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steep cuspal incline, deep fissures on the crown,
overflared canals and supraosseous post and
dowel placement have been traditionally related
to VRFs [1]. In a broader sense, these factors can
be considered as iatrogenic and non-iatrogenic
causes, but the weakening of the teeth by dentin
mass loss is supported by logical reasoning and
by the weak scientific evidence that is currently
available. The logical reasoning on this topic is
plain and says that overall dentin mass loss, miti-
gates the ability of the tooth to resist intermittent
masticatory forces in the long term. There is lab-
oratory evidence showing a direct correlation
between the amount of dentin removed and root
strength [4—6]. Disease processes or clinical pro-
cedures that lead to dentinal loss or eccentric
canal shaping result in more stress in the apical
direction and in the bucco-lingual plane of the
root, which may impact the overall resistance to
root flexure. Rundquist and Versluis [7] called
attention to the influence of the taper on the root
stress during masticatory loading. They con-
cluded that, in a tooth under compressive force,
the maximum stress resulting from bending is
predominantly observed at the cervical aspect of
the root (cervical dentin), which may be related
to coronal pre-flaring procedures. While it is
undeniable that unnecessary loss of dentin tissue
should be avoided, other factors such as root
canal geometry and volume also impact on the
resistance to fracture [8]. Therefore, it is under-
standable why the resistance of the root to flexion
depends upon the distribution of dentin tissue
around the canal wall.

Despite the passionate way that some defend
that conventional canal mechanical instrumenta-
tion decreases the resistance of teeth to fracture,
the current literature is composed by a limited
amount of laboratory studies [9, 10], which
means low-quality evidence to shape and guide
the clinical decision-making process. Therefore,
the idea of providing optimum dimensions for
root canal mechanical preparation is one current
ongoing concern in endodontic practice and
science.

The degree of mechanical shaping is deter-
mined by the pre-operative dimensions of the
root canal, the obturation technique, and the

restorative treatment plan. However, the greatest
focus today is being able to clean the root canal
space while preserving maximum strength of the
tooth. Within this framework, one may argue that
current mechanical preparations should keep the
canal dimensions as small as possible, since
instrumentation per se is ineffective in cleaning
and disinfecting the inner dentinal walls in irreg-
ular and hard-to-reach areas, such as fins and
isthmuses of oval-shaped canals [11-16]. On the
other hand, mechanical preparation needs to suf-
fice for creating an operational pathway to irri-
gate the root canal space. For that, a minimal but
optimal size/taper is necessary to be set, which
was not currently supported by reliable docu-
mented formal evidence.

Considering the as yet unclear situation of the
minimal invasive approaches and rationales pro-
posed to render an endodontically treated tooth
predictably functional, the present text focuses
on the optimal size/taper relationship necessary
to avoid unnecessary overflared canals and, at the
same time, to allow the turbulence and solution
exchange indispensable for the minimal cleaning
and disinfection conditions to assure healing. The
big picture is to address and discuss the close-to-
optimum operative conditions to maximize tooth
strength and longevity. Moreover, advances and
developments in nickel-titanium (NiTi) technol-
ogy have allowed endodontics to move towards
the minimally invasive dentistry paradigm.

Limitations of the Current
Technology for Mechanical
Shaping

4.2

The ongoing debate around the so-called mini-
mally invasive canal shaping is indeed a matter of
physical size, and it can be summarized into a
single question: What’s the optimal minimal
canal size preparation?

The problem emerges with the limitations of
current technology for canal shaping. Ideally,
adequate mechanical instrumentation should uni-
formly plane the entire perimeter of the root
canal—a kind of scrubbing action on the canal
walls—thus completely removing the inner lay-
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ers of heavily contaminated dentinal tissue. This,
in turn, will ensure an effective removal of as
much of the remaining soft tissue and bacterial
biofilm as possible, which may predispose to
cause or perpetuate disease, influencing the out-
come of treatment [17-19]. However, current
rotary and reciprocating NiTi systems are only
able to prepare the main root canal space into a
circular final shape, because the instrument can-
not adapt to the irregular cross-section area of the
canal; thus, they leave most buccal and lingual
extensions unprepared [11-16, 20]. It is of note
that this phenomenon cannot be observed in two-
dimensional clinical periapical radiographs,
which represent only the bucco-lingual projec-
tion. On the other hand, it can be easily observed
in histological cross-sections and in the results
from high-definition microtomography (micro-
CT) studies [11-16, 20], which have underlined
the suboptimal standard of mechanical prepara-
tion by the current NiTi systems. Using non-
destructive micro-CT technology, it has been
systematically shown that the amount of mechan-
ically prepared root canal surface is frequently
below 60% [11-16, 20-22].

In short, available NiTi systems leave a sub-
stantial amount of untreated dentin areas; there-
fore, it is possible to say that the current
technology for canal shaping is satisfactory from
a mechanical point of view, but way limited from
a biological standpoint. This situation is illus-
trated in the sequence of Fig. 4.1. The first image
(a) shows a histological cross-section of a given
oval-shaped canal and the black line in the sec-
ond image (b) roughly shows what the original
anatomy of this canal should be—the canal
before mechanical preparation. The green circle
shows what is possible to obtain with the avail-
able NiTi preparation systems. The debrided
area always follows this very same pattern,
because, as far as the NiTi instrument penetrates
towards the apex, the resulting force pushes the
instrument towards a single direction, where cir-
cular cutting occurs. This means that a lot of
sound dentinal tissue is cut (as shown in blue in
[c]) and, at the same time, a lot of contaminated

Fig. 4.1 Graphic illustration that exemplifies the dynam-
ics that affect all mechanized systems currently available
in the preparation of oval-shaped canal. In (a), we have a
histological section of the canal with oval section. In (b),
the black line illustrates what the original canal anatomy
looked like. The green area shows the region of dentin that
the mechanized system has cut. Any commercially avail-
able rotary or reciprocating system penetrates into the root
space, following the same pattern as the resulting forces
of this process require the instrument to settle and press on
one side of the canal and only touching a fraction of the
original root space (c). This process reveals that much
healthy dentin tissue is eliminated (c, blue area), while a
considerable area that should be mechanically debrided is
not removed due to the limitation of NiTi instrument tech-
nology (c, red area). Thus, the so-called real efficiency
area of the mechanical debridement process is only 40%,
in a hypothetical situation of an oval canal like this exam-
ple (c, yellow area)
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dentin is left behind, as shown in the red area in
(c). Only the yellow area is the effective cutting
promoted by the NiTi preparation, which typi-
cally means that only around 40% of the effec-
tiveness of mechanical debridement is possible
in a typical oval-shaped canal like the current
example.
Accordingly, the messages are crystal clear:

1. NiTi instruments only act on the central body
of the canal, leaving almost all irregular areas
untouched and undebrided. As such, the bac-
teria biofilm cannot be scrubbed out from
most dentinal walls in a normal oval-shaped
canal.

