclic failure
(16) but showed no difference in other study (17). From the studies investigating
metallurgical characterization of M-wire concluded that M-wire had higher strength
and wear resistant than similar instruments made of conventional NiTi because of its
unique nano-crystalline martensitic microstructures (14, 18). These two studies
confirmed that improvement of M-wire alloy was caused by presence of stable
martensitic structures in body temperatures. In 2008, R-phase was introduced. This
alloys was developed by thermal processing of raw NiTi to transform the austenite
phase to R-phase. The R-phase is an intermediate phase that can form during forward

transformation from martensite to austenite on heating and reverse transformation



from austenite to martensite on cooling. CM Wire was introduced in 2010, using a
thermomechanical process that controls the memory of the material, making files
extremely flexible but without shape memory (11).

Martensitic phase has a unique properties that made it an ideal phase for
endodontic such as high fatigue resistance, easily deformed, recover their shape on
heating above Af temperatures. New generation of alloys which are M-Wire and CM
Wire have increased Af temperatures. CM Wire and M-Wire will be in martensitic
phase at body temperature, where as conventional NiTi will be in austenitic phase

(11).

Nickel-Titanium Rotary Instruments

In order to shape the curved canal effectively, NiTi rotary instruments were
introduced into endodontic as adjuncts. Nickel-titanium alloy has unique properties
of shape memory and super-elasticity which means that on unloading period they
return to its original shape before deformation (19). The advantage of using of NiTi
instruments for preparation curved root canal is the files will not be permanently
deformed as easily as conventional alloy. Previous study showed that when apical
preparation is greater than I1SO #30, NiTi rotary instrument has a better performance
in conforming the shape and direction of original canal (20). Although the NiTi rotary
instruments may facilitate and improve the quality of root canal preparation, the

risks of using these instruments still present. One of the risks is separated instrument,



caused by cyclic fatigue which mean that the instruments were exposed to repeated
tensile compressive stress. Factors that influence to cyclic fatigue are diameter of

instrument, angle and radius of curvatures. Instruments usually separate at the most
curved point of the canal (21). This risk can be minimized by creating a smooth glide

path before introducing the rotary instrument into the canals (22).

Generations of NiTi Rotary Instrument

Since 1988, NiTi rotary instruments have never stop their evolution in order to
maximize the efficacy of root canal preparation. NiTi rotary instruments can be
divided into 5 generations. Important feature of first generation was “passive lands”,
which stabilized files to stay centered in canal curvatures during preparation. Root
canal was prepared by planing action form passive radial lands, resulted in slower
preparation but reduced errors from preparation procedures. This generation required
many number of files to achieve complete preparation of the canals. Files in this
generation were Profile, ProSystem GT, Quantec, Guidance and K3. Second
generation changed from passive radial lands to active cutting edges which fasten the
preparation procedures and required fewer number of instruments. Some
instruments (iRace) provided file lines with alternating contact points for reducing
taper lock effect caused by fixed taper. Variable taper which has multiple increasing
and decreasing percentage tapers on a single file (ProTaper Universal), limited each

file’s cutting action to a specific region of the canal. Some manufacturer
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electropolished their files (Mtwo, iRace) to remove surface irregularities caused from
grinding process in order to increase the resistance to file separation. Files in this
generation were Mtwo, iRace, Race, ProTaper Universal, Pow-R and Sequence. Third
generation was focused on metallurgy by utilizing heating and cooling methods to
reduce cyclic fatisue and improve safety when working in curved canal. The desired
phase-transition point between martensite and austenite can be identified to
produce a more clinically optimal metal than NiTi itself. Files made from other NiTi
alloys such as M-wire, CM-wire and R-phase were categorized in this generation. Files
made by M-wire were WaveOne, Reciproc, Profile Vortex, Vortex Blue, Profile GT
Series X and ProTaper NEXT. Files made by CM-wire were Hyflex and Typhoon. Files
made by R-phase were Twisted file and K>XF. Fourth generation was about changing
from continuous rotation to reciprocation, which was any repetitive up-and-down or
back-and-forth motions. This concept had fulfilled the idea of single-file technique.
Files which had up-and-down motions was Self Adjusting file (SAF). Files which had
back-and-forth motions were Reciproc, Waveone and Twisted file adaptive. The
concept of fifth generation was “the center of mass and/or the center of rotation are
off-set”. This produced a mechanical wave of motion that moved along the active
length of the file, minimized the engagement between the file and dentin, enhanced
removing debris out of a canal and improved flexibility along the active portion of
files. Files which had off-set design were Revo-S and ProTaper NEXT. Moreover, some

of files were combined good features from several generations. Reciproc and
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WaveOne represented the best design features from second and third generations,
coupled with a reciprocating motion that move the file in unequal bi-direction angle.
These allowed files to more readily progress, efficiently cut and effectively remove
debris out of the canal. ProTaper NEXT also included features from second, third and

fifth generations which will be explained later.

Shaping in S-shaped Canal

1. Glide path

Glide path is one of a key factor in using the NiTi rotary instruments.
Study showed that using of PathFile create glide path in stimulated S-shaped resin
block demonstrated significantly less modification of curvature and canal aberrations
than stainless-steel hand files (23). Recent study which investigated the glide path
preparation with new rotary instrument (Scout Race) compared to PathFile and
stainless steel hand files showed that rotary instruments were suitable for adequate
glide path preparation and they promoted less deviation from the original canal
when compared with hand-operated instruments. Scout Race showed less deviation
in most area of the entire canal compared to PathFile (24). Other study which was
investigated in human root canal showed that establishing the glide path with either
manual instrument or rotary instrument (PathFile or Mtwo) had no any influence on

occurrence of apical transportation or produced any canal aberrations (25).
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2. Shaping strategies

Shaping in S-shaped canal may lead to many common errors such as
ledge, zip and perforation. These errors might be caused by the great taper of
conventional NiTi rotary instrument using in canal with high degree of curvatures.
Manufacturer has improved their product in the aspects of design, cross-section and
metallurgy in order to improve their flexibility. Size and taper of instruments using in
S-shaped root canal preparation were investigated. Study of Yoshimine & Ono et al.
which compared shaping ability of files (ProTaper Universal, K3, Race) in simulated
S-shaped canal by measuring canal deviation at 2 points (most curved points at
coronal and apical curvatures), showed that K3 and Race has superior ability than
ProTaper Universal. Furthermore, ProTaper Universal showed a tendency to create
ledge or zip at the end of the preparation. This study concluded that the 0.06 taper
NiTi rotary instruments can prepare the S-shaped canal without creating severe
aberrations, if smaller, less tapered files were use before the 0.06 tapered one. Large
increase in taper-size may cause a canal aberrations (8). Whereas other study which
also compared shaping ability of files (ProTaper Universal, Mtwo, BioRace, BioRace +
S-apex) by the same procedures as mentioned by previous study (8). ProTaper
Universal resulted in inferior ability than other three groups and created aberrations
significantly difference from the BioRace + S-apex, but not significant difference from
other two groups. Results from this study suggested that NiTi files with tapers greater

than 0.04 and sizes greater than 30 should not be used for apical enlargement of
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S-shaped canals (9). Furthermore, working in a complex canal such as multi-curved
canal has an adverse effect on cyclic fatigue resistance on instruments. Study
showed that number of cycle to failure of instrumentation in multi-curved canal has

statistically lower than instrumentation in single curve canal (26).

