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Abstract

Aim: To evaluate the foraminal transportation during foraminal enlargement after manual
instrumentation with stainless steel files, preparation with the Mtwo system and Reciproc R25 file.
Methods: Thirty roots were selected, divided in three groups and prepared in accordance with
the different instrumentation systems: Hand Files (HF); Mtwo system (MS); and Reciproc system
(RS). All groups were prepared with the instrumentation level 1 mm beyond the apex.
Photomicrographs were performed using scanning electron microscopy, to record the foraminal
anatomy before and after instrumentation. Data were analyzed using ANOVA followed by Tukey’s
test with a significance level of 5%. Results: The group instrumented with hand files showed
higher foraminal transportation when compared to the Mtwo and Reciproc groups (p<0.05).
Reciproc group showed lower transportation when compared to the Mtwo group (p<0.05).
Conclusions: The stainless steel files caused significant foraminal transportation, while Reciproc
system showed safe apical preparation, with little transportation.
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Introduction

The apical limit of root canal instrumentation is still a controversial topic in
root canal therapy1-2. In cases of apical periodontitis, recognizing the presence of
microorganisms not only in the apical portion of the canal, but even within the
lesion itself, has contributed to the concept of cleaning, debridement and
enlargement of the apical foramen during root canal instrumentation3-4. In fact,
these procedures can overcome the potential limitation of irrigation procedures in
the apical area, optimizing root canal disinfection5-9.

One of the main concerns during foraminal enlargement is the possibility of
foraminal transportation, especially when curved canals are prepared10-11. When
excessive hard tissue is removed in a single direction, some areas may be left
unprepared, favoring the presence of remaining necrotic tissue, contaminated dentin
chips and microorganisms. Moreover, this foraminal transportation may compromise
the apical seal after root canal filling12.

The introduction of rotary nickel-titanium (NiTi) files has improved root
canal shaping13, because of their high flexibility and cutting ability14-15, allowing

Received for publication: July 21, 2014
Accepted: November 25, 2014



greater efficiency and predictability of root canal
instrumentation and providing better centering and less apical
transportation in the canal compared to hand instrumentation
with stainless-steel instruments16-17. However, despite their
advantages, NiTi rotary instruments may undergo premature
failure by flexion and/or torsion18. Cyclic fatigue fracture
occurs as consequence of the continuous rotation of an
instrument in a curved space. In this condition, the instrument
under elastic deformation is subjected to a mechanical load
represented by alternating tensile and compressive stresses19,
leading to instrument fracture by low-cycle fatigue
mechanism20-21. Cyclic fatigue resistance comprises thus the
number of cycles that an instrument can endure until fracture
under a specific load condition. Because NiTi instruments
may show no visible signs of permanent deformation during
cyclic fatigue, instrument separation may occur
unexpectedly22.

Recently, a new approach was introduced to enlarge
the root canal space in which a single NiTi rotary instrument
is used using a reciprocating movement23. The concept of a
single NiTi instrument to prepare the entire root canal up to
a minimum taper-size is appealing, since the learning curve
is considerably reduced due to an over-simplification of the
technique. Moreover, there is no doubt that in a cost-effective
perspective, the use of only one NiTi instrument is more
advantageous than the conventional multi-file NiTi systems.
To some extent, the reciprocation-based systems have
brought new perspectives in mechanical root canal
preparation. Reciprocating movements somehow mimic the
manual instrumentation procedures. Moreover, there is some
evidence that it outperforms conventional continuous rotary
NiTi preparation24. In fact, the first experimental and clinical
impression of the single-file reciprocating systems seems
promising25-28.

However, some important parameters still need be
properly assessed; for instance, the effect of reciprocation
movement on foramen enlargement. Therefore, the present
study was designed to evaluate the foraminal transportation
during foraminal enlargement, comparing the conventional
sequence of the Mtwo system files with the Reciproc R25
file. Conventional crown-down hand-file instrumentation was
used as control. The tested null hypothesis was that there
are no differences in foraminal transportation among the
different tested instrumentation systems.

Material and methods

The present research protocol was approved by the Ethics
Committee in Research of the Piracicaba Dental School,
University of Campinas, Brazil (080/2009).

