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Abstract
The purpose of this study was to compare the incidence
of dentinal defects (fractures and craze lines) after
canal preparation with different nickel-titanium rotary
files. Two hundred sixty mandibular premolars were
selected. Forty teeth were left unprepared (n ⫽ 40). The
other teeth were prepared either with manual Flexofiles
(n ⫽ 20) or with different rotary files systems: ProTaper
(Dentsply-Maillefer, Ballaigues, Switzerland), ProFile
(Dentsply-Maillefer), SystemGT (Dentsply-Maillefer), or
S-ApeX (FKG Dentaire, La Chaux-de-Fonds, Switzerland) (n ⫽ 50 each). Roots were then sectioned 3, 6,
and 9 mm from the apex and observed under a microscope. The presence of dentinal defects was noted.
There was a significant difference in the appearance of
defects between the groups (p ⬍ 0.05). No defects
were found in the unprepared roots and those prepared
with hand files and S-ApeX. ProTaper, ProFile, and GT
preparations resulted in dentinal defects in 16%, 8%,
and 4% of teeth, respectively. Some endodontic preparation methods might damage the root and induce
dentinal defects. (J Endod 2009;35:236 –238)
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he goals of endodontic instrumentation are to completely remove microorganisms,
debris, and tissue by enlarging the canal diameter and create a canal form that allows
a proper seal. Complications such as transportation, ledge formation, and perforation
are well documented (1, 2). However, preparation procedures could also damage the
root dentin resulting in fractures or craze lines (3). Wilcox et al. (3) examined teeth
after hand preparation and lateral compaction of gutta-percha and sealer. Teeth not
presenting vertical root fractures (VRFs) were retreated by removing the root canal
filling and further enlarging the canal. No VRFs were observed after the initial preparation, whereas numerous fractures had occurred after further enlargement. All roots that
eventually fractured had previously shown craze lines. They concluded that the more
dentin removed the more chance for a fracture. The observation that all teeth presented
craze lines led the authors to speculate that these could later propagate into VRF if the
tooth is subjected to repeated stresses from endodontic or restorative procedures.
Indeed, evidence of recent years concentrate on the findings that VRFs are probably
caused by a propagation of smaller, less pronounced defects and not by the force
practiced during preparation or obturation (4, 5).
An increasing number of rotary nickel-titanium (NiTi) file systems have been
marketed by various manufacturers. These systems differ from one another in the
design of the cutting blades, body taper, and tip configuration. Despite the obvious
clinical advantages of these techniques over hand instrumentation, the influence of the
design of the cutting blades is still controversial (6, 7) and could generate increased
friction and stresses within the root canal (8). Rotary instrumentation requires less time
to prepare canals as compared with hand instrumentation but result in significantly
more rotations of the instruments inside the canal (9). This may cause more friction
between the files and the canal walls.
The goal of this ex vivo study was to compare the damage observed in the root
dentin after endodontic preparations with different NiTi rotary files systems.

