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ABSTRACT

Aim: To evaluate the shaping ability of the XP-endo shaper
file system in maxillary molars, representing root canals with
variation in morphology.

Materials and methods: Twenty maxillary molars were
instrumented according to recommended protocols. Pre- and
postoperative microcomputed tomography (CT) scans were
performed and the root canals classified according to canal
type and curvature. The volume change, number of strokes
needed to prepare the canals and the size of the 0.04-tapered
gutta-percha cone that was adapted in the canal were recorded.

Results: XP-endo shaper created a significant change in
volume after instrumentation in all the canals, with the biggest
change found in the DB canals, followed by the MB1 and
the P canals, both at full length and in the apical 4 mm. The
number of strokes needed to achieve working length and final
shape did not differ between the various root canals. Although
not significant, the number of strokes needed to prepare the
root canal increased with severity of the curvature, but the
severity of the curvature did not result in increased removal
of dentin in the apical 4 mm. It was possible to achieve a final
root canal size where a 0.04-tapered gutta-percha cone could
be adapted.

Conclusion: The XP-endo shaper was a safe and effective
instrument to achieve a root canal preparation of at least size
30 and a 0.04 taper.

Clinical significance: The clinical performance of XP-endo
shaper was to some extent dependent on preoperative volume
and curvature of the root canal.

Keywords: Endodontics, Microcomputed tomography, Root
canal preparation, Three-dimensional shaping.
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INTRODUCTION

Root canal preparation is performed by mechanical
instrumentation and chemical irrigation.? A suitable
final preparation is needed, usually a tapered shape with
sufficient size, to facilitate proper cleaning and filling of
the root canal space.**

Three-dimensional (3D) cleaning, shaping, and
obturation of the root canal system have been a desired
goal during root canal treatment. The introduction of NiTi
rotary files made a major change in endodontics, but after
years of intensive development and modification, most of
these instruments still share several drawbacks, perhaps
the major one being the inability to three-dimensionally
clean and shape oval root canals. Present instruments
are not able to clean the entire root canal system in a
predictable manner.*” Especially in the apical portion of
the root canals, and the cleaning efficiency is limited >

Micro-CT scanning technology has been widely used
to evaluate the effect of different instruments within the
root canal system. Studies have revealed that a relatively
large amount of the surface area within the main canal
remains un-instrumented, irrespective of instruments
used.'®!” Untouched areas have the potential to harbor
remnants of bacterial biofilm and pulp tissue.'®?°
Failure to adequately clean the root canal space may
thus result in treatment failure or delayed healing.?!**
Also, earlier studies have indicated that differences in
canal anatomy between palatal (P), mesiobuccal (MB),
and distobuccal (DB) canals play a significant role in the
shaping outcome.” More ribbon-shaped or flat canals,
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such as the MB canal, would have more unprepared
canal areas. Moreover, narrow and more curved MB
canals have greater canal transportation than P canals.?
Studies based on Micro-CT provide accurate data on
the preparation effect for different hand and rotary
instruments in maxillary molars.5!32>%

Along with the detailed three-dimensional
information obtained by micro-CT, renewed interests in
instruments that can achieve better cleaning, particularly
in irregular root canals with complex anatomy, have
emerged. Measures aiming at achieving a better three-
dimensional cleaning and shaping include ultrasonic
instrumentation and use of endodontic files that can
adapt to the shape of the root canal. The self-adjusting file
(SAF) and TRUShape files belong to these instruments.
Numerous studies performed with the SAF have revealed
its shaping ability in complex root canal anatomy,?®* with
less deviation and preservation of the original root canal
anatomy.*>*! In addition, the TRUShape file has proven
effective in a variety of canals with different geometry, >
with minimal canal transport."” On the contrary, a study
showed that both files have their limitations and behave
similarly to the rotary and reciprocating instruments.**

Recently, a new endodontic file, the XP-endo Shaper
from FKG, was introduced for root canal preparation.
The company claims that the shape of the instrument
facilitates optimal dentin removal along the perimeter
of variable canals, providing a better three-dimensional
cleaning of the root canal space. The literature on
characteristics and shaping abilities of XP-endo Shaper
is limited.>>*" The XP-endo Shaper is an innovative
broad-spectrum shaping instrument made from the
MaxWire alloy (Brasseler, Savannah, GA). The XP-endo
Shaper is a “1-file shaper” claimed to expand at body
temperature within canals, and contract to adapt itself
to the canal morphology. The instrument has a size/
taper of 30/0.01, which, according to the manufacturer,
makes it more flexible and resistant to cyclic fatigue. The
XP-endo Shaper can reach a final canal preparation of a
minimum size/taper of 30/0.04. Its booster tip enables
the instrument to start shaping a canal with an initial
diameter smaller than the instrument.