Methodologies in S-shaped Studies

There were several methodologies in investigation of canal shaping ability
which were image superimposition, radiographic subtraction and micro computed
tomography. Specimens using in previous studies included human extracted teeth
which had advantage from real root canal dentin, instruments could shape the root
canal similar to clinical use. Standardization of the samples was a main issue because
this method couldn’t establish equality among groups (20, 27-30). Using samples
made of resin block might be the best way to standardize the sample among groups,
but had limitation of the results interpretation caused by hardness of resin blocks (8,
9, 23, 24, 31). Comparing pre- and post-operative images were investigated by digital
imaging which was used with simulated resin blocks. Superimposition of these images
provided direct visual comparison and was reproducible (23, 27, 28). Radiographic
imaging which was used with human teeth both intra-oral and extracted teeth.
Radiographic subtraction technique was used to investigate these images. Position of
the film and angle of x-ray beam had to be exactly the same (20, 28). Micro

computed tomography which was used with extracted human teeth. This technique
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provided more reliability in investigating of shaping ability but required more time
and technical procedures (29, 30). Studies which investigated the shaping ability in
S-shaped canal always used resin blocks and digital imaging in their methodologies
due to the standardization of specimens (8, 9, 24, 31, 32). Some studies analyzed
canal centering ability or canal transportation at the most curved points which were
not represented all difference positions in S-shaped curvature (8, 9), while some
analyzed more points along the entire canal. Eight points were chosen in most of
later study of S-shaped due to the points were represented all positions along the
S-shaped curvature (24, 31). Twelve points were found only in one study, the
additional four points were located in straight portion coronal to the S-shaped
curvature which may not represent the S-shaped curvature and could interfere with

the interpretation of the results (32).

NiTi Rotary Files of Interested

1. ProTaper Universal

ProTaper Universal was the NiTi rotary files in second generation. This
system had fewer number of files compared to files in first generation but still made
by conventional NiTi. The ProTaper Universal system is comprised of 6 fundamental
instruments, which are SX, S1, S2, F1, F2 and F3 which were the fewest number of
instruments in the series compared to all other brand in that time. In this study, Files

used were SX, S1, S2, F1 (20/.07) and F2 (25/.08). Files were used at 250-350 rpm and
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torque ranging from 1-4 Ncm. There were several features and benefits of ProTaper
Universal which can be listed as following. Multiple tapers: Progressively tapered
design which clinically serves to significantly improve flexibility, cutting efficiency and
reduce number of recapitulations. This design allows each shaping file to perform its
own “crown down” action. Convex triangular cross-section: This feature reduce the
contact area between the blade of the file and root canal wall by changing from
passive radial land to active cutting edges. Enhancing the cutting action and
improving safety by decreasing torsional loads. From the Convex triangular
cross-section, the dentin-instrument contact points were three points. Helical angle
and pitch: Having a continuously changing helical angle and pitch over their 14 mm
of cutting blades were Optimizing its cutting action, effectively allowed debris
removal. Prevention of instruments screwing into the canal. Variable tip diameters:
Shaping files have variable tip diameter to allow clinicians to safely and efficiently
follow the original canal. Modified guiding tip: This allows instrument to better flow
the canal and enhance its ability to find its way through soft tissue and loose debris
without damaging the root canal walls. Short handle: Improve access to posterior
area of the mouth, especially when there is minimal interocclusal space. Shaping
technique: After flaring, flattening and finishing the internal axial walls are archived.
The SX file is used in brushing manner on the outstroke, to pre-flare the orifice,
eliminate triangle of dentin, relocate the coronal most aspect of a canal away from

external root concavities. Confirmed a smooth and reproducible glide path with
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K-file #15 or established glide path with PathFile. “Float” the S1 file into canal and
passively “follow” the glide path until the light resistance, then laterally “brush” and
cut dentin on the outstroke, remove the instrument and clean its flutes, before
reinserting the instrument, irrigation and recapitulation is mandatory. Continue the S1
until the WL is reached. The S2 is used in the same manner as S1. Use F1 in a
non-brushing action until WL is reached then withdraw the file as the shape is cut.
Irrigation and recapitulation after remove the instrument is mandatory. The F2 is

used in the same manner as F1 (33).

2. iRace

Characteristic, design and metallurgy of iRace (IRA) were correlated to
files in second generation. iRace was developed and introduced after ProTaper
Universal, so the number of file was less than the ProTaper universal system. This
system had fixed taper and made by conventional NiTi. The iRace system is
comprised of three fundamental instruments, which are R1, R2 and R3. In this study,
Files used were R1 (15/.06) and R2 (25/.04) with a speed of 600 rpm and a torque of
1.5 Ncm. Features of iRace can be listed as following. Round safety tip: Perfect
centering of the instrument in the canals, less risk of perforation nor ledge.
Alternative cutting edges: For anti-screwing in effect but the cutting efficiency
remained. Triangular cross-section with sharp edges: Cut better and faster without

any pressure. The small core grant a higher flexibility and allows a better progression
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in curved canals. More space for debris removal, improving their evacuation without
jamming the blade. Triangular cross-section provided three dentin-instrument contact
points. Electrochemical polishing: The treatment eliminates surface imperfections,
reduces the risk of weak points (micro-cracks). Shiny surface allows better cleaning
and disinfection, improve the sterilization process. Enhanced resistance against
faticue and corrosion. Safety memo disc for controlling number of usage. iRace
shaping technique: After establishing the glide path. The R1 is used in long back and
forth gentle strokes, light touch, 3-4 seconds in a row. Remove the instrument and
clean the blade. Irrigation and recapitulation to confirm the patent of the canals.
Continue the instrumentation until the working length is reached. The R2 is used as

the same manner as R1 (34).

3. ProTaper NEXT

The ProTaper NEXT (PTN) has three significant design features from
three different generations, including variable tapers on a single file from second
generation, M-wire technology from third generation and fifth generation of the off
set design. PTN is consisted of 5 files which are X1, X2, X3, X4 and X5. Most of the
cases can be finished the preparation within 2-3 files. For an example, the PTN X1
file has a centered mass and axis of rotation from D1-D3, whereas from D4-D16, the
file has an offset mass of rotation. For percentage tapers, starting at 4%, a file has 10

increasing percentage tapers from D1-D11, but D12-D16, there are decreasing
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percentage tapers to enhance flexibility and conserve radicular dentin during shaping
procedures. Both PTN X1 and X2 files have an increasing and decreasing percentage
tapered designed on a single file, but PTN X3, X4, X5 files have a fixed taper from
D1-D3, then a decreasing percentage tapered design over the rest of their active
portions. All files are used at 300 rpm and a torque of 2.0-5.2 Ncm. Ruddles, the
co-inventor of PTN preferred a torque of 5.2 Ncm, as this level of torque has been
validated as profoundly safe if clinician perform meticulous glide path management
procedures and utilize an outward brushing motion, when progressively shaping the
canal. The new design of rectangular off-set cross-section was produced only two
dentin-instrument contact points. Furthermore, all files are used in exactly the same
way and are always the same regardless of the length, diameter or curvature of a
canal as following: After flaring, flattening and finishing the internal axial walls are
archived. The SX file is used in brushing manner on the outstroke, to pre-flare the
orifice, eliminate triangle of dentin, relocate the coronal most aspect of a canal away
from external root concavities. Confirm a smooth and reproducible glide path with
K-file #15 or establish glide path with PathFile. The X1 file is used in brushing manner
on the outstroke, after every few millimeters of file progression, remove the
instrument and clean its flutes, before reinserting the instrument, irrigation and
recapitulation is mandatory. Continue the X1 until the WL is reached. The X2 is used

in the same manner as X1 (7).