2. This background puts too much responsibility
on the shoulders of irrigation, which has its
own limitations.

3. Sound dentinal tissue is unnecessarily lost
during shaping procedures. Future develop-
ments on mechanical shaping should be
strictly focused on improving the scrubbing
action and being able to uniformly plane the
entire perimeter of the canal as much as
possible.

Mechanical canal preparation is invasive in
nature and different degrees of dentin removal
may occur as different instrumentation tech-
niques and systems are used, which may alter the
biomechanical response of teeth [23]. So, future
work should focus on the quest for a balance in
the ratio of canal enlargement to close-to-optimal
irrigation.

Preservation of Pericervical
Dentin—Is Coronal Pre-
flaring Still Necessary?

4.3

Coronal pre-flaring, canal scouting and glide path
are early steps in mechanical canal preparation.
Coronal pre-flaring can be defined as an exten-
sion of the access cavity into the cervical-most
third of the canal space. Flaring the coronal por-
tion of a narrow, calcified or difficult-to-access
root canal affords several benefits by the reloca-
tion of the canal pathway, such as:

1. Improving tactile sensation and control by
removing cervical calcifications and dentin
overhangs, which allows unimpeded access
for the apical third stream, canal scouting and
apical patency procedures.

2. Facilitating larger instruments to reach the
apical critical zone more loosely.

3. Reducing procedural errors such as loss of
working length and canal transportation.

4. Optimization of infection control for twofold
reasons: (a) most of bacteria is located in cer-
vical and middle thirds of the root canal. Thus,
coronal pre-flaring removes most of bacteria
present in the root canal space early in treat-
ment, contributing to the optimization of
infection control and (b) coronal pre-flaring
also allows deeper insertion of the irrigation
needle in the earlier stages of cleaning and
shaping procedures, which optimizes the irri-
gation. The enlarged area created by coronal
pre-flaring acts as an escape space for the irri-
gating solution, enabling a better flow and
reflux of the irrigating solution [24-26].

5. Better control of the incidence of post-
operative pain due to less bacterial extrusion
through the apical foramen.

6. Better control of instrument fracture. Ehrhardt
et al. [27] performed 556 treatments and dem-
onstrated that the use of MTwo system (VDW,
Munich, Germany) after coronal pre-flaring
revealed a low fracture rate, even reusing the
instrument five times.

7. Coronal pre-flaring leads to more accurate
apical sizing [28], and this information can be
useful to define an appropriate final diameter
for apical shaping.

Independently of all aforesaid advantages of
the pre-flaring procedure, overflaring of canals by
unbalanced enlargement of its coronal region
through overusing large instruments can weaken
the root. Ultimately, it can compromise the out-
come of the root canal treatment due to the amount
of dentinal tissue removed in this key and strate-
gic structural region, the so-called pericervical
dentin (PCD). The preservation of this region can
be even more important to maintain strength of
endodontically treated teeth as compared to very
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reduced occlusal access preparations [29].
Overall, logical reasoning claims that the loss of
PCD implies in the weakening of root structure
and decreased resistance to VRF. Actually, the
more a canal is tapered and flared in the coronal
region, the weaker the root tends to be. PCD was
defined by Clark and Khademi [30] as “the dentin
near the alveolar crest. This critical zone, roughly
4 mm coronal to the crestal bone and extending
4 mm apical to it, is crucial to transferring load
from the occlusal table to the root, and much of
the PCD is irreplaceable”. The authors move
ahead saying that no man-made material can
compensate the tooth structure lost in key areas
of the PCD.

With all exposed plus the popularization of
NiTi rotary files, it is easy to understand the rapid
influx of new instruments specifically designed
to perform a better-balanced coronal pre-flaring
procedure. The introduction of superelastic alloys
associated with variable taper instruments (not
following the international ISO standardization
system) and an improved cutting ability by an
S-shape design has opened up a new technical
possibility for the coronal pre-flaring procedure.
Besides being specially designed to perform cor-
onal pre-flaring procedures, some NiTi rotary
instruments—defined as orifice shapers such as
ProFile (Dentsply Tulsa Dental; Tulsa, OK,
United States) or Vortex orifice openers (Dentsply
Tulsa Dental)—have never really become popu-
lar, and none of them has become the archetypal
instrument for the coronal pre-flaring procedure.

The introduction of reciprocating systems in
late 2010 brought the possibility of a new
approach for the coronal pre-flaring procedure, as
a single variable regressive taper reciprocating
NiTi instrument is able to enlarge the main root
canal space into a minimum acceptable taper
size. This approach is able to perform a signifi-
cantly more conservative coronal pre-flaring
procedure.

Coronal pre-flaring performed with a single
reciprocating instrument is done synchronously
with the canal glide path. This way, it is possible
to didactically list four advantages of coronal
pre-flaring directly performed with a single recip-
rocating instrument:

1. More conservative coronal preparation due to
the regressive taper of the single reciprocating
instrument.

2. Better technical workflow as a function of less

transoperative stages and few instruments

used.

Shorter learning curve.

4. Improved safety by the use of the reciprocat-
ing movement per se.

hed

Thus, it is not erroneous to consider the coro-
nal pre-flaring done with a single regressive taper
reciprocating instrument as an efficient technical
approach, aligning the most up-to-date concepts
of mechanical shaping and also valuing preserva-
tion of unreplaceable dental tissues.

4.3.1 The Role of the Danger Zone

One of the critical points of the mechanical dam-
age normally caused by over-instrumentation on
an already thin dentinal wall is that it may seri-
ously compromise the outcome of root canal
treatment [31]. This kind of damage is essentially
mid-root perforations or excessive loss of dentin,
which have been historically related to the distal
area of mesial roots of mandibular molars and,
based on that, Abou-Rass et al. [32] introduced
the concept of the “danger zone” (DZ) in the
early 1980s. In fact, these authors formally
reported what experienced clinicians already
knew-often: mesial canals of mandibular molars
do not assume a central position in the root with
the distal area between the canal and root bifurca-
tion being relatively thin, the so-called DZ, which
is more vulnerable to strip perforations. On the
other hand, the safety zone was described as the
mesial area of the mesial root with a thicker den-
tine layer, which is often minimally instrumented
by endodontic instruments.

