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DENTINAL CRACK FORMATION ASSOCIATED WITH FOUR
NICKEL-TITANIUM SYSTEMS: INFLUENCE OF ALLOY SURFACE
TREATMENT, MOTION TYPE, AND NUMBER OF INSTRUMENTS

Abeer Saba™'"' and Karim Galal Abdel-Kader™*

ABSTRACT

Objective: This in vitro investigation used different nickel-titanium (NiTi) rotational and
reciprocating systems to evaluate the development of dentinal microcracks after root canal
preparation. Additionally assessed were the effects of file metallurgy, motion type and the number
of instruments used.

Materials and Methods: ProTaper Universal (PTU), ProTaper Gold (PTG), OneCurve (OC),
WaveOne Gold (WOG), and Control (unprepared) were the five groups (n=10) of fifty extracted
single-rooted human teeth with straight canals. The size of every prepared canal was enlarged to
#25. Samples were sectioned at 3, 6, and 9 mm from the apex, and the presence of cracks was
checked using a stereomicroscope set to 25x magnification. Both the Mann-Whitney and Kruskal-
Wallis tests (p < 0.05) were used in the statistical analyses.

Results: No cracks were observed in the control group. All experimental groups exhibited
varying levels of microcracks, with the highest incidence in PTU and WOG groups, especially in
middle and apical thirds. PTG and OC caused significantly fewer cracks, indicating the beneficial
effects of heat treatment and increased file flexibility. Motion type influenced crack formation;
WOG (reciprocating) induced more cracks than OC (rotating). However, the number of instruments
used (single vs. multiple) showed no significant impact.

Conclusion: Root canal instrumentation with NiTi systems may lead to dentinal crack
formation. Heat-treated rotating systems; PTG (M-Wire) and OC (C-Wire) demonstrated lower
crack incidence compared to the conventional NiTi rotating PTU system and the heat-treated
reciprocating system WOG (Gold-Wire). Crack formation appears to be influenced by alloy
properties, motion kinematics and file design rather than the number of instruments used.

KEYWORDS: Nickel-Titanium Instrument, Rotary Endodontics, Dentinal Microcracks,
Instrument Kinematics, Thermomechanical Treatment.
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INTRODUCTION

Root canal debridement involves the use of
mechanical instruments to eliminate infected or
inflamed pulp tissue along with microbial biofilms
adhering to the dentinal walls, thereby preparing
the canal for obturation Nickel-titanium (NiTi)
instruments are widely preferred for canal cleaning
due to their exceptional flexibility and shape
memory characteristics'".

These instruments simplify the procedure, short-
en the preparation time®, and minimize the likeli-
hood of canal transportation due to their pliability®.

Nevertheless, current NiTi systems present
despite their
Extensive contact between the files and dentinal

certain drawbacks advantages.
walls during instrumentation is thought to generate
transient stress, which may result in microcracks or
craze lines within the root structure" .

These possible defects have the potential to ex-
tend into vertical root fractures under repeated func-
tional or procedural loading, including restorative
interventions and masticatory stress®.

Ongoing research aims to evaluate crack
formation linked to different endodontic instruments,
although findings remain inconsistent.

The (PTU, Dentsply
Maillefer, Switzerland) system utilizes traditional
superelastic austenitic NiTi alloy and features a
convex triangular cross-section with a progressively

ProTaper Universal

variable taper along its cutting edge. ProTaper Gold
(PTG, Dentsply, Maillefer, Switzerland), introduced
as a counterpart to PTU due to its similar sequence
and design, differs primarily in its metallurgical
properties, notably a two-phase transformation
behavior and higher austenite finish temperature,
which contribute to enhanced flexibility.

While both PTU and PTG employ a full-
sequence rotary motion, newer single-file NiTi
systems have emerged, utilizing either continuous
rotation or reciprocation to complete canal shaping
with a single instrument®.
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OneCurve Endodontic File (0C,

Micro Mega) was launched in 2018 as a further

system

development of the OneShape instrument. The
OneCurve file is fabricated from heat-treated NiTi
alloy (C-wire technology), endowing it with shape
memory properties and enabling pre-curvature for
canal adaptation. The OC file has a triangular shape
at the tip and variable cross section of s-shape near
the shaft allowing effective cutting and a cantered
trajectory”.

WaveOne Gold File system (WOG, Dentsply,
Maillefer) uses the same reciprocal kinematics as
WaveOne instrument. The WOG file features an
eccentric parallelogram-shaped cross-section and a
variable taper, enhanced through successive cycles
of heat treatment that not only impart its signature
golden hue but also augment its flexibility and
fatigue resistance®.

