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that will be discussed in this review.
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It was in the 1980s when the association between root-filling procedures and dentinal microcracks was made.
Nowadays, root-originating microcracks, also known as dentinal defects, are recognized as a possible precursor that
is part of the longitudinal process of root-originating fractures. The presence of dentinal defects has been shown to
significantly decrease the outcome through a periapical microsurgery model. Several in vitro articles have been
published in the past years in regards to dentinal defects, but most of them have serious methodology concerns

A total grasp of the development and the role dentinal defects play in endodontics is crucial to the specialty. This
review aims to discuss dentinal defects and their causative factors and the research models that have been used
and their clinical significance. Through a comprehensive critical review of the literature, this article will express the
need for further in vivo clinical research and better ex vivo methods that can replicate the clinical setting to answer
several remaining questions about the development of and the role dentinal defects play in endodontics.
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Introduction

The American Association of Endodontists (AAE) classi-
fies the longitudinal tooth fractures as five different
types: craze lines, cuspal fractures, cracked tooth, split
tooth, and vertical root fracture (American Association
of Endodontists 2008). Vertical root fracture (VRF), also
known as root-originating fracture (ROF), is the most
catastrophic event among these presented; currently, no
proposed treatment is efficient and root removal is the
only predictable treatment modality. These ROFs have a
peculiar aspect: while the outcome is known, the precise
origin of this event is still unclear. Some theories can be
made such as age of patient, excessive dentin removal,
and parafunctional occlusion forces, but the certainty of
its origin is yet to be found.
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It was in the 1980s when Pitts et al. and Holcomb et
al. described the possible association among root-filling
procedures and dentinal microcracks or ROFs (Holcomb
et al. 1987; Pitts et al. 1983). An interesting finding of
theirs was that in some samples, the fracture did not
fully spread from the canal to the root surface. It seemed
to be a longitudinal process with a progressive aspect
(Fig. 1). In the late 1990s, microcracks became a hot
topic in relation to various canal preparation and obtu-
ration methods. Wilcox et al. were the first to report the
presence of dentinal defects in the endodontic literature
(Wilcox et al. 1997). They assessed the effects of lateral
condensation forces after root canal enlargement in the
development of ROFs. That study showed that stress
generated inside a root canal space propagates through
the dentin and develops into a fracture. One important
conclusion of that study influenced research design over
the years: only roots with previous dentinal defects de-
veloped a root fracture. These findings were supported
with studies by Bier et al. and Shemesh et al. who found
that root canal instrumentation and filling created
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Fig. 1 Further investigation of spreader loads required to cause vertical
root fracture during lateral condensation. Reproduced from Holcomb et
al. (1987). J Endod, 13(6), 277-284
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dentinal defects, incomplete cracks, and fractures (Bier
et al. 2009; Shemesh et al. 2009). Shortly after that,
dentinal defects became recognized as a possible precur-
sor of the longitudinal process of ROFs. Subsequently,
several studies attempted to assess endodontic proce-
dures and their influence in dentinal defect creation.

Through an innovative light-emitting diode (LED)
transillumination study design, the clinical significance
of dentinal defects (Fig. 2) was established when it was
correlated to a significant decrease in outcomes through
a periapical microsurgery model (Tawil et al. 2015).
However, the exact origin of such defects is still difficult
to define. Several different methodologies have been
used in an attempt to reproduce in vitro the
visualization of dentinal defects after endodontic proce-
dures such as thermography, scanning electronic mi-
croscopy, finite elements, root sectioning, and micro-CT
scan (Ashwinkumar et al. 2014; Kim et al. 2010;
Matsushita-Tokugawa et al. 2013; Saber and Schafer
2016; Zuolo et al. 2017).

