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ABSTRACT

Introduction: This study was conducted to determine the surface topography of root canal
dentin after mechanical preparation using different endodontic file systems.

Methodolgy: Twenty single rooted extracted premolars were used. After teeth decoronation,
all roots were divided into four groups (five roots each). Group PNX was instrumented by ProTaper
Next files, Group W was instrumented by Wave One. Group P was instrumented by Protaper files,
and Group H (control) was instrumented by K type hand files. Radicular preparation for all groups
was performed according to the each file system’s manufacturer instructions. Roots were split
longitudinally in a bucco-lingual direction giving a total of 10 specimens for each group. Samples
of each group were photographed at cervical, middle and apical regions of each prepared canal
using USB Digital microscope.

Results: Group P showed the highest roughness mean value followed by group H then group
PNX while group W recorded the lowest value. The difference between groups was statistically
significant. There was no significant difference between group PNX and group W. Apical regions
recorded the highest roughness mean value followed by middle regions while cervical region

recorded the lowest roughness mean value.

Conclusions: The use of Protaper file system showed the highest root canal roughness while
Wave One file system showed the lowest values. Root canal apical regions showed higher roughness

mean values than middle or cervical regions in all groups.
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INTRODUCTION from inside the root canals (including a thin layer
. o ' of intra-canal dentin), nullify endotoxins inside the
Root canal preparation as well as disinfection dentin, lessen the number of microorganisms and

target to eliminate inorganic and organic tissue prepare the root canal for appropriate filling.
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The aim of root canal obturation is to afford
a three-dimensional seal of root canal system,
thus stopping bacterial entry from the oral cavity
and peri-radicular tissues. In addition, the filling
materials might seal the root canal system and can
be operative in deactivating irritants that were not
detached during root canal preparation '-*:

The hosting of nickel-titanium rotary files
signifies a key jump in the development of
endodontic instruments with an extensive diversity
of refined instruments presently obtainable *°.
The super elastic alloy has made it conceivable to
produce highly effectual instruments that can be
rotated securely, even in curved root canals with
a reasonable angulation, practically preserving the
long axis of the canal in its original position. Since
then, many different file designs have been tried
and announced with disparities in rake angle, radial
lands scheme, helical area, or thinness of the core.
Some designs are highly aggressive and some are
more flexible, whereas others offer safe tips or an
intervallic helical angle !'. Modern improvements
in nickel-titanium metallurgy are also encouraging a
potential for more elastic instruments .

Adhesion encompasses interactions at the border
between materials and depends on numerous features
such as cleanliness, structure, and coarseness of
adherent surface. Mechanical bonding is the most
operative means of generating durable joints. In this
category of adhesion, the material infiltrates into the
adherent, becoming mechanically interconnected
at some level. To accomplish effective adhesive
bonding, it is imperative that the adherent have an
uncontaminated and rough surface '*. Appropriate
root canal sealer adaptation to the root canal walls
is a significant factor in the accomplishment of a
fluid-tight seal .

A root canal wall with greater roughness could
encourage an improved contact between dentin
and sealer which could advantage the obturation.
Adhesive materials must come into bosom linking
with the substrate to expedite molecular attraction
and permit either chemical adhesion or infiltration
for micromechanical surface attachment. The
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adhesion processes are principally prejudiced by the
relative surface free energy (wetting ability) of the
hard surface %18,

The significance of roughness studies is
reinforced due to the solid association between
surface structure and its effect on dentin wettability,
a property that impacts the bonding of the dental
materials and microorganism adhesion . To date,
there have been no studies evaluating the effect of
different types of root canal files and file systems on
root canal dentin roughness.

The purpose of the present study was to evaluate
the surface roughness topography of root canal
dentin following mechanical preparation using
different endodontic files and file systems.