CHAPTER IlI
RESEARCH METHODOLOGY

Target Population

Multi-curved root canal

Sample

Endo Training-Bloc-S, 0.02 Taper (Dentsply Maillefer, Ballaigues, Switzerland)

Independent Variable

Type of rotary files

Dependent Variables

Canal deviations, angle of curvature, radius of curvature, canal aberrations,

positions of apical foramen, instrumentation time
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Confounding Factors

Errors in blocks from manufacturer, errors in files from manufacturer, human

errors in shaping root canal and data analysis.

Materials

1. Stereomicroscope (Keyence VH8000, OSK, Japan)

2. Endodontic motor (X-smart Plus, Dentsply Maillefer, Tulsa, OK)

3. Computer

4. Computer software (Adobe Photoshop Version7, Microsoft PowerPoint

2013, SPSSVersion17; SPSS Inc, Chicago, IL)

5. Timer

6. Endo Training-Bloc-S, 0.02 Taper (Dentsply Maillefer, Ballaigues,

Switzerland)

7. ProTaper Universal rotary files (Dentsply Maillefer, Tulsa, OK)

8. ProTaper NEXT rotary files (Dentsply Tulsa Dental Specialties)

9. iRace rotary files (FKG Dentaire, SA, Switzerland)

10. PathFile (Dentsply Maillefer, Tulsa, OK)
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11. Glide (Dentsply Maillefer, Tulsa, OK)

12. K-file #10 (Dentsply Maillefer, Tulsa, OK)

13. Max-i-probe 30-G side vented (Dentsply Maillefer, Tulsa, OK)

14. Syringe

15. Erythrosine dye (Faculty of Dentistry, Chulalongkorn University)

16. Tap water

Methods

This study was divided into two parts. First part was experimental part which
was comprised of imaging, sampling the samples, glide path preparation and root
canal preparations. Second part was analytical part which was comprised of
measuring and analysis of the six parameters. First investigator was focused on first

part and blinded second investigator who focused on second part.

1. Pre-operative imaging

Thirty Endo training-Bloc-S, 0.02 Taper, each with a 20- degree apical
curvature (3.5 mm radius of curvature), 30-degree coronal curvature (5 mm
radius of curvature) were used in this study as samples representing for

stimulated S-shaped canals. All samples were fixed in customized stand for
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precise reposition and marked in 4 positions as reference points for facilitating
the image analysis procedures. Before starting the procedures, a preview of
pre-operative image was recorded and calibrated the magnification (15X). This
magnification calibration was applied to the rest of imaging procedures.
Pre-operative images were taken by stereomicroscope in a view that showed
both of apical and coronal curvatures. Pre-operative images were taken two

times for each samples either with erythrosine dye or without erythrosine dye.

2. Glide path preparation and samples grouping

All canals were initiated with K-file #10 to confirm patency and
instrumented as in & out motion until a smooth slide path were established.
PathFiles #13, 16, 19 were used to establish glide path at the working length
(16 mm) in a sequence according to manufacturer’s recommendation. After
each instrument, canal was flushed with tap water via Max-i-probe 30-G side
vented and recapitulated with K-file #10 to remove debris and root canal
obstructions and keep the patency of the root canal. Samples were randomly
divided into three groups. PTU (ProTaper Universal group), PTN (ProTaper NEXT

group) and IRA (iRace group) with 10 samples each.
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3. Root canal preparation and intra- and post-operative imaging

Root canal preparation in PTU and PTN groups began with SX file at
13 mm depth for coronal flaring. In PTU group, canals were prepared with S1,
S2, F1 and F2 respectively according to manufacturer’s recommendation.

In between each instrument and at the end of the canal preparation, block was
repositioned into fixed customized stand. Intra- and post-operative images of
canal with or without erythrosine dye injection were taken for further
investigations.

In PTN group, canals were prepared with X1, X2 respectively according
to manufacturer’s recommendation. Intra- and post-operative images were also
taken in the same way as PTU. In IRA group, canals were prepared with R1 and
R2 respectively according to manufacturer’s recommendation. Intra- and
post-operative images were also taken in the same way as PTU. During the
procedure, Glyde was used as lubricant during each instrument. Irrigation with
tap water via Max-i-probe 30-G side-vented and recapitulation with K-file #10
were done every time after each instrument reached the working length and
before continued to the next instrument. Irrigant used in all groups were
limited to 5 ml. All procedures were performed by single operator who is
competent in using all rotary file systems. All the rotary file was discarded after

single use.



Table 1 Glide path preparation protocol
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Files Action Length Stroke IR Recap IR Irrigants remaining in
(times) (ml) [ (times) (mU) syringe (ml)
K#10 WwW WL 5 0.5 - - 5.0
K#10 In & Out WL 5 0.5 - - 4.5
K#10 In & Out WL 5 0.5 - - 4.0
PF#13 | In&Out WL 5 0.5 5 0.5 3.0
PF#16 | In&Out WL 5 0.5 5 0.5 2.0
PF#19 | In&Out WL 5 0.5 5 0.5 1.0
PF#19 | In&Out WL 5 0.5 5 0.5 0.0
Start with 5.5 ml tap water in syringe
Table 2 PathFiles setting
Files Torque Speed Length Action
(Ncm) (rpm) (mm)

13 4 300 WL In & out

16 4 300 WL In & out

19 4 300 WL In & out




Table 3 ProTaper Universal preparation protocol
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Files Action Length Stroke IR Recap IR Irrigants remaining in
(times) (ml) [ (times) (mU) syringe (ml)
Sx Brush 13mm 5 0.5 5 0.5 4.0
S1 Brush WL 5 0.5 5 0.5 3.0
S2 Brush WL 5 0.5 5 0.5 2.0
F1 In & Out WL 3 0.5 5 0.5 1.0
F2 In & Out WL 1 0.5 5 0.5 0.0
Start with 5.0 ml tap water in syringe
Table 4 ProTaper Universal setting
Files Torque Speed Length Action
(Ncm) (rpm) (mm)
SX a4 300 13 Brush
S1 3 300 WL Brush
S2 1.5 300 WL Brush
F1 2 300 WL In & out
F2 3 300 WL In & out




