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It is with great pleasure that I responded to the re-
quest by Dr. Pontius to write the foreword to this
new and groundbreaking textbook.

I met Dr. Pontius after he completed his specialty
program in endodontics with Prof. H. Schilder at
Boston University, USA. Since then, we have stayed
in touch and I have been able to follow his extraordi-
nary journey in clinical endodontics. I can attest to
the fact that not only is Dr. Pontius a great clinician
with solid expertise in the different areas of his spe-
cialty, but also a professional with sound academic
knowledge, as accredited by his Diplomate degree
from the American Board of Endodontics. He was
therefore the right person to undertake the difficult
and demanding task of publishing a new endodontic
textbook.

I found this book to be a very useful addition to
the existing endodontic literature. More than 30 well-
known authors and contributors have been selected
and have collaborated in this new work. The book is
divided into six sections — the science of endodon-
tics, diagnosis, advances in materials and techno-
logy, the practice of endodontics, prognosis, and
interdisciplinary endodontics — which set the tone
and objective of the work. Indeed, thought needs to
be given to each step in the decision-making process,
supported by in-depth knowledge of the physio-
pathology and etiology of the different pulp and
periapical states, in order to undertake a treatment
with predictable and reproducible results. Accord-
ingly, great importance has been afforded to the
chapter on diagnosis and decision-making, which
allows the reader to benefit greatly from the guide-

lines given on the differential diagnoses of orofacial

pain. Factors involved in the outcome of root canal
treatment are discussed in depth, and particular at-
tention is given to irrigation and disinfection. All
aspects of endodontics are covered, including excel-
lent chapters on dental traumatology and root re-
sorption, and attention has been paid to very useful
but not sufficiently well-known procedures such as
intentional replantation and autotransplantation of
teeth. Additionally, and importantly, the latest scien-
tific and clinical advances on vital pulp therapy, re-
generation, NiTi instrumentation, and calcium sili-
cate hydraulic cements have been provided in
chapters written by the best-recognized experts in
their respective fields.

Since endodontics is the cornerstone of dentistry,
its relationship with other dental disciplines is dis-
cussed in detail. All the chapters in the interdisciplin-
ary section will be particularly useful to dental pro-
fessionals.

Dr. Pontius should be congratulated for the enor-
mous amount of time spent in the writing, design,
and preparation of this work, and all the contributing
authors should equally be congratulated for their ex-
cellent work.

Anyone interested in predictable endodontics
based on up-to-date research and sound clinical data

should consider reading this book.

Prof. Pierre Machtou, DDS, MS,
PhD, FICD

Paris City University, France



This book is dedicated with profound gratitude and
appreciation to my teacher and mentor, Dr. Herbert
Schilder, who raised the specialty of endodontics to
the highest level and taught us the major elements
for successful endodontic therapy: knowledge, skill,

and desire.
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This textbook was written to present the wide spec-
trum of modern thoughts on endodontics and its
interdisciplinary role in dentistry, with the aim of
sharing the ultimate goal of preserving the patient’s
natural dentition in a balanced state of form, func-
tion, and health.

Many of the chapters have been written by
world-leading international authorities in the differ-
ent fields of endodontics, thus demonstrating excep-
tional expertise through years of developed mastery,
critical thinking, and thoughtful evaluation of the
current literature base. The reader is provided with a
deeper understanding of endodontics, including the
important clinical considerations and technique nu-
ances required for daily practice.

The book highlights the importance of a thorough
examination and diagnostic process, leading to ap-

propriate case selection and treatment planning for a
successful result and outcome. It further demon-
strates the interrelationships of endodontics with
other fields in dentistry and medicine, and creates an
understanding that the referral of complex and chal-
lenging cases is beneficial for both the patient and
the referring doctor.

There should be one standard of care: the special-
ist standard. Providing the best quality of care should

be a leading principle of our treatment.

Oliver Pontius,
Dr med dent, DDS, MSD
Bad Homburg, Germany

Vii



‘T have seen that in any great undertaking it is not

enough for a man to depend simply on himself.”

Lone Man, Teton Sioux

Native American Wisdom

In chronological order, I would like to gratefully

thank:

e My wife, Neshat, who gave me so much support
living abroad for a three-year postgraduate
specialty training in endodontics at Boston Uni-
versity, USA, and throughout my professional
career.

e Dr. Joachim Schulz-Bongert, who taught me the
restorative treatment concept, precision, and
leadership.

e Prof. Dr. Joerg Strub, who has given me so much
support throughout my academic career and all
my professional life, and has been a mentor and a
friend.

e Prof. Dr. Pierre Machtou, for his friendship and
tremendous support throughout all phases of this
book project.

e Dr. Edith Hernichel-Gorbach for treating many
shared patients in line with the specialist team
approach.

