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Comparative Evaluation of Dentinal Microcrack Formation by
Single Reciprocating File Systems: An In Vitro Study
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A b s t r ac t
Introduction: The purpose of this in vitro study was to compare and evaluate the formation of dentinal microcracks after root canal preparation
while using four single reciprocating file systems [WaveOne (WO), Reciproc (RC), WaveOne Gold (WOG), Reciproc Blue (RCB)].
Materials and methods: Seventy-five extracted mandibular premolars were randomly selected. A total of 15 teeth were left unprepared and
served as control, and the remaining 60 teeth were divided into four groups. WaveOne files, Reciproc files, WaveOne Gold files, and Reciproc
Blue files were used to prepare the canals. Roots were then sectioned at 3, 6, and 9 mm from the apex and the cut surface was observed under
the scanning electron microscope (SEM) for the presence of dentinal microcracks.
Results: The control group were not associated with microcracks, while all the single file systems tested resulted in dentinal microcrack formation.
Among the groups, tooth prepared with WaveOne Gold and Reciproc Blue files showed fewer cracks than other experimental groups; however,
no significant difference was found between them (p > 0.05).
Conclusion: Root canal preparation with reciprocating files resulted in dentinal microcracks. WaveOne Gold and Reciproc Blue files caused less
microcracks than WaveOne and Reciproc files. Heat-treated instrument produced less microcracks than M-wire instruments.
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I n t r o d u c t i o n
Vertical root fracture (VRF) is one of the frustrating complications
of root canal treatment. The root fracture might occur as a result
of a microcrack or craze line that propagates with repeated stress
application by occlusal forces. These dentinal microcracks are
clinically difficult to diagnose and treat, progressing to VRF and
ultimately tooth loss.1,2
Root canal shaping procedures and rotary instrumentation have
the potential to induce microcrack formation, which can extend to
complete fractures under functional load. Several factors of nickeltitanium (Ni-Ti) files such as different heat treatments, designs,
cross-sectional shape, and kinematics may influence the generation
of cracks.3,4 Furthermore, some other cofactors that promote VRF
are the use of high concentrations of sodium hypochlorite,5 the
tooth anatomy,6 the placement of prosthetic posts,7,8 and different
obturation techniques.9
Shemesh et al.10 reported that canal preparation had created
significant dentin defects such as fractures, craze lines, and
incomplete cracks. Bier et al.11 also reported that canal preparation
using rotary Ni-Ti files induced significantly more dentinal defects
than hand files and attributed this to the significantly higher
number of rotations of the rotary systems.12
Advances in Ni-Ti instruments and their kinematics allowed the
possibility to shape root canals with single-file systems activated
in rotary or reciprocating motion, focusing on the concept “Less Is
More,” thereby requiring less time than full-sequence rotary systems.
The reciprocating movement is claimed to relieve stress on
the instrument by special counterclockwise (cutting action) and
clockwise (release of the instrument) movements, and it is assumed
that this movement reduces the risk of cyclic fatigue caused by
tension and compression.13,14 Reciprocating movements could
also reduce the screw-in effects, thus preventing the unintended
overextension of instrument beyond the apical foramen.
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Reciproc (REC) (VDW, Munich, Germany), WaveOne (WO)
(Dentsply Maillefer), and the recently marketed WaveOne Gold
(WOG) (Dentsply Maillefer) and Reciproc Blue (RCB) (VDW, Munich,
Germany) are the main examples of commercially available singlefile reciprocating systems.
Several studies using these reciprocating Ni-Ti systems showed
better canal centring ability, uniform canal preparation, and better
debris and smear layer removal when compared with continuous
rotary Ni-Ti instruments.15–17 However, there are only few studies
in the literature regarding the occurrence of microcracks using
these single-file systems. Thus, the purpose of this study was to
investigate the formation of microcracks after canal preparation
with these different single-file systems.