Table 5 ProTaper NEXT preparation protocol
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Sx Brush 13mm 5 0.5 5 1.0 3.5
X1 Brush WL 5 1.0 5 1.0 1.5
X2 Brush WL 1 0.5 5 1.0 0.0

Start with 5.0 ml tap water in syringe
Table 6 ProTaper NEXT setting

SX 300 13 Brush
X1 300 WL Brush
X2 300 WL Brush
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Table 7 iRace preparation protocol

R1 In & out WL 5 1.0 5 2.0 2.0

R2 In & out WL 1 1.0 5 1.0 0.0

Start with 5.0 ml tap water in syringe

Table 8 iRace setting

R1 15 600 WL In & out

R2 15 600 WL In & out

Determination of Parameters

Canal deviation analysis

Pre- (without dye) and post-operative (with dye) images were
superimposed by overlapping four reference points using computer software (Adobe
Photoshop Version 7). Measurement were performed both in left and right side of
curvatures at 8 levels, which level 0 was located at apical foramen and level 1-7
were located at every 1 mm coronally. Canal deviations were measured by the

difference between left and right values of canal in the same level which were
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distance from wall to wall of pre- and post-operative images (Fig 1). If the difference

between left and right was equal to 0, that point were judged as nondeviation .
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L

Measuring level

Inner boundary
(Pre-operative)

Outer boundary
(Post-operative)

Fig. 1 Measuring left and right values in each level

Position of apical foramen assessment

After the pre- and post-operative images were superimposed. The
position of the apical foramen were assessed in the same way as canal deviation

analysis but focused on level 0.

Angle of curvature analysis

Angle of curvatures (21) were measured from pre- and post-operative
images. Percentage of difference in angle values between pre- and post-operative

images was calculated.
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Radius of curvature analysis

Radius of curvatures (21) were measured from pre- and post-operative
images. Percentage of difference in radius between pre- and post-operative images

was calculated.

Canal aberrations assessment

After completed the preparation, samples were reposition in fixed
customized stand and taken aberration images under 30X magnification to identify
any canal aberrations such as ledge, zip, transportation, broken instrument under

200% magnification by computer software (Adobe Photoshop Version 7).

Instrumentation time assessment

Time consuming of root canal preparation were recorded since the
first rotary file was introduced into the canal until the last instrument had reached
the working length. Time using for establishing glide path was excluded but irrigation

and recapitulation were included.

Statistical Analysis
All data were analyzed by statistics calculated by Statistical Package for Social
Sciences (SPSS) software. Type of statistics was defined in each parameter as

following.
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Canal deviations

Data were tested with Shapiro-wilk test, which showed no normal
distribution of data. Difference between left and right values from on each levels of
three rotary systems were compared with Kruskal wallis test and identified the
significant pairs with Mann whitney u test. A 0.05 significance level was set for

statistical analysis.

Positions of apical foramen

Data were tested with Shapiro-wilk test, which showed no normal
distribution of data. Difference between left and right values from on level 0 of three
rotary systems were compared with Kruskal wallis test and identified the significant
pairs with Mann whitney u test. A 0.05 significance level was set for statistical

analysis.

Angle of curvatures

Data were tested with Shapiro-wilk test, which showed no normal
distribution of data. Percentage difference of angle of curvature between pre- and
post-operative images were compared among three systems with Kruskal wallis test
and identified the significant pairs with Mann whitney u test. A 0.05 significance level

was set for statistical analysis.
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Radius of curvatures

Data were tested with Shapiro-wilk test, which showed normal
distribution of data. Percentage difference of radius of curvature between pre- and
post-operative images were compared among three systems with ANOVA and
identified the significant pairs with post hoc (Bonferroni) test. A 0.05 significance level

was set for statistical analysis.

Canal aberrations

Total number of aberrations were tested among three rotary systems
with Chi-square test and exact monte carlo test. A 0.05 significance level was set for

statistical analysis.

Instrumentation time

Data were tested with Shapiro-wilk test, which showed normal
distribution of data. Instrumentation time was compared among three systems with
ANOVA and identified the significant pairs with post hoc (Bonferroni) test. A 0.05

significance level was set for statistical analysis.



CHAPTER IV
RESEARCH RESULTS

Canal Deviation and Positions of Apical Foramen Results

In order to analyze canal deviation, pre- and post-operative images were
superimposed. Pre-operative images without dye (Fig. 2) and post-operative images
with dye (Fig. 3) which produced the optimal clear cut of root canal outline for
measuring procedures were chosen (Fig. 4). After glide path preparation, images were
not recorded and not included in the analysis because canals were eventually

prepared in all dimension with NiTi rotary files.



Fig. 2 Pre-operative images without and with dye
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Fig. 3 Post-operative images without and with dye
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Outer boundary
(Post-operative)

Inner boundary | ¢

(Pre-operative)

Level 7

Level 6

Level 5

Level 4

Level 3
Level 2
Level 1
Level O

Fig. 4 Canal deviation & position of apical foramen analysis
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Table 9 Distance measuring from superimposed pre- and post-

operative images (mm) in ProTaper Universal group
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PTU1 Left Right Diff PTU2 Left Right Diff
Level 7 | 0.248 0.182 0.066 | Level? | 0.204 0.204 0
Level 6 | 0.270 0.129 0.141 Level 6 | 0.248 0.144 0.104
Level 5 | 0.304 0.069 0235 | Level5 | 0307 0.078 0.229
Leveld | 0.235 0.078 0.157 | Leveld | 0.229 0.100 0.129
Level 3 | 0.125 0.163 -0.038 | Level3 | 0.100 0.182 -0.082
Level 2 | 0.056 0.138 -0.082 | Level2 | 0.028 0.154 -0.126
Level1 | 0.129 0.060 0.069 | Levell | 0.129 0.034 0.095
Level0 | 0.160 0.000 0.16 Level0 | 0.150 0.000 0.15

PTU3 Left Right Diff PTU4 Left Right Diff
Level 7 | 0.232 0.188 0044 | Level7 | 0.270 0.194 0.076
Level 6 | 0.295 0.122 0.173 | Level6 | 0304 0.122 0.182
Level 5 | 0.279 0.129 0.15 Level5 | 0.351 0.044 0.307
Leveld | 0.269 0.194 0.075 | Leveld | 0292 0.041 0.251
Level 3 | 0.000 0.270 -0.27 Level 3 | 0.182 0.154 0.028
Level2 | 0.034 0.210 0.176 | Level2 | 0.069 0.179 -0.11
Level1 | 0.116 0.072 0044 | Levell | 0.132 0.078 0.054
Level0 | o0.144 0.000 0.144 | Level0 | 0216 0.000 0.216




Table 10 Distance measuring from superimposed pre- and post-

operative images (mm) in ProTaper Universal group
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PTU5 Left Right Diff PTU6 Left Right Diff
Level 7 0.238 0.210 0.028 Level 7 2.233 0.210 2.023
Level 6 0.266 0.154 0.112 Level 6 2.547 1.321 1.226
Level 5 0.285 0.094 0.191 Level 5 2.484 0.912 1.572
Level 4 0.213 0.113 0.1 Level 4 1.698 1.321 0.377
Level 3 0.088 0.160 -0.072 Level 3 0.692 1.761 -1.069
Level 2 0.028 0.172 -0.144 Level 2 0.000 1.321 -1.321
Level 1 0.060 0.088 -0.028 Level 1 0.346 0.346 0
Level O 0.229 0.000 0.229 Level O 0.943 0.000 0.943