In short, Abou-Rass et al. [32] pointed out the
importance of this anatomical area during canal
shaping. Nowadays, the concerns around the DZ
have moved towards dentinal preservation of the
critical cervical region since this over-weakening
of the root seems to mitigate the overall fracture
resistance standard of teeth. This topic is addressed



72

G. De-Deus et al.

further where the taper of the mechanical prepara-
tion is discussed.

4.4  Evolution of NiTi-Based
Preparations
4.4.1 NiTiAlloys

The use of NiTi alloy to produce instruments for
root canal mechanical preparation has raised end-
odontic practice to a new level, revolutionizing it
conceptually, practically and also economically.
The NiTi technology made it possible to relate
the geometric configuration of the instrument
with the main anatomical features of the root
canals, such as the angle and radius of curvature.
Moreover, canal shaping became more central-
ized, giving a more precise adjustment to the
canal anatomy and adequate modelling [33, 34]
(Fig. 4.2). In addition, the mechanical properties
and intrinsic characteristics presented by the NiTi
alloy made it possible to use safety-mechanized
canal shaping in a reduced treatment time with
shorter learning curve [35, 36].

The NiTi alloy was developed by William
Buehler in the United States in 1960, and it was
firstly named NiTiNOL, an acronym for nickel
(Ni), titanium (Ti) and Naval Ordinance Laboratory
(NOL) [37]. In dentistry, Andreasen and Morrow
[38] performed its initial application in orthodon-
tics due to its low modulus of elasticity, shape
memory effect and super flexibility. In 1975,
Civjan and colleagues [39] published a manuscript
containing suggestions for applying this new alloy
in different dentistry specialties, including end-
odontics. The authors concluded that, due to the
low modulus of elasticity, the construction of
instruments with this alloy would allow the
mechanical preparation of curved canals more
efficiency and with less iatrogenic risks than using
conventional manual stainless-steel instruments.
The first experimental endodontic instruments
made from NiTi orthodontic wires were found to
have two to three times more elastic flexibility in
bending, as well as superior resistance to torsional
fracture, when compared to similar instruments
manufactured using stainless-steel [40].

The NiTi alloys used in the manufacturing of
endodontic instruments have near-equiatomic
nickel and titanium proportions [40]. NiTi alloys
contain three microstructural phases named aus-
tenite, martensite and R-phase, and the amounts
of these phases determine the overall mechanical
properties of the alloy [41]. The transformation
of austenite into martensite (classic martensitic
transformation) is caused by the alloy’s ability to
modify its atomic arrangement. The alteration of
its crystalline microstructure and transformation
characteristics directly influence the mechanical
properties. Martensite, the low-temperature
phase, is relatively soft and ductile, can be easily
deformed and possesses the shape memory effect
(SME) [41, 42]. In contrast, austenite, the high-
temperature phase, is relatively stiff and hard,
and possesses superior superelasticity (SE) [41-
43]. The phase composition of the NiTi alloy is
dependent on the ambient temperature and
whether the alloy is cooled or heated to this tem-
perature (Fig. 4.3). If the temperature is above the
austenite finish temperature (A;), the NiTi alloy is
in the austenitic state. If the temperature is below
the martensite finish temperature (M), the NiTi is
in the martensitic state [41-43].

Among the main characteristic properties of
the NiTi alloy used to manufacture endodontic
instruments are the SME and SE [43-45]. SME is
characterized as a property that, after relatively
high deformations at temperatures below the full
formation of martensite, instruments use to regain
their original shape and size through subsequent
heating at temperatures where austenite forma-
tion occurs (Figs. 4.4 and 4.5). In other words,
SME is the ability of the NiTi alloy to recover its
original shape when heated above the martensite-
to-austenite transformation temperature. While
the SE is characterized by the ability of the alloy
to recover its original shape, even after large
strains, it only occurs with the removal of tension
without the need for heating (Fig. 4.6). Bending
instrument and after applying forces, the instru-
ment regains its original shape [44, 46].

In the last years, manufacturers have been per-
forming additional metallurgical treatments on
the NiTi alloys of instruments in order to improve
their clinical performance. Among the most used
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Fig. 4.2 Representative
3D reconstructions of
the external and internal
anatomy of curved
mesial roots of
mandibular molars,
before and after root
canal preparation.
Changes in overall canal
shape are visible in the
superimposed root
canals before (green)
and after (red)
mechanical preparation
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Fig. 4.3 Temperature hysteresis diagram of NiTi alloy.
Mi martensite start temperature, Mf martensite finish tem-
perature, A/ austenite start temperature, Af austenite finish
temperature

treatment procedures are electropolishing and
heat treatment. Electropolishing is the process of
electrolytically removing components from
metal parts in a highly ionic solution using an
external source of electrical current. In this pro-
cess, a very thin layer of material on the surface
is removed, resulting in the reduction of microas-
perities that characterizes metal surfaces. The
electropolishing of NiTi mechanized instru-
ments, besides improving the finish of its metal-
lic surface, also makes it more rigid [47-49].
Moreover, technological advances in the ther-
mal management of NiTi alloy have allowed the
development of instruments with altered crystal-
line compositions, which means alloys in inter-
mediate stages between the austenitic and
martensitic phases, containing substantial stable
martensite phase under clinical conditions [50].
Some examples of thermal treatments are the
M-wire (Dentsply Tulsa Dental), R-phase
(SybronEndo, Orange, USA), CM-wire (DS
Dental, Johnson City, USA), EDM (Coltene/
Whaledent AG, Altstitten, Switzerland), Gold
and Blue treatments (Dentsply Tulsa Dental),
T-wire (MicroMega, Besancon, France), and
MaxWire (FKG Dentaire, La Chaux-de-Fonds
Switzerland). While M-wire and R-phase instru-
ments maintain an austenitic state, CM-Wire,
Gold and Blue heat-treated instruments are com-
posed of substantial amounts of martensite.

MaxWire is in the martensitic state at room tem-
perature and changes to the austenitic state at
intracanal temperature.