e Prof. Dr. Benjamin Briseno, for his help in proof-

reading the manuscript of some of my chapters.
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o My daughter, Valerie, for her advices, and contri-
butions to the English translation.

e Dr. Natalja Verina, for sharing some of her beau-
tiful images of dental root anatomy for the book
cover.

e Prof. Dr. Baumhoer, for contributing some of his
histologic slides.

e Prof. Dr. med. Torsten Hansen and Prof. (h.c.
Univ. Herat) Dr. med. Stephan Falk, for sharing
some of their histologic slides.

o Mr. Cumhur Yoriik for his graphic design of the
figures demonstrating fiber post removal.

e Dr. Holm Reuver for sharing pictures of his
diaphanization technique demonstrating the
complexity of the internal anatomy of teeth
(www.transparentmacher.de).

o Mr. Christian Haase and Mrs. Anita Hattenbach
from Quintessence Publishing for all her support
as well as the entire publishing team for their ex-

cellent work.

Last but not least, I thank my co-authors, friends and
colleagues for their valuable contributions, for all
their time and effort, and for sharing their knowledge
and expertise. Without their support, this book
would never have been realized. And finally, my staff,
in supporting me to practice endodontics in a bou-

tique office striving for excellence in patient care.
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THE SCIENCE OF
ENDODONTICS



1

Keeping the pulp alive
with pulp capping and
pulp chamber pulpotomy



1.1 Introduction

The dentin—pulp complex is now known to be cap-
able of self-repair, including regenerating mineralized
tissue. This regenerative ability is the basis of minim-
ally invasive endodontic treatment approaches aimed
at protecting the vital pulp, provoking reactionary
dentinogenesis, and stimulating revascularization of
a damaged root canal.! However, development of
these novel treatments still faces significant challeng-
es, chief among them being the highly specialized
composition of the dental pulp, its enclosure in a min-
eralized shell, and its limited blood supply.

The primary aim of pulp capping is to protect the
underlying pulp tissue from external stresses, espe-
cially bacteria, meaning that the quality of the filling
and its seal are critical. This became clear in the
1990s, when, at first, direct pulp caps with adhesive
seemed to deliver good results.2 However, over lon-
ger time frames (as little as a few months), loss of
integrity of the seal and subsequent infiltration by
bacteria led to acute inflammatory responses or to
low-level pulpal necrosis.3 For example, for many
years, calcium hydroxide was used as a pulp-capping
material, either undiluted or combined with resins.4

One of the best-known products of this type is
Bensheim, Germany).

Dycal (Dentsply Sirona,

Though applying calcium hydroxide directly to the
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pulp produces a mineral barrier, the barrier is neither
uniform nor bonded to the dentin wall, so the seal is
not permanent® (Fig 1-1). Moreover, Dycal and simi-
lar calcium hydroxide products tend to dissolve over
time, so that even after a matter of months, the clin-
ical situation may be no better than if treatment
without capping material had been performed.
These disappointing outcomes necessitated a para-
digm shift in which complete closure of the wound
with a long-term seal was viewed as being essential.

To achieve this, biocompatible materials with bioac-

tive properties were developed with the explicit goal

of inducing dentin-bridge formation.
An ideal capping material has the following three
properties:®

1. It creates an impervious seal of the dental cavity
that protects the pulp in the first few weeks be-
fore the dentin bridge, a mineralized barrier, is
formed in situ.

2. It triggers the biologic responses necessary for
forming the dentin bridge between the pulp and
the capping material itself.

3. It meets all safety and biocompatibility criteria.

Pulp exposure leads to damage of the odontoblast
layer. Because these cells are the only dentin-produc-
ing cells, it is necessary to induce the growth of

neo-odontoblasts to generate a mineralized barrier.

Fig1-1aand b The pulp healing process and bridge formation depends on the type of material used for direct pulp capping. Maxillary
first molars in mice treated by pulp exposure after drilling with a sterile bur. Histologic slice stained with Hematoxylin and eosin - 7 pm.
7 days posttreatment, capping with Dycal. The mineralized bridge is not regular but made of globular mineralized tissue (a). 7 days
posttreatment, capping with pure Hydrogel. The high level of inflammation is the proof of inefficiency of this material for pulp cap-
ping (b).



Since these highly differentiated cells are post-mitot-
ic (that is, no longer proliferative), the healing pro-
cess also involves regenerative processes.’

In a reparative process, progenitor cells are re-
cruited to the wound site by chemotaxis.? Upon con-
tact with an appropriate tissue matrix, these cells
differentiate into dentin-secreting cells and become
activated. Thus, an ideal biomaterial should enable
chemotaxis, stimulation of differentiation, and acti-
vation of dentin synthesis, as stipulated in the sec-
ond-listed property above.