PTU7 Left Right Diff PTUS8 Left Right Diff
Level 7 2.327 1.950 0.377 Level 7 2.264 2.107 0.157
Level 6 2.673 1.352 1.321 Level 6 2.704 1.384 1.32
Level 5 2.862 0.732 2.13 Level 5 2.830 1.101 1.729
Level 4 2.327 1.069 1.258 Level 4 1.855 1.478 0.377
Level 3 1.384 1.667 -0.283 Level 3 0.566 2.547 -1.981
Level 2 0.409 1.447 -1.038 Level 2 0.346 2.075 -1.729
Level 1 0.943 0.660 0.283 Level 1 0.943 0.849 0.094
Level O 1.667 0.000 1.667 Level O 1.069 0.000 1.069




Table 11 Distance measuring from superimposed pre- and post-

operative images (mm) in ProTaper Universal group

39

PTU9 Left Right Diff PTU10 Left Right Diff
Level 7 1.887 2.484 -0.597 Level 7 2.547 1.950 0.597
Level 6 2.390 2.013 0.377 Level 6 3.208 1.101 2.107
Level 5 2.264 1.258 1.006 Level 5 3.176 0.755 2.429
Level 4 1.792 1.509 0.283 Level 4 2.453 1.289 1.167
Level 3 0.629 1.918 -1.289 Level 3 1.195 1.887 -1.221
Level 2 0.000 2.044 -2.044 Level 2 0.409 1.635 1.541
Level 1 0.440 1.226 -0.786 Level 1 3.208 0.346 2.862
Level 0 0.881 0.000 0.881 Level 0 2.547 0.000 2.547




Table 12 Distance measuring from superimposed pre- and post-

operative images (mm) in ProTaper NEXT group

PTN1 Left Right Diff PTN2 Left Right Diff
Level 7 0.254 0.172 0.082 Level 7 0.223 0.172 0.051
Level 6 0.298 0.078 0.22 Level 6 0.266 0.107 0.159
Level 5 0.266 0.038 0.228 Level 5 0.245 0.056 0.189
Level 4 0.232 0.063 0.169 Level 4 0.150 0.069 0.081
Level 3 0.113 0.110 0.003 Level 3 0.063 0.141 -0.078
Level 2 0.034 0.160 -0.126 Level 2 0.022 0.132 -0.11
Level 1 0.107 0.066 0.041 Level 1 0.088 0.044 0.044
Level O 0.176 0.000 0.176 Level O 0.116 0.000 0.116

PTN3 Left Right Diff PTN4 Left Right Diff
Level 7 0.326 0.154 0.172 Level 7 0.254 0.204 0.05
Level 6 0.354 0.078 0.276 Level 6 0.310 0.094 0.216
Level 5 0.345 0.063 0.282 Level 5 0.301 0.047 0.254
Level 4 0.207 0.103 0.104 Level 4 0.245 0.078 0.167
Level 3 0.069 0.188 -0.119 Level 3 0.082 0.166 -0.084
Level 2 0.000 0.179 -0.179 Level 2 0.000 0.191 -0.191
Level 1 0.072 0.072 0 Level 1 0.072 0.075 -0.003
Level O 0.107 0.000 0.107 Level O 0.188 0.000 0.188




Table 13 Distance measuring from superimposed pre- and post-

operative images (mm) in ProTaper NEXT group

PTN5 Left Right Diff PTNG Left Right Diff
Level 7 | 0.254 0.210 0044 | Level? | 0.254 0.188 0.066
Level 6 | 0.288 0.122 0.166 | Level6 | 0.295 0.122 0.173
Level 5 | 0.310 0.056 0254 | Level5 | 0.298 0.075 0.223
Leveld | 0.172 0.138 0.03¢ | Leveld | 0.182 0.100 0.082
Level3 | 0.041 0.197 -0.156 | Level3 | 0.053 0.182 -0.129
Level2 | 0.000 0.197 -0.197 | Level2 | 0.000 0.210 -0.21
Level1 | 0.056 0.082 -0.026 | Levell | 0.034 0.107 -0.073
Level0 | 0.172 0.000 0.172 | Level0 | 0.110 0.000 0.11

PTN7 Left Right Diff PTNS Left Right Diff
Level 7 | 0.226 0.210 0016 | Level7 | 0.260 0.204 0.056
Level 6 | 0.254 0.129 0.125 | Level6 | 0310 0.107 0.203
Level 5 | 0.241 0.110 0.131 Level 5 | 0.266 0.060 0.206
Leveld | 0.179 0.119 0.06 Leveld | 0.169 0.113 0.056
Level 3 | 0.069 0.154 -0.085 | Level3 | 0.031 0.169 -0.138
Level 2 | 0.000 0.188 -0.188 | Level2 | 0.031 0.119 -0.088
Level1 | 0.022 0.107 -0.085 | Levell | 0.082 0.028 0.054
Level0 | 0.129 0.000 0.129 | Level0 | 0.107 0.000 0.107




Table 14 Distance measuring from superimposed pre- and post-

operative images (mm) in ProTaper NEXT group

PTN9 Left Right Diff PTN10 Left Right Diff
Level 7 0.276 0.176 0.1 Level 7 0.266 0.176 0.09
Level 6 0.298 0.088 0.21 Level 6 0.301 0.072 0.229
Level 5 0.313 0.028 0.285 Level 5 0.266 0.038 0.228
Level 4 0.229 0.069 0.16 Level 4 0.169 0.100 0.069
Level 3 0.091 0.119 -0.028 Level 3 0.055 0.157 -0.102
Level 2 0.000 0.191 -0.191 Level 2 0.000 0.144 -0.144
Level 1 0.034 0.132 -0.098 Level 1 0.082 0.056 0.026
Level 0 0.160 0.000 0.16 Level O 0.132 0.000 0.132




Table 15 Distance measuring from superimposed pre- and post-

operative images (mm) in iRace group

a3

RA1 Left Right Diff IRA2 Left Right Diff
Level 7 0.182 0.132 0.05 Level 7 0.204 0.160 0.044
Level 6 0.210 0.053 0.157 Level 6 0.261 0.085 0.176
Level 5 0.216 0.050 0.166 Level 5 0.213 0.072 0.141
Level 4 0.135 0.097 0.038 Level 4 0.169 0.075 0.094
Level 3 0.031 0.091 -0.06 Level 3 0.047 0.088 -0.041
Level 2 0.000 0.113 -0.113 Level 2 0.034 0.125 -0.091
Level 1 0.050 0.050 0 Level 1 0.028 0.056 -0.028
Level 0 0.034 0.000 0.034 Level 0 0.063 0.000 0.063

