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ABSTRACT

Evidence indicates that root canal preparation is a critical step upon which the prognosis of the endodontic treatment
depends. Vertical root fractures can furtherly develop as propagations from the previously formed dentin cracks.
Therefore, root canal preparation should be carefully approached with the minimal crack formation and careful dentin
removal. Different modalities have been proposed in the literature and rotary systems are most commonly used
nowadays. Although the reported efficacy of these modalities is high, evidence shows that they are usually associated
with a considerable risk of crack formation. In the present literature review, we have discussed the effects of rotary
instrumentation and root canal preparation on dentinal crack formation based on evidence from the different studies in
the literature. Our evidence showed that all of the investigated approaches to prepare root canals adequately can result
in crack formation. The different rotary instrumentations also showed variable frequencies of developing dentinal
cracks, and evidence from some comparative investigations shows that ProTaper modalities are associated with the
least frequencies of the events. However, to make a solid conclusion for clinical practice, further research is still
needed to validate our current evidence.
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INTRODUCTION

Evidence indicates that root canal preparation is a critical
step upon which the prognosis of the endodontic
treatment depends.* The main aim of root canal treatment
is to eradicate the underlying debris, microorganisms and
residual tissues that reside in the root canal. Besides, this

treatment approach is also done to widen the diameter of
the canal with adequate apical size and smoothen its walls
to successfully achieve 3 dimensional obturation and
enhance irrigation.? However, some investigations have
reported that some unavoidable negative outcomes are
usually associated with the different root canal
instrumentation modalities. It has been indicated that
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some craze lines and micro cracks might develop within
the dentin walls due to the stress that is generated
secondary to the potential contact between the canal wall
and the wused instrument during the biochemical
preparation of the canal before initiating the treatment.?

Vertical root fractures can furtherly develop as
propagations from the previously formed dentin cracks.®
Teeth extraction is attributed to vertical root fractures in
10.9-31% of the cases.* It has also been demonstrated that
there is a correlation between crack formation and the
amount of removed dentin and therefore, developing
fractures is significantly associated with canal
enlargement.? Therefore, root canal preparation should be
carefully approached with the minimal crack formation
and careful dentin removal. Different modalities have
been proposed in the literature and rotary systems are the
most commonly used nowadays.5” Although the reported
efficacy of these modalities is high, evidence shows that
they are usually associated with a considerable risk of
crack formation. Therefore, this literature review aimed to
elaborate on the effect of rotary systems and root canal
preparation on dentin crack formation.

Methods

This literature review was based on an extensive literature
search in Medline, Cochrane and EMBASE databases
which was performed on 15 September 2021 using the
medical subject headings (MeSH) or a combination of all
possible related terms, according to the database. To
avoid missing potential studies, a further manual search
for papers was done through Google Scholar while the
reference lists of the initially included papers. Papers
discussing the effect of rotary systems and root canal
preparation on dentin crack formation were screened for
useful information. No limitations were posed on date,
language, age of participants or publication type.

DISCUSSION

Recent investigations have concluded significant
concerns about whether the development of dentin cracks
can lead to the development of complete fractures when
using rotary files to achieve root canal preparation.38°
According to some previous investigations, there has
been evidence indicating the significant association
between the development of dentin cracks and the taper
and design of the rotary files. The effect of the ProTaper
university rotary system was investigated in a previous
investigation to find its impact on the development of
dentin cracks. Evidence indicated that based on the
manufacturer’s, evidence indicated that these modalities
were first introduced to prepare the apical regions of the
canal. It had been demonstrated that the probability of
dentin crack formation might be higher when using these
files in the process of root canal preparation which was
attributable to the design of these files as they had large
apical taper finishing files.> As a result, it had been
demonstrated that using these modalities was usually

associated with increased stress over the dentin walls
more than what had been observed with other rotary
systems. Furthermore, it had also been demonstrated that
the ProTaper systems were usually applied with a single
length technique, although crown down manner had been
reported with various rotary systems that were currently
reported in the literature.'® On the other hand, it should be
noted that some previous investigations also indicated
that when using the crown down rotary instrumentation,
increased development of dental cracks was also observed
with these modalities.®®!! Moreover, it had been
demonstrated that evidence regarding the formation of
dental cracks following the administration of single-
length techniques in root canal preparation was still
scarce and needed further demonstration. Mandibular
incisors have thin walls and small dimensions and
therefore, they were at increased risk to be influenced by
the differently applied forced during instrumentation and
root canal preparation. Therefore, they represented ideal
candidates among the different studies in the literature
that investigated the impact of rotary files on the
formation of dentin cracks.*? It should also be noted that
some previous investigations also used mandibular
premolars in such events.®%!! It was also previously
hypothesized that if large rotary files cannot influence
crack formation in weak incisor teeth during root canal
preparation, it would be logical to conclude that these
files will not influence the formation of cracks when
preparing other teeth.

In a previous investigation by Milani et al it had been
demonstrated that using ProTaper systems was not
significantly associated with dental crack formation as the
authors used two groups, including a control one and the
included teeth were matched by size and teeth that had
cracks and two canals were excluded from this
investigation.'? It has been furtherly elaborated that there
was a similarity between the taper of roots that were
prepared by hand instrumentation and the apical taper of
the last finishing rotary file. This indicated the reliability
of the reported findings in this investigation because the
two groups were similar regarding the taper of the
prepared roots, whether when using hand instrumentation
or when using rotary files. Such findings were also
reported among other similar investigations in the
literature.®™ Previous investigations also compared rotary
nickel-titanium instruments and air and electric-driven
handpieces in settings of rotary canal preparation and
concluded that no significant differences were noticed
among the two modalities in terms of breakage and
restoration of the canal which might induce dentin crack
formation.'® On the other hand, electric handpieces have
more speed and better control of the torque and therefore
previous investigations have demonstrated that these
modalities can significantly impact the durability of the
efficacy of the instruments.’®* Evidence also indicated
that it was difficult to assess the rpm levels using air-
derived  handpieces than using electric-derived
instruments. Accordingly, it had been suggested that
electric-derived instruments should be used with rotary
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files rather than air-derived ones for this reason. On the
other hand, evidence also showed an increasing trend for
the use of reduced gear, air-driven rotary instruments
among different countries, which was probably due to the
estimated low costs of these modalities.