Materials and Methods
Two hundred sixty extracted lower premolars were selected and stored in purified
filtered water. This storage medium causes the smallest changes in dentin over time and
was previously recommended for investigations of human dentin (10). The coronal
portion of all teeth was removed by using an Isomet 11–1180 low-speed saw (Buehler
Ltd, Evanston, IL) with water cooling, leaving roots approximately 16 mm in length. All
roots were observed with a stereomicroscope under 12⫻ magnification (Zeiss Stemi
SV6, Jena, Germany) to exclude cracks. Forty teeth were left unprepared and served as
control group A. Twenty teeth were prepared with hand files (K-Flexofiles; DentsplyMaillefer, Ballaigues, Switzerland) using balance force crown down to file 40 and
step-back 1-mm increments with Flexofiles #45 to 80 (Dentsply-Maillefer), resulting in
a preparation with a taper of about 0.05. These teeth formed control group B. The
remaining 200 teeth were randomly divided into four groups of 50 teeth each. Canal
patency was established with a #20 K-Flexofile (Dentsply Maillefer). Thereafter, canal
preparation followed with rotary files according to the relevant group (1– 4) using a
torque-control motor (ATR; Technika, Pistoia, Italy) and at the torque and speed
recommended by the manufacturer for the specific system used.
In group 1, the following sequence of ProTaper rotary files (Dentsply Maillefer)
was used at 300 rpm to prepare the canals; an SX file was used to enlarge the coronal
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portion of the canal, and then all files were used to working length: S1¡
S2¡ F1¡ F2¡ F3. The last file used was F4, which corresponds to file
40 with a taper 0.06 at the apical area.
In group 2, canal preparation with SystemGT files (Dentsply
Maillefer) at 300 rpm using a crown-down technique. Files 50/0.12 and
35/0.12 were used to enlarge the canal opening, and GT series 30 and
40 taper 0.1, 0.08, 0.06, 0.04 were used consequently to prepare the
canal till GT file 40/0.06 reached 1 mm short of the apical foramen.
In group 3, ProFile rotary NiTi files (Dentsply Maillefer) at 300
rpm were used in a crown-down sequence. ProFile Orifice shapers 2
and 3 were used to preflare the canal opening, and the preparation
ended when a 40/0.06 file reached 1 mm short of the apex.
In group 4, S-ApeX rotary files (FKG Dentaire, La Chaux-de-Fonds,
Switzerland) sizes 15 to 60 were used at a speed of 600 rpm. The
manufacturer’s instructions were followed using the full sequence of 6
files available at the working length. This system has an inverted taper,
and the preparation may result in a nontapered form.
In all experimental and control groups, each canal was irrigated
with a freshly prepared 2% solution of sodium hypochlorite (NaOCl)
between each instrument during the preparation procedure using a
syringe and a 27-G needle. Twelve milliliters of NaOCl solution was used
for each root. After the completion of instrumentation, passive ultrasonic irrigation was performed with an Irrisafe 20/21 file (Satelec,
Merinac Cedex, France) in order to efficiently clean the canals and
remove any debris still present (11). After completion of the procedure,
canals were rinsed with 2 mL distilled water. All roots were kept moist
in distilled water throughout the experimental procedures.

Sectioning and Microscopic Observations
All roots were cut horizontally at 3, 6, and 9 mm from the apex with
a low-speed saw under water cooling (Leica SP1600, Wetzlar, Germany). Slices were then viewed through a stereomicroscope (Zeiss
Stemi SV6, Carl Zeiss, Jena, Germany) using a cold light source (KL
2500 LCD, Carl Zeiss). The appearance of dentinal defects was registered by the author (CASB), after which pictures were taken with a
camera (Axio Cam, Carl Zeiss) at a magnification of ⫻12. The pictures
were then blindly inspected by the second author (HS). In four cases out
of a total of 780 slices (0.5%), there was a discrepancy in the observations, and a consensus was reached after inspecting the slices again. In
order to avoid confusing definitions of root fractures, three distinguished categories were made: “no defect,” “fracture,” and “other defects” (12). “No defect” was defined as root dentin devoid of any lines
or cracks where both the external surface of the root and the internal
root canal wall did not present any evident defects. “Fracture” was
defined as a line extending from the root canal space all the way to the
outer surface of the root (3). “Other defects” were defined as all other
lines observed that did not seem to extend from the root canal to the
outer root surface (eg, a craze line, a line extending from the outer
surface into the dentin but does not reach the canal lumen (3), or a
partial crack, a line extending from the canal walls into the dentin
without reaching the outer surface).
Statistical Analysis
Roots were classified as “defected” if at least one of three sections
showed either a craze line, partial crack, or a fracture. Results were
expressed as the number and percentage of defected roots in each
group. A chi-square test was performed to compare the appearance
of defected roots between the experimental groups by using the
SPSS/PC version 15 (SPSS Inc, Chicago, IL).The level of significance
was set at ␣ ⫽ 0.05.
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Figure 1. The number of teeth and percentage showing defect.