Recently, some studies have questioned the findings of
in vitro root-sectioning methodology studies. The root-
sectioning method was modified through masking the
un-instrumented roots to remove evaluator bias (Arias
et al. 2014), using LED transillumination (Fig. 3) to im-
prove specificity (Coelho et al. 2017), and recently,
micro-CT technology has also been used (Zuolo et al.
2017). Micro-CT has the advantage of being a non-
destructive method that allows the previous visualization
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Fig. 2 Periapical microsurgery: the effect of root dentinal defects on short- and long-term outcome. Reproduced from Tawil et al. (2015). J Endod,
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Fig. 3 Image showing a full thickness dentinal defect revealed through
LED transillumination

\

of the roots without necessitating the use of a saw that
might introduce defects unrelated to any tested end-
odontic procedure. However, it has been questioned if
the scanning resolution offers enough sensitivity
(Shemesh 2015) as dentinal defects do not have distinct
physical separations in the dentin. The presence of phys-
ical separation is needed for digital signal processing
which is why the term microcrack is often used in
micro-CT studies (De-Deus et al. 2014; Ceyhanli et al.
2016). Furthermore, micro-CT is not a modality that
can be used in a clinical study. No matter how accurate
the resolution of a digital scanner is, there is still the
limitation of ex vivo research. Studies also showed that
the storage time, the hydration status of the specimen,
and the extraction forces of teeth used in ex vivo models
should be better controlled for meaningful results
(Coelho et al. 2017; Lim et al. 2016). This review aims to
discuss dentinal defects, their causative factors, their re-
search models, and their clinical relevance.

Review

Different terminologies have been used to define den-
tinal defects such as cracks, microcracks, and fractures;
some studies have also used “craze lines” to denominate
defects in dentin, while the AAE classifies a craze line as
an event located in the enamel. Shemesh et al. defined
dentinal defects as all lines that appeared to disrupt the
integrity of the dentin on the root end surface that ex-
tended either from the external root surface onto the
resected dentin surface or from within the root canal
lumen onto the resected root surface (Shemesh et al.
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2009). It is our opinion that the term “dentinal defect” is
the best available to describe this root-originating event.

Etiology

Through the past 20 years, there has been much specu-
lation of the causative factors of dentinal defects. Among
those factors are rotary NiTi instrumentation (Hin et al.
2013), taper of the instrumentation files (Bier et al.
2009), obturation (Shemesh et al. 2009; Shemesh et al.
2010), retreatment (Shemesh et al. 2011; Topcuoglu et
al. 2014), post placement (Gluskin et al. 1995), cross-
sectional shape of the roots (Gutmann 1992), high con-
centration of sodium hypochlorite (Shemesh 2015), age
changes (PradeepKumar et al. 2017), and parafunctional
stresses (Cameron 1964). In this review, we will focus on
the effects of instrumentation, obturation, and
retreatments.

Rotary NiTi instrumentation

There are conflicting results in the literature regarding if
NiTi rotary instruments cause dentinal defects. These
conflicting results are likely due to issues from the meth-
odology that was used and which will be discussed in
further detail in the methodology section later in this re-
view. Results of root-sectioning studies have presented
dentinal defect creation rates of 28.3 to 50% after root
canal instrumentation with ProTaper system (Burklein et
al. 2013; Liu et al. 2013). Single-file reciprocating sys-
tems had a more drastic range of 5 to 80% (Abou El
Nasr and Abd El Kader 2014; Burklein et al. 2013; Gergi
et al. 2015; Liu et al. 2013; Saber and Schafer 2016).

It also has been speculated that an increase in taper
could be a causative factor in defect creation (Bier et al.
2009). Bier’s speculation was confirmed by Arlsan et al.
and Liu et al.,, who found files with larger taper to create
more dentinal defects in the root canal wall (Arslan et
al. 2014; Liu et al. 2013). Increased taper removes more
dentin and may increase the stress on the root canal
wall, increasing the risk of a root fracture (Sathorn et al.
2005; Wilcox et al. 1997). However, a recent micro-CT
study found no increase in dentinal defects after instru-
mentation, even when files with various taper were used
(de Oliveira et al. 2017). We can once again see the con-
flicting results that can likely be due to the limitations of
methodologies that were used.