From a practical point of view, all new thermo-
mechanically treated NiTi alloys available on the
market demonstrated increased fatigue resistance
and flexibility when compared to conventional
NiTi alloys [51-57]. It is well known that mar-
tensitic alloys also possess higher flexibility than
austenitic ones [42, 56]. Due to its improved flex-
ibility, these martensitic instruments are indicated
in the presence of extreme curvatures (Fig. 4.7).
Another advantage of heat treatment is that these
instruments can better maintain the root canal
anatomy, so they are supposed to have an equal or
better quality of root canal preparation [15, 58—
60]. A recent study from Biirklein et al. [61] has
demonstrated that both M-wire instruments and
their Gold and Blue corresponding files have
maintained the original canal curvature well with
no significant differences and without fracturing.
This means that M-wire files are already flexible
enough to maintain root canal curvature, but pre-
sumably in most difficult root canals, the more
flexible Gold and Blue alloys would better main-
tain the anatomy. Gold and Blue thermo-mechan-
ically treated files also have better centring ability
in both coronal and apical portions with minimal
transportation [61], which is a clear advantage
from a minimally invasive perspective (Fig. 4.8).
The pre-bendability of a martensitic file is help-
ful to have better access in difficult cases. In a
small mouth opening, a martensitic instrument
can be pre-bent to have an easier direction, being
more conservative in the coronal portion without
performing early coronal enlargement and
straight-line access. In addition, pre-bending
these files for difficult cases permits to overcome
ledges or complicated apical anatomy, such as
abrupt curvatures.

However, there are also some limitations of
heat-treated alloys. The major limitation of a
martensitic state instrument is that the martens-
itic phase has a low transitional temperature, so
it requires less energy for deformation. This
means that plastic deformation and unwinding of
these instruments can be more often experienced
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Fig. 4.4 (a) NiTi alloy
wire in the original
shape; (b) deformed
NiTi alloy; (¢) NiTi
alloy recovering the
original shape after
being heated above the
martensite-to-austenite
transformation
temperature

(Fig. 4.9). Martensitic thermally treated instru-
ments have a higher angle of rotation to fracture,
so they can be rotated more before fracture; the
force needed to deform and fracture them is
lower [57, 62, 63]. Less stress is needed to
deform these files inside the root canals; how-
ever, even deformed, they will fracture later.
Martensitic files are very flexible and therefore
perfect for highly curved root canals; however,
extremely flexible instruments may have less

cutting ability. For this reason, these types of
instruments may be difficult to advance in very
strict root canals, enhancing the risk of distor-
tion. In contrast, austenitic instruments reveal
high torque values at fracture; thus, these files
might be useful to shape straight or slightly
curved constricted root canals. Therefore, it is
important to find a balance between mechanical
properties and flexibility and the resistance to
torsion.
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Fig. 4.5 (a) NiTi martensitic instrument in the original shape; (b) deformed NiTi instrument; (¢) NiTi instrument
recovering the original shape after being heated above the martensite-to-austenite transformation temperature

A

Fig. 4.6 (a) Stainless-steel instrument after the application of tension being plastically deformed; (b) NiTi instrument
recovering its original shape after applying forces
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Fig. 4.7 An upper premolar with an extreme double
curvature
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Fig. 4.9 Deformed files from several different brands

4.4.2 Shaping Kinematics

In addition to the advancements related to NiTi
alloys, innovative kinematics were developed
with the purpose of overperforming the conven-
tional continuous rotation. Nowadays, recipro-
cating movement stands as a reliable and feasible
alternative to the conventional continuous rota-
tion [64]. In fact, reciprocating kinematics have

Fig.4.8 A first upper molar treated with martensitic Blue
files demonstrating respect of the original anatomy and a

conservative approach

s ————

E \
been extensively described and tested in mechan-
ical endodontic procedures for stainless-steel
files since the 1960s [65-74]. This “first mode”
of reciprocating movement is based on symmetri-
cal oscillation, in which the forward cutting angle
is the same as the backward release angle (i.e.

0° clockwise followed by 30° counterclockwise

or 45° clockwise followed by 45° counterclock-
wise). This kinematic was basically used for

WJ‘—-—“ — N TR
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stainless-steel instruments and now it is mainly
used for mechanical scouting with stainless-steel
instruments. In 2008, Yared proposed an approach
to the use of the ProTaper F2 instrument (Dentsply
Maillefer, Baillagueis, Switzerland) in a recipro-
cating movement [75] as an alternative to the
conventional continuous rotation. This “second
mode” of reciprocating kinematics is a partial or
asymmetrical reciprocation, in which the forward
angle is bigger than the backward angle. Doing
this movement continuously generates a positive
angle, so that a “rotary effect” can be maintained.
This means that the reciprocating movement
maintains the tendency to naturally advance
towards the apex because of the “rotary effect”.

Asymmetrical reciprocation kinematics can
be performed using different types of angle com-
binations (e.g. 60—40°, 108-72° or 150-30°),
which overall relieves stress on the instrument by
aforward (cutting action, the instrument advances
in the canal and engages dentin to cut it) and a
backward (release of the instrument, which is
immediately disengaged releasing the stress)
movement [64]. This new kinematics extended
the lifespan of NiTi instruments when compared
to continuous rotation [36, 76, 77]. When
actioned in reciprocating kinematics, the instru-
ments travel a shorter angular distance than con-
tinuous rotation instruments, being subject to
lower stress values, which extends its fatigue life
[36, 76, 77]. Reciproc (VDW), Reciproc Blue
(VDW), WaveOne (Dentsply Maillefer) and
WaveOne Gold (Dentsply Maillefer) are the main
examples of modern commercially available NiTi
systems for root canal preparation using asym-
metric reciprocating motion.

There are several advantages of using recipro-
cating kinematics instead of continuous rotary
kinematics. The opening is the possibility of a
single variable tapered reciprocating NiTi instru-
ment able to enlarge the root canal into a mini-
mally acceptable taper size, which is indeed
appealing by the oversimplification of technical
workflow procedure and reducing the overall
learning curve. Under a cost-effective perspec-
tive, the use of a single disposable NiTi instru-
ment is also advantageous over conventional
multi-file rotary systems.

