
ORIGINAL ARTICLE

Incidence of microcracks in maxillary first premolars
after instrumentation with three different mechanized file
systems: a comparative ex vivo study

A. Kfir1 & D. Elkes1 & A. Pawar2 & A. Weissman1
& I. Tsesis1

Received: 11 September 2015 /Accepted: 21 March 2016 /Published online: 30 March 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract
Objectives The objective of this study is to determine the
potential for microcracks in the radicular dentin of first max-
illary premolars using three different mechanized endodontic
instrumentation systems.
Methods Eighty extracted maxillary first premolars with two
root canals and no externally visible microcracks were select-
ed. Root canal instrumentation was performed with either the
ProTaper file system, the WaveOne primary file, or the self-
adjusting file (SAF). Teeth with intact roots served as controls.
The roots were cut into segments and examined with an in-
tensive, small-diameter light source that was applied diago-
nally to the entire periphery of the root slice under ×20 mag-
nification; the presence of microcracks and fractures was re-
corded. Pearson’s chi-square method was used for statistical
analysis, and significance was set at p < 0.05.
Results Microcracks were present in 30 and 20 % of roots
treated with the ProTaper andWaveOne systems, respectively,
while nomicrocracks were present in the roots treated with the
SAF (p = 0.008 and p = 0.035, respectively). Intact teeth
presented with cracks in 5 % of the roots. The intensive,
small-diameter light source revealed microcracks that could
not be detected when using the microscope’s light alone.
Conclusions Within the limitations of this study, it could be
concluded that mechanized root canal instrumentation with
the ProTaper and WaveOne systems in maxillary first

premolars causes microcracks in the radicular dentin, while
the use of the SAF file causes no such microcracks.
Clinical relevance Rotary and reciprocating files with large
tapers may cause microcracks in the radicular dentin of max-
illary first premolars. Less aggressive methods should be con-
sidered for these teeth.
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Introduction

Nickel titanium (NiTi) rotary file systems are currently the
leading technology in root canal instrumentation [1, 2].
Nevertheless, a study by Shemesh et al. in 2009 [3] first re-
vealed that the efficiency of rotary instrumentation might also
have a biomechanical cost by creating microcracks in the ra-
dicular dentin.

Since this initial report [3], more than 15 studies have been
published that support the findings of the initial report [4–18].
Such microcracks can eventually propagate and lead to the
formation of full-thickness fractures in the radicular dentin,
which are also known as vertical root fractures (VRFs) [5, 7,
9]. Two recent studies have questioned the cause-effect rela-
tionship between instrumentation of the root canals with
rotary/reciprocating files and the presence of microcracks in
the radicular dentin [19, 20].

Many terms have been used in the above-mentioned stud-
ies, including Bcraze lines^ [3, 7, 21], Bmicrocracks^ [7], and
the comprehensive term Bdentinal defects^ [3, 4, 6, 7, 22],
which includes all of the above.

The field of fracture mechanics defines a Bcatastrophic
fracture^ as a fracture that breaks the tested material or object
into fully separate parts. Such a fracture often starts with
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microscopic cracks (microcracks) in the material that can
propagate under additional stress and eventually result in a
fracture [23]. In the present report, we have used the proper
mechanical term microcracks to describe all partial disconti-
nuities in the dentin, which are usually observed with trans-
mitted light under a microscope [7, 11, 14], and the terms
Bfracture^ and Bfull-thickness fracture^ to describe a full-
thickness discontinuity in the radicular dentin wall.

VRFs can appear in many types of teeth; however, the
maxillary premolars are among those most susceptible to
VRFs [24–26]. This susceptibility has been attributed to the
high convexity of the shape of these roots [21, 24, 27–29].
Such high convexity is the factor that is common to all roots
that are highly susceptible to VRFs [26, 30]. The phenomenon
of microcracks has been most commonly studied in the man-
dibular premolars [3–6, 31]. Maxillary first premolars are dif-
ferent because they often have relatively thin roots that could
potentially make them more susceptible to microcrack forma-
tion, particularly whenmechanized instrumentation is applied.

The present research was designed to study the phenome-
non of microcracks that could potentially be caused by mech-
anized endodontic instrumentation in maxillary first
premolars.