Dentin is a partially mineralized tissue whose or-
ganic phase consists of a matrix of collagen I en-
riched with non-collagen matrix proteins.® These
proteins are initially secreted by the odontoblasts
and then “fossilized” during the mineralization pro-
cess. The matrix proteins include a large number of
growth factors such as transforming growth factor
beta (TGF-B), vascular endothelial growth factor
(VEGF), and adrenomedullin (ADM). Any biologic
(carious) or therapeutic (etching) process that demin-
eralizes dentin will release these growth factors from
the matrix.19 While most of the released growth fac-
tors will likely disappear into the saliva, some will
diffuse through the dentinal tubules and reach the
dental pulp to exert an effect.

Another way to stimulate the release of growth
factors from dentin is to use a biomaterial that trig-
gers partial, but fairly controlled, demineralization
when in contact with dentin. Dentin matrix proteins
can be released from dentin by exposure of the den-
tin to calcium hydroxide,!! mineral trioxide aggre-
gate (MTA)!2 or any etching substance used during
bonding.13 Dentin matrix proteins boost chemotaxis,
angiogenesis,'8 and differentiation of progenitor cells
into dentinogenic cells.1* Unfortunately, currently
there are no viable therapeutic options that can make
use of the properties of these proteins.

Odontoblasts are best known for their role in pro-
ducing dentin, secreting it, and mineralizing it during
primary and secondary dentinogenesis.!> When a
caries lesion occurs, quiescent odontoblasts can be
reactivated to synthesize tertiary dentin, known as

reactionary dentin (reviewed in Simon et all0).

1.2 Pulp inflammation and healing

While the secretion activity of odontoblasts is
their best understood function, these cells have two
other special roles:

1. They act as sentinels, mediated by the toll-like
receptors (TLRs) on their plasma membranes,
which recognize bacteria toxins and signal their
presence to the underlying connective tissue.1°

2. They have the capability of mechanosensation ow-

ing to the presence of cilia on their cell surface.l”

Thus, odontoblasts act as a protective barrier for the
pulp by detecting and fending off aggressors, and
producing a signal to call in resident immune cells. In
other words, odontoblasts can sense and transmit in-
formation about the environment to the underlying
tissue. Odontoblasts are also especially sensitive to

growth factors and other biostimulators.

Pulp inflammation, or pulpitis, is associated with pain
caused by damaged or necrotic pulp tissue. In dentis-
try, inflammation has a strong negative connotation.
Pain relief requires removal of the inflamed tissue by
using a surgical procedure that is often quite invasive.
The invasiveness is necessary to determine the extent
of the disease, which can be difficult to assess; conse-
quently, most cases end in a complete pulpectomy
and root canal treatment. However, acute inflamma-
tion is also a normal physiologic process with benefi-
cial effects. Inflammation is a step toward tissue heal-
ing, by helping to rid the wound of bacteria and by
eliciting the secretion of a variety of substances (cy-
tokines) that aid in healing and regeneration.18
Endodontists refer to pulpal inflammation as be-
ing either “reversible” or “irreversible” Reversible in-
flammation refers to an inflammatory process that is
controlled well enough so that it can be halted and
then redirected to aid in healing. In contrast, irre-
versible inflammation is too advanced to be con-
trolled. But this term is defined by relatively basic
diagnostic elements (for instance, type of pain, per-

sistence), which are poorly related to the actual his-
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Fig 1-2 Maxillary first molar of a
minipig, drilled up to the pulp
exposure. The pulp is then left
exposed to the oral cavity for

7 days. The histology shows that
even if the pulp is exposed to an
aggressive environment, the in-
flammation defense remains a
progressive process. The closer
the tissue is to the aggression,
the more the disease is deleteri-
ous. On the same tissue, four
levels of pulp defense are pre-
sent - mineralization like pulp
stones (soft aggression), light
inflammation, severe inflamma-
tion, and a necrosis layer.

to- or physiopathologic status of the tissue. This lack
of correlation has been known for years!® and has
been confirmed multiple times.20 Some studies have
investigated markers of pulp inflammation and their
potential use in diagnosis or treatment (see Zanini
et al?!); however, their clinical application awaits ro-
bust investigation.

Without more biologic indicators, practitioners
must make a pulpal diagnosis with what is available
now: namely, the patient’s tooth anamnesis to define
the level of pain, and thermal and electrical tests,
whose reliability is still suboptimal. Further clues can
be obtained by observation such as the amount of
hemostasis needed at the time of pulp exposure, and/
or partial pulpectomy, which can be used as a crude
clinical marker, since inflammation is associated with
hypervascularization and, therefore, potential bleed-
ing. However, the same bleeding may arise when vas-
cular tissue is cut. To distinguish the two possibilities,
the lesion can be packed with a damp cotton pellet
and pressure applied for 1 to 2min. This is enough
time to achieve hemostasis under physiologic condi-
tions. But if bleeding persists, it may be assumed that
some of the pulp is still inflamed, and partial removal

is necessary until healthy tissue is exposed.