M at e r ia l s

and

M e t h o d s

A total of 75 mandibular premolars were randomly selected from
15- to 30-year-old patients extracted for orthodontic reasons, based
on the inclusion criteria of mature apices, straight root canals (<5°)
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and Weine’s type I canal anatomy pattern, and exclusion criteria
of cracked tooth or fractured tooth. Proximal radiographs of each
tooth were taken to confirm the canal anatomy pattern.
All teeth were inspected under dental operating microscope
20× magnification to predetermine the existence of any lines or
cracks, and those with any defects were discarded and replaced
by similar one. The crown of each tooth was sectioned at the
cementoenamel junction, using the diamond disk under water
coolant. An additional silicon impression material of putty
consistency was used for coating the cemental surface of roots to
simulate periodontal ligament space. The samples were randomly
assigned to the following groups (n = 15):
•
•
•
•
•

Group I: No preparation (Control)
Group II: WaveOne (WO, Primary)
Group III: Reciproc (REC, R25)
Group IV: WaveOne Gold (WOG, Primary)
Group V: Reciproc Blue (RCB, R25)

Fifteen root canals were left unprepared and served as the
control group. The remaining 60 teeth were subjected to the
procedures described below.
The canals were located using a DG-16 endodontic explorer. The
patency and working length (WL) of each canal were determined
by passing the size-10 K-file to the anatomic foramen. This length
was recorded, and the final WL was established 0.5 mm short. After
confirming apical patency, shaping procedures were performed
as follows:

Root Canal Preparation
All instruments were operated with a 6:1 reduction handpiece
powered by a torque-controlled motor using preset programs
“WaveOne” or “Reciproc” according to manufacturer’s instructions
(X-Smart Plus Endo Motor, Dentsply, Sirona). The files were used
with a progressive up and down movement no more than three
to four times with minimal apical pressure. The files were then
removed and wiped clean. Irrigation was performed using 3%
sodium hypochlorite solution. The same procedure was repeated
until the file reached the WL. After completion of the procedure,
canals were rinsed with 2 mL distilled water and all the roots were
kept in distilled water throughout the experimental procedures.

Sectioning and Microscopic Examination
All roots were sectioned perpendicular to the long axis at 3, 6, and
9 mm from the apex with a hard tissue microtome under water
coolant. All the sections were then gold sputtered and viewed
under a scanning electron microscope (SEM) (IsoMet 5000 linear
precision saw) for the presence of microcracks. A total of 45 sections
were examined in each group.
“No defect” was defined as root dentin devoid of any craze
lines or microcracks originating from the canal lumen. “Defect” was
defined if any craze lines, microcracks, or fractures were present
originating from the root canal lumen.18 The statistical analysis
was done using the one-way ANOVA test. The p value < 0.05 was
considered as statistically significant.

R e s u lts
Proportion of teeth with microcracks at three different levels of root
canal is given in Table 1 and illustrated in Figure 1.
From the results, it can be inferred that group I (no preparation)
presented with no microcracks at all the three levels, while all
the single file systems tested resulted in dentinal microcrack
formation. Group IV (WOG) and group V (RCB) showed less roots
with microcracks than group II (WO) and group III (REC); however, no
significant difference was found between them in crack formation

Table 1: Proportion of teeth with microcracks at three different levels
of root canal
No. of samples with microcracks

Groups
Group I (No preparation)
Group II (WaveOne files)
Group III (Reciproc files)
Group IV (WaveOne gold
files)
Group V (Reciproc blue
files)

Fig. 1: No. of microcracks detected at three different levels of root canal
2
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Coronal
section
(n = 15)
0
9
8
4
4

Middle
section
(n = 15)
0
10
9
5
4

Apical
section
(n = 15)
0
15
12
9
6

Total
(n = 45)
0
34
29
18
14
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Figs 2A and B: SEM images at 6 mm cross-section without any dentinal defects (A) with dentinal defects (B)

(p > 0.05). The apical section (3 mm) showed the major number of
microcracks for all of the tested files (Fig. 2).