Recent studies assessing defects after root canal instru-
mentation using root-sectioning methodology have pre-
sented different results from those obtained previously.
Pedulla et al. assessed six different root canal instrumen-
tation systems and have shown a small correlation
between root canal instrumentation and dentinal defect
creation (Pedulla et al. 2017). Coelho et al. assessed ro-
tary and reciprocating systems; no difference among the
experimental groups and the negative control group was
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found; therefore, it was concluded that there is no cor-
relation between root canal instrumentation and den-
tinal defect creation (Coelho et al. 2016a).

Some other studies assessed instrumentation length
and foramina management. Adorno et al. showed that
instrumentation beyond the apex promoted more cracks
than instrumentation within it (Adorno et al. 2011). On
the other hand, Rose and Svec found no correlation be-
tween root canal instrumentation 1 mm beyond the apex
with rotary, reciprocating, or hand instrumentation
(Rose and Svec 2015). The differences in methodologies
were paramount in leading to such different results.
While the first study used extracted human teeth in dry
conditions, the latter maintained the specimens in their
environment—pig jaws of young animals. Recently, de
Oliveira et al. found no defects after foramina enlarge-
ments in extracted human teeth using micro-CT analysis
(de Oliveira et al. 2017), corroborating the findings of
Rose and Svec.

Conversely, three studies using micro-CT method-
ology have presented microcracks after root canal instru-
mentation. Jamleh et al. eliminated the specimens that
presented cracks before instrumentation and detected
90% of specimens instrumented with ProTaper present-
ing dentinal defects after root canal instrumentation and
50% of the specimens instrumented with WaveOne
(Jamleh et al. 2015). Similar results were achieved by
Ceyhanli et al. that also found dentinal defects using
micro-CT methodology (Ceyhanli et al. 2016). Accord-
ing to that study, 42% of specimens instrumented with
ProTaper presented dentinal defects, along with 35% for
Safesider and 25% for Race system. Bayram et al. found
new defects to be created after instrumentation with
ProTaper Universal rotary system but not with ProTaper
Gold, Self-Adjusting File, or XP-endo Shaper. They ad-
vocated that heat-treated file systems might not cause as
many defects as traditional NiTi file systems (Bayram et
al. 2017).

Root canal obturation

Various methods have been used to obturate root canals,
but cold lateral and warm vertical condensation are the
most common ones used today (Cailleteau and Mullaney
1997). Using a spreader to make space for accessory
cones in lateral condensation can induce dentinal dam-
age (Holcomb et al. 1987; Pitts et al. 1983; Wilcox et al.
1997). The main concern with the compaction of the
filling material is the formation of tensile stress on the
canal walls (Blum et al. 1998a, 1998b) exceeding the
structural limit of the dentin and causing a defect.
However, there are many variables to be considered in
relation to lateral compaction in the development of
dentinal defects or cracks, including the age of the pa-
tient, anatomy of the tooth, size of the preparation,
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dentinal thickness, spreader type, and load. A study by
Shemesh et al. compared the prevalence of dentinal
defects after lateral compaction and warm vertical con-
densation and found that both of them can create den-
tinal defects (Shemesh et al. 2010). His findings are
consistent with Blum et al., who found that warm verti-
cal compaction produces hydraulic forces, putting pres-
sure on the canal walls that creates a wedging effect on
the dentin (Blum et al. 1998a, 1998b). Although both
techniques seem to create potential forces that could
have an effect on dentinal defect creation, we still need
better ex vivo methods to assess this factor, as well as
higher level clinical evidence.

