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Abstract

Background: The objective of the study was to evaluate and compare how apical enlargement with K3 and K3XF
nickel-titanium (NiTi) rotary instruments reduces the root thickness in the danger zone and affects canal transpor-
tation and centering ability in mandibular molar mesial canals in a manikin extracted tooth model.

Material and Methods: Seventy-two mesial root canals of first mandibular molars were instrumented. Initial and
post-instrumentation Cone Beam Computed Tomography scans were performed after root canal preparation up to
size 25, 30, 35 and 40 files. Canal transportation, canal centering and remaining root dentin thickness toward the
danger zone were calculated in sections 1, 2 and 3 mm under the furcation level. Data were analyzed using non-
parametric Kruskal-Wallis analysis of variance at a significance level of P < 0.05.

Results: K3 instruments removed more dentin toward the danger zone compared with K3XF instruments (P< .05)
and significant differences in dentin thickness were found when canal enlargement was performed to a #35-40 with
both systems (P< 0.05). No significant differences in canal transportation and centering ability were found between
systems, except when canal enlargement was performed to a #40 (P = 0,0136). No differences were observed when
comparing the number of uses in both systems (P> 0.05).

Conclusions: Under the conditions of this study K3 removed a significant amount of dentin at the furcation level
compared with the R-Phase K3XF rotary system in curved root canals. Enlargement to a 35-40/04 file removed
significantly more dentin with both systems.

Key words: K3, K3XF, R-phase, center ability, canal transportation, dentin thickness, increased apical enlarge-
ment, danger zone, dentin thickness.
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Introduction

The mandibular first and second molars have a distal
concavity in the mesial root. Located under the furcation
level it was described as the danger zone by Abou-Rass
and Glick (1). This concavity is closer to the mesial ca-
nals than what can be determined by buccolingual radio-
graphs (1,2). Mean distance from the wall of mesial root
canals to the distal surface of the root ranges from 0.7
to 1.27 mm (2-5). Coronal flaring removes interferences
and allows better control of the instruments in the one-
third of the root canal (6). Additionally, coronal flaring
provides better penetration of the irrigation needle, im-
proving the efficiency of the irrigating solutions (6,7).
However, care must be taken to avoid excessive dentin
removal with overflaring (1). Root thickness tends to
decrease considerably in this area during canal shaping
and it is particularly prone to excessive weakness and
iatrogenic damage including strip perforation (3).
According to the Glossary of Terms of the American As-
sociation of Endodontists, strip perforation is the com-
plete penetration of a root canal wall due to excessive
lateral tooth structure removal during canal preparation.
However, even when strip perforation does not occur, a
reduced thickness after instrumentation may lead to per-
foration or fracture during obturation (8). Furthermore,
the strength and ability of the tooth to resist lateral forces
to avoid root fracture are directly related to the remaining
root thickness (9). Thus, anticurvature debridement of the
root canal should be performed toward the mesial surface
of mandibular molar mesial roots (1). Typically, less-ta-
pered instruments are used for apical enlargement so that
the instrument does not engage in the coronal and middle
thirds and can perform safely within the WL. However,
even with instruments that are less tapered, canal curvatu-
re may lead to a continuation of the removal of dentin in
the danger zone when apical enlargement is carried out.
Instruments with higher bending values produce more
centered preparations (10,11). However, few studies
have evaluated root canal shaping behavior of instru-
ments with the same geometrical characteristics that di-
ffer only in the alloy itself (12,13). K3 (Sybron Endo;
Glendora, CA) and K3XF (Sybron Endo) instruments
have the same geometric characteristics; constant ta-
per design with an asymmetrical 3-fluted cross-section
with unequally spaced flutes and recessive surfaces.
These two instruments differ only in the post-matching
heat treatment. The R-Phase Technology (SybronEndo;
Glendora, CA) has achieved increased angular deflec-
tion to failure (10), superelasticity and cyclic fatigue re-
sistance in both reciprocating (14) and rotational motion
(10,15) of K3XF (SybronEndo) instruments compared
with K3 (SybronEndo). Both instruments have the same
geometrical characteristics (a U-shaped cross section
with three cutting blades, three flutes with sinuous profi-
les and three radial lands) (10).
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Several methods have been used to evaluate root canal
shaping by endodontic instruments. These methods in-
clude cross-sectioning (16), radiographic imaging (17),
and computed tomography methods (18-20). Cone Beam
Computed Tomography (CBCT) scanning permits eva-
luation of canal preparations before, during and after ca-
nal shaping, providing high-resolution images and espe-
cially in the coronal and middle thirds of the root and not
as much in the apical third. Changes in structures and
root thickness can be evaluated without the destruction
of specimens (19).