The aim of this study was to evaluate the canal
shaping properties of the XP-endo Shaper in maxillary
molars, with focus on dentin removal ability and final
root canal shape.

MATERIALS AND METHODS
Tooth Selection

This ex vivo study was conducted at the Department
of Clinical Dentistry, University of Bergen, Norway.

Twenty human maxillary molar teeth with intact
un-instrumented roots, scheduled for routine extraction
of unknown reasons in private and public clinics in
Bergen, Norway, were used in this study. Teeth were
stored in 1% benzalkonium chloride until use. All teeth
were pre- and postoperatively scanned with a Sky Scan
1172 micro-CT scanner (Bruker micro-CT, Belgium). Root
canal curvature was measured on CBCT preoperative
radiographs to ensure the largest value for each root.
The root canal curvature was categorized as straight
(angle <5), moderate (angle between >5 and <20) and
severe (>20) according to Schneider.*! When applicable,
Cunningham & Senia’s method for S-shaped canals
was used.*” The curvatures were defined as straight
(ST), moderate curvature (MC), severe curvature (SC)
according to Schneider, and S-form (SF) characterized
as double curvature.

Root Canal Preparation

All teeth were accessed through the crown using a
high-speed diamond bur. An ISO 10/0.02 K-file was
used to explore the root canal until the instrument
tip was visible at the apical foramen (patency length),
using a dental microscope. The working length (WL)
was set 0.5 mm shorter than patency length in all root
canals. An intraoral radiograph confirmed the WL. A
glide path was established with hand instruments to
ISO 15/0.02. Each tooth was then immersed up to the
cementoenamel junction in a warm water bath (37°C)
during instrumentation. The temperature was kept
constant using a heat-controlled thermostat (Thermo
Electron, Karlsruhe, Germany). Dakin’s solution, kept at
37°C throughout the experiment, was used as irrigation.
Calasept irrigation needles, 31G, 0.28 x 25 (Directa Inc,
Newton, USA) was used during the irrigation procedure.
Instrumentation was performed by two calibrated
operators.

XP-endo Shaper Instrumentation Technique

The XP-endo Shaper (FKG, Switzerland) was operated at
800 rpm and 1 Nm torque. The pulp chamber was filled
with preheated irrigation. The file was used according to
the manufacturer’s instruction starting with the widest
canal, meaning P canal, followed by the DB, MBI and
MB2 canal. The file was inserted in the canal and 3 to
5 strokes (in-and-out motion) were applied until the
file reached 0.5 mm short of the WL (adjusted WL) as
recommended by the manufacturer. In case the file failed
to reach the adjusted WL within 3-5 strokes, the canals
were again irrigated, glide path using an ISO 15/0.02
K-file was confirmed, before the procedure was repeated.
Once the file reached the adjusted WL, 10 up-and-down
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movements were made. The preparation was then
checked with a 0.04 tapered gutta-percha cone(Roeko®,
Coltene/Whaledent, Altstédtten, Switzerland), choosing
the size of the gutta-percha that reached working length
and had a tug back effect. The tip of the gutta-percha
cones was standardized using a gutta-percha-point gauge
(Dentsply, Maillefer, Ballaigues, Switzerland). If the gutta-
percha cone 30/0.04 did not adapt to the instrumented
root canal at working length, another 10 up-and-down
movements were made with the file to the adjusted WL.
The preparation was again checked, and the size of the
0.04 gutta-percha cone that adapted to the instrumented
root canal was noted. The number of strokes needed to
reach the WL, strokes needed for final instrumentation
of the root canals and the matching gutta-percha cone
for each canal was recorded.

Scanning and Micro-CT Analysis

All teeth were examined by periapical radiographs and
with the SkyScan 1172 micro-CT scanner parameters set
at70 kV and 140 pA with an Al/Cu filter and camera pixel
size of 9 um. Teeth were scanned with a 360° vertical axis
rotation, with a single rotation step of 0.6°. To scans, one
before and one after instrumentation were performed per
tooth. A flat field correction was taken prior to scanning to
correct for variations in the pixel sensitivity of the camera.