IRA3 Left Right Diff IRAG Left Right Diff
Level 7 0.201 0.122 0.079 Level 7 0.210 0.122 0.088
Level 6 0.232 0.078 0.154 Level 6 0.235 0.060 0.175
Level 5 0.216 0.028 0.188 Level 5 0.210 0.053 0.157
Level 4 0.210 0.034 0.176 Level 4 0.163 0.085 0.078
Level 3 0.088 0.100 -0.012 Level 3 0.025 0.135 -0.11
Level 2 0.044 0.100 -0.056 Level 2 0.000 0.138 -0.138
Level 1 0.056 0.044 0.012 Level 1 0.072 0.050 0.022
Level 0 0.078 0.000 0.078 Level O 0.016 0.000 0.016




Table 16 Distance measuring from superimposed pre- and post-

operative images (mm) in iRace group

RA5 Left Right Diff IRA6 Left Right Diff
Level 7 0.223 0.132 0.091 Level 7 0.204 0.138 0.066
Level 6 0.223 0.072 0.151 Level 6 0.216 0.088 0.128
Level 5 0.251 0.000 0.251 Level 5 0.185 0.066 0.119
Level 4 0.194 0.025 0.169 Level 4 0.147 0.091 0.056
Level 3 0.075 0.088 -0.013 Level 3 0.044 0.125 -0.081
Level 2 0.022 0.122 -0.1 Level 2 0.000 0.122 -0.122
Level 1 0.060 0.038 0.022 Level 1 0.056 0.066 -0.01
Level 0 0.072 0.000 0.072 Level 0 0.000 0.000 0

RA7 Left Right Diff IRA8 Left Right Diff
Level 7 0.182 0.160 0.022 Level 7 0.176 0.154 0.022
Level 6 0.210 0.078 0.132 Level 6 0.182 0.100 0.082
Level 5 0.223 0.056 0.167 Level 5 0.229 0.044 0.185
Level 4 0.166 0.063 0.103 Level 4 0.188 0.050 0.138
Level 3 0.056 0.100 -0.044 Level 3 0.088 0.066 0.022
Level 2 0.056 0.094 -0.038 Level 2 0.056 0.107 -0.051
Level 1 0.050 0.028 0.022 Level 1 0.094 0.034 0.06
Level O 0.038 0.000 0.038 Level 0 0.091 0.000 0.091




Table 17 Distance measuring from superimposed pre- and post-

operative images (mm) in iRace group

a5

IRA9 Left Right Diff IRA10 Left Right Diff
Level 7 0.223 0.144 0.079 Level 7 0.226 0.122 0.104
Level 6 0.238 0.094 0.144 Level 6 0.260 0.085 0.175
Level 5 0.232 0.025 0.207 Level 5 0.273 0.025 0.248
Level 4 0.226 0.053 0.173 Level 4 0.194 0.047 0.147
Level 3 0.069 0.097 -0.028 Level 3 0.082 0.063 0.019
Level 2 0.028 0.119 -0.091 Level 2 0.038 0.100 -0.062
Level 1 0.088 0.044 0.044 Level 1 0.072 0.016 0.056
Level 0 0.107 0.000 0.107 Level 0 0.094 0.000 0.094

Distribution of data was analyzed by Shapiro-wilk test. All data was normal

distributed except level 1, 2, 3, 4, 5, 6 of PTU and level 3 of PTN. Data in this

parameter was not normal distributed, so non-parametric statistic (Kruskal wallis test)

was used to compare difference among groups in each levels and identified the

significant pairs with Mann whitney u test.
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Table 18 Mean deviations + standard deviation (mm). Measuring in

8 levels. Identified the significant difference pairs.

Distance in mm PTU (A) PTN (B) IRA (O) Pairs with
Mean + SD Mean + SD Mean + SD significant

Levels difference
Level 7 0.081 + 0.304 0.073 £ 0.043 0.060 £ 0.057 -
Level 6 0.706 + 0.722 0.198 + 0.043 0.137 + 0.080 B-C
Level 5 0.988 + 0.896 0.228 + 0.046 0.164 + 0.079 A-C, B-C
Level 4 0.407 = 0.442 0.098 + 0.050 0.095 + 0.05 A-B, A-C
Level 3 -0.575 + 0.673 -0.091 + 0.049 -0.036 + 0.060 A-C, B-C
Level 2 -0.799 = 0.760 -0.162 + 0.042 -0.080 + 0.060 A-B, A-C, B-C
Level 1 0.080 + 0.423 -0.012 + 0.056 0.080 + 0.034 -
Level O 0.728 + 0.648 0.139 + 0.032 0.057 + 0.036 A-B, A-C, B-C

plus value mean canal was deviated to left side
minus value mean canal was deviated to right side

Significant difference (p<0.05)
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All three rotary systems generated deviations at every canal level evaluated
(Table 18). The PTU group showed the greatest canal deviation at all levels (ranging
from 0.080-0.988) and were significantly different from the IRA group at levels 0, 2, 3,
4 and 5 and the PTN group at levels 0, 2 and 4. The IRA group demonstrated the
least canal deviation at all levels, except at level 1 (ranging from 0.036-0.164 mm),
which were significantly different compared to the PTN group at levels 0, 2, 3, 5 and
6. At levels 1 and 7, the differences in deviation among three groups were not
significant.

The apical foramen of all samples (level 0) were shifted to the left side (outer
curve of the apical curve), with the PTU, PTN, IRA groups shifting 0.728, 0.139, 0.057

mm, respectively. The differences among three groups were significant (Table 12).

Angle of Curvatures Results
Pre- and post-operative images were measured the angle of curvatures both
coronal and apical curves. Using Microsoft PowerPoint software to create lines and

circles according to the method described by Pruett et al. (21) (Fig. 5).
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Fig. 5 Measuring Angle and radius of curvatures by Microsoft

PowerPoint software
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Table 19 Angle of curvatures of ProTaper Universal (degrees)

minus value of percent difference mean the angle of curvatures were increased

plus value of percent difference mean the angle of curvatures were decreased
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Table 20 Angle of curvatures of ProTaper NEXT (degrees)

minus value of percent difference mean the angle of curvatures were increased

plus value of percent difference mean the angle of curvatures were decreased
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Table 21 Angle of curvatures of iRace (degrees)

minus value of percent difference mean the angle of curvatures were increased

plus value of percent difference mean the angle of curvatures were decreased
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Distribution of data was analyzed by Shapiro-wilk test. All data was normal
distributed except apical curvature of PTU. One of data in this parameter was not
normal distributed, so non-parametric statistic (Kruskal wallis test) was used to
compare difference among groups both in coronal and apical curvatures and
identified the significant pairs with Mann whitney u test.

Table 22 Mean difference of angle of curvatures + Standard

deviation (%). Measuring both coronal and apical curvatures.

PTU PTN IRA
Coronal
8.84 + 5.95 4.24 +10.43 8.06 + 9.81
Apical
-6.99 + 14.55 0.90 + 14.33 6.27 + 11.83

All instruments modified the curvatures in some degree except PTU in
samples 1 and 9 in apical curvature and PTN in samples 1 and 5 in coronal curvature
which angle of curvatures were unchanged. There were no statistically significant

differences among three groups both in coronal and apical curvatures.