Despite extensive studies on the role of
NiTi instruments in dentinal crack formation,
it remains debated whether enhancements such
as thermomechanical modifications, motion
kinematics, or instrument count effectively reduce

defect incidence.

This in vitro research aimed to evaluate dentinal
microcrack formation following canal preparation
with various NiTi systems, employing a sectioning
method and microscopic assessment.

The null hypothesis was that there is no

quantitative difference in dentin microcrack
formation between the tested groups; PTU, PTG,
OC, WOG and control at the same section level,
and between different section levels within the same
system. In addition, there are neither difference in
effect of surface treatment on incidence of cracks
between PTU and PTG groups, difference in effect
of type of motion on incidence of cracks between
OC and WO groups nor difference in effect of
number of instruments on incidence of cracks

between single and multiple file systems groups.
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MATERIALS AND METHODS

Sample size calculation

The required sample size was determined based
on the study of Pedulla et al.2017 ©, who evaluated
dentinal defects associated with different rotary
systems. Using G*Power software (version 3.1.9.2)
and Fisher’s exact test, with a 5% margin of error
and 80% power, a total of 50 teeth (10 per group)
was considered adequate to detect statistically
significant differences among the five groups.

Sample selection and preparation

Ethical approval for the study was granted by the
Research Ethics Committee, Faculty of Dentistry,
Cairo University (Approval No. 29-7-21).

Fifty extracted human permanent single-rooted
teeth exhibiting fully developed apices and straight
canals (< 5° inclination according to Schneider’s)
were selected. Canal curvature was assessed using
initial radiographs captured with a VistaScan 3
system (Diirr Dental, Germany).

The crowns were sectioned using a low-speed
saw (Isomet 1000, Buehler, Lake Bluff, IL) under
water cooling, leaving roots with a standardized
length of 12 mm from the apex. A glide path was
established in all samples using a #10 K-file.
Canal length was determined by inserting the file
until its tip became visible at the apical foramen.
Working length was established 1 mm short of this
measurement.
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To mimic the periodontal ligament’s
cushioning effect, each root was wrapped in a
single layer of aluminum foil prior to embedding
in auto-polymerizing acrylic resin blocks. After
polymerization, the foil was removed and replaced
with a thin coat of light-body silicone material
(Speedex, Coltene Whaledent, Switzerland) before

reinserting the root into its mold(10).

Cleaning and shaping

The specimens were randomly divided into five
groups (n=10); Gpl: Control where specimens
were left unprepared, and four treatment groups
named by the instrument used for preparation: Gp2:
ProTaper Universal (PTU; Dentsply Tulsa Dental
Specialties, Tulsa, OK), Gp3: ProTaper Gold (PT;
Dentsply Maillefer, Ballaigues, Switzerland), Gp4:
OneCurve (OC; Micro Mega, Besancon, France),
Gp5: WaveOne Gold (WOG; Dentsply Maillefer,
Ballaigues, Switzerland).

To ensure uniform apical shaping, canals
across all groups were enlarged to a final size of
#25 with a taper 0.07 or as close to taper 0.07 as
possible, following the respective full file sequences
manufacturer

recommended by each system’s

irrespective of the number of files.

Instrumentation was performed using the X-smart
Plus (Dentsply Maillefer, Ballaigues, Switzerland),
with torque and speed settings adjusted according to
manufacturer specifications. The sequences, torque
and speed settings used for each system are given in
Table (1).

TABLE (1) Sequences, torque and speed settings used for each system.

System name Sequence

Movement

Gp2: PTU S1,S2, F1, F2(#25/08)
Gp3: PTG S1,S2,F1, F2(#25/08)
Gp4: OC #25/06
Gp5: WOG #25/07

Continuous rotation, 300 rpm, 1.5 Ncm
Continuous rotation, 300 rpm, 1.5 Nem
Continuous rotation, 300 rpm, 2.5 Ncm

Reciprocation, 350 rpm




(3522) E.D.J. Vol. 71, No. 4

Using a 27-gauge needle, 3 mL of 5.25% sodium
hypochlorite was irrigated after each rotary file use or,
after every three pecking motions for reciprocating
instruments. Following instrumentation, canals were
flushed using 5 mL of sterile saline. Each instrument
was used in four canals before being discarded.

Sectioning and stereomicroscopic examination

A low-speed precision saw (Isomet) with
continuous water cooling was used to cut each
specimen transversely at 3, 6, and 9 mm from the
apex, perpendicular to the long axis.

This process yielded 150 sections (3 per root),
which were analyzed under a digital stereomicro-
scope (SZTP, Olympus, Japan) at 25x magnification.