Materials and methods

Eighty-five intact maxillary first premolars with two separate
root canals, straight roots, and closed, mature apices were
selected from a random collection of recently extracted teeth.
All teeth were pre-examined with an operating microscope
(Kaps 1100, Karl Kaps, Asslar/Wetzlar, Germany) under
×12 magnification using an intensive, small-diameter
(1.6 mm) light source (HDP-2, Radiant Lighted Instrument
System, Q-Optics, Duncanville, TX, USA) that was applied
around the root while rotating the root manually. This proce-
dure was performed to exclude any externally detectable de-
fects or cracks in the roots. Such cracks and defects were
found in 5 (5.8 %) of the initially collected teeth that appeared
intact. Teeth with these defects/microcracks were excluded
from the present study, leaving 80 teeth with no defects/
microcracks that were randomly divided into 4 groups of 20
teeth each. Both canals of each premolar were instrumented in
the present study.

Access cavities were prepared, and initial canal length was
determined using #10 K files (Dentsply Maillefer, Ballaigues,
Switzerland), which were inserted into the root canal until the
tip of the file was observed at the apical foramen. Only teeth
with apical patency were included. Working length was
established at 1 mm short of the initial canal length. To avoid
dehydration, all teeth and root segments (see below) were
stored in water and kept wet throughout the experimental

procedures. A single experienced operator (DE) performed
all procedures.

The crowns of all teeth were removed using a diamond-
coated burr with a water-air cooling spray, and the remaining
roots were approximately 16mm in length. Silicon impression
material (vinyl polysiloxane impression material, 3M ESPE,
Seefeld, Germany) was used to coat the cement surfaces of the
roots to simulate a periodontal ligament. After the silicone
coating had set, all teeth were embedded in acrylic blocks
and randomly divided into four groups.

Root canal preparation

All canals were prepared with a #20 NiTi hand file to the
working length to establish a glide path, except for the intact
control group, which was left unprepared.

Group 1: untreated controls (n = 20) The canals in this
group were unprepared and served as controls.

Group 2: ProTaper files (n = 20) The canals were prepared
with the ProTaper system following the manufacturer’s in-
structions. The ProTaper files (Dentsply Maillefer) were ap-
plied using a WaveOne electric motor (WaveOne endo motor,
Dentsply Maillefer), which was operated at 300 rpm accord-
ing to the manufacturer’s instructions. A ProTaper SX file was
used to enlarge the coronal third of the canal. A ProTaper S1
file was advanced into the canal to working length, followed
by S2, F1, F2, and F3 files applied sequentially to working
length. Irrigation with 3 % sodium hypochlorite was applied
between each instrument using a syringe and a 30-gauge nee-
dle. The needle was inserted as far as it could go at any stage
of instrumentation and was withdrawn 2 mm before irrigation
was applied. A total of 12 mL of sodium hypochlorite was
used in each canal. Glide (Dentsply Maillefer) lubricant was
applied to each instrument before insertion into the canal.

Group 3: WaveOne primary file (n = 20) The canals were
prepared with the WaveOne file following the manufacturer’s
instructions. The canals were prepared with the WaveOne pri-
mary file (Dentsply Maillefer) using the WaveOne electric
motor operated with a 1:6 reducing handpiece. The motor
was set for the angles of reciprocation and the speed of the
WaveOne instruments according to the manufacturer’s in-
structions. The files were used with pecking movements with
minimal apical pressure. After every two pecking motions, the
instrument was withdrawn, the flutes were cleaned with
gauze, and the canal was irrigated. The procedure was repeat-
ed until the working length was reached. Irrigation with 3 %
sodium hypochlorite was applied between each insertion of
the instrument using a syringe and a 30-gauge needle. The
needle was inserted as far as it could go at any stage of
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instrumentation and was withdrawn 2 mm before irrigation
was applied. A total of 12 mL of sodium hypochlorite was
used in each canal. Glide lubricant was applied to the file
before each insertion into the canal.