Radius of Curvatures Results

Pre- and post-operative images were measured the radius of curvatures both
coronal and apical curves. Using Microsoft PowerPoint software to create lines and

circles according to the method described by Pruett et al. (21) (Fig. 5).
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Table 23 Radius of curvatures of ProTaper Universal (mm)

minus value of percent difference mean the radius of curvatures were increased

plus value of percent difference mean the radius of curvatures were decreased
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Table 24 Radius of curvatures of ProTaper NEXT (mm)

minus value of percent difference mean the radius of curvatures were increased

plus value of percent difference mean the radius of curvatures were decreased
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Table 25 Radius of curvatures of iRace (mm)

minus value of percent difference mean the radius of curvatures were increased

plus value of percent difference mean the radius of curvatures were decreased
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Distribution of data was analyzed by Shapiro-wilk test. All data was normal
distributed, so parametric statistic (ANOVA test) was used to compare difference
among groups both in coronal and apical curvatures and identified the significant
pairs with post hoc (Bonferroni) test.

Table 26 Mean difference of radius of curvatures + Standard

deviation (%). Measuring both coronal and apical curvatures.

PTU PTN IRA
Coronal
8.84 + 5.95 4.24 +10.43 8.06 + 9.81
Apical
-6.99 + 14.55 0.90 + 14.33 6.27 + 11.83

All instruments modified the radius of curvatures in some degree. There were
no statistically significant differences among three groups both in coronal and apical

curvatures.

Canal Aberrations Results

After instrumentations were completed, blocks were evaluated under
stereomicroscope (30X magnification) to identify aberrations which were ledge and
elbow (Fig. 6). In samples with aberrations, the intra-operative images were examined

to identify the instrument that caused the aberration (Fig. 7).
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Fig. 6 (A) Ledge, (B) Elbow, (C) Ledge and elbow, (D) No errors
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Fig. 7 Intra-operative images
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i No Errors I Ledge . Elbow I Ledget+Elbow

PTU PTN IRA

Fig. 8 Chart presented aberrations in each rotary system

The PTU group had a significantly higher incidence of aberrations than the
PTN group (Fig. 8). In the PTU group, 9/10 samples demonstrated aberrations, with six
samples demonstrating both elbows and ledges. F1 files initiated aberrations in four
samples and F2 files initiated aberrations in five samples (Table. 27). In the PTN
group, 2/10 samples had aberrations that were initiated with X2 files (Table. 28). The
IRA group had 6/10 samples with aberrations that were initiated with R2 files with five
samples presenting with ledges (Table. 29). All systems generated canal without

(Fig. 9) and with errors (Fig. 10).



Table 27 Aberrations in ProTaper Universal
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Table 28 Aberrations in ProTaper NEXT

61



Table 29 Aberrations in iRace
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Fig. 9 Samples without errors. (A) PTU, (B) PTN, (C) IRA
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Fig. 10 Samples with errors. (A) PTU, (B) PTN, (C) IRA



Instrumentation Time Results

The instrumentation times were including irrigation and recapitulation.

Table 30 Instrumentation time (seconds)

65

1153 81.2 60.2
123.8 81.6 62.5
121.2 80.0 65.0
127.0 81.6 68.9
109.2 77.1 65.3
113.8 79.1 65.0
118.4 76.4 76.0
112.7 82.3 75.3
110.5 79.0 71.6
112.3 77.1 69.6
116.4 79.5 67.9

The instrumentation times, including irrigation and recapitulation, were 1.94 +

0.10, 1.32 + 0.04, 1.13 £ 0.09 minutes for the PTU, PTN and IRA systems, respectively.

The IRA system required the least time, while the PTU system required the most.
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CHAPTER V
DISCUSSION

The present study investigated the abilities of three NiTi rotary systems,
ProTaper Universal (PTU), ProTaper NEXT (PTN) and iRace (IRA), to maintain
canal/apical foramen position, or to produce canal aberrations, when shaping
simulated S-shaped canals. We found that the systems had differences in canal
shaping ability. Based on these results, the null hypothesis was rejected. Shaping
abilities of three rotary systems were different.

This study used a technique of superimposition the pre- and post- operating
images which provided reproducibility and direct visual comparison of the results. A
number of studies investigating the shaping abilities of endodontic files used in
S-shaped canals have employed the technique of superimposing the pre- and
post-operative images in their analysis due to resin blocks couldn’t investigate by
mean of x-ray subtraction technique or micro-computed tomography (8, 9, 24, 31).
This method provides reproducibility and direct visual comparison of the results.
Sample standardization in studies of S-shaped canals is important. Using simulated
canal models may be the best way to achieve the sample standardization. The

instruments used in the present study were only used once, which prevented any
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degradation in the instruments’ performance that may have occurred with multiple
uses. There were no declaration of single used from previous studies (8, 9, 31, 32).
Quality of images might be improved by injection of various dye (Methylene blue (9,
31), ink (24)) corresponded to previous studies. This study was taken both with and
without dye images in order to maximize the quality of images during analytical
procedures.

Number of samples in this study was ten for each system. This number is the
least number available in the literatures (8, 9). This study used file only once, this
made each sample much more reliable. Non of previous studies had a single used
declaration before. The results would be stronger if the number of sample was
increased, but the limitation of this issue was limited budget.

Previous studies used various irrigants which were tap water (8, 9, 24), sterile
water (31) and distilled water (32). All of irrigants were used for debriding and
removing root canal contents. Irrigation volume in each system was controlled
equally due to difference in volume may produce difference of debris remaining in
root canal which could interfere with the files while working in the canal.

Glide path could be established by many instruments which were hand files,
rotary instruments (PathFile, ScoutRace, iRace 1SO10, Mtwo). This study used the
rotary instruments to create glide path due to previous study showed that making
glide path with rotary instrument resulted in less modification of curvature and canal

aberrations than stainless steel hand file (23). PathFile was investigated its ability by
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many studies which provided less deviation (23, 25). ScoutRace had only one study
which compared the ability in simulated s-shaped canal with PathFile, the results
showed that ScoutRace had superior ability than PathFile. This study was focused on
shape of the root canal after preparation which was not associated with shape from
glide path procedure. Because canals were prepared in all dimension. Another
reason was an availability of the PathFile.

The apical size at the end of preparation was aimed at #25 due to previous
study suggested that NiTi files with tapers greater than 0.04 and sizes greater than 30
should not be used for apical enlargement of S-shaped canals (9). If the apical size
was aimed at #30, the tapers of file in most systems would be too greater than 0.04.