Because of inter-patient and inter-practitioner
variability, these markers are not sufficiently reliable
to be able to generalize about the status of inflamed
pulp tissue. In other words, the methods for identifying
the presence of inflamed tissue in exposed pulp are
both arbitrary and inadequate. Despite the binary
choice of inflammation status (reversible or irrevers-
ible), histologic observations reveal a far more com-
plex histopathology, with areas of necrosis, irrevers-
ible

present in different layers of the same dentin—pulp

inflammation, and reversible inflammation
complex (Fig 1-2). Therefore, further research is ne-
cessary to identify specific biologic or clinical mark-
ers as accurate diagnostic tools and to improve long-
term outcomes. This is key because controlling
inflammation remains critical for the success of

pulp-capping therapies.

1.3

The topic of pulp disease classification has always

Pulp disease classification

been controversial. The main reason for the ongoing
discussion is the lack of relationship between bio-
logic status and clinical signs. Clinically, only the
pain reported by the patient and a few rudimentary



Table 1-1 Classifications for pulp inflammation.
Baume classification AAE classification

B1 Normal pulp

1.3 Pulp disease classification I

Wolters et al?2

Normal pulp

B2 Reversible pulpitis

Initial pulpitis

Mild pulpitis

Asymptomatic irreversible pulpitis

Moderate pulpitis

B3 Irreversible pulpitis with pain

Severe pulpitis

B4 Pulp necrosis

tests are available to assess the inflammatory status
of the pulp.

It is well known that the clinical symptoms do not
allow the clinician to conclude on the pulp inflamma-
tion status. Nevertheless, symptoms remain the more
accurate and reliable factor informing a clinical deci-
sion for treatment.

The most used classification for arriving at a con-
clusion about pulp health was the Baume one in the
1980s, where Baume classified pulp health into four
groups — B1, B2, B3, and B4. This classification was
used for many years, mainly in Europe, but has now
been abandoned.

The American Association of Endodontists classi-
fication remains the easier to use in clinics and is
very useful for deciding about treatment. The pulp
status is divided into four groups with the recom-
mended treatment:

e Normal and healthy pulp — no treatment need-
ed.

Reversible pulpitis — pulp vitality preservation.

Irreversible pulpitis — pulpectomy and root

canal treatment (or pulp chamber pulpotomy).

e Pulp necrosis — root canal treatment.

Even if this classification is clear and easy to under-
stand, every clinician knows that the dividing line
between reversible and irreversible pulpitis is not so
evident. That is why decision making for pulp cap-
ping versus root canal treatment is not immediately
evident.

Some authors proposed a revised classification of
pulp status as follows:22
e initial pulpitis;
e mild pulpitis;
e moderate pulpitis; and
°

severe pulpitis.

This classification is definitely more relevant in terms
of inflammatory pulp disease evaluation and could be
a true help for making the decision between pulp vi-
tality preservation, pulp chamber pulpotomy or root
canal treatment. Unfortunately, it remains clinically
unusable as, to date, there is no diagnostic tool spe-
cific enough to allow the clinician to categorize the
inflammation status into the four groups.

While no new diagnostic tools are available, the
AAE classification remains the only one to be used in

everyday practice (Table 1-1).
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Fig 1-3 The MAP System is a dedicated material carrier for
precise placement of capping material (among many other
indicated uses such as apexification, retrofilling, perforation
filling, etc).

MTA, first marketed under the brand name ProRoot
MTA (Dentsply Sirona), has become the material of
choice for pulp capping.®> MTA is a fine powder for-
mulated from medical Portland cement. Its main
constituent is tricalcium oxy silicate [Ca3O(SiO4)]
combined with the radiopaque substance bismuth
oxide. For application, MTA powder is mixed with
water immediately prior to use, placed on a glass
tray, and applied directly to the pulp using a dedi-
cated instrument, for instance, MAP System (PDSA,
Vevey, Switzerland) (Fig1-3). The MTA is placed
into direct contact with the pulp and lightly tapped
into the dentin wall — not packed - using a cotton
pellet or piece of thick paper. MTA takes over
4 hours to set; thus, it is necessary to avoid spraying
water to rinse the cavity, which would wash away
the material that has just been applied. If the restor-
ation protocol requires spraying with water, it is
recommended that this step be carried out before
applying the MTA.

The advantages of MTA as a biocompatible mater-
ial have been demonstrated in both in vitro and in

Keeping the pulp alive with pulp capping and pulp chamber pulpotomy

vivo studies as well as in head-to-head clinical trials
versus other materials.23 For example, the histologic
quality of the dentin bridges formed using MTA is
superior to that produced with calcium hydroxide.