All scans were 3D reconstructed using NRecon
software (Bruker micro-CT, Kontich, Belgium) with a
smoothing kernel equal to 2 (Gaussian), beam hardening
correction of 51% and ring artifact correction of 7. The
scanning and reconstruction parameters were kept
constant for the pre- and post-instrumentation scans and
each 3D image was superimposed manually, using the
3D image registration function in DataViewer software
(Bruker micro-CT, Kontich, Belgium). A fixed task list for
each scan was used for the image processing operations,
binarization and 3D analysis. Table 1 presents the task
list used for custom processing.

The region of interest was determined individually
for each root canal, using the CTAn software (Bruker

Table 1: Task list used for custom processing
Task list

Threshold global 55-255

Opening 3D space radius 4

Sweep 3D space

Region of interest = Copy of image
Remove pores 2D space

Image = image XOR region of interest
Remove white speckles 3D spaces
Region of interest = Copy of image
3D analysis

Create 3D model

micro-CT, Kontich, Belgium). The upper limit was set at
the cementoenamel junction, whereas the lower limit was
selected at the most apical part (apical constriction) of the
root canal detected by the CTAn software from the post-
instrumentation samples. The upper and lower limit was the
same for the pre- and post-instrumentation scans, to obtain
identical regions of interest for each individual root canal.
Volume measures of the canals, both at full length and the
last 4 mm, before and after instrumentation were obtained
and used for data interpretation. Root canals with a Vertucci
type II configuration were excluded from the study.

The virtual volume of the gutta-percha cone in the last
4 mm was determined using the formula of a frustum
of a right circular cone, where V is the volume, h is the
height and equal to 4, R is the radius of the lower base
corresponding to D4 and r is the radius of the upper base
corresponding to DO (tip of the gutta-percha cone).

The formula for the volume of a frustum of a right
circular cone:

V=1h([R*Rr+r’)
The percent volume change was calculated as follows:

Change (value after — value before)
Value before x 100
All scans were visualized and analyzed by both
operators.

Data Analysis

For studying the effect of XP-endo Shaper on dentine
removal, Wilcoxon Test was used. The Wilcoxon Test is
designed for use with repeated measures; that is when
the subjects are measured on two occasions or under two
different conditions.

For the number of strokes needed by the XP-endo
Shaper to reach working length and final canal dimension
in different root canals and the effect of curvature on
dentine cutting efficiency of XP-endo Shaper measured
in the apical 4 mm, Kruskal-Wallis test was used.
Significance levels of less than 0.05 were considered
statistically significant.

RESULTS

The material consisted of 20 teeth containing a total of
61 root canal systems, including 20 palatal canals (P),
18 distobuccal canals (DB), 11 mesiobuccal one canals
(MB1), 3 mesiobuccal two canals (MB2) and 9 merged root
canals systems in which either MB1 and DB or the MB1
and MB2 intersect, forming a Vertucci class I

Three roots were excluded from the analysis due to
anatomical defects or problems during the scanning
procedure. For accuracy reasons, canals having a Vertucci
class II configuration were excluded. Accordingly, the
final material consisted of 48 canals of which 19 were
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P, 17 DB, 10 MBI, and 2 MB2, with the P canal having a
mean curvature of 28.21 + 2.48, the MB canal 40.90 + 3.15
and the DB canal 26.47 + 5.17.

Thirty-one XP-endo Shaper files were used for the
preparation of the teeth. The main reason for using extra
files was unwinding, most frequently occurring in MB2
and DB canals having SC and SF curvatures.

Dentine Removal Ability and Cutting Efficiency
Of XP-Endo Shaper

Here the dentine cutting and shaping efficiency of XP-endo
Shaper in the root canals before and after instrumentation
were evaluated, both at full length and with a special focus
on the apical 4 mm. In addition, the difference in volume
of the instrumented canals in the apical 4 mm and the
clinically fitted gutta-percha cone after instrumentation
were recorded. The results for each canal group and for
all canals together are presented in Graph 1.

The results showed a significant change in volume after
instrumentation in all the canals at full length (Graph 1A).
The volume change was largest in the DB canals, followed
by the MB1 and the P canals, meaning that the XP-endo
Shaper file worked less in the P canals than in the DB
and MBI canals. The two MB2 canals studied separately,
showed the largest increase in volume at total length, one
with an increase of 1248.13% and the other 261.09%.