Evaluation of dentinal microcracks

Microcrack formation was evaluated using
the criteria specified by Shemesh et al. 2009 (11),
and Priya et al. 2014 (12), categorizing findings
as either “no crack” or “crack” based on observed
features.

* No Crack: Dentin free of any visible lines
or fractures on both internal canal walls and
external root surfaces.

* Crack: Presence of lines extending either from
the canal lumen outward or from the external
root surface into the dentin.
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Statistical Analysis

For every group, descriptive statistics including
means and standard deviations, were calculated.
The Shapiro-Wilk and Kolmogorov-Smirnov tests
were used to evaluate the data distribution, and the
results confirmed that it was non-parametric.

The Kruskal-Wallis test was used for comparisons
between groups, and the Mann-Whitney U test was
used for comparisons between two independent
samples. Statistical significance was set at P < 0.05.
All analyses were conducted using IBM® SPSS®
Statistics for Windows, Version 20.

RESULTS

Total percentage of cracks:

The percentage of cracks of different groups in
each third after root canal preparation with rotary
systems is presented in Figure (1).

Coronal:

There was no significant difference between all
groups (Gpl/Control), (Gp2/PTU), (Gp3/PTG),
(Gp4/0C) and (Gp5/WO) where (p=0.172).

Middle:

There was a significant difference between
(Gp1/Control), (Gp2/PTU), (Gp3/PTG), (Gp4/0OC)
and (Gp5/WO) where (p<0.001).
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Fig. (1) Bar chart representing percentage of cracks of different groups in each third.
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A significant difference was found between
(Gpl/Control) and each of (Gp2/PTU) and (Gp5/
WO) where (p=0.029) and (p=0.001), respectively.
While no significant difference was found between
(Gp 1/Control) and each of (Gp3/PTG) and (Gp4/
OC) where (p=0.146) and (p=1), respectively.

No significant difference was found between
(Gp 2/PTU) and (Gp 3/PTG) where (p=0.342),
while a significant difference was found between
(Gp2/PTU) and each of (Gp4/0OC) and (Gp5/WO)
where (p=0.029) and (p=0.011), respectively.

No significant difference between (Gp3/PTG)
and (Gp4/0OC) where (p=0.146), while a significant
difference between (Gp3/PTG) and (Gp5/WO)
where (p=0.003).

A significant difference between (Gp4/OC) and
(Gp5/WO) where (p=0.001).

Apical:

There was a significant difference (p<0.001)
between (Gpl/Control), (Gp2/PTU), (Gp3/PTG),
(Gp4/0C) and (Gp5/WO).

A significant difference was found between
(Gp1/Control) and each of (Gp2/PTU) and (Gp5/
WO) where (p=0.001) and (p=0.030), respectively.
While no significant difference was found between
(Gp1/Control) and each of (Gp3/PTG) and (Gp4/
OC) where (p=0.146) and (p=1), respectively.

(3523)

A significant difference was found between
(Gp2/PTU) and each of (Gp3/PTG) and (Gp4/0OC)
where (p=0.003) and (p=0.001), respectively, while
no significant difference was found between (Gp2/
PTU) and (Gp5/WO) where (p=0.265).

No significant difference between (Gp3/PTG)
and each of (Gp4/OC) and (Gp5/WO) where
(p=0.146) and (p=0.191), respectively.

A significant difference between (Gp4/OC) and
(Gp5/WO) where (p=0.030).

Effect of surface treatment:

The comparison of incidence of cracks between
PTU and PTG groups is presented in Figure (2).

A significant difference was found between
(Gp2/PTU) and (Gp3/PTG) where (p=0.012), with
the higher incidence of cracks in the PTU group in
the apical third of the roots.

In addition, there was a significant difference
between (Gpl/Control), (Gp2/PTU) and (Gp3/
PTG) where (p<0.001).

And between (Gpl/Control) and each of (Gp2/
PTU) and (Gp3/PTG) where (p<0.001) and
(p=0.040).

Effect of type of motion:

The comparison of incidence of cracks between
OC and WO groups is presented in Figure (3).

e N
Effect of surface treatment
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Fig. (2) Bar chart representing effect of surface treatment.

Fig. (3) Bar chart representing effect of type of motion.
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A significant difference was found between
WOG and OC, where OC generally caused less
cracks especially in the middle and apical thirds.

There was a significant difference between
(Gp1/Control), (Gp4/OC) and (Gp5/WO) where
(p<0.001).

However, no significant difference was found
between (Gpl/Control) and (Gp4/OC) where
(p=0.154).