Retreatment

Retreatment is done after the initial root canal has failed.
To access the complexity of a root canal system, the
ideal goal it is to remove all of the previous obturation.
To achieve the biological goal of disinfecting the canal
system, the removal of the previous obturation is critical;
however, this can be a difficult task (Hammad et al.
2008; Hulsmann and Bluhm 2004; Schirrmeister et al.
2006). The filling material is removed with the help of
various instruments. Clinicians use solvents to soften the
filling material, followed by mechanical instrumentation
through hand, Hedstrom, or rotary NiTi retreatment
files. The presence of a filling material adds resistance
that requires increased mechanical stress when com-
pared to primary root canal treatment. One of the con-
sequences shown in ex vivo studies is increased
formation of dentinal defects in the canal walls for both
NiTi rotary and hand instrument techniques (Shemesh
et al. 2011; Topcuoglu et al. 2014). It also has been spec-
ulated that the increased formation of dentinal defects
in retreated teeth can explain why the rate of healing
after retreatment is lower than the rate of primary root
canal treatment (Shemesh et al. 2011). That being said,
one has to remember the fact that the above studies on
retreatment are all in vitro studies. Although these stud-
ies all have similar results, the formation of dentinal de-
fects after retreatment procedures has yet to be
evaluated clinically.

Methodological aspects
As mentioned previously in this article, different meth-
odologies have been used in an attempt to assess den-
tinal defects through ex vivo models. These methods are
thermography, scanning electronic microscopy, finite
elements, optical coherence tomography, root section-
ing, and micro-CT scan (Ashwinkumar et al. 2014; Kim
et al. 2010; Matsushita-Tokugawa et al. 2013; Saber and
Schafer 2016; Zuolo et al. 2017).

Root-sectioning techniques have been applied for
many years to assess the influence of root canal
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instrumentation (Bier et al. 2009), root canal obturation
(Shemesh et al. 2009; Shemesh et al. 2010), and retreat-
ment (Ustun et al. 2015) on dentinal defect creation.
This methodology relies on an un-instrumented group
that serves as a control, compared to the experimental
groups that have been submitted to different endodontic
procedures. Roots are sectioned with a low-speed saw
under water irrigation at different distances from the
apex; pictures are taken under magnification and then
evaluators can assess the presence/absence of dentinal
defects. In spite of it being commonly used, this method-
ology has been criticized for poor sensitivity and specifi-
city. It is sometimes hard to have proper control
through ex vivo models as extraction forces and/or the
diamond low-speed saw could either create or propagate
dentinal defect (Coelho et al. 2017).

Some recent studies with slight changes in methods
have presented dentinal defects in un-instrumented
specimens (Coelho et al. 2016a, b). When Arslan et al.
stained similar specimens, the percentage of dentinal de-
fects observed was 16.6% (Arslan et al. 2014). A different
approach was adopted by Arias et al.: the root canal
space was covered in order to mask for the evaluators
whether the canals had been instrumented or not; in
that study, when the evaluators were blinded, 50% of the
un-instrumented specimens showed dentinal defects
(Arias et al. 2014). Another recent study has focused
only on un-instrumented roots; the canal space of the
specimens was masked, and the evaluators observed 10%
of mandibular molars with dentinal defects (Coelho et
al. 2016b). Moreover, this study used light-emitting
diode (LED) transillumination resulting in an increase in
dentinal defect detection in the same specimens, up to
47.5% (Fig. 4). This issue was also assessed through a
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Fig. 4 Image showing partial thickness dentinal defects revealed
through LED transillumination
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micro-CT model that found a rate of 7.1% of dentinal
defects in 633 extracted teeth with un-instrumented
roots (PradeepKumar et al. 2017). All the defects noted
in that study were in the mesiodistal direction and more
common in mandibular teeth of older people (40 years
and older). The results of these studies demonstrated
that dentinal defects can already be present in un-
instrumented roots that are often used as negative
controls in several older, published articles.