In addition, there is a strong body of evidence
showing that reciprocating-based mechanical
preparations are safer than conventional continu-
ous rotation [36, 76—79]. Studies reported a lower
incidence of fracture for reciprocating instru-
ments (0.13-0.26%) rather than rotary files; thus,
reciprocation is considered a safer movement
[80-82]. It is of note that this safer shaping in
clinical usage is directly related to an improved
fatigue resistance shown by reciprocation over
conventional continuous rotation. Actually, this
was an unexpected but welcome ‘‘side-effect”
once reciprocation was introduced to reduce tor-
sional failures, but it also increased the resistance
to cyclic fatigue failure and consequently the
lifespan of instruments [36, 76—78]. Torsional
failure occurs when the tip of the instrument is
locked in the canal, while the shaft continues to
rotate. If the elastic limit of the metal is exceeded,
the instrument undergoes plastic deformation,
which can be followed by fracture if the load is
high enough. When submitted to reciprocation
kinematics, an instrument has reduced torsional
stress, since during the reciprocating movement
the instrument engages dentin during the cutting
movement, whereas the opposite movement dis-
engages the instrument immediately afterwards.
Moreover, an instrument used in reciprocation
lasts longer used in a curvature rather than the
same instrument used in rotation [77]. A rear-
rangement of the NiTi molecular structure of the
instrument during the forward and backward
movements may happen. Moreover, the back-
ward movement tends to reduce the propagation
of initial cracks in metal, thus reducing the pos-
sibility of fracture by cyclic fatigue [77]. The
more bent the curvature is, the higher the risk of
fracture for cyclic fatigue. But reciprocating files
are safe to be used in most curved root canals.
Since the instrument’s lifespan is increased by
the reciprocating movement [36, 76—78], a higher
number of root canals can be prepared in a safer
way than under continuous rotary movement.

The reciprocating movement has the same or
even more cutting efficiency than full rotation.
Since the first moment, doubts were raised if the
reciprocating movement would reduce cutting
efficiency as, until that moment, continuous rota-
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tion was considered the optimal movement from
a cutting efficiency point of view. However, evi-
dence demonstrated that the same file used both
in rotation and in reciprocation has the same cut-
ting ability [83, 84].

Moreover, reciprocating kinematics allows an
equal or better quality of preparation. An instru-
ment used in reciprocation has an improved shap-
ing ability as compared to the same instrument
used in continuous rotation. A recent study dem-
onstrated that a reciprocating file remains better
centred inside the root canals when compared to
a rotary file [85]. The superior shaping ability
promoted by the reciprocating movement is espe-
cially true for instruments with bigger sizes,
which yields less canal transportation [86].
Smaller files are not the problem, as they are flex-
ible enough to be used in both rotation and recip-
rocation without any clue of canal transportation.
For single-file techniques, the main reason for
these results is that a single-file is usually bigger
than the root canal, so it can touch at least two of
the opposite sides of the canal walls, the inner
and the outer portion, cutting them equally. It
resembles the classical “balanced force” tech-
nique by Roane et al. [87] for stainless-steel man-
ual files, which was proposed to allow bigger
instrument sizes going beyond the canal curva-
ture with controlled canal transportation.

There are two main criticisms of reciprocation
preparations: (i) instruments would be more prone
to promote the development or propagation of
dentinal microcracks and dentinal damage than
conventional full-sequence rotary systems and (ii)
the accumulation and apical extrusion of debris.

The idea that the reciprocating preparation is
more related to root dentinal defects is based on
the rationale that using only a single, large-
tapered reciprocating instrument, which cuts sub-
stantial amounts of dentin in a short period of
time, is more aggressive than conventional rotary
preparation, which comprises a more progressive
and slower cutting of the root dentinal tissue.
However, the scenario was created by studies
based only on root sectioning methods and direct
observation by optical microscopy [88-94]
(Fig. 4.10). These methods undoubtedly have a
noteworthy drawback related to the destructive

nature of the experiment. Despite the fact that the
control groups, which used unprepared teeth,
seemed to validate these results because no den-
tinal defects could be detected, this sort of con-
trol does not take into account the potential
damage produced by the interplay among three
sources of stresses on the root dentin [95]:

1. The mechanical preparation.

2. The chemical attack with sodium hypochlorite-
based irrigation.

3. The sectioning procedures per se.

As time went by, it was demonstrated that the
correct technology to study microcracks is the 3D
micro-CT non-destructive analysis. By using this
method, De Deus et al. [95] showed a clear lack of
causal relationship between dentinal microcracks
development and canal preparation with both
rotary and reciprocating systems (Fig. 4.11). This
conclusion was later confirmed by other studies
from different groups worldwide using the same
methodology [96-100]. In addition, more recently,
it was demonstrated by the association between the
micro-CT analytical platform and a cadaveric
experimental model that the so-called root dentinal
microcracks, observable in the cross-sectional
images, are indeed a phenomenon that belongs to
the framework of extracted storage teeth [101]
(Fig. 4.12). In other words, root dentinal micro-
cracks are not a true clinical phenomenon, and as
such, there is no more room for concerns.

The worldwide rise of reciprocating systems
led to another potential drawback: single-file
mechanical preparations cutting significant
amounts of dentin in short periods of time are
prone to force more debris, dentin chips, irrigants,
remaining pulp tissue, bacteria, and their by-prod-
ucts through the apex. The basis for this assump-
tion is the clinical impression that reciprocation is
an overall forceful movement, which may act as a
mechanical piston, pumping debris and irrigants
through the apex. However, at least to some mea-
sure, this assumption may not have a well-built
background, since reciprocation tries to mimic
balanced force technique kinematics, which is
well known as being a pressureless movement
pushing less material periapically [102].
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Fig.4.10 Representative images of root canal slices showing the presence of cracks (arrows) after root canal preparation

Fig. 4.11 Representative cross-section images of mesial roots of mandibular molars showing the presence of cracks
(arrows) before and after preparation of the mesiobuccal and mesiolingual canals



4 Minimally Invasive Root Canal Instrumentation

81

Fig.4.12 Cross-sectional images of coronal, middle and apical thirds of roots of maxillary premolar teeth before and
after root canal preparation

The issue takes place because the flutes of
reciprocating instruments are designed to remove
debris only in a single direction. In the frame-
work of rotation, the forward movement continu-
ally removes dentinal debris coronally, and this is
the potential reason why rotary files make a point
in this regard. This means that, theoretically,
movement kinematics itself may play a role in
packing the debris into the irregularities of the
root canal space and pushing them beyond the
apex as a consequence of the backward move-
ment (relief angle). The counter-argument says
that more technical steps tend to extrude more
debris and irrigants. This means that, at the end of
canal shaping, conventional rotary multi-file sys-
tems will extract more undesired material than a
single-file preparation.