Effect of number of instruments:

The comparison of incidence of cracks between
single and multiple file systems groups is presented
in Figure (4).

There was no significant difference between
(Single file) and (Multiple files) where (p=0.818),
where least number of cracks was found in OC and
PTG respectively.

Finally, the frequencies of percentage of cracks
of different groups and images of dentinal cracks
using different rotary file systems are summarized

in Table (2) and presented in Figure (5).

Effect of number of instruments
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%

10.00%

i = .

Nocracks ~ Onecrack Two cracks Threecracks Nocracks Onecrack Two cracks Three cracks

Single file Multiple files
& o ’ J

Fig. (4) Bar chart representing effect of number of instruments.
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TABLE (2) Frequencies of percentage of cracks of

different groups:

Percentage of cracks

Variables
n %
No cracks 30 100%
E
g One crack 0 0%
9
53 Two cracks 0 0%
5
Three cracks 0 0%
No cracks 18 60%
=)
E One crack 6 20%
Q
g
S Two cracks 4 13.3%
O
Three cracks 2 6.7%
No cracks 26 86.7%
O
E One crack 4 13.3%
i)
&
o Two cracks 0 0%
O
Three cracks 0 0%
No cracks 28 93.3%
Q
o One crack 2 6.7%
B
9 Two cracks 0 0%
O
Three cracks 0 0%
No cracks 16 53.3%
o
z One crack 4 133%
v
&
] Two cracks 6 20%
O
Three cracks 4 13.3%

p-value <0.001*

*: significant (p<0.05)  ns; non-significant (p>0.05)
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One crack seen after the use of rotary files.

Two cracks seen after the use of rotary files.

Three cracks seen after the use of rotary files.

Fig. (5) Images of dentinal cracks using different rotary file systems.

DISCUSSION

Root canal instrumentation using various rotary
NiTi systems can exert stress on dentin, potentially
initiating microcracks or craze lines"®.

In the present study, straight, single-rooted
teeth with curvature less than 5° were selected.
This selection was based on the fact that if cracks
are induced in relatively uncomplicated anatomies,
they are even more likely to occur in curved canals.
To replicate the periodontal ligament’s mechanical
cushioning, it was simulated during sample
preparation. The periodontal ligament plays a
critical role in absorbing mechanical stresses and
preventing external forces from being directly
transferred to the root structure.

For evaluating dentinal defects, a digital stereo-
microscope was utilized, offering magnification and
clarity in assessing microcrack formation. Some
previous studies, such as those by Dedeus et al.
U415 and PradeepKumar et al. "9, found no corre-
lation between instrumentation and cracking when
analyzed via CT imaging. In contrast, findings from
Aksoy et al.'"? and Bayram et al.® suggested that
rotary instrumentation could induce such defects.

Microscopic methods tend to reveal more defects
than CT, likely due to differences in detection
sensitivity and the possibility that the sectioning
method itself contributes to crack initiation (819,

Nonetheless, in this study, the control group
(Gpl) did not exhibit any defects, supporting
the validity of the sectioning process and that the
cracks induced were the result of the different
instrumentation procedures used®.

Effect of surface treatment

Several approaches, such as electropolishing,
surface coatings, and thermal treatments, have been
introduced to enhance the mechanical properties of
NiTi instruments®".

Though PTU and PTG share similar design
features such as taper, size, and cross-section,
they differ in their metallurgical properties. PTU
is composed of conventional superelastic NiTi,
while PTG incorporates a gold heat-treated NiTi
alloy, which is believed to enhance flexibility
and resistance to fatigue due to its two-stage
transformation behavior. Therefore, the different
results of the two systems could be based on their
metallurgical properties®?.

After additional heat treatment, NiTi alloys
typically go through a one-stage transformation
from austenitic to martensitic and Austenitic-R-
Martensitic. During the production process, PTG’s
two-stage transformation behavior adds advantages
to the instruments by showing the alloy’s reverse
transformation as it passes through the intermediate
R-phase®.



(3526) E.D.J. Vol. 71, No. 4

The gold heat treatment also forms a rigid
titanium oxide surface layer ranging from 100-
140 nm in thickness, giving the instruments their
characteristic gold color and potentially improving
its cutting ability and durability®*.

Our results showed that the PTU group exhibited
significantly more apical cracks than the PTG group.
The same results were obtained in other studies;
karatas E et al. 2016, Nishad and Shivamurthy
2018(10), Chole et al. 2019°%, and Scarlatescu SA
et al 20207 This difference is likely due to the
increased stiffness of PTU instruments, which may
transmit greater stress to root dentin. According to
Cohen S et al. 2006®® stiffer files can concentrate
more stress in the apical region, predisposing dentin
to cracks.