Another factor to consider in ex vivo models is the
storage conditions of the teeth. It was recently shown
that storage conditions play a role in the presence of
dentinal defects (Coelho et al. 2017). This was shown by
assessing fresh, periodontally compromised teeth that
were extracted atraumatically. The fresh roots with min-
imal extraction forces presented 16.6% of dentinal de-
fects, while teeth with no control of such conditions
presented 71% of specimens with defects. Lim et al. ob-
tained similar results using a micro-CT methodology;
specimens in dry conditions presented dentinal defects
after root canal instrumentation, while specimens kept
in humid conditions had no defects after the same pro-
cedures (Lim et al. 2016).

With the development of micro-CT scanning, dentinal
defects could be potentially assessed without sectioning
the roots. This can help, as the same sample can serve
as its own control. Studies that have used micro-CT
pointed out that dentinal defects are present in un-
instrumented roots (Ceyhanli et al. 2016; De-Deus et al.
2014; Jamleh et al. 2015), which is in agreement with re-
cent studies with the root-sectioning methodology.
However, as stated earlier, it has been questioned if the
scanning resolution offers enough sensitivity (Shemesh
2015) as dentinal defects do not have distinct physical
separations in the dentin. The presence of physical sep-
aration is needed for digital signal processing which is
why the term microcrack is often used in micro-CT
studies (De-Deus et al. 2014; Ceyhanli et al. 2016). In
the science of digital signal processing, the Nyquist-
Shannon sampling theorem states that to digitally detect
an entity, the signal has to be at least two times larger
than the voxel size. This means that the size of the de-
fect needs to be twice as wide as the voxel size. There-
fore, a definite physical separation has to be present to
be detected through digital signal processing technology.
That could explain why a higher percentage of defects
was detected in studies when an LED transillumination
and magnification was used.

One has to understand that both micro-CT and root-
sectioning methodologies have pros and cons. It is clear
that the root-sectioning methodology has overestimated
the presence of dentinal defects due to the physical need
to section the roots to be analyzed. On the other hand,
one may question whether the micro-CT methodology
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is in reality underestimating its presence. Micro-CT is
limited by its resolution, and since there is no physical
separation of the dentin, it might be impossible to detect
such fine defects. The different results in micro-CT
studies can be due to the different scanning resolutions
of the units that were used, the number of cross-
sectional images that were assessed, inter/intra observer
reliability, and the presence of digital artifacts.

Old root-sectioning studies have been criticized for a
lack of proper controls due to poor sensitivity (Coelho et
al. 2017). With a lack of proper sensitivity, the control
groups of old sectioning studies are flawed and their re-
sults should be interpreted with caution. The addition of
LED transillumination has improved the sensitivity of
the sectioning methodology and should always be con-
sidered. With improved sensitivity, both the sectioning
methodology and micro-CT models have shown dentinal
defects in un-instrumented specimens (Coelho et al.
2016b; PradeepKumar et al. 2017). Having proper sensi-
tivity is crucial for proper controls in future studies.
These conflicting results also highlight the limitation of
in vitro research and the importance of having a proper
in vivo clinical model for assessing this important issue.

Clinical relevance

While laboratory studies presented dentinal defects in
up to 90% of the specimens, clinical studies of endodon-
tically treated teeth suggest the prevalence of ROF
ranges from 3.69 to 20% (PradeepKumar et al. 2016).
This implies that either there is overestimation of den-
tinal defects due to the methodological limitations of in
vitro studies or not all of the defects propagate into
ROFs. A retrospective clinical study showed root frac-
ture to be responsible for 36% of the reasons for extrac-
tion after a 10-year follow-up (Landys Boren et al. 2015).
That study showed that 80% of the teeth survived for
10 years; proper restoration and age were important pre-
dictors of survival rate.