Several studies have tried to shed some light on
this topic [102-111], but the existing research

conclusions remain inconclusive. A recent com-
prehensive review of the literature [59] concluded
that there is no influence of the movement on the
accumulation and extrusion of dentinal debris.
Therefore, there is no robust evidence that recip-
rocating files extrude more debris, even if this
motion is prone to push debris down. In vivo stud-
ies [103, 112] have evaluated the possible effects
of debris extrusion by measuring the substances
released by the human periodontal ligament and
the inflammatory procedures created by different
root canal preparation techniques. The first results
pointed out that hand-file instrumentation created
a significantly higher inflammatory response as
compared to both WaveOne and Reciproc recipro-
cating techniques. Moreover, WaveOne instru-
ments were more related to higher inflammation
than Reciproc, possibly due to differences in the
design between these files. WaveOne and Reciproc
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movements are quite the same, while the triangu-
lar design of WaveOne is probably less effective
in removing debris, because its larger metal core
reduces the depths of the blades and, conse-
quently, the space to carry debris coronally [103].
The second study compared the expression of
substance P and calcitonin gene-related peptide in
healthy human periodontal ligaments from pre-
molars after root canal preparation with Reciproc
Blue, WaveOne Gold, XP-endo Shaper and hand
files, and demonstrated lower neuropeptide
release for reciprocating files when compared to
both XP-endo Shaper and hand files instrumenta-
tion [112]. There are also other two in vivo studies
that demonstrated that reciprocating instruments
had similar impacts on the quality of life of
patients in primary treatments when compared to
rotary files [113], while reporting lower values of
post-operative pain when compared to rotary files
in retreatments [114].

Therefore, in a general manner, the interplay
among several factors of reciprocating systems
such as instrument design, improved alloy, fewer
instruments, high cutting ability, and reciproca-
tion kinematics can be used to support their clini-
cal usage regarding the apically extruded debris
issue [59]. Last but not least, the positive clinical
results on post-operative pain restates that the
amount of apically extruded debris is well con-
trolled and, for sure, clinically tolerated.

Due to its previously described advantages,
mainly due to excellent shaping performance
plus a lower instrument fracture rate, associated
with an absence of disadvantages when com-
pared to continuous rotary kinematics, it is pos-
sible to affirm that reciprocating kinematics per
se is today the most minimally invasive activation
mode for NiTi canal preparation.

4.5 Apical Size and the Limits

of Shaping

The presence of microorganisms inside the root
canal system space has been widely documented
as the major determining factor influencing the
outcome of root canal treatment [115-117]. Thus,
control of bacteria loads is the seminal goal of

endodontics [118, 119]. Debridement and disin-
fection protocols search to optimize intracanal
bacterial load reduction, as well as vital or necrotic
pulp tissue removal, that may serve as substrate
for pulp space bacterial recontamination [120,
121]. The complexity of the root canal system
space is well reported and known [122, 123], rep-
resenting the major challenge for root canal treat-
ment protocols. The presence of hard-to-reach
areas, such as isthmuses, irregularities, ramifica-
tions and accessory canals, root dilacerations and
fusions, or even developmental anomalies, such
as dens invaginatus, may lead to strong limita-
tions in the clinical approach [124].

One of the most relevant areas when consider-
ing the necessity of mechanical debridement and
disinfection is the apical area. The working
length determination is a clinical step that is sus-
ceptible to being controlled by the clinician but
difficult to be performed with precision.
According to Grove [125], the working length
should, ideally, have its apical limit at the
cemento-dentinal junction, since this is the hard
tissues landmark that best approaches the soft tis-
sues zone, which corresponds to the transition of
pulp to periodontal tissues. However, this perim-
eter of this anatomical area can be extensive and
variable [126]. Thus, the apical constriction has
been presented as the anatomic apical limit,
where the root canal instrumentation and obtura-
tion should be finished [127]. Important histo-
logical studies on apical anatomy, developed in
the second half of the past century [128], noticed
that the anatomical apex, apical foramen and api-
cal constriction were different morphologic land-
marks with different locations among them.
Moreover, the area of minor diameter, or apical
constriction, usually near the cemento-dentinal
junction, displayed an average distance to the
centre of the apical foramen of 0.524 mm [128].
The distance between the anatomical apex and
the apical constriction may vary from 0.07 mm to
2.69 mm, with an average distance of 0.89 mm
[129]. However, recent robust micro-CT-based
studies revealed that these differences might even
be larger [130] and also different anatomic con-
figurations of the apical constriction have also
been described.
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Considering the variations, emphasis was
given in understanding this not only in the dis-
tance between the apical constriction and the
anatomical apex but also in the apical typology.
The exact location of the apical constriction is
extremely difficult to establish in clinical prac-
tice. Today, there is no doubt about the superior-
ity of electronic apex locators working length
determination over the traditional radiographic
method of determining the apical constriction
[131, 132]. Actually, the combined method of
using the electronic apex locator plus radio-
graphic confirmation is the most reliable approach
to determine the apical limit of instrumentation
[132]. In the 1960s, Ingle [133] proposed the api-
cal constriction as the apical limit of root canal
instrumentation, which became a classic concept
in endodontics. Since the narrow diameter posi-
tion of the apical constriction does not match the
radiographic apex, the author recommends that
the working length determination should be per-
formed 0.5-1.0 mm short with regard to the
radiographic apex. Moreover, the shaping and
filling procedures performed at the apical limit
through the X-ray could be easily considered as
over-instrumentation and overfilling. Ricucci and
Langeland [127] have performed a histological
evaluation of the periapical tissues in humans at
several follow-up periods after root canal treat-
ments. They noticed that, independently of the
pulp diagnosis, the results were more favourable
when root canal instrumentation and filling had
their apical limit at the level or slightly short of
apical constriction. Regardless of the symptoms,
the inflammatory reaction was always observed
when overfilling was present.

Two problems might be associated with the
apical limit of the instrumentation: the complex
morphology itself and the fact that this complex
anatomy may harbour biofilm, which may dic-
tate a poor root canal treatment outcome.
Minimizing the impact of infection on treatment
outcomes may be performed through careful
apical chemo-mechanical instrumentation.
Although the choice of the apical constriction
might be more easily accepted by both clinical
and scientific communities as the reference point
for the apical limit of root canal preparation, the

desirable size of the apical preparation still
remains controversial. Taking into consideration
the documented sizes of apical constriction
[128], apical preparations to ISO sizes from
0.25 mm to 0.35 mm have been recommended
[133-135]; however, this approach is easy ques-
tionable, considering the amount of unprepared
intracanal surfaces left behind [136]. Weiger
et al. [137] performed an in vitro assessment of
the most appropriate apical enlargement for both
maxillary and mandibular molars using 212 root
canals. The authors concluded that enlarging to
more than 0.40 mm above the original apical size
in maxillary palatal and mandibular distal canals
would lead to a complete circumferential prepa-
ration of the original apical morphology in 78%
of cases, while the enlargement to more than
0.30 mm in maxillary buccal and mandibular
mesial canals was able to completely instrument
the apical morphology in 72% of cases.
Moreover, the apical preparation to more than
0.60 mm above the original apical size would
lead to 98% of cases with a complete circumfer-
ential preparation of the original apical anatomy.
Globally, this represents 6—8 sizes above the first
apical binding file. Although the authors have
stated that root canals should be instrumented to
larger sizes than normally recommended, it is
also important to notice that this may be associ-
ated with a higher risk of iatrogenic errors, such
as zips, ledges or perforations. These risks are
much less common when using NiTi instruments
[138]; however, they can still occur, especially in
over-preparations, independently of the kine-
matic used [139].