Group 4: self-adjusting file (n = 20) The canals were pre-
pared with the SAF system following the manufacturer’s
instructions. A glide path for the SAF instrument was
first prepared using a ProFile 20/04 file (Dentsply
Maillfer), which was used to working length. This was
done as an integral part of the SAF procedure following
the manufacturer’s instructions. A 1.5-mm SAF file
(ReDent-Nova, Raanana, Israel) was then dipped in the
Glide lubricant and tested manually in the canal to ver-
ify that it could reach working length. The file was then
attached to the RDT handpiece head, which was oper-
ated at 5000 rpm and resulted in 5000 in-and-out vibra-
tions per minute with an amplitude of 0.4 mm (RDT3,
ReDent-Nova). The file was used with a pecking motion
to working length for 4 min in each canal. Continuous
simultaneous irrigation with 3 % sodium hypochlorite
was applied using a peristaltic pump (VATEA, ReDent-
Nova) at a flow rate of 3 mL/min. A total of 12 mL of
irrigant was used in each canal.

Sectioning and microscopic examination

All roots were sectioned perpendicular to their long axes at 3,
6, and 9 mm from the apex using a diamond-coated saw
(Isomet 1000 precision saw, Bueller, Lake Bluff, IL, USA)
under a continuous water stream.

Each specimen was then checked for the presence of den-
tinal defects/microcracks. The specimens were checked inde-
pendently by two observers who were blinded to the group to
which a given sample belonged and who were initially
checked for inter-observer reproducibility. The examination
was performed using an operating microscope (Kaps) at ×20
magnification. The sliced surface was first checked using the
light source of the microscope. The light source was then
turned off, and an intensive light source with a small
(1.6 mm) diameter was applied diagonally (at approximately
45° to the sectioned plane) to the entire periphery of the root
slice; both root canals of all premolars were examined for
dentinal microcracks or complete, full-thickness fractures.
BNo defect^ was defined as root dentin that presented with
no visible microcracks or fractures. BDefect^ was defined by
microcracks or complete fractures in the root dentin. Each
tooth with both its roots/canals comprised the counting unit.
A tooth with a microcrack or fracture in one or more of its
segments was defined as a tooth with defects.

Lines connecting the two canals in a single root often rep-
resented an isthmus-like structure and were not considered

defects. In addition, any visible line at the border between
two types of dentin (primary and secondary or tertiary) was
not counted as a defect.

Digital images of sections with defects were captured
at ×31 magnification using a digital camera (Sony Alpha
NEX-7, Sony, Tokyo, Japan) attached to the microscope. A
total of 60 segments were examined in each group for a total
of 240 root segments. The results were expressed as the num-
ber and percentage of teeth with defects or cracks out of the
total number of teeth in each group.

Statistical analysis Pearson’s chi-square test was used to
compare the groups, and the significance level was set at
p < 0.05.

Results

Detectable defects in the total initial sample A total of 85
recently extracted and visually intact maxillary first premolars
were initially screened for the presence of microcracks or
fractures that could be visualized externally using magnifica-
tion and an intensive, small-diameter light source. In five of
these teeth (5.8 %), such defects were found. These five teeth
were excluded from the present study, leaving 80 teeth with no
detectable microcracks or fractures.

Incidence of microcracks after instrumentation In the
ProTaper-treated group, 6 of 20 (30 %) teeth presented with
microcracks or fractures in the radicular dentin (Fig. 1). In the
WaveOne-treated teeth, 4 of 20 (20 %) presented with
microcracks, while in the non-treated control group, one tooth
(5 %) presented with a microcrack. In the group instrumented
with the SAF system, nomicrocracks were found (Fig. 1). The
difference between the untreated controls and the ProTaper-
treated group was significant (Table 1). The differences be-
tween both the ProTaper-treated and the WaveOne-treated
groups compared to the SAF-treated group were significant
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Fig. 1 Microcracks and fractures caused by instrumentation of the root
canals of first maxillary premolars. Percentage of roots presenting with
microcracks or fractures. Control untreated control, PT ProTaper, WO
WaveOne, SAF self-adjusting file. Similar letters indicate no significant
difference while different letters indicate a significant difference
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(p = 0.008 and p = 0.035, respectively) (Table 1). The other
differences, including the difference between the ProTaper-
and the WaveOne-treated groups, were not significant.

Type and location of the defects In the ProTaper-treated
group, two roots (10 %) presented with full-thickness frac-
tures, while the remainder of the 10 defects found in all groups
in this study were defined as microcracks (Table 2). These
microcracks started at either the inner surface (3/10) or the
outer surface (7/10) of the root (Table 2). Most of the
microcracks and fractures (7/12) were found at 6 mm, 4 of
the 12 were found at 3 mm, and 1 was found at 9 mm from the
apex.