The purpose of this study was to evaluate and compare
how apical enlargement with K3 and K3XF nickel-tita-
nium (NiTi) rotary instruments reduces the root thick-
ness in the danger zone and affects canal transportation
and centering ability in mandibular molar mesial canals
in a manikin extracted tooth model.

Material and Methods

The present research protocol was approved by the Re-
search Ethics Committee of the Universitat Internacio-
nal de Catalunya, Barcelona, Spain.

-Specimen preparation

First mandibular human molars with two curved mesial
root canals with separate foramina were selected. Sam-
ples were stored immersed in saline solution. The access
cavities were prepared and the distal roots of all teeth
were removed with a stainless-steel disc.

A 10 K-file size was passively placed in the canal un-
til the tip of the instrument was visibly adjusted to the
apical foramen under the microscope. The WL was de-
termined by subtracting 1 mm from this measurement.
The teeth were then shortened and the rubber stop was
adjusted to a flat anatomic landmark standardizing the
WL measurement at 19 mm for all teeth. Preoperative
X-rays with a 15 K-file to the WL were performed. Au-
toCAD 2011 (Autodesk Inc., San Rafael, CA) was used
to determine the angle and radius of curvature of each
root canal according to the methodology of Pruett ef al.
(21). Only root canals with a radius of curvature ranging
between 4 mm and 9 mm and whose angles of curvature
ranged between 20° and 35° were included.

A customized silicone jig was designed to ensure a cons-
tant position during pre- and post-instrumentation CBCT
scanning. Initial CBCT scans were performed (Promax
3D; Planmeca, Helsinki, Finland) with constant expo-
sure parameters of 90 kV, 12.0 mA and 12.23 sec. A 4
x 4 cm field of view was selected with a pixel size of
100 um. Samples with mesial canals with isthmus were
discarded.

A total of seventy-two root canals were included in the
study. The root canals were allocated into two identical
groups of 36 root canals (18 MB and 18 ML) according
to dentin thickness to the risk zone and the degree and
the radius of curvature.
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Each tooth was placed in the first mandibular molar po-
sition of a typodont placed in an adult dental manikin as
described in a previous study (13) and ensuring access to
the root canal could only be gained from the same direc-
tion. All the instrumentation procedure was performed
by an operator trained in both systems. All instruments
used in the study were autoclaved before use.

-Canal preparation

A manual glide path up to a #20 K-file was performed
before mechanical instrumentation. Root canals in group
A were prepared with K3XF instruments and root canals
in group B with K3 instruments. Subgroups A1-A2 and
B1-B2 were created according to the first and second ins-
trument use. Each instrument was used to shape 1 MB
and 1 ML canals. Root canals were prepared in a crown-
down technique with a 16:1 reduction handpiece powered
by a torque-limited electric motor (Endo-Mate DT, NSK
Europe, Frankfurt, Germany) as follows: 25.08: 14 mm;
25.06: 17 mm; and 25.04, 30.04, 35.04 and 40.04 files to
the WL (19 mm). After every file that reached the WL a
post-instrumentation CBCT scan was performed.

Canals were irrigated with 2 mL of 4.2% NaOCI using
a 30-gauge Max-i-Probe (Dentsply, Tulsa, USA) after
each file during instrumentation and were kept flooded
during instrumentation. Patency was verified after every
step with a #10 K-file.

-Sample analysis

The section images of 1, 2 and 3 mm under the furcation
level were evaluated. The distances between the root ca-
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nal to the mesial, distal, buccal and lingual borders were
measured in a 600% zoom (Fig. 1). For each section, the
canal transportation (x,—X,)—(y,~y,) and the centering ra-
tio (x,—x,)/(y,~y,) or (y,~y,)/(x,—x,) were calculated for
the mesiodistal and the buccolingual displacement using
the formula ratio proposed by Gambill et al. (22). The
shortest distance from the edge of the root to the edge
of the uninstrumented canal were represented by x, and
X, (Fig. 1) and post instrumentation measurements by y,
and y,. In addition, dentin thickness toward the danger
zone was calculated by measuring the minor distance
from the edge of the root canal to the external surface of
the root distal concavity (8).