D i s c u s s i o n
Vertical root fracture is the most undesirable clinical experience and
root canal-treated teeth present with greater probability. During
preparation, a canal is shaped by the contact between instrument
and dentin walls. These contacts create many momentary stress
concentrations in dentin; such stress concentrations may leave
dentinal microcracks in which VRF can initiate.
Higher stresses in the root during instrumentation can be
expected to increase dentinal microcracks and thus increase VRF
risks. Contact stress levels are determined by the mechanical
behavior of files such as their cross-sectional shape, design, taper,
metallurgy, as well as the kinematics.
All four single-file systems tested in this study created
microcracks. This finding is in agreement with the previous
reports.19–22 The files tested had similar kinematics and taper along
their length and the variables tested were the cross-sectional shape,
design, and metallurgy.
All the instruments tested have been designed specifically
for use in reciprocation. Compared to continuous rotation, a large
rotating angle in cutting direction (CCW) and a smaller angle in the
opposite direction (CW) allow the file to be immediately disengaged
and safely progress along the canal path, while reducing the effect
of a screwing effect and the resultant stress on dentin.13,14 Similarly,
all the instruments used have the same nominal size, tip size 25, with
0.08 taper. Taper is constant in the apical 3 mm of the instruments
but reduces in the middle and coronal portion of the working part
of the instrument.
WaveOne and WaveOne Gold files have modified convex
triangular cross-section at the tip and a convex triangular crosssection in the middle and coronal portion of the instrument, while
Reciproc and Reciproc Blue files have S-shaped cross-section with
two cutting blades.
Reciproc and WaveOne files are made of a special nickeltitanium alloy called M-wire. Various metallurgical laboratory
techniques (e.g., DSC, XRD, and SEM) revealed that M-wire contains

the austenite phase with small amounts of martensite and R-phase
at body temperature. Hence, M-wire maintains a superelastic state
and two-stage stress-induced transformation through R phase,
which in turn lead to increased flexibility and improved resistance
to cyclic fatigue of the instruments.23,24
Whereas Reciproc Blue and WaveOne Gold files undergo
proprietar y thermomechanical heat treatment, prior to
manufacturing and post machining giving the file a distinctive
blue and gold color, due to the deposition of titanium dioxide,
60–80 nm and 100–120 nm, respectively.13 This treatment
controls the transition temperatures, creating a shape memory
alloy, with more amount of stable martensitic phase and less
Vickers hardness, which is claimed by the manufacturer to result
in superior mechanical properties and performance of the Ni-Ti
instruments.25,26
Overall Reciproc Blue and WaveOne Gold files caused
significantly less microcracks than Reciproc and WaveOne; this
might be attributed to their metallurgical behavior. Reciproc Blue
and WaveOne Gold files are in the martensite phase during clinical
use; the material is soft, ductile, and can easily be precurved, while
Reciproc and WaveOne are in the austenite phase during clinical
use; the material is quite hard, strong, and not prebendable, leading
to a greater number of microcracks.
In this study, 3% NaOCl was used as irrigating solution; this
might also have a negative effect on the property of the dentin,
affecting its flexural strength and modulus of elasticity, which
could in turn increase the risk of fracture due to repeated loading.
One of the limitation of the study is that sectioning of teeth
was done to study the microcrack formation, as it is a destructive
method, a part of the sample is lost during the cutting procedure,
resulting in the evaluation of only a few samples per root and
also the cracks developing on the longitudinal axis of the root
could not be assessed as well as the preoperative condition of the
dentin tissue. Other imaging modalities used for the detection of
microcracks include endoscopy, infrared thermography, optical
coherence tomography, and microcomputed tomography.
Clinically, the reported failure due to VRF is low. Vertical root
fracture can result due to one or combination of the following
factors: physical traumatic injury, occlusal prematurities, repetitive
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parafunctional habits of heavy stressful chewing, or resorptioninduced pathological root fractures.27
It is not clear whether all microcracks would lead to VRF, and
this needs to be studied further. With the recent technological
advances made in the field of imaging and their application will
undoubtedly lead to a more thorough understanding of microcrack
formation and development.

C o n c lu s i o n
Within the limitations of the study, it could be concluded that
root canal preparation with reciprocating instruments resulted in
dentinal defects. Reciproc Blue and WaveOne Gold files caused
less microcracks than Reciproc and WaveOne files. Heat-treated
instrument produced less microcracks than M-wire instruments.
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