MATERIALS AND METHODS

A total of 20 intact human mandibular single
rooted premolars extracted for orthodontic purpose
were used in the current study. Teeth were stored
in saline after the tissue remnants on root surfaces
were cleaned. Decoronation of teeth were done us-
ing high speed diamond abrasives (Diatech, Swiss
Dental Instruments, Heerbrugg, Switzerland) with
water spray cooling, then all roots were divided
into four groups (five roots each). Group PNX was
instrumented by nickel titanium NiTi rotary Pro-
Taper Next files (Dentsply, Maillfer, Balligues,
Switzerland), Group W was instrumented by NiTi
reciprocating Wave One files (Dentsply, Maillfer,
Balligues, Switzerland). Group P was instrumented
by NiTi rotary ProTaper files (Dentsply, Maillfer,
Balligues, Switzerland) and Group H (control) was
instrumented by stainless steel (St.St.) K type hand
files (Dentsply, Maillfer, Balligues, Switzerland).

Radicular preparation for all groups
performed according to each file system’s
manufacturer instructions; group PNX was
prepared starting with X1 and finished with X3
file, group W was prepared by Primary file, group
P was prepared starting with SX and finished with
F2 file, and group H was prepared starting with
file #15 reaching master apical file #30 then step

was
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back preparation till file #45. Sodium hypochlorite
(5.25%) was used in all groups as an intracanal
irrigant. Glyde paste was also used to reduce the
risk of instrument fracture by acting as intracanal
lubricant as well as smear layer removal (Dentsply,
Maillfer, Balligues, Switzerland). By the use of a
diamond disk (Diamant, Horico, Berlin, Germany)
with air-water coolant at low speed, the prepared
roots were then split longitudinally through the root
canals in a bucco-lingual direction, resulting in two
equal root halves giving a total of 10 specimens for
each group (40 specimens total for all groups).

Samples were air dried then photographed at
cervical, middle as well as apical regions of each
prepared canal using USB Digital microscope
attached camera (Scope Capture Digital Microscope,
Guangdong, China) connected to a compatible PC,
using a fixed magnification of 120X .

Images were recorded with a resolution of 1280
x 1024 pixels per image. Digital microscope images
were cropped to 350 x 400 pixels using Microsoft
office picture manager to specify/standardize area of
roughness measurement. The cropped images were
analyzed using WSxM software (Ver. 5 develop
4.1, Nanotec, Electronica, SL)?'. Within the WSxM
software, all limits, sizes, frames and measured
parameters are expressed in pixels. Therefore,
system calibration was done to convert the pixels
into absolute real world units. Calibration was made
by comparing an object of known size (a ruler in
this study) with a scale generated by the software.

Subsequently, a 3D image at an area of 10 ym
x 10 um of the surface profile of all specimens
were collected at cervical, middle as well as apical
regions of each prepared canal.

WSxXxM software was used to calculate the
roughness average (Ra) expressed in pum, which
can be assumed to be reliable indices of surface
roughness *.

Data analysis was performed in several steps.
Initially, descriptive statistics for each group
results. Two way analysis of variance ANOVA
test of significance comparing variables affecting
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mean values (instruments and radicular regions).
One way ANOVA followed by pair-wise Tukey’s
post-hoc tests were performed to detect significance
between instrument/radicular region variable within
each group. Statistical analysis was performed
using Assistat 7.6 statistics software for Windows
(Campina Grande, Paraiba state, Brazil). P values
<0.05 are considered to be statistically significant
in all tests. The null hypothesis of the study was
that there is no difference regarding the analyzed
variables.

RESULTS

Roughness average (Ra) results (Mean + SD) as
function of instrument type and radicular region are
summarized in table (1) and graphically drawn in
figure (1).

Microscopic 3D profile images for all groups
with different regions; cervical (a), middle (b) and
apical (c) are shown in figures (2-5).

Effect of instrument: Regardless to radicular
region, it was found that group Precorded the highest
roughness average mean value followed by group H
then group PNX while group W recorded the lowest
roughness average mean value. The difference
between groups was statistically significant as
indicated by two way ANOVA (P<0.05). Pair-wise
Tukey’s post-hoc showed non-significant (P>0.05)
difference between group PNX and group W.