Disadvantages of MTA are that it is difficult to
manipulate, and the presence of bismuth oxide may
cause dyschromia of the tooth. Manufacturers of
similar dental materials (hydraulic cements) have
tried to limit dyschromic effects produced by their
products by replacing bismuth oxide with zirconium
oxide. Another evolution of this material has been to
add calcium chloride (CaCl,) into the water to de-
crease the setting time from 4 hours to 10 minutes.

Despite these modifications, MTA remains diffi-
cult to manipulate. A new version of MTA ready to
be used is now available (NeoPUTTY; NuSmile, Ava-
lon, Houston, TX, USA) (Fig 1-4).

A pure tricalcium silicate-based material (Bioden-
tine; Septodont, Saint-Maur-des-Fossés, France) — ini-
tially developed as a dentin substitute for coronal fill-
ings — may also have potential in pulp capping.24
Among Biodentine’s noteworthy effects is its ability
to stimulate mineralization?> and cellular differentia-
tion. The usefulness of its applicability to pulp cap-
ping awaits clinical evaluation. In addition to their
sealing ability (to protect the pulp) and their biologic
activity (inflammation control), capping materials also
elicit the release of matrix proteins — including growth
factors and anti-inflammatory molecules - from the
dentin upon contact. This effect has been demonstrat-
ed for both calcium hydroxide!! and MTA.12

Investigating the application of these materials to
include the adjacent dentin walls — in cases where
preparation of the cavity has made the dentin thin-
ner — may be of value. In principle, the extracted ma-
trix proteins could travel via the dentinal tubules
(which are quite large at this depth) and help to heal
the pulp.26 This is where Biodentine may have real
potential, as it may be used to fill an entire coronal
cavity, unlike MTA. However, due to the mechanical
behavior of Biodentine, it needs to be coated with a
bonded composite to make the restoration more es-
thetically pleasing and to prevent the substitution

material from dissolving.
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Fig 1-4a to ¢ Mineral trioxide aggregate (MTA) new generation
(Zarc; Avalon). The radio opacifier is zirconium oxide, which
avoids any stain of the treated tooth. The powder is mixed with
a gel instead of pure water, enriched with calcium chloride.
Thanks to the gel, the manipulation of the mixed material
makes it easy to use and place very precisely up to the exposed
pulp. NeoMTA 2 (Zarc) to be mixed (powder + gel) (a and b).
NeoPUTTY (Zarc) ready to be used (c).

The objective is to cap the exposed pulp with appro-

priate biocompatible material. The following steps

can be used in most clinical situations (Figs 1-5

and 1-6):

1. Anesthetize the tooth. Use of a vasoconstrictor is
possible, but must be considered in light of later
treatment steps (particularly bleeding control;
see Steps 6 and 7).

2. Place the rubber dam and disinfect the tooth
area.

3. Remove the caries lesions and clean the cavity
with an excavator and ceramic burs under cool-
ing water. Remove the whole carious tissue be-
fore exposing the dental pulp.

4. Create a deep cavity to expose the pulp.

Control the bleeding by placing a cotton pellet
(moistened with sterile water) into the cavity,
and apply gentle pressure.

6. Remove the cotton pellet and check for hemosta-

sis. Do not use any other means to stop the

bleeding (ferric sulphate, laser, and so on). This is
important, because control of the hemorrhage is
currently the only reliable way to evaluate the
inflammation status of the pulp. If the pulp is not
inflamed, bleeding caused by the wound can be
stopped with gentle compression.

If the bleeding cannot be controlled (Step 6), then
the exposed pulp must be removed. Use a sterile
round bur (tungsten carbide) under copious water
to perform a partial pulpotomy. Then, repeat Step
6 to try to control the bleeding. Here, bleeding
control is necessary, but bear in mind it is a poor
clinical marker. Moreover, the use of a vasocon-
strictor for anesthesia may be contraindicated,
because a vasoconstrictor may result in good con-
trol of bleeding even when the pulp is inflamed.
The exposed pulp can be inflamed but not infect-
ed. Disinfect with a 2% chlorhexidine solution
left in the cavity for 2 to 3 minutes. Disinfection
using an Er:YAG laser may also be considered.
Sodium hypochlorite is also an option; such a
disinfection has been demonstrated to improve
the long-term success rate of pulp capping.
Place the capping material directly in contact

with the pulp by using a dedicated device (for
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Fig 1-5a to i Step-by-step pulp capping procedure on a mandibular molar of a 12-year-old boy. The patient complained of manage-
able pain. It was decided to keep the pulp alive and complete a pulp capping. Clinical view before treatment (a). Preoperative radio-
graph (b). After complete removal of the infected dentin, the cavity is cleaned and disinfected with 2% sodium hypochlorite (c). The
clinical view shows two sites of pulp exposure (d). The hemostasis is obtained with gentle compression with a cotton pellet for less
than 2 minutes (e). The MAP System is used to place the capping material (f) in direct contact with the pulp tissue. The pulp capping
is complete, and the cavity restored with bonded composite resin (g). Postoperative control (h). 14-month postoperative recall - the
pulp is still responsive to a cold test (i).

instance, MAP One; PDSA, Vevey, Switzerland)
but do not plug it.