It was widely known that the periodontal ligament played
an important role in root canal preparation because it can
significantly dissipate the stress that was usually applied
to the tooth by increased external forces, which was
probably due to the viscoelastic properties of the
ligament. Accordingly, it had been demonstrated that
stimulating the periodontal ligament was an essential
approach when investigating the impact of the different
instrumentations on strong fractures and cracks
formation.® This can be done by using polyether
impression materials as proposed by previous
investigations in the literature.*>*>'" The use of these
materials had been attributed to the nonlinear viscoelastic
characteristics, which were significantly similar to the
naturally occurring properties of the periodontal
ligament.'®1® However, it should be noted that among
some studies in the literature, this suggested approach
was not considered when evaluating the impact on dental
crack formation.®8 Evidence indicated that the process of
dental canal preparation can significantly influence the
development of dentin cracks.'? This had been indicated
in a previous investigation by Shemesh et al that reported
that teeth that were used for root canal preparation were
more susceptible to fractures and were associated with an
increased frequency of crack formation.® It had been
furtherly ~ demonstrated that rotary and hand
instrumentation modalities had almost equal frequencies
of communicating fractures and cracks. It should be noted
that the clinical importance was usually directed to the
events of dental fractures. However, it was also critical to
pay adequate attention to the underlying cracks to
enhance the prognosis of the affected teeth.?

This was because future dental procedures and other
pressure-inducing forces might lead to the propagation of
these cracks into developing complete fractures. Previous
investigations also showed the dentin cracks that followed
dental canal preparation were mainly external and no
internal craze lines were reported by these studies.>® The
previous investigation by Shemesh et al indicated this by
showing that all the observed cracks were remarkably
away from being directly connected with the used
instrumentation devices and none of them was in direct
contact with the canal space.? This had been explained in
the investigation by Wilcox et al that suggested that the
pressure applied by the instrumentation device during
root canal preparation might be attributable to the
transmission of these forces to the outer tooth surface.?°

Evidence also indicated that hand instrumentation was
usually more significantly associated with the
development of dentin cracks as compared to the control
group. On the other hand, it had been furtherly

demonstrated that rotary instrumentation did not
significantly differ from the control groups in terms of
crack formation.'?  This indicated that hand
instrumentation usually tended to increase the risk of
dentin crack formation more than other relevant
modalities. On the other hand, a previous investigation by
Bier et al demonstrated that the frequency of crack
formation was not significantly associated with the use of
hand instrumentation devices.® This can be attributed to
the fact that among studies that indicated significance,
step-back techniques were used, while in studies where
the significance was not present, balanced force
techniques were used. Accordingly, further research was
required to make a final decision about the impact of
hand instrumentation on developing dentin cracks and
whether they should still be considered in these settings.
Previous studies have indicated the association between
root canal preparation and the development of dental
cracks and without stimulation of the periodontal
ligament.®8%2 Current evidence indicated that NiTi files
were the most commonly used files to achieve successful
root canal preparation. Further investigations also
indicated that these files were associated with smoother
canal surfaces and rounded shapes when they were used
in root canal preparation and therefore, in a previous
investigation by Sathorn et al the authors demonstrated
that the strength of fracture and frequency of crack
formation among these events were more significantly
associated than with the cases of using hand technique
instrumentations for root canal preparation.?*? Another
investigation by Khoshbin et al compared the effect of
four different instrumentations on developing dentin
cracks during root canal preparation.?* The authors
demonstrated that all of the used rotary files in this study
were associated with developing dentinal cracks and on
the other hand, no cracks were observed in the control
group. The frequency of developing cracks was 48%,
80%, 92% and 68% for Neolix, Reciproc, ProTaper and
Mtwo rotary files, respectively. Moreover, it had been
furtherly demonstrated that the ProTer group was
significantly associated with more frequent crack
formation Mtwo and Neolix groups and no other
significant correlations were found between any of the
other study groups. Another investigation was also
conducted by Shantiaee et al and compared different
modalities that were used to achieve root canal
preparation including a control group, hand
instrumentation group, ProTaper group, WaveOne group
and OneShape rotary file instrumentation.”

It had been reported that the development of dentinal
cracks was significantly different among these groups.
Besides, the authors reported that the OneShape and
WaveOne groups had significantly more frequencies in
terms of developing dentinal cracks than the control,
ProTaper and hand instrumentation groups. Accordingly,
it had been concluded that rotary instrumentation, when
used for root canal preparation, can result in developing
root canal damage, especially in the apical third of the
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root canal. Therefore, it should be noted that further
investigations are still needed to elaborate the differences
among the current investigations and to adequately
interpret the findings for validation of the most
appropriate modalities for clinicians and dentists.

CONCLUSION

In the present literature review, we have discussed the
effects of rotary instrumentation and root canal
preparation on dentinal crack formation based on
evidence from the different studies in the literature. Our
evidence shows that all of the investigated approaches to
prepare root canals adequately can result in crack
formation. The different rotary instrumentations also
show variable frequencies of developing dentinal cracks,
and evidence from some comparative investigations
shows that ProTaper modalities are associated with the
least frequencies of the events. However, to make a solid
conclusion for clinical practice, further research is still
needed to validate our current evidence.
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