The results also showed a significant change in
volume after instrumentation with XP-endo Shaper in
the apical 4 mm (Graph 1A), with the DB canal having
the largest volume change, followed by the MB1 and the
P canals. The two MB2 canals studied separately showed
the largest increase in volume in the apical 4 mm, one
with an increase of 1149.09% and the second 67.93%
compared to the preoperative volume.
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The gutta-percha cone fitted in the apical 4 mm in the
different canals is presented in Table 2. Relative to the
canal volume acquired post-instrumentation, a significant
difference in the MBI and P canals was found, but not
in the DB canals, meaning that the volume that was not
occupied by the gutta-percha cone was significantly bigger
in the MB1 and P canals compared to the DB canals as seen
in Graph 1B. The result showed that the MB1 canal had
the biggest variation in the space created by the XP-endo
Shaper and the fitted gutta-percha cone at the apical 4
mm, with a median remaining unoccupied volume of
19.7%. The remaining volume in the P canals had a lower
variation than for the MBI, with a median unoccupied
volume of 12.9%. The lowest variation was in the DB
canal with a median of 9%. The MB2 canals showed a
difference in volume of 8.3% and 1.3%, which is a relatively
minor difference. Three-dimensional reconstructions and
micro-CT images are presented in Figures 1 and 2.

Number of Strokes Needed by Xp-Endo Shaper
to Reach Working Length and Final Canal
Dimension in the Different Root Canals

The number of strokes gives an idea of the time needed
to prepare a root canal system, both for reaching working
length and to achieve the final canal shape of the root
canal. The number of strokes needed in the different
canals is presented in Graph 2.

The results showed no difference in the number of
strokes needed to achieve full WL (Graph 2A) and strokes
needed for final preparation of the different root canals
(Graph 2B).

For the two MB2 canals, 12 and 9 strokes were needed
to reach working length, whereas 22 and 19 strokes were
used to achieve final shaping of these canals.
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Graphs 1A and B: Volumetric data for the different root canals. (A) Volume change in percent between pre- and post-instrumentation
in full-length root canals (blue) and the apical 4 mm (green) for the different root canals; (B) Volume difference in percent between
the instrumented canals and the estimated volume of the clinically fitted gutta-percha cone for the different canals. P, palatal; DB,

distobuccal; MB1, mesiobuccal one
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Effect of Root Canal Curvature on Number of
Strokes Needed by XP-endo Shaper to Achieve
Final Canal Dimension

Here the effect of root canal curvature on the number
of strokes needed by the XP-endo Shaper to achieve the
final canal shape was studied. ST and MC curvatures
were pooled in one group (n = 10) for statistical purposes,
while SC (n = 27) and SF (n = 11) configurations were

Table 2: Variation of gutta-percha cones fitted
in different canals

Canals  30/0.04 35/0.04 40/0.04 45/0.04 50/0.04

P 5 7 5 1 1
DB 14 3 0 0 0
MB1 7 3 0 0 0
MB2 2 0 0 0 0

[
7
{

Fig. 1: Three-dimensional reconstructions of micro-CT images
showing the root canal space in different roots; (1) representing
the palatal canal; (2) the mesiobuccal one canal; and (3) the
DB canal. The blue color represents the original canal before
instrumentation and the red color the canal after instrumentation
with XP-endo Shaper. Un-instrumented areas shown in blue on
the merged images
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Fig. 2: Cross-sectional illustrations of root canals taken by the
micro-CT at different canal levels from different tooth samples,
(1) and (2) representing the apical third and (3) the coronal third.
(A) pre-instrumentation; (B) post-instrumentation; (C) the merged
illustrations in A and B. The white shade in C represents the space
created by XP-endo Shaper and the gray color represents the
original canal space
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Graphs 2A and B: Variation in strokes for the different root canals. (A) Total number of strokes needed to achieve working length in
the different root canals; (B) Total number of strokes needed to achieve final apical dimension in the different root canals. The box-plots
to the right represent the total number of strokes needed, irrespective of canal type (all canals pooled). P, palatal; DB, distobuccal,
MB, mesiobuccal canal
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Graph 3: The effect of canal curvature on the number of strokes
needed to achieve final canal dimensions. ST+MC, straight +
moderate curvature; SC, severe curvature; SF, S-form

divided into separate groups. Canals with SF curvature
were three times more frequent in the DB canals
compared with the MB and P canals. As illustrated in
Graph 3, the results showed no significant differences
in total strokes needed between the curvature groups,
although the SF curvatures needed the highest number
of strokes (median 23 strokes), followed by the SC
(median 14 strokes) and the ST+MC canals (median 13
strokes).