The enhanced flexibility of PTG instruments,
resulting from their metallurgical modifications,
may allow for a more centered canal preparation
and reduced mechanical stress®. Furthermore,
the presence of the titanium oxide surface layer
could enhance -cutting efficiency and reduce
friction, contributing to the lower crack incidence
observed®?.

Effect of type of motion

The development of single-file systems using
reciprocating motion has aimed to simplify canal
preparation and minimize instrument stress.

Continuous rotary instruments are subjected to
constant torsional and bending forces, increasing
the risk of breakage and dentinal damage.
Reciprocating motion, with its alternating cutting
(counter-clockwise) and releasing (clockwise)
action, is claimed to reduce these stresses and
shorten instrumentation time®%-32-3%,

Additionally, reciprocation may reduce cyclic
fatigue and canal transportation compared to
continuous rotation®®> 339, However, some studies
have noted a potential decrease in cutting efficiency
in reciprocating instruments, which may make canal
negotiation more difficult®®.
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In our study, we compared the OneCurve (OC)
system (continuous rotary) and WaveOne Gold
(WOG) system (reciprocating). WOG features an
offset parallelogram cross-section and with a pro-
gressive taper while OC has a variable cross-sec-
tion; triangular in apical third and almost S-shaped
in coronal third, with heat-treated C-wire alloy.

The type of motion of instruments has been
reported as an important factor in crack formation®”.
Previous literature suggested that reciprocating
motion may be associated with fewer dentinal
cracks than continuous rotation, potentially because
it reduces the cumulative torsional forces applied to
canal walls(®-2+3®,

However, our findings indicated that OC caused
fewer cracks than WOG, especially in the apical
and middle thirds. These results suggest that factors
beyond motion kinematics such as file design, alloy
type, and taper, play a significant role in crack
formation®®-4%.

Interestingly, Burklein and Schafer 2012%Y
reported that reciprocation might cause increased
apical debris accumulation, leading to higher
torsional stress, while Versluis et al 2006“?, noted
that stress concentration is lower at 1 mm short of
the apex compared to more coronal levels, possibly
contributing to the higher incidence of cracks in the
WOG group.

Effect of number of instruments

The concept of using a single file for complete
canal preparation has become more popular due to
its time efficiency and reduced instrument fatigue
thus, minimizing the possibility of its fracture+.

While some studies suggested that single-file
systems may generate more stress and thus more
cracks due to the lack of a pre-enlarged glide path":
4049 “others have found that full-sequence systems
with multiple files can also increase crack formation,
possibly due to repeated instrumentation®®-4,
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In this study, no significant difference was
observed between single- and multiple-file systems
regarding dentinal crack formation. The lowest
incidence of cracks was observed in the OC and
PTG groups respectively.

These results support the view that dentinal dam-
age is multifactorial, influenced by the combination
of design, taper, kinematics, manufacturing method,
and number of instruments used “®.

Thus, the null hypothesis was partially rejected,
as significant differences were found based on
surface treatment and motion type, but not the
number of instruments used.

CONCLUSION

Within the limitations of this in vitro study, the
following conclusions can be made:

1. All tested rotary NiTi systems were associated
with the formation of dentinal microcracks,
with the most pronounced defects observed in
the middle and apical thirds of the roots.

2. Thermally treated full-sequence instruments
(PTG) and the single-file system (OC) used
in continuous rotation produced significantly
fewer dentinal cracks compared to PTU and
WOG systems, which operate using rotating
and reciprocating motion, respectively.

3. The number of instruments used during canal
preparation did not have a significant impact on
the incidence of dentinal defect formation.

Recommendations

1. Further Investigations: Future studies should
incorporate more advanced imaging techniques
such as micro-CT to assess dentinal microcrack

artifacts

formation without the potential

introduced by sectioning.

2. Clinical Correlation: In vivo studies are

recommended to validate these findings under
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physiological conditions, including masticatory
load and periodontal ligament response.

3. Extended Sample Variety: Expanding the study
to include teeth with different canal curvatures,
root morphologies, and varying degrees of cal-
cification could provide a more comprehensive
understanding of crack formation patterns.

4. Long-term Outcome Studies: Longitudinal
clinical research is needed to determine whether
the presence of instrumentation-induced
cracks has a significant effect on the long-term

prognosis of endodontically treated teeth.

5. Instrument Design Consideration: Manufactur-
ers should continue to refine the design, metal-
lurgy, and motion kinematics of NiTi rotary and
reciprocating systems to minimize crack forma-
tion and enhance dentin preservation.
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