Thirty freshly extracted human maxillary molars were
used in the present study. Disto-vestibular roots were selected
and preoperative digital mesio-distal and bucco-lingual
radiographs were taken from each root to confirm the canal
anatomy. The criteria for tooth selection included: no visible
root caries, fractures or cracks, no signs of internal/external
resorption, pulp calcification and a completely formed apex.

Determination of root canal curvature was based on the angle
of curvature, initiated at the coronal aspect of the apical
third of the root using Schneider’s method29. Curvature angles
were measured using an image analysis program (AxioVision
4.5; Carl Zeiss Vision, Hallbergmoos, Germany). Only roots
with angles of curvature ranging from 10° to 20° (moderate
curvatures) were selected. In addition, only root canals with
an initial apical size equivalent to a size 10 K-file were
included in the present study. Working length (WL) was
established by adding 1 mm to the canal length. After WL
measurement, the length of all roots was standardized at 15
mm to prevent the introduction of confounders, which might
contribute to variations in the preparation procedures. The
roots were then analyzed under SEM with 3 kV, and ×50
magnification (JSM-5600LV, JEOL, Tokyo, Japan) and
secondary electron images were obtained. The specimens
were mounted on specific metallic stubs to prevent their
movement and to allow the evaluation to be made parallel
to the long axis of the foramen.

After the initial image, the specimens were matched in
terms of anatomic features, such as root length, foramen
diameter, and regarding the angle and radius of the root
curvature. Then, the matched teeth were randomly distributed
to the experimental groups (10 for each group) using a
computer algorithm (http://www.random.org). The
experimental groups are described below:

Hand-file technique (HF).Hand-file technique (HF).Hand-file technique (HF).Hand-file technique (HF).Hand-file technique (HF). The coronal and middle
third of each canal was prepared using a Gates-Glidden drill
sizes 4, 3 and 2 (Dentsply/Maillefer, Ballaigues, Switzerland)
up to the beginning of the canal curvature. The apical third
was prepared with a Flexofile (Dentsply/Maillefer) size 50,
45, 40, 35, 30, and 25 at the WL using the balanced force
movement technique16. Thus, in total, 9 instruments were
used for specimens in this group. Irrigation between each
instrument was accomplished with 1 mL 0.9% saline solution
applied with a syringe and an open-end needle.

Mtwo Preparation (MS).Mtwo Preparation (MS).Mtwo Preparation (MS).Mtwo Preparation (MS).Mtwo Preparation (MS). Ten teeth were prepared
with Mtwo instruments, used as recommended by the
manufacturer. The following sequence was used: 10/.04 file
(full WL), 15/.05 (full WL), 20/.06 (full WL) and 25/.06 (full
WL). As used for the HF group, the same irrigation protocol
was followed.

Reciproc Preparation (RS). Reciproc Preparation (RS). Reciproc Preparation (RS). Reciproc Preparation (RS). Reciproc Preparation (RS). Ten teeth were prepared
with a Reciproc R25 file (VDW, Munich, Germany). The file
was advanced in the root canal until reaching 2/3 of the
previously estimated WL and moved in a slow and gentle
in-and-out pecking motion with a 3 mm amplitude limit.
After three complete pecking movements, the instrument was
removed from the canal and its flutes were cleaned off by
insertion into a spoon-box. At this point, the root canal was
fluxed with 1 mL 0.9% saline solution. A straight ISO 10
hand file was gently inserted into the canal, following the
manufacturer’s recommendations, to achieve the full WL.
No instrumentation movement was performed with the hand
file up to this point. Another instrumentation step was
performed with the R25 file in an attempt to reach the full
WL, using the same methodology described before.
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After instrumentation, the specimens were mounted again
on the metallic stubs and new photomicrographs were taken
after instrumentation. A visual attempt was made to place
the samples in the same position in order to record
standardized images of the root apex. The major foramen
was defined as the opening with the largest diameter found
at the root apex30.

A grid system was used to evaluate the
photomicrographs. It consisted of a circle divided into four
equal segments, with its radii projecting to intersect the canal
surface; the center of the circle was located at the center of
the root canal31 (Figure 1). Each segment was measured
according to a scoring system (Table 1). A single examiner,
trained and calibrated for the study, performed blind
evaluations of the images. Approximately 10% of the sample
was re-evaluated in order to calculate the intra-examiner
reproducibility (Kappa value).

Data were analyzed using Kruskal-Wallis followed by
Mann-Whitney tests assuming a significance level of 5%.