Although the capacity to mechanically shape
the apical portion of the root canal is of major
clinical importance, infection control appears to
be the seminal condition to trigger the healing
process and determine the treatment outcome.
Taking this into consideration, some authors
addressed bacterial load reduction depending on
the apical enlargement. Mickel et al. [140] per-
formed the inoculation of 100 single-rooted
teeth with Enterococus faecalis, followed by
instrumentation to 1, 2 and 3 sizes above the
first crown-down file to reach the apical limit.
The authors concluded that there was a signifi-
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cant increase in the number of samples with
negative cultures in the larger apical sizes.
Rodrigues et al. [141] performed the apical
preparation up to the first and third instrument
of a rotary system, using saline or sodium hypo-
chlorite irrigation, and concluded that the apical
instrumentation up to the third instrument pro-
vided superior bacterial control, independently
of the irrigation used, although superior results
were noticed with sodium hypochlorite. Taking
these results into consideration, larger apical
preparations seem to be able to optimize bacte-
rial control.

When deciding which apical preparation to
choose for a particular clinical case, other fac-
tors such as smear layer removal, debris extru-
sion or post-operative pain are also to be
considered. A scanning electron microscopic
analysis of debris and smear layer present in the
apical portion of the root canal after instrumen-
tation with file sizes of 0.20 mm and 0.25 mm
with both 4% and 6% tapers, respectively, has
shown that, independently of the taper, debride-
ment with the larger file size was superior with
regard to smear layer elimination [142]. As for
the apical extrusion of debris and bacteria, an
in vitro study noticed that the debris extrusion
was lower when performing instrumentation
with crown-down techniques with smaller
tapers as opposed to larger taper and full-length
linear instrumentation [143]. Regarding the
post-operative pain evaluated in randomized
clinical trials, the maintenance of apical patency
during apical preparation, apparently, does not
influence post-operative pain [144], while con-
tradictory information exists on the influence of
apical foramen enlargement [145, 146]. The
decision of performing or not performing apical
patency during root canal instrumentation is not
consensual. Some histological studies have
noticed acute apical inflammatory responses
[126, 127], while others suggest [17] that
infected debris might be extruded during root
canal treatment procedures when patency is
included in the protocol. However, other evi-
dence supports this technical aspect arguing the
reduction in accumulation of soft tissue rem-
nants in the apical region [147], which attests to

superior irrigation in the apical third [148] and,
ultimately, superior Dbacterial elimination
around the apical foramen [149]. Moreover, the
apical patency step also minimizes the risk of
iatrogenic errors, such as canal transportation,
ledges, apical perforations or loss of working
length [147, 150].

Although the decision on which apical size to
choose should be based on several factors, it is
also important to understand that some in vitro
assessments are difficult to extrapolate to clini-
cal practice. Understanding how all these vari-
ables are clinically combined in the resolution,
or not, of clinical cases is also important. A
long-term outcome study [151], with observa-
tion periods up to 5 years, concluded that apical
preparation sizes between 0.20 mm and 0.40 mm
and between 0.45 mm and 1.00 mm had exactly
the same prognosis. Another retrospective study
concluded that there was no difference in the
clinical success rate with different apical prepa-
ration sizes, although a decrease of the success
rate along with an increase of the apical size was
also noticed [152]. A randomized controlled
trial [153], which followed 167 patients over
12 months after root canal treatment of pulp
necrosis cases, used five different groups in
which the apical size was enlarged to 2, 3, 4, 5
and 6 sizes above the first apical binding file.
The authors concluded that enlarging to 3 sizes
larger than the first binding apical file was ade-
quate, and further enlargement did not provide
any benefit. This may be seen as a much more
conservative approach.

Although preparation size seems to matter
with regard to the root canal treatment prognosis,
it is also important to balance the advantages of
large apical sizes with the conservative approach
of the smaller sizes. For these reasons, the authors
have developed a clinical concept called “visual
gauging” that aims to customize the apical prepa-
ration size on the specific canal that should be
treated [154]. In this technique, the most impor-
tant aspect to be evaluated from a clinical point of
view to decide the final apical size of enlarge-
ment is the type of dentin debris cut that remains
on the tip of the instrument. As a consequence,
some different clinical conditions may happen
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depending on the characteristics of the dentin
debris cut by mechanical files:

1. Presence of pulp remnants debris or “pink/
red” dentin debris on the tip of the instrument
used (in vital cases): pending that the correct
working length has been chosen, the diameter
of apical preparation is still insufficient and
residual pulp is probably still present.

2. Very little dentin debris present inside the
flutes of the apical 3—4 mm of the instrument
used: the diameter of apical preparation is still
insufficient to cut dentinal walls in the apical
third.

3. Presence of “yellow/brown” dentin debris on
the tip of the instrument used (in necrotic
cases): even if probably the instrument is cir-
cumferentially cutting dentinal walls in the
apical third, this is still contaminated dentin
that requires further apical enlargement.

4. Presence of white clean dentin inside the flutes
of the apical 1-2 mm of the instrument used:
the instrument is cutting sound dentin in the
apical third but probably not circumferentially.

5. Presence of white clean dentin inside the flutes
of the apical 3—4 mm of the instrument used:
presumably the instrument is cutting sound
dentin circumferentially in the apical third and
this may be the correct size of apical prepara-
tion. Results from a microbiological analysis
of the different types of dentin that remained
on the tip of the instrument described above
seem to confirm that less bacteria were present
in this last type of dentin cut with respect to the
“brown-yellow” type described above (Plotino
and Grande unpublished results).

Moreover, a micro-CT study has assessed pos-
sible microcrack formation after root canal
instrumentation with two different reciprocating
and a conventional full-sequence rotary system,
with size 25 and after enlarging to size 40. No
new cracks were noticed after the initial instru-
mentation or after the apical enlargement [95].
Thus, remaining minimally invasive in apical
size diameters might not suggest superior out-
comes from both a microbiological and biome-
chanical point of view.