10. Fill the cavity with the same material, for in-
stance, Biodentine. If the pulp is capped with
MTA, the bonded restoration can be performed

during the same session.

10

11.

12.

Take a postoperative radiograph and check the
occlusion.

Follow the patient for 1month, again at 6 to
12 months, and again at 4 years. Check the pulp
sensitivity with a cold test; a recall radiograph is
also recommended.
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Fig 1-6a to h Pulp capping on the maxillary incisors of a 19-year-old patient after a dental trauma. The patient was treated less
than 6 hours after coronal fracture. Preoperative radiograph (a). Clinical view (b). After cleaning the pulp wound, the MTA (ProRoot
MTA) is gently placed on the pulp tissue (c). Post capping control (d). Coronal fragments are bonded and fixed to the radicular part
with a flowable composite resin (e). 9-year recall postoperative radiograph (f). Because the ProRoot MTA is charged with bismuth
oxide as a radiopacifier, the tooth staining remains a problem (g). The discoloration is fixed with a polish of the tooth and a minimal-
ly invasive restoration with flowable bonded composite resin (h). The tooth still responds normally to cold and an electric pulp test.

1.5.2 Pulp chamber pulpotomy Follow Steps 1 to 6 of the pulp-capping procedure
above (Section 1.5.1) and then:

Pulp chamber pulpotomy is indicated when bleeding 1. Use a carbide bur with a low-speed handpiece
control of the exposed pulp site is not possible or and copious water cooling to remove the whole
when the inflammation status of the pulp is in doubt. coronal pulp from the pulp chamber.

In such cases, it is probably safer to perform a deep 2. Cut the pulp with a sharp and sterile excavator at

pulpotomy (Figs 1-7 and 1-8). the entrance of the root canal.

11
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Fig 1-7a to f Treatment of a mandibular molar of a 25-year-old patient with pulp chamber pulpotomy. The patient complained of
redundant pain. Pulp capping is contraindicated and it is decided to treat the tooth with pulp chamber pulpotomy. Preoperative
radiograph (a). Clinical view showing uncontrollable hemostasis (b). The whole pulp tissue of the pulp chamber is removed (c). After
cleaning the cavity with sodium hypochlorite, MTA Aggregate (NeoMTA 2) is placed into the cavity with an amalgam carrier (d and e).
Postoperative radiograph after completion of treatment (f).

Fig 1-8ato g Treatment by pulpotomy of a maxillary central incisor of a 14-year-old teenager after severe dental trauma. Preopera-
tive clinical views (a and b). Preoperative radiograph (c). The tooth fracture was very deep, and a gingivectomy was performed with
an Er:YAG laser (d). The pulp was capped with NeoMTA 2 and the tooth was restored by bonding the missing part of the crown (e).
Postoperative radiograph (f). At the 18-month recall, the tooth still responded normally to electric and cold tests (g). Because the right
incisor was not treated properly on time, pulp necrosis occurred a few months later. The root canal treatment was then completed.

12



3. Control the bleeding by applying gentle pressure
with a moist cotton pellet.

4. Cap the root canal pulp stump with capping ma-
terial (as described in Section 1.5.1, Step 9).

5. Fill the rest of the coronal cavity with the same
material (for instance, Biodentine) or with a
bonded composite resin.

6. Take a postoperative radiograph and check the
occlusion.

Recall the patient for short- and long-term fol-
low-ups. Note that in the case of a pulp chamber pul-

potomy, sensitivity tests are not reliable.

The extracellular matrix (ECM) of dentin contains a
variety of molecules involved in regulating dentino-
genesis. Several ECM proteins (expressed in recombi-
nant bacteria) have been studied for their capacity to
stimulate pulp regeneration.?’ For example, dentonin,
a synthetic peptide derived from matrix extracellular
phosphoglycoprotein (MEPE), and A+4 and A-4, two
splice products of the amelogenin gene, each induced
regeneration of a superficial pulp.28 Such studies are
helping to elucidate the biologic events that occur
during pulp capping and regeneration. However, fur-
ther investigations are necessary to confirm any ad-
vantages, as well as the safety, of such bioproducts

versus mineral hydraulic cements.