Points measuring in canal deviation analysis in this study were eight points
(24, 31) which represented every curvature along the entire canals. Measuring only
two points (8, 9) in the most curved points of each curvature may not reflect all
entire S-shaped canal. Measuring twelve points (32) would include a straight portion
of the canal which might interfere with the true results. In our study, shaping the
S-shaped canals with the PTU files resulted in the greatest canal deviation, which is
in accordance with previous studies (8, 9). (Table. 18) The deviation in the PTU group
was significantly different from the other two systems at levels 2, 3, 4, 5, which are
the curved portion of the simulated canal. The observed canal deviation might be
caused by the large tapering of the PTU system files (F1: 20/0.07, F2: 25/0.08), which

reduces their flexibility. The PTN system treated canals deviated less than the PTU
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system treated canals at levels 2 and 4, but deviated more than the IRA system
treated canals at levels 2, 3, 5 and 6. The IRA system produced the least canal
deviation at levels 2, 3, 4, 5, 6. The PTN and IRA systems utilize fewer files than the
PTU system, which may result in less canal deviation because each file would create
some of deviation. In addition, the PTN and IRA systems use taper sequences that
are different from each other. The PTN system uses SX (19/0.04), X1 (17/0.04), X2
(25/0.06) files at a rotation speed of 300 rpm, while the IRA system employs R1
(15/0.06) and R2 (25/0.04) files at a rotation speed of 600 rpm. In the PTN group, the
deviation at levels 3-7 may have been caused by the use the of SX file, which has
progressive tapering. Although there are differences in taper sequences between the
systems, the tapering of the IRA and PTN files do not exceed a 0.06 taper, which is
the maximum taper recommended for use in S-shaped canals (9). The rotation speed
of the IRA system is twice that of the PTN system. Therefore, iRace stayed inside the
root canal shorter than other systems, which may be one factor why the least
deviation was seen for this system. Speed of rotation may influence the deviation
result, because more speed allowed the instruments to get in and leave canal as fast
as it could, so the chance of deviation was reduced. Higher speed system may
provide some advantage in this issue but higher speed would shorten the time for
number of cycle to failure which resulted in separated instrument. All canal
deviations were to the inner side of the canal curvatures, which corresponds to

previous studies (8, 9). All canal deviations were caused by rotary files in each



70

system. PathFile were not associated with the deviations, because all dimension of
canal were prepared by rotary file in each system.

In endodontic treatment, it is desirable that the apical foramen position
should be maintained at its original position (1). The present study revealed that
none of the rotary systems used could maintain the original foramen position. This
may due to the path of the canals that have double curves that go in different
directions. However, the files have shape-memory effects to maintain their original
shape. The rotary files were forced to go to the right side due to the apical curvature,
so the tip of files moved to the left side. From the results, the difference among
three groups were statistical significant. This may be cause by the difference of taper
size of instruments PTU (0.08), PTN (0.06) and IRA (0.04). The greater percentage
tapered, the greater diameter and less flexibility of files became. So the greatest

tapered produced shift of apical foramen position the most.

Angle and radius of curvatures were proposed by Pruett in 1997 (21). This
parameters were introduced in order to establish standard value for communicating
between practitioners about degree of difficulty in each case. Almost two decade
since this parameters were introduced, there was no study use this parameters for
determining shaping ability of files before. This was the first study that used these
two value as parameters in shaping ability. Raw data showed wide range of value and

extremely high standard deviation. This may cause by errors from method of
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measuring angle and radius of curvatures. Slightly line shifting of the lines resulted in
huge change of the parameter values. In order to solve this issue, increasing sample
size until the standard deviation was reduced is expected. But limitation of this issue
was the budget, because this study used the rotary file only once and discarded.
From this study, we realized that angle and radius of curvatures might not be a
suitable parameter for determining of shaping ability of files due to its sensitive
measuring.

Previous studies (8, 9, 31) investigated the aberrations from root canal
preparation procedures in many aspects which comprised of ledge, zip, elbow,
perforation and broken instruments. In the present study, all aberrations were
presented which included ledge and elbow. The PTU system created aberrations in
nine samples. These might be explained by the “jump in taper” of the PTU file tips
(S2: 20/0.04 to F1: 20/0.07), as was suggested by Yoshimine, Ono et al. (8).
Furthermore, cross-section of PTU created three dentin-instrument contact point
which increased chance of creating aberrations. Conventional NiTi provided less
flexibility, this may be the other explanation of the aberrations. Aberrations were
found in six samples treated with the IRA system. These may have been caused by
the lower flexibility of the conventional NiTi alloy, the triangular cross-section which
increased number of contact points between files and canal walls and the use of the
single length technique which may have failed to establish a canal with pre-coronal

flaring. Even the taper size of iRace was not exceeded the suggestion from previous
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study (8), but the order of files taper was not increasing in order, this might be
another explanation of the results. The PTN system produced the least aberrations,
which was significantly different from the number observed in the PTU group. The
reduced number of aberrations by this system might have resulted from the gradual
increase in file taper (SX: 19/0.04, X1: 17/.04, X2: 25/0.06) and the pre-coronal flaring
that results from the crown-down technique. The M-wire technology improves
flexibility along the active portion of the PTN files. Moreover, the new off-set
rectangular design of PTN’s cross section provided only two dentin-instrument
contact points and created a mechanical wave of motion which might reduce the
chance of creating aberrations. Crown-down preparation technique in PTN allowed
files to move freely in the canal, reduced chance of aberrations. All the aberrations
were caused by rotary files in each system which could be confirm by investigating
intra-operative images. PathFiles were not associated with the aberration, because all
aberrations were found in late stage of preparation.

The instrumentation times among three groups were significant difference.
The iRace system resulted in the least instrumentation time because it uses the
fewest files while ProTaper universal resulted in the most instrumentation time
because it uses most files.

From six parameters in this study, we found that only four parameters (Canal
deviations, apical foramen position, aberration and instrumentation time) were

suitable for determining shaping ability of rotary files. The results of canal deviation
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could show the relative values of deviation among three systems. However, there
are no study that can define the amount of deviation that has clinical significance.
Therefore this parameter could tell that each system has more or less deviation than
the others, but it doesn’t mean that which systems is good or bad in clinical use.
Instrumentation time was one of the parameters that could be used for determining
shaping ability. This aspect might be one of the important parameters for clinicians
when they decided which systems they should use for their clinical practices. Canal
aberrations are also the important parameter. The aberrations such as ledge might
prevent the shaping and cleaning procedures beyond that point which may reduce
the success rate of the treatment especially in cases associated with periapical lesion
(35). Elbow may compromise the apical seal due to improper shape of apical stop
which should be ideally as small as practical and provide continuous tapering funnel

shape from apical to coronal (1).

Limitations

We should note that the use of rotary files in shaping canals in resin blocks as
performed in our study may be different from shaping performed in root canal
dentin, so care must be taken in the interpretation of the results. Number of sample

was limited by budget due to all instruments were single used.
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The interpretation of the results might be better, if the analysis was
performed by two blinded investigators to confirm and increase the reliability of the

results.

Conclusion

Under the conditions of this study, the iRace system generated the least
mean canal deviation at most canal levels evaluated, the least apical foramen
position shifted and the least in instrumentation time. The ProTaper NEXT system
resulted in the least canal aberrations. The ProTaper Universal system demonstrated
the most canal deviation, shifting apical foramen position, aberrations and
instrumentation time. The changing of angle and radius of curvatures among three
systems were not significant differences. Our findings suggest that, after a smooth
glide path has been established with rotary files, the shaping strategy in S-shaped
canals should use a step increase in file taper (0.02-0.04-0.06), without a jump in

taper, finish with a #25 tip size file.
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