-Statistical analysis

Values of central tendency and dispersion were calcula-
ted using Statgraphics Centurion XV software (Statpoint
Technologies, Warrenton, USA) and data were analyzed
using non-parametric Kruskal-Wallis analysis of varian-
ce at a significance level of P < 0.05.

Results

Statgraphics Centurion XV software (Statpoint Tech-
nologies, Warrenton, USA) was used for all statistical
analysis. Analysis of variance revealed no significant
difference within groups regarding the angle, radius of
curvature and the dentin thickness to the danger zone
before canal preparation (P > .05).

-Canal Transportation

Atthe 2 mm level under the furcation, K3XF canal shaping

Fig. 1. A) An example of measurements obtained from the CBCT images for measurement of canal transportation,
centering ability and dentin removal toward the danger zone. B) An example of a CBCT section showing the original
canal in white and the prepared outline in red (25.04), blue (30.04), green (35.04), black (40.04). MB canal prepared
with K3XF instruments and ML canal with K3 instruments.

e363



J Clin Exp Dent. 2016;8(4):e361-7.

resulted in a statistically significant lower canal transpor-
tation compared with K3 and in the mesiodistal direction
when instrumentation was performed up to a size 40.04
(P=0,0136). No statistically significant differences were
found at the other studied levels. According to the number
of uses no statistically significant differences were found
between groups (P > 0.05) (Table 1).

-Centering Ratio

At the 1 and 3-mm levels under the furcation, there was
no statistically significant difference in the centering ra-
tio among the groups (P > .05). However, at the 2-mm
level, in the K3XF group a significantly higher mean
centering ratio was recorded when instrumentation was
performed up to a size 40.04 compared with a size 25.04
in both MD (P =0,0025) and BL directions (P =0,0007).
No statistically significant differences were found accor-
ding to the number of uses (P > 0.05) (Table 2).
-Removed Dentin toward the Danger Zone

At the three levels evaluated K3 removed more amount
of dentin toward the danger zone. However differences
were only statistically significant between systems in the
2-mm level under the furcation when instrumentation
was performed up to a size 40.04 (P = 0,0039). Accor-
ding to the instrument size, in both systems differences
were found when instrumentation was performed up to a
size 35.04 and 40.04 compared with 25.04 and 30.04 (P
<0.05) (Table 3).

Danger zone after apical enlargement with K3 and K3XF

Discussion

Crown-down techniques have been proposed when
shaping root canals. Preflaring before reaching the WL
permits apical enlargement with less transportation and
procedural errors (3,6). However, an excessive coronal
shaping may lead to iatrogenic complications, such as
perforations and stripping, particularly in the inner sur-
face of the curve (1,3). The excessive structure loss may
also lead to a reduced resistance to root fracture under
functional loads (9).

Although no strip perforations occurred during the stu-
dy, little remaining tooth structure in some cases could
be observed. However, none of the residual root thick-
nesses for any of the surfaces and sections in this study
resulted less than 0.54 mm. Lim & Stock (23) recom-
mended that the remaining dentine thickness should be
no less than 0.3 mm to withstand forces during canal
filling.

Variations in canal anatomy have more influence on the
post-operative canal geometry than the rotary system
used for canal shaping (24). Despite the morphologic
variations of natural teeth, effort was made to ensure
comparability between the experimental groups. Only
mandibular first molars with similar root structures and
two independent mesial canals were selected. In addi-
tion, the WL was standardized at 19 mm and the canal
group was evenly distributed with respect to the dentin

Table 1. Comparison of canal transportation 1, 2 and 3 mm under the furcation level in the mesiodistal (MD) and buccolingual (BL) directions.

Median and Interquartile range (IQR) in pm.