Score                                Foraminal Transportation
0 Apical foramen without deviation from the original anatomy
1 Apical foramen with deviation of a quarter of the circle circumference
2 Apical foramen with deviation of two-quarters of the circle circumference
3 Apical foramen with deviation of three-quarters of the circle circumference

Table 1Table 1Table 1Table 1Table 1 - Scores used for foraminal enlargement analysis
and deviation from the original anatomy.

Fig. 1 - Example of the grid system that was used to evaluate foraminal enlargement
and deviation.

Results

The intra-examiner agreement obtained for the present
study was 0.89 according to the Kappa test (substantial
agreement).

The median and standard deviation data of foraminal
transportation for each experimental group are shown in Table
2. Based on the statistical results, HF group showed higher

foraminal transportation than the other tested groups
(p<0.05). RS group showed less foraminal transportation
than MS group (p<0.05). Figure 2 shows representative SEM
images of the three different tested groups.

Fig. 2 - SEM micrographs of representative of 3 different groups tested in the study.
The figures on the left represent the original image before the instrumentation and
the figures on the right side represent the images of the apical foramen after
completion of instrumentation.

Discussion

The apical portion of a root canal is often one of the
most difficult locations to achieve adequate cleaning and
sanification32-33. Moreover, bacteria located in the anatomic
complexities such as dentinal tubules, irregularities and
ramifications, especially in the apical region, could be
protected from the effects of instruments and chemical
substances used in the main canal3,34. Insufficient cleaning
of the apical portion could cause persistent periapical
inflammation32. An explanation for this is that the used master
apical file is frequently too small to achieve sufficient apical

Group Foraminal trasportation
Hand files                            0.91±1.19A

MTwo system                            0.55±0.80B

Reciproc system                            0.20± 0.40C

Table 2Table 2Table 2Table 2Table 2 - Median (±SD) of the foraminal transportation
scores

Different letters in the same column represent statistically significant differences (p
<0.05).
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debridement35. It has been reported that increasing the apical
foramen diameter may enhance debridement of the apical
portion of a root canal36-37. In addition, larger apical size
preparations have also demonstrated greater microbial
reduction in the apical third7,38.

The results of the present study showed that foraminal
transportations in the RS group were significantly lower than
those obtained for the HF and MS groups. Therefore, the
null hypothesis was rejected. The advantages of the
reciprocation kinematics are somehow based on the balanced
force concept39. This technique has shown its clinical
relevance in maintaining the root curvature with minimum
distortion29. Furthermore, the reduced cross-sectional metal
mass of the instrument, plus the use of the superelastic M-
wire alloy provides great flexibility and cutting ability to
the Reciproc instrument25, which also may justify the current
results. Studies have shown that NiTi instruments can cause
minor deviations from the main axis of the root canal17.
Moreover, NiTi instruments have a lower prevalence and
severity of root canal transportation when compared with
stainless steel instruments17.

An important methodological aspect that needs to be
addressed in the present study is related to the tooth selection.
Despite the high anatomical variability that exists regarding
shape, size and dimensions in the natural morphology of
teeth, several attempts were made in this study to ensure
better comparison of the 3 experimental groups. Special care
was taken to obtain groups that were as balanced as possible
in terms of anatomic features, such as root length, foramen
diameter, and regarding the angle and radius of root curvature.
Moreover, as previously suggested matching of teeth was
applied when the groups were formed, equalizing levels of
challenge and boosting the statistical power of the study24.

Although the evaluation of the time spent for preparation
of the root canal system with each instrumentation system
was not a purpose of this study, it was observed that Reciproc
preparation required less time to perform the full
instrumentation of the root canal compared with the other
groups. These results are in agreement with several previous
studies, which demonstrated that instrumentation with
reciprocating single file systems can be performed in shorter
time23-24,27, compared to other instrumentation systems. In spite
of requiring less preparation time, some studies have also
demonstrated an appropriate effectiveness in cleaning and
shaping of the root canals for the Reciproc system27.
Moreover, this instrumentation system resulted in prepared
canals, which maintained the original canal curvature and
thus, were extremely safe to use29.

Under the conditions of this study, it may be concluded
that Reciproc instrumentation was associated with less
foraminal transportation compared with hand instrumentation
and Mtwo rotary file system.
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