4.6 Taper of Root Canal

Instrumentation

The main objectives of mechanical instrumenta-
tion in endodontics are not only restricted to the
removal of vital and necrotic tissues from the root
canal system space but also in the creation of
enough intracanal space to promote efficient
intracanal irrigation and medication in order to
control the root canal infection [155, 156]. It also
aims to facilitate the root canal obturation proce-
dures and preserve the location and integrity of
the root canal apical morphology while avoiding
iatrogenic damage of root and root canal anat-
omy. It should also avoid the aggression of peri-
apical tissues, whether bone or periodontal
ligament, while being able to preserve sound
dentin in order to allow a good structural progno-
sis [150]. To achieve these mechanical instru-
mentation goals, Schilder [157] has idealized five
root canal shape design objectives plus four bio-
logical objectives. As for the shaping design, it
was advocated that the final root canal shape
should be a continuous tapering funnel from the
apex to the coronal canal opening, the canal
cross-sectional diameter should be narrower at
every point apically, the shaped canal should pre-
serve the original morphology, the apical fora-
men should remain in the same position and the
apical opening should remain as small as possi-
ble. As for the biological objectives of the
mechanical preparation, it should be kept con-
fined to the root canal system only, it should not
force dentin debris with necrotic tissue beyond
the foramen, it should be able to remove all tis-
sues from the intracanal space and it should cre-
ate enough space for intracanal disinfection
[157]. Although intracanal infection is mainly
controlled by irrigation, the mechanical instru-
mentation itself may also significantly reduce the
bacterial count. A classic study from Bystrom
and Sundqvist [158] was able to document a sig-
nificant reduction of the bacterial count between
100- and 1000-fold on teeth with necrotic pulp
and apical periodontitis by performing only
mechanical instrumentation with saline irriga-
tion. Although a strong reduction was noticed, no
case became bacteria-free after the first appoint-
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ment, and seven teeth out of a total of 15 became
bacteria-free only after the fifth visit. Another
study from Orstavik et al. [159] performed the
mechanical shape of the root canals in 23 teeth
using irrigation only with physiological saline,
and concluded that only 13 cases became
bacteria-free. Both studies concluded that
although a significant bacterial load reduction
was noticed after mechanical preparation, the
results were clearly insufficient in reducing the
bacterial load to a desired level. Another study
from Siqueira et al. [160] performed an in vitro
assessment on the efficacy of several instrumen-
tation techniques with different regimens in
reducing the intracanal bacterial load. After hav-
ing the root canals inoculated with Enterococcus
faecalis, they were shaped by using one of two
mechanized methodologies and one of four root
canal irrigation protocols. The four experimental
groups were able to provide a bacterial load
decrease between 78.4% (2.5% sodium hypo-
chlorite with citric acid) and 60.3% (2.5% sodium
hypochlorite alone) of the original microbial
count. As for the control group with instrumenta-
tion assisted with saline solution irrigation, the
mean bacterial reduction was 38.3%. The authors
concluded that all groups reached significantly
higher reductions of the microbial load when
compared to the saline solution group. Therefore,
the combination of mechanical instrumentation
with root canal irrigation appears to be the most
reliable method to guarantee effective root canal
disinfection.

Theoretically, root canal instrumentation with
large-tapered instruments would be able to clean
more effectively a less tapered root canal.
However, due to the complexity of the root canal
system morphology, which presents fins, inner
surface irregularities, isthmuses, transversal
anastomoses or oval canal shapes, the concept of
larger tapers has been proved as not having the
expected practical relevance with several studies
showing similar results in root canal cleanliness
when comparing smaller with larger tapers [142,
161-163].

The percentage of untouched inner root canal
area after mechanical instrumentation may be as
high as 40-55%, according to micro-CT analysis

[11, 164]. A minimally invasive treatment should
aim to reduce the amount of untouched inner area
not by increasing the instrumentation taper but by
using complementary cleaning methods, avoiding
unnecessary dentin removal from the middle and
coronal portions of the root canal, which ulti-
mately may lead to a lower resistance to root frac-
ture [10]. A recent study has also demonstrated
that using modern activation devices may guaran-
tee optimal canal cleanliness in the middle and
coronal thirds, even in root canals with a minimal
preparation size of 0.20/taper 0.04 [142], but it
must be underlined that an increase in the apical
diameter of preparation is still needed to obtain
cleaner canals in the apical third [59].

Thus, a root canal instrumentation procedure
reaching an adequate diameter of apical enlarge-
ment while maintaining a reduced taper or a lim-
ited maximum coronal file diameter seems to
best follow the tendency of modern endodontics,
which aims to find a balance between a mini-
mally invasive intervention to minimize unneces-
sary dental structure removal and the need to
reach biological and microbiological objectives
in cleaning the root canal space.

4,7 Concluding Remarks

In summary, the era of minimally invasive end-
odontics is yet in its first childhood depending on
more consistent scientific support and improved
technology to become a standard affordable class
of treatment.

The rationale of this chapter follows from the
fact that the current concerns around the so-called
minimally invasive endodontics is indeed a pur-
suit for optimal balance between what should be
taken and what should be preserved. In order
words, a matter of size. The rationale is that,
while an overall smaller size root canal treatment
(from the crown to the apex) may better preserve
the important PCD tissue and thus improve the
long-term retention of the tooth, it may compro-
mise proper disinfection, cleanliness and filling
of the root canal space and thus compromise the
healing process in infected cases. On the other
hand, over-accessed and over-prepared root
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canals may not only render disinfection, cleanli-
ness (especially in the coronal and mid-root areas
where the majority of bacteria biofilm is present)
and filling easier and more effective procedures
but also increase teeth predisposition to VRF by a
significant reduction of root structure.

Sooner or later, minimally invasive techniques
and instruments will be better supported by the
rigour of the scientific method. Nevertheless, in
the meantime, caution with this topic is very nec-
essary, as common-sense logic would lead to
biased ways of thinking that superficial technical
approaches such as “ninja accesses” or ‘“non-
shaped canals” can improve the long-term reten-
tion of teeth.

In its current status, minimally invasive end-
odontics is a bunch of very technically sensitive
approaches strictly and fundamentally based on
the operator’s skills and experience. In this sce-
nario, the operative microscope is restated as the
backbone of contemporary endodontic practice,
which is a strong positive aspect of this discus-
sion. However, there is an important educational
cost involved with minimally invasive endodon-
tics that needs to be taken into consideration;
therefore, it is key to scientifically test and define
how operative procedures can indeed be mean-
ingful in the improvement of the long-term reten-
tion of teeth.
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