Canal transportation
Mesiodistal evaluation Buccolingual evaluation
1 mm 2 mm 3 mm 1 mm 2 mm 3 mm
Group File Use Median | IQR | Median | IQR | Median | IQR | Median IQR Median IQR Median | IQR
K3XF 25 XF -23 85 13% 128 2 91 -39 111 -8 109 8 91
Ist -28 88 13 126 -27 81 -39 114 -8 91 -26 78
2nd -23 81 5 141 18 40 -39 104 -13 127 31 76
30 XF -32 125 9™ 133 8 88 -64 119 -20 118 3 101
Ist -14 118 17 104 -15 121 -64 110 -20 67 -38 99
2nd -47 109 2 127 21 55 -49 123 -20 123 24 63
35XF -54 101 2% 125 6 136 -68 133 -41 106 -16 123
Ist -47 109 -5 125 -31 110 -79 115 -31 84 -56 108
2nd -57 130 10 126 12 126 -5 129 -59 145 5 84
40 XF -57 107 12° 152 -4 145 -70 163 -51 141 -36 119
Ist -54 82 -4 142 -22 140 -95 153 -49 123 -65 117
2nd -58 139 19 167 16 133 -24 124 -51 150 -2 137
K3 25 K3 -13 99 32 105 19 61 -8 91 -40 90 -10 91
Ist -45 123 -27 103 2 60 -13 83 -28 89 -7 53
2nd -11 109 -35 93 34 61 -8 110 -41 83 -47 103
30K3 -07 169 5% 133 8 90 -20 94 -47 99 -34 122
Ist -34 161 -27 117 2 89 -24 64 -62 55 -4 86
2nd -5 119 1 134 31 81 -15 160 -39 122 -76 119
35K3 -28 178 34 163 -1 111 -39 123 -70 123 -45 165
Ist -117 108 -33 124 -15 89 -38 57 -76 105 -27 123
2nd -12 102 -38 131 26 118 -45 178 -70 186 -66 159
40 K3 -50 175 -58° 142 -6 142 -60 162 -93 143 -76 190
Ist -109 136 -83 136 -29 119 -60 110 -83 105 -49 141
2nd -32 82 -45 147 14 165 -50 195 -93 187 -106 189

*Medians that share a same superscript letter within each column are not statistically significantly different at each level (P <.05).
A positive value indicates transportation in mesial direction in MD evaluation and transportation toward the external surface of the root (buccal
in MB root canals and lingual in ML root canals) in BL evaluation. Negative values indicate transportation in the opposite direction.
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Table 2. Statistical analysis of Centering Ratio values for tested groups 1, 2 and 3 mm under the furcation level in the mesiodistal (MD) and

buccolingual (BL) directions.

Centering Ratio
Mesiodistal evaluation Buccolingual evaluation
1 mm 2 mm 3 mm 1 mm 2 mm 3 mm

Group | File | Use | Median | IQR | Median | IQR | Median | IQR | Median IQR Median | IQR | Median | IQR