Aging has been pointed out as an important factor for
ROF development by PradeepKumar et al. as the major-
ity of fractures clinically occurred in patients older than
40 years (PradeepKumar et al. 2016). Some in vitro stud-
ies corroborated the influence of aging in the presence
of dentinal defects in un-instrumented roots as dentinal
defects were present in 16.6% of roots from patients
with mean age of 54 years old and 50% in 81-year old
patients (Arias et al. 2014; Coelho et al. 2017). A recent
micro-CT study showed significantly more dentinal de-
fects in roots obtained from patients ranging from 40 to
71 years when compared to patients with an age range
of 20-39 years old (PradeepKumar et al. 2017). These
results are in agreement with the findings of Ivancik et
al. that showed aging as a factor that reduces the resist-
ance of coronal dentin (Ivancik et al. 2012).
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In a review, Tsesis et al. presented the challenges of
properly diagnosing vertical root fractures (Tsesis et al.
2010). They emphasized that while a quick diagnosis
and management is necessary, there is still no data sup-
porting clinical and radiographic evaluation methods.
Even with the advent of cone beam computed tomog-
raphy (CBCT), we still do not have enough resolution to
clinically diagnose the presence of an ROF in a predict-
able fashion. A CBCT-dedicated review has shown the
limitations of this technology in the detection of ROF,
concluding that CBCT on its own is not enough for
proper predictable diagnosis of ROF (Patel et al. 2015).
It seems reasonable to conclude that although CBCT
can be helpful, the direct visualization of the defects
and/or fracture is still the most predictable.

Few studies have been dedicated to clinically evalu-
ate the in vivo presence of dentinal defects (Fig. 5).
Song et al. noted it as a cause of failure in a periapi-
cal microsurgical study (Song et al. 2011). An inter-
esting aspect of that study is that cracks were present
in only 1% of the failed cases assessed under the

Fig. 5 Image showing a clinical partial thickness dentinal defect

revealed through LED transillumination
- J
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operating microscope. These findings suggest that in
vitro studies might have overestimated the presence
of dentinal defects as the percentage of ROF seems to
be low. A recent study, however, found a higher inci-
dence of dentinal defects in periapical microsurgery.
Tawil et al. evaluated the outcomes of periapical
microsurgery after 1- and 3-year intervals (Tawil et al.
2015). The presence of dentinal defects was assessed
with the aid of a 0.8-mm LED transilluminator. The
3-year follow-up showed complete radiographic bone
healing of 31.5% when dentinal defects were present
and 97.3% when absent. The authors concluded that
dentinal defects have a significant influence on the
outcomes of periapical microsurgery.

In another study, Tawil assessed whether ultrasonic
root-end preparation in periapical microsurgery could
either create or propagate dentinal defects (Tawil 2016).
Eighty-one roots were assessed under LED transillumin-
ation before and after root-end preparation. The defects
were classified as none, partial, or full. Fifty-one roots
were intact and remained intact after ultrasonic prepar-
ation, while 14 out of 26 of the partial defects propa-
gated into a full dentinal defect. This showed that
ultrasonic root-end preparation is safe for intact roots;
however, it can propagate pre-existing dentinal defects.

We still need further clinical research or better in
vitro methods that can replicate the clinical setting to
answer several remaining questions about the
development of and the role of dentinal defects in
endodontics.

Conclusions

Several in vitro studies showed a high incidence of den-
tinal defects after endodontic procedures, but some re-
cent studies have highlighted concerns with the older
study designs. The presence of dentinal defects has been
associated with failures in periapical microsurgery and is
likely part of the longitudinal progression of ROF.
Complete comprehension about the development of and
the role of dentinal defects in endodontics is a great
challenge that needs to be addressed.

Several factors have been associated with ROF: age,
parafunctional habits, overfilling, and poor restoration
(Ivancik et al. 2012; PradeepKumar et al. 2016; Qiao et
al. 2017). Recently, the change in bite forces after root
canal treatment has been shown and should be investi-
gated further as a potential factor (Awawdeh et al. 2017).
It is important to understand the role of pulp and peri-
odontal cells as a protective sensor in fracture preven-
tion. We still need further clinical research or better
methods that can replicate the clinical setting to answer
several remaining questions about the development of
and the role of dentinal defects in endodontics.
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