Results
No complete fractures were observed in any of the samples. Control groups A (unprepared canals) and B (hand preparation) showed
no defected roots. Craze lines and partial cracks (“other defects”) were
found in the SystemGT, ProFile, and ProTaper groups, whereas no defects were observed in canals prepared with S-Apex files (Fig. 1). The
difference between the experimental groups in the appearance of defects was significant (chi-square test, p ⫽ 0.001).

Discussion
Recent ex vivo studies suggest that VRF is probably not an instant
phenomenon but rather a result of gradual diminution of root structure
(4, 5) .The current results could confirm that fractures did not occur
immediately after canal preparation. However, craze lines occurred in
4% to 16%, and these may develop into fractures during retreatment or
after long-term functional stresses like chewing (3). This is in agreement with Onnink et al. (13), who were the first to report dentinal
defects as a consequence of canal preparation but only found small
defects entirely within dentin that did not communicate with the canal
wall. Less pronounced dentinal defects like craze lines were observed in
the current study. Considering the crucial clinical importance of VRF
and its determinant effect on tooth survival, even a small percentage of
damaged teeth could be of clinical importance.
Ultrasonic irrigation was used in order to effectively clean the
canal walls (11). However, ultrasonic action can also result in rough
canal walls (14) and cause fractures after root-end preparations (15).
In the current experiment, ultrasonic irrigation was performed in all
groups (11). Because all teeth were irrigated following the same protocol and roots prepared with hand files and S-ApeX files did not show
any dentinal defects, the conclusion that the ultrasonic irrigation performed in this study did not contribute to the appearance of dentinal
defects seems justified.
Sawing action could also result in dentinal defects. However, because both the controls and the S-ApeX groups did not show any defect,
we may conclude that the defects seen were a result of preparation
procedures.
The only rotary file system among those used in this study that did
not show any dentin damage is S-ApeX. A literature search revealed no
previous studies regarding this file system. It is the only system available
with an inverted taper (Fig. 2) and may result in a parallel preparation
similar to the previously described LightSpeed system (LightSpeed
Technology, Inc, San Antonio, TX) (16).
The taper of the preparation and the files could be a contributing
factor in the generation of dentinal defects. Wilcox et al. (3) concluded
that the more root dentin that is removed the more likely a root is to
fracture. However, in the present study, a uniformed tapered preparation (0.05– 0.06) was attempted in all groups except for the S-ApeX
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Figure 2. The S-Apex file has an inverted taper.

preparation, which is not tapered at all. The observation that all groups
prepared with rotary NiTi files showed various degrees of damage except for the nontapered group supports the idea that tapered files may
generate an increased stress on the dentin wall. This observation is
supported by Sathorn et al. (17) who concluded that by maintaining the
canal size as small as practical, a reduction in fracture susceptibility
could be expected.
The amount of material removed from the root canal depends on
the shape of the rotary instrument and the penetration depth in the
canal. Because the roots prepared with rotary files that had a taper of at
least 0.06 in this study showed defects, it should be realized that these
instruments remove more apical dentin as compared with hand files
that have a taper of 0.02. It is noteworthy that ProTaper file F3 has a large
apical taper of 0.09 (18), which could explain the higher incidence of
damage observed in the ProTaper group as compared with the other
tapered rotary files. Furthermore, significantly more rotations in the
canal are necessary to complete a preparation with rotary NiTi files as
compared with hand files (9). This, in itself, may contribute to the
formation of dentinal defects.
Some of the defects seen did not connect with the pulp space. Wilcox
et al. (3) speculated that the stresses generated from inside the root canal
are transmitted through the root to the surface where they overcome the
bonds holding the dentin together. Onnink et al. (13) speculated that a
fracture contained within the dentin in one section could communicate with
the canal space in an adjacent section. This was recently supported by
nondestructive observations of dentinal defects induced in extracted teeth
and viewed with optical coherence tomography (5).
Under the tested conditions and within the limitations of this ex
vivo investigation, it may be concluded that the use of some rotary NiTi
instruments could result in an increased chance for dentinal defects.
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