The effect of curvature on dentine removal of XP-endo
Shaper in the apical 4 mm.

The effect of root canal curvature on the volume
increase in the apical 4 mm after instrumentation
with XP-endo Shaper was tested, as a large increase in
volume may indicate deviation from the original root
canal. All instrumented canals were included. ST and
MC curvatures were pooled in one group for statistical
purposes, whereas SC and SF canals were in separate
groups. The results are presented in Graph 4. No
difference in volume change in the apical 4 mm between
the curvature groups was noted.

DISCUSSION

With the progression of technology, especially after the
introduction of computed tomography in endodontics, the
advancement in root canal treatment has been enhanced
with the intention to achieve a better three-dimensional
cleaning, shaping and obturation. Thus, the evolution
of new three-dimensional file concepts has resulted in
new instruments appearing on the market, especially
the nickel-titanium instruments that can expand in the
canal to adapt to the canal’s natural morphology. Up to
present time, there are only three instruments that fall
into this category: the self-adjusting file (SAF), XP-endo
Shaper and XP-endo finisher. The TRUEShape file system

£ 600 *

=

<+ *

3 . ’
2 400

©

(]

(o)) *

% o

G 200 o

(0]

E F
3 B =

o

> 0

T
SC
Curvature

ST+MC

Graph 4: The effect of curvature on the volume change in the
apical 4 mm. ST+MC, straight + moderate curvature; SC, severe
curvature; SF, S-form

cannot be fully included in this category. It is more like an
eccentric NiTi file that can cut slightly outside its central
axis of rotation, like for example, Pro-Taper Next and
Endosequence.*®

The SAF system uses a hollow Nickel-Titanium
lattice-like cylinder that scrubs the canal wall by
vertical vibrations, adapting the file to the root canal
rather than shaping the canal like the rotary or hand
instruments.*® The XP-endo Shaper and finisher are
considered to possess an adaptive core, where the extent
of motion is greater than the file diameter itself. The
XP-endo Shaper was introduced in 2016 and limited data
on shaping ability in different root canal configurations
are available in the endodontic literature. The aim of
the study was to evaluate clinical performance, using
the XP-endo Shaper file in 20 maxillary molars with
variations in canal morphology. XP-endo Shaper is
made of a MaxWire alloy that allows the martensitic
instrument to transform to a predetermined austenitic
shape at body temperature.** This means that the file
will expand from a 0.01 taper (martensitic M-phase
at 20°C) to a maximum of 0.08 taper (predetermined
austenitic A-phase at 34°C).

The shaping protocol recommendation is to start using
the XP-endo Shaper in the largest canal.*® In the maxillary
molars used, the sequence of canal instrumentation started
with the P (largest) canal, followed by DB, MB1, and MB2
canals. The volume of the preparation increased after
instrumentation in all canals and at all levels, both at
full length and in the apical 4 mm. The volume change
was largest in the DB canals, followed by the MBI and P
canals, meaning that the file worked less in the P canals.
Taking this into consideration, the recommendation of
the manufacturer is relevant and the file should be used
first in the largest canal. Using the file in a narrow canal
will probably reduce the capacity of the file to expand to
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its maximum taper when used in a wider canal. The two
MB2 canals studied separately, showed the largest increase
in volume at total length, one with an increase of 1248.13%
and the other 261.09%. The 30/0.04 GP was perfectly fitted
in both canals. This confirms that the file has the capacity
to expand to at least 30/0.04 taper even in narrow canals.

After the cleaning and shaping procedure, the GP
cones that fitted with a tug-back sensation into the final
preparation was chosen. The volume of the final canal
preparation in the last 4 mm as compared with the volume
of a virtual GP cone fitted in the last 4 mm. The difference
in volume indirectly suggests the sealer quantity needed
to seal the apical 4 mm. The virtual volume of the
gutta-percha cone was determined using the formula
of a frustum of a right circular cone. Ideally, the virtual
volume of the gutta-percha cone used in the calculations
should be equivalent to the cone fitted in the root canal.
However, in some cases, a negative value of up to more
than 25% in some of the root canals were found. This
finding indicates that there is a relatively great variation
in the volume during the manufacturing process of the
gutta-percha cones, as shown in previous studies.***’An
other explanation is that the gutta-percha to some extent
may adapt itself to the shape of the canal due to plasticity.
This may also indicate that the calculated remaining
volumes found are actually larger than estimated.