Effect of radicular region: Irrespective of
instrument, it was found that apical region recorded
the highest roughness average mean value followed
by middle region, while cervical region recorded the
lowestroughness average mean value. The difference
between regions was statistically significant as
indicated by two way ANOVA (P<0.05). Pair-wise
Tukey’s post-hoc showed non-significant (P>0.05)
difference between cervical and middle regions.
The null hypothesis is therefore rejected as there
was a statistical difference regarding the analyzed
variables.
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TABLE (1) Roughness results (Mean +SD) as function of instrument type and radicular regions:
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Radicular region ANOVA
Variables
Cervical Middle Apical P value
Group PNX 0.2368% +0.002 0.2391% +0.001 0.2399€ +0.0003 0.0119*
Group W 0.2359"% + 0.002 0.2371®% ,+0.003 0.2416"¢ +0.003 0.0257%
Groups
Group P 0.2421* £0.004 0.2442* +0.002 0.2499* +0.001 0.0008*
Group H 0.2406* +0.002 0.2402* +0.002 0.2439® +0.003 0.1041 ns
ANOVA P value 0.0079%* 0.0016%* <0.0001*
Columns — different upper case letters indicating significant difference between instrument groups (p<0.05)
Rows - different lower case letters indicating significant difference between regions (p<0.05)
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Fig. (1) Histogram of roughness mean values as function of instrument type and radicular regions.
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Fig. (2) Microscopic 3D profile images for group PNX (Protaper Next files) with different regions; cervical (a), middle (b) and
apical (c).
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Fig. (3) Microscopic 3D profile images for group W (Wave One files) with different regions; cervical (a), middle (b) and apical (c).
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Fig. (5) Microscopic 3D profile images for group H (Hand files; K) with different regions; cervical (a), middle (b) and apical (c).
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DISCUSSION

In the current study, topographic surface
changes of root canal dentin (cervical, middle and
apical) were measured after mechanical root canal
preparation with different filing systems. Many
articles tackled root canal roughness as a result
of using intracanal chemical irrigants %! while
roughness tests as a result of mechanical root canal
preparation with different filing systems are not

conducted as yet.

Selection of different mechanical preparation
root canal filing systems for the current study
was done; normal rotary file motion (Protaper),
swaggering rotary file motion (Protaper Next) and
reciprocating file motion (Wave One). Hand filing
roughness mean values (step back with K files) were
used as control as they are being used popularly
with high success rates for long time.

Apical region recorded the highest roughness
average mean value followed by middle region
while cervical region recorded the lowest value.
These results are considered to be in favor of
root canal treatment success, as high roughness
values improve adhesion. In agreement, different
articles '*'® high mentioned the importance of root
canal roughness and surface energy for the success
of adhesion of the filling material to the dentinal
wall of the root canal.

Also, the highest roughness values were recorded
after using Protaper as well as K hand files while the
lowest roughness values were recorded after using
Protaper Next and Wave One file systems.

In the present study, USB digital microscope with
a built in camera connected to a personal computer
was used to test and record surface roughness. The
method proofed to be easy and reliable.

Using the typical method for preparation of
dentin samples in Scanning Electron Microscopy
(SEM), the sample is dehydrated in graded acetone
succession, dried and layered in sputtering device

Ayman M. Elkady and Elsayed Gad

after its fixation. The manifestation of artefacts
initiated by shrinking cannot be eradicated in practice
because dentin toughly delicate to dehydration *.
Also, one of the main disadvantages of using SEM
is that the roughness results are only qualitative and
not quantitative.

Atomic force microscope (AFM) was also
used **-¢ for the same purpose giving quantitative
readings but in a more complex way than the USB
microscope.

Based on the findings of the current study, it may
be concluded that the use of Protaper file system
could bring better adhesion between the dentinal
walls of the root canal and different obturation
materials. Also, the present work proofed that
mechanical preparation of root canals, no matter
which file system is used, showed the highest
roughness values at the root canal apical segment
than middle as well as cervical segments. This
finding came in favor with the success rate of root
canal treatment.
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