K3XF 25 0,55 0,37 0,46 0,41 0,62 0,28 0,47 0,46 0,40° 0,31 0,50 0,31
XF

Ist 0,54 0,22 0,52 0,54 0,51 0,30 0,51 0,44 0,40 0,24 0,36 0,30

2nd 0,58 0,55 0,44 0,14 0,72 0,18 0,38 0,44 0,38 0,33 0,50 0,23

30 0,53 0,38 0,56™ 0,42 0,70 0,31 0,52 0,38 0,57% 0,35 0,57 0,41
XF

Ist 0,60 0,35 0,51 0,42 0,58 0,31 0,55 0,30 0,58 0,43 0,54 0,31

2nd 0,47 0,41 0,61 0,45 0,72 0,28 0,43 0,43 0,52 0,33 0,62 0,28

35 0,66 0,32 0,69™ 0,42 0,66 0,30 0,49 0,46 0,65% 0,31 0,60 0,40
XF

Ist 0,71 0,26 0,70 0,36 0,67 0,23 0,49 0,38 0,77 0,26 0,53 0,39

2nd 0,52 0,27 0,59 0,40 0,64 0,35 0,53 0,52 0,55 0,24 0,75 0,27

40 0,68 0,26 0,71° 0,34 0,70 0,21 0,55 0,49 0,61° 0,28 0,68 0,37
XF

Ist 0,74 0,29 0,72 0,15 0,71 0,21 0,56 0,44 0,58 0,34 0,57 0,30

2nd 0,660 0,33 0,59 0,33 0,70 0,22 0,52 0,53 0,65 0,26 0,73 0,25

K3 25 0,58 0,58 0,60 0,38 0,74 0,39 0,58 0,45 0,53% 0,54 0,57 0,23
K3

Ist 0,51 0,41 0,62 0,42 0,71 0,42 0,72 0,34 0,58 0,57 0,63 0,31

2nd 0,69 0,60 0,60 0,36 0,74 0,33 0,49 0,39 0,45 0,52 0,55 0,11

30 0,60 0,53 0,58™ 0,41 0,70 0,33 0,67 0,48 0,52% 0,44 0,54 0,25
K3

1st 0,57 0,54 0,56 0,36 0,68 0,31 0,78 0,34 0,47 0,38 0,56 0,24

2nd 0,62 0,51 0,59 0,41 0,74 0,33 0,55 0,47 0,56 0,45 0,53 0,23

35 0,70 0,42 0,70™ 0,33 0,77 0,29 0,68 0,33 0,55% 0,34 0,59 0,31
K3

Ist 0,66 0,35 0,69 0,33 0,79 0,20 0,72 0,18 0,61 0,35 0,59 0,32

2nd 0,73 0,37 0,71 0,34 0,76 0,27 0,51 0,52 0,48 0,34 0,56 0,31

40 0,76 0,37 0,67™ 0,31 0,77 0,22 0,64 0,33 0,61% 0,34 0,60 0,33
K3

Ist 0,62 0,32 0,67 0,22 0,79 0,26 0,66 0,19 0,67 0,33 0,59 0,34

2nd 0,85 0,23 0,71 0,36 0,72 0,21 0,57 0,52 0,55 0,37 0,60 0,30

*Medians that share a same superscript letter within each column are not statistically significantly different at each level (P <.05).

thickness and the angle and radii of curvature of the root
canals before canal shaping.

Access to the root canal, especially in posterior teeth,
may affect root canal shaping. In several studies teeth
have been embedded in resin blocks (11,18,19). Thus,
the root anatomy remains hindered like as in the bone
socket. However, teeth position during canal preparation
or anatomic structures that may alter instrumentation
performance have not been taken into account. Thus, a
more approximate methodology to clinical practice such
as a manikin model should be used when evaluating ins-
trumentation techniques (13,25). The attempt to replica-
te the clinical conditions, to assess the performance of
shaping instruments in extracted teeth, should be the pri-
mary goal when designing an in vitro study (25). In addi-
tion, crowns were maintained for root canal preparation.
Although decoronation has been performed in some in
vitro studies to evaluate canal shaping, it has been sta-
ted that crown removal changes tension and instrument
behavior (26). Additionally, it could interfere with the
straight-line access to the canal, thereby influencing the
cervical pre-enlargement (27).
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According to Lim ef al. (23) sections more than 3 mm
under the furcation level were not evaluated. Under the
conditions of their study, a greater risk of perforation
into the furcation was found at a level 8 mm from the
WL than at 5 mm. Moreover, the risk zone has been
reported to be located between 4 and 6 mm below the
canal chamber orifice (3), and Berutti and Fendon (5)
found that the minimum dentin thickness was located
between | and 2 mm under the furcation. The results
in our study confirm these findings. The major dentin
removal was produced in the 2-mm level under the fur-
cation, highlighting the importance of performing safely
at this level when shaping root canals to avoid risk of
iatrogenic damage such as a strip perforation.

Increasing the root canal apical diameter allows a greater
reduction in remaining bacteria and dentin debris when
compared with smaller preparations (28,29). However
it must be taken into account that as we increase apical
preparations, the risk of stripping due to dentin loss also
increases, and some authors advocate for small apical
preparations (30,31). Thus, we measured dentin remai-
ning thickness after instrumentation after every file that
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Table 3. Comparison of Removed Dentin toward the Danger Zone for tested groups 1, 2 and 3 mm under
the furcation. Median and interquartile range (IQR) in mm.

Removed Dentin toward the Danger Zone
1 mm 2 mm 3 mm

Group File Use | Median | IQR | Median IQR | Median IQR
K3XF | 25 XF 0,098* | 0,007 | 0,069° | 0,009 | 0,060° | 0,005
Ist | 0,099 | 0,056 | 0,064 | 0,069 | 0,060° | 0,049

2nd | 0,088 | 0,083 | 0,072° | 0,120 | 0,079 | 0,056

30 XF 0,115° | 0,046 | 0,105® | 0,025 | 0,101® | 0,032

1st | 0,117®° | 0,000 | 0,118® | 0,099 | 0,083® | 0,099

2nd | 0,106° | 0,059 | 0,096® | 0,115 | 0,118® | 0,051

35 XF 0,162° | 0,088 | 0,164° | 0,074 | 0,150 | 0,073

Ist | 0,167° | 0,091 | 0,175® | 0,113 | 0,150° | 0,090

2nd | 0,141® | 0,073 | 0,141® | 0,110 | 0,154™ | 0,069

40 XF 0,204° | 0,124 | 0279 | 0,124 | 0,176° | 0,126

1st | 0211% | 0,106 | 0,195* | 0,112 | 0,181 | 0,094

2nd | 0,192° | 0,074 | 0,168° | 0,113 | 0,176" | 0,073

K3 25 K3 0,113* | 0,056 | 0,121* | 0,066 | 0,064° | 0,039
Ist | 0,116 | 0,120 | 0,122* | 0,050 | 0,060° | 0,067