Recent developments in biomaterials for capping have
helped to stimulate interest in approaches to preserve
pulp vitality. As our understanding of pulp biology
continues to improve, the reasons behind certain
treatment failures are being clarified, and often they
are related to the state of inflammation of the pulp.
Clinically, it remains difficult to know exactly how

much pulp tissue deep within the chamber needs to be

1.9 References

removed to eliminate the risk of leaving behind any
inflamed tissue. Thus, taking additional pulp, short of
a complete pulpectomy, may be the best way to en-
sure that all the inflamed tissue has been eliminated.

Until recently, this treatment option was limited
to primary teeth or certain immature teeth. However,
going forward, pulp chamber pulpotomies might be-
come an endodontic therapeutic alternative to
pulpectomies and root canal treatment. In pulpoto-
mies, the entire tissue of the pulp chamber is re-
moved, and the radicular stumps are topped with a
capping material (Fig1-5). Several studies have
shown promising results,2%-33 but these must be bol-

stered by formal studies of efficacy and safety.

Eliminating bacterial infection of the tooth pulp is
the central challenge in endodontic healing and re-
generation. Pulp capping and pulp chamber pulpo-
tomy effectively prevent bacterial penetration and
colonization by simply placing a biocompatible bar-
rier material in direct contact with the pulp con-
nective tissue. This material seals off the wound in
a matter of minutes or hours and creates a double
protective layer over the pulp tissue. Thus, partial-
and full-chamber pulpotomies, followed by pulp cap-
ping, must be considered as minimally invasive
endodontic treatments. Furthermore, new methods
for coronal restoration with bonded composite res-
ins, or bonded prosthetic restorations, will lessen the
need for root canal procedures as a treatment option,

at least for restorative reasons.
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Cleaning and shaping the
root canal system



The need for some manner of root canal preparation
prior to root canal filling has long been recognized as
an essential step in endodontic treatment. Concepts
concerning the role and purpose of this canal prepar-
ation, however, have differed remarkably at different
times in the development of endodontics and in the
hands of different practitioners and teachers.

Initially, root canals were manipulated primarily
to allow placement of intracanal medicaments, with
little attempt made to completely remove the organic
contents of the root canal system. In time, the con-
cept of modifying root canal preparations to facilitate
the placement of root canal filling became part of ac-
cepted endodontic practice. However, the methods
employed for these procedures remained, for the
most part, unrelated both to the true anatomy of root
canal systems and to the physical nature of the ma-
terials with which the root canals were presumed to
be filled. For many decades, the concepts for root
canal preparation remained empirical, and essential-
ly ignored the physical and biologic requirements for
endodontic success.

Over the years, canal preparation has been de-
scribed by a variety of names, including “enlarge-
ment,” “mechanical preparation,” and “instrumenta-
tion” These descriptions are not precise, because the
root canals are not simply “enlarged” or “instrument-
ed;” nor is the goal of “preparation” to reproduce in
the canal the shape of the instrument being used. In
modern endodontics, which emphasizes the related
biologic and anatomical problems, “cleaning” and
“shaping” are more correct terms.!

Schilder introduced these terms to the endodontic
vocabulary in 1974. Since then, they have been uni-
versally used to indicate the principal goals of canal
preparation.

To achieve predictable success in endodontic
practice, root canal systems must be cleaned and
shaped, cleaned of their organic remnants, and
shaped to receive a three-dimensional hermetic fill-
ing of the entire root canal space. When “preparing”

a root canal system, it is, in fact, cleaned of all inor-
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ganic debris, organic substrates, and microorgan-
isms, and it is shaped to facilitate the placement of a
permanent three-dimensional filling. The two pro-
cedures of cleaning and shaping are intimately relat-
ed, both conceptually and mechanically-temporally.
When one of the two is performed well, the other
will also be correctly performed: shaping facilitates
cleaning!

In preparing the root canals, one must ensure that
no trace of organic or inorganic material, which
could contribute to the growth of bacteria or gener-
ate products of tissue decomposition, is left in the
root canal system, and that any microorganisms that
might be present are removed or destroyed. At the
same time, one must plan and prepare within each
root canal the cavity form or shape that is appropri-
ate for the simplest and most effective three-dimen-
sional obturation:! shaping facilitates obturation! If
the root canal is shaped well, every clinician could
compact the gutta-percha in root canals in three di-
mensions.2

It is important to appreciate that files produce
shape, but it is essential to understand that irrigants
clean a root canal system.