The effect of type of illumination on the detection of
microcracks The type of illumination used for checking the
root segments had a substantial effect on the detection of
microcracks (Fig. 2). When examined with the intensive,
small-diameter light source applied diagonally, microcracks
could be observed in root slices but could not be detected
using the light source of the microscope alone. The difference
was that the diagonal application of the intensive light allowed
the depth of the slice to be checked, while the light source of
the microscope only allowed observation, which was limited
to the cut surface. Wetness on the surface of the root segment
also had a negative effect on the detection of microcracks, and
a short blast of air was therefore used to remove wetness.

Discussion

Microcracks are often found in intact extracted teeth. In the
present study, 5.8 % of the initial sample of apparently intact
extracted maxillary premolars presented with externally de-
tectable microcracks. Similar findings have been reported in
other studies. Such pre-existing microcracks could originate
from either normal or excessive wear and tear in vivo [32, 33],
could be related to the extraction procedure [34, 35], or both.
Arias et al. [19] found that 50 % or more of the untreated
control roots in their study had microcracks. This might be
explained by the nature of their sample, which consisted of
teeth from cadavers of a selective elderly population with a
mean age of 82.8 (±14.6) years. Therefore, there should be no
question that some microcracks do exist in roots before any
endodontic treatment is applied.

More than 19 studies [3–20] have been published that ad-
dress the issue of whether certain mechanized endodontic in-
strumentation systems might result in a higher incidence of
microcracks.

Such studies can be divided into those that present a control
group with no microcracks or almost no microcracks [3–7,
9–17] and those that either failed to present such a group
[18] or reported a high incidence of microcracks in the un-
treated control group [8, 19, 20].

Table 1 Statistical
significance (Pearson’s
chi-square test)

UC PT WO SAF

UC – 0.037 n.s. n.s.

PT 0.037 – n.s. 0.008

WO n.s. n.s. – 0.035

SAF n.s. 0.008 0.035 –

UC untreated control, PT ProTaper, WO
WaveOne, SAF self-adjusting file, n.s. not
significant

Table 2 Types of microcracks found in roots of first maxillary
premolars

Full thickness Internal surface External surface

Untreated cont. 0 1 0

ProTaper 2 2 2

WaveOne 0 1 3

SAF 0 0 0

Full thickness—microcrack extending from inner to outer surface wall,
internal surface—microcrack originating in the inner surface of the root,
external surface—microcrack originating in the external surface of the
root

A

DC

B

Fig. 2 Intensive small-diameter light source vs. microscope illumination.
Diagonal illumination with an intensive, small-diameter light source
allows for the examination of what occurs in the depth of the root slice,
while the light source of the microscope has a tendency to show only the
surface of the slice. a Root slice illuminated with the microscope light
source: no microcracks are visible. b The same root slice as in a,
illuminated diagonally with an intensive small-diameter light source: a
microcrack is clearly visible. c A suspected line, as seen under
microscope illumination. d The same root slice as in c: diagonal
illumination with a small-diameter intensive light source revealed the real
nature of the suspected line: a microcrack
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The difference in results between the two groups of
studies might have arisen from the pre-selection of teeth
for the studies. In some studies, such as Arias et al.
[19], no such pre-selection was possible because the model
attempted to reproduce the in vivo situation by instrumenting
the teeth while they were still in the jaw of a cadaver. Other
studies have also indicated a high incidence of microcracks in
the non-treated control group [8, 20]. Pre-existingmicrocracks
could be a confounding variable that limits the interpretation
and the statistical power of the sample, particularly
when relatively small sample sizes are used. The detect-
able cracks that were found in the teeth that were
rejected from the present study could not be seen unless
the intensive, small-diameter light source was used.
Simple microscopic observation using the light source
of the microscope might have failed to detect many of
these cracks during the selection process.

The threemechanized file systems used in the present study
differ significantly, and each was used according to its manu-
facturer instructions, which naturally differ substantially. Both
the WaveOne and ProTaper protocols recommend glide path
preparation with hand files. On the other hand, the current
SAF protocol recommends the use of a size 20/04 rotary file
for glide path preparation.