2nd | 0,094° | 0,066 | 0,099 | 0,075 | 0,113* | 0,092

30 K3 0,145 | 0,083 | 0,141 | 0,087 | 0,119* | 0,050

Ist | 0,159® | 0,108 | 0,150® | 0,065 | 0,106® | 0,092

2nd | 0,132* | 0,063 | 0,135® | 0,087 | 0,127 | 0,092

35K3 0,189° | 0,123 | 0,201° | 0,126 | 0,173° | 0,079

1st | 0,233° | 0,104 | 0206° | 0,085 | 0,144 | 0,096

2nd | 0,166® | 0,058 | 0,200° | 0,080 | 0,189® | 0,082

40 K3 0,249° | 0,158 | %0279° | 0,163 | 0,225™ | 0,151

Ist | 0,261 | 0,153 | 0,287° | 0,115 | 0,204 | 0,069

ond | 0,213% | 0,086 | 0264° | 0,117 | 0,244* | 0,062

Medians that share a same superscript letter within each group and subgroup are not statistically signifi-

cantly different at each level (P <.05).

* Represents statistically significantly differences between K3 and K3XF when the same size file was

used.

reached the WL. Although apical enlargement in this
study was performed with small tapered instruments,
root thickness under furcation was reduced significantly
when instrumentation was performed up to a 40.04 file
with both systems.

According to Gambill ef al. (22), the mean centering
ratio indicates the ability of the instrument to stay cen-
tered in the canal. The results from our study are consis-
tent with other studies were rotatory NiTi instruments
allow the preparation of curved canals with minimal risk
of canal transportation and high centering ratios in the
coronal one-third (19,20). Although canal shaping was
performed in an anticurvature method, more dentine
was removed from the inner curve surface. Bergmans
et al. (32) concluded that this could be due to the bulk
of cervical dentine that might force instruments toward
the furcation.

K3XF instruments produced lower mean canal transpor-
tation. However results were only statistically signifi-
cant in the mesiodistal direction when instrumentation
was performed up to a 40/04 compared with K3 (P <
.05). As the instruments used in this study are geometri-
cally identical, differences can be attributed to the new
manufacturing method, the R-phase. This technology in-
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creases instrument flexibility (15). Instrument flexibility
has a determining influence on root canal shaping (33).
A more flexible instrument might be able to prepare the
apical one-third of the root canal enduring the tendency
of the file to recover its initial lineal position.

Canal transportation and centering ability values do not
display differences in dentin removal. As instruments
remove dentin in all directions, an excessive amount
removal could remain unnoticed if we only take into ac-
count formulas proposed by Gambill ef al. (22). Thus
we measured changes in dentin thickness towards the
danger zone, were there is an increased risk of iatrogenic
damage such as strip perforation (8).

Results of this study showed that K3 instruments re-
moved more dentin toward the danger zone than K3XF
instruments. This difference could explain the results
from a previous study where K3 preparations required
a statistically significant reduced preparation time com-
pared with K3XF preparations with no differences in
apical transportation (13). These results are consistent
with Bergmans et al. (32). Under the conditions of their
study, K3 instruments tend to remove a higher amount
of dentin in the coronal third (0.48 mm?® + 0.12) with mi-
nimal deviation in the apical one-third (4.14 um + 6.40).
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In addition, apical enlargement to a size 35.04 - 40.04
file significantly reduced more dentin with both systems
(P < .05). Differences in instrument flexibility (15) may
explain both the increase of dentin removal of K3 ins-
truments near the furcation level compared with K3XF
instruments and that enlarging apical preparations up to
less flexible files may reduce considerably dentin thick-
ness in the coronal one-third.

Conclusions

Under the conditions of this extract tooth model, data
analysis of the present study demonstrated the ability of
rotary K3 and K3XF instruments to stay centered in the
canal with minimal risk of transportation. However, the
R-Phase K3XF Ni-Ti rotary files performed more safely
near the danger zone in curved canals compared with
the K3 instruments. Clinical advantages of the new ma-
nufacturing process, should allow for the preparation of
curved canals with a reduced risk of canal transportation
and iatrogenic errors.
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