The number of strokes needed to reach the WL
and the final apical dimension was in accordance with
the manufacturer’s recommendations in most cases.
For most of the canals, 5 strokes were needed to reach
the WL and additional 10 strokes to finish the canal
instrumentation to a minimum of 30/0.04, although
variations were noted for different canal configurations.
For the SF (S-shaped) canals the number of strokes
needed to achieve a 30/0.04 dimension was almost
doubled. In two DB canals, presenting SF curvatures, 38
and 39 strokes were used respectively. For the two MB2
canals, 12 and 9 strokes were needed to reach working
length, whereas 22 and 19 strokes were used to achieve
final shaping of the canals.

No difference in volume change in the apical 4 mm
between the curvature groups was noted. This suggests
that the XP-endo Shaper file is not significantly affected
by curvature, indicating that the file maintained the
original root canal pathway in the apical 4 mm.

From a visual micro-CT observation, it is important to
point out that the XP-endo Shaper was active around all the
root canal surfaces in the coronal third without altering the
original canal shape, especially in the widest canals in the
palatal roots. On the contrary, there was an obvious visual
change of the original root canal shape into a more circular
geometry within the DB, MB1 and MB2 roots. It appears

that the initial geometry of the root canal was altered into
a more conical shape, in agreement with Versiani et al.*®

Also for the XP-endo Shaper, un-instrumented areas
were observed. Up to date, there is no hand or rotary
file that can completely clean and instrument the whole
root canal system. In a study, comparing the effect of
SAF, TRUEShape and XP-endo Shaper in the apical 4
mm, the SAF exhibited significantly less unprepared
areas than the XP-endo Shaper and the TRUEShape
file. None of them prepared 100% of the root canal
walls, and the cleaning ability of the three systems was
similar.®® When the XP-endo Shaper was compared
with the Vortex Blue file system in mandibular central
incisors, with a single oval canal, there was a tendency
toward less debris accumulation in the XP-endo Shaper
group, with close to significant results. The XP-endo
Shaper removed more dentin than Vortex Blue in the
middle and coronal areas, but not in the apical area.®d
Another study, comparing the shaping ability of BioRace,
Reciproc, SAF and the TRUShape system, found the
same level of accumulated hard-tissue debris. BioRace
was associated with more untouched canal walls, and
Reciproc had least dentine saving abilities. The SAF
system touched more of the root canal walls and removed
less dentine. TRUShape had intermediate results for the
same parameters. None of the systems tested provided
optimal shaping ability in oval-shaped canals.®*

A limitation of the study is the transformation of the
results into a clinical setting since factors connected to
the elimination of infection is not considered. As an
endodontic file purely works mechanically, additional
measures are required for better cleaning and disinfection
of the root canal. Ultrasonic or sonic activation of the
disinfectants, EndoVac system, XP-Endo Finisher, and
lasers are shown to improve the cleaning and shaping
protocol,** but long-term treatment outcomes need
to be presented. A combination of a microcomputed
tomographic and histologic evaluation of extracted teeth
could be used to evaluate a possible correlation between
un-instrumented root canal areas and accumulation of
debris. The un-instrumented areas may thus be of minor
clinical importance if the necrotic tissue and debris
are eliminated from the root canal during the chemo-
mechanical instrumentation procedure.

CONCLUSION

Within the limitation of the study, the clinician should
be aware of root canal anatomy and complexity in the
morphology of the maxillary molars. The XP-endo Shaper
showed a good dentine removal ability and cutting
efficiency in different canal types and shapes in maxillary
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molars and was able to achieve a root canal preparation
of at least size 30 and a 0.04 taper.

CLINICAL SIGNIFICANCE

The number of strokes needed to obtain the minimum
apical dimension of 30/0.04 varied based on root canal
configuration, mainly influenced by the canal curvature
(S-shaped canals) and the initial volume of the canals

(narrow versus wide canals). The severity of the root
canal curvature did not influence the relative amount of
dentin removed in the apical 4 mm.
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