The WaveOne primary file was selected for this study be-
cause the next file in this system, the Wave One Large, is
apical size 40 with an apical taper of 0.08 and was considered
too large for maxillary first premolars. The selection of F3
(apical size 30 with an apical taper of 0.09) as the final file
of the ProTaper sequence was based on previous studies that
indicate that the smaller size ProTaper (F2, with apical size 20)
is too small for the canals of these teeth, the apical size of
which is often larger than #25 [36, 37]. F3 was also selected
to facilitate comparisons to previous studies [7, 8, 10] that also
used the ProTaper F3 as the final file. It seems that the differ-
ences in size and taper as well as mode of action may have
contributed to the differences in the incidence of microcracks
reported here.

An interesting finding of the present study was that even
though a rotary mechanized file (ProFile 20/04) was used for
glide path preparation in the SAF group, no microcracks were
found in this group. This finding might be explained by two
studies by Kim et al. [22, 38]. In both, a finite element analysis
model was used to analyze the stress generated at the surface
layer of the radicular dentin during instrumentation of the root
canal. When large rotary files (Profile 30/06 and ProTaper F3)
were tested, von Mises stresses as high as 311 and 386 MPa
were found in the outer layer of dentin for the ProFile 30/06
and ProTaper F3, respectively. Such values are three times
greater than the tensile strength of the dentin, which is
106 MPa [39]. Such stress can result in a continuity failure
of the dentin (microcracks) at the area of stress concentration.
By contrast, when smaller files (ProFile 20/06 and

ProTaper F1) were used in the same model, in the sec-
ond study by Kim et al. [38], the stress recorded was
much smaller, at 86.7 and 98.1 MPa for ProFile 20/06 and
ProTaper F1, respectively. These last values were smaller than
those recorded with the larger files in these same series,
and they were lower than the reported tensile strength
of dentin [39].

These last findings might also potentially explain the dif-
ferences found in the present study: the ProFile 20/04 that was
used for glide path formation in the SAF group caused no
microcracks, while the full sequence of ProTaper files and
the Primary WaveOne file caused microcracks in 30 and
20 % of the teeth, respectively. It is likely that it was not the
rotary or reciprocating action of the file per se that was the
determining factor, but rather, the size and taper of the files
combined with the rotary/reciprocating motion were the po-
tential causative factors.

The finding that the SAF file did not cause microcracks is
in agreement with previous studies, which found either no
cracks [7] or very small numbers of cracks [31] in roots treated
with this mechanized instrument. The second study by Kim
et al. [38] also explained the above results: The SAF, which
was also tested in that study, caused almost no stress in the
radicular dentin when operated in their root model [38]. It is
likely that the absence of a central metal core in the SAF file
and its extreme compressibility [40–42] might explain the
difference between this file and the other rotary or reciprocat-
ing file systems.

It is important to note that the intensive, small-diameter
light source applied diagonally around the perimeter of the
root segments when examining the root slices could greatly
affect the results (Fig. 2).

The finding that one (5 %) of the teeth in the untreated
control group had a microcrack might have resulted from the
limitations of the selection process. It is likely that even when
the teeth are carefully examined with the intensive light
source, as in the present study, some internal microcracks
are not detected and are found only after the root segments
are examined. Such sporadic findings might represent Bback-
ground noise^ in the selection process and might also explain
the single tooth that was found to have a microcrack in an
SAF-treated group previously reported by Hin et al. [31].
Such potential Bbackground noise^ might require that larger
groups of teeth be used in future studies to reduce its potential
effect on the results. As to a potential effect of such Bnoise^ in
the present study, even if one tooth with a defect is to be
deducted from both the WaveOne and ProTaper groups, the
significant difference between these two groups and the SAF
group still holds.

The results of the present study and their interpretation are
in agreement with most of the previously published reports
[3–18]. The present results were in disagreement with two
recent studies. This is most likely due to the very high
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incidence of microcracks in the control groups [19, 20], which
was a confounding factor that was common to both studies.

Conclusions

Within the limitations of the present study, it could be con-
cluded that mechanized root canal instrumentation with a
ProTaper up to F3 or a WaveOne primary file in maxillary
first premolars caused microcracks in the radicular dentin,
while the use of the SAF file caused no such microcracks.
An intensive, small-diameter light source should be used in
similar studies because it could detect microcracks that could
not otherwise be seen.
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