Since shaping facilitates cleaning and cleaning is
completed after a complete shaping is achieved -
shaping allows a deeper and more apical penetra-
tion of the irrigating solutions, and a deeper and
more complete dissolution of the existing organic
material — today it is preferred to speak in terms of
“shaping” first and “cleaning” later. Furthermore,
taking into consideration the results obtained with
the new rotary nickel titanium (NiTi) instruments,
which allow the clinician to ideally shape relatively
easy root canals sometimes in just a few minutes,
while the cleaning of the same system needs much
more time, today it is considered more appropriate
to speak in terms of “shaping and cleaning,” since in
chronological order the root canal system is first
shaped and then later becomes adequately cleaned,
if irrigation protocols are followed. Nevertheless,
for practical reasons, in this chapter we will keep
the old sequence, describing the cleaning principles

first and the shaping objectives later.



A controversial issue in endodontics is: Is it pos-
sible to thoroughly clean the root canal system? Some
dentists think it is impossible, and in order to be as
close as possible to the ideal result, it is necessary to
enlarge the root canal with large-size instruments, as
a deeper cleaning is only obtainable with more en-
largement. Many dentists, on the other hand, correct-
ly believe that it is possible to clean into all aspects of
the root canal anatomy.? This is obviously not just
with files, which can only take care of the negotiable
part, but mainly with irrigants, which can take care of
the unnegotiable and inaccessible aspects of the root
canal system: isthmus, resorptions, lateral canals, bi-
fidities, fins, and so on. As already stated, one concept
must be clear: files shape and irrigants clean, and this
is demonstrated by many accredited studies.>* Now,
the question is: How do we know when a root canal
is totally cleaned? The answer is: When the apical for-
amen has been enlarged to a minimum size of 0.25
and the taper developed is between 0.05 and 0.06.
Numerous studies have demonstrated that there is no
need to develop a bigger taper® or to over-enlarge the
root canal.”8 It is well established that, being “minim-
ally invasive,” we can obtain the same results and at
the same time save a lot of tooth structure.

The old axiom that what comes out is as import-
ant as what goes into the canal is not intended to
minimize the importance of three-dimensional obtu-
ration of the root canal system and, on the other
hand, it is true that complete root canal filling cannot
be achieved unless the canals have been properly

cleaned and prepared to receive the filling material.

The purpose of cleaning is to remove all intracanal
material, whether of pulpal origin, vital or necrotic,

or microorganisms, from the root canal system.

In sufficiently wide and straight canals, broaches are
recommended to withdraw the pulp tissue all in one
piece. Broaches are very delicate instruments that

fracture very easily. They are designed only to hook
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and twist the pulp filament around itself in order to
extract the pulp from the root canal. Used properly
and safely, the instruments should never come into
contact with the canal walls; therefore, they should
never be used in narrow or calcified canals or around
canal curvature.

Today, the removal of vital pulp tissue is enor-
mously facilitated by the use of NiTi instruments,
like PathFile or ProGlider (Dentsply Sirona, Bens-
heim, Germany; Fig 12-1).° It is almost an everyday
experience in treating vital cases that the pulp is en-

tirely removed with the first or second rotary file.

Pulp tissue that is necrotic or in an advanced state of
degeneration cannot be removed with a broach. This
is obviously even truer where microorganisms are
concerned.

The removal of this material is achieved by using
irrigating solutions and the mechanical action of the

endodontic instruments.

Irrigating solutions

The root canal instruments must never be used in dry

canals, but should always be completely immersed in

irrigating solutions that completely fill the root canal
and the pulp chamber.

Irrigating solutions for endodontic use must meet
precise requirements. They must:

e be able to digest proteins and dissolve necrotic
tissue;

e have a low surface tension to reach the apical del-
ta and all the areas that cannot be reached by the
instruments;
have germicidal and antibacterial properties;
be non-toxic and non-irritating to the periapical
tissues;
keep the dentinal debris in suspension;
lubricate the canal instruments;
prevent discoloration of the tooth - indeed, they
should bleach the tooth;
be relatively harmless to the patient and dentist;

be readily available and inexpensive.
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Fig12-1atof Several examples of the total removal of the pulp tissue during the utilization of rotary NiTi PathFiles in the prelimi-
nary enlargement of the glide path.

In 1915, Dakin!0 reported the use of 0.5% sodium
hypochlorite for the irrigation of wounds sustained
by soldiers in the First World War. Taylor and Aus-
tin!! tested the solvent activity of Dakin’s solution
in vitro and in vivo in non-vital tissues. In 1936,
Walker!? found that a solution of 3% sodium hypo-
chlorite and sodium chloride was a good solvent for
organic substances. He was the first to recommend
its clinical use as a root canal irrigant. In 1941,
Grossman and Meiman!3 demonstrated in vitro the
solvent activity of this solution on a pulp that had
just been extracted. In the same year, Grossman
recommended irrigation with alternating solutions
of NaOCI and 3% hydrogen peroxide. Finally, in
1954, Lewis!4 suggested Clorox (5.25% commercial
bleach) as a source of sodium hypochlorite for
endodontic use.
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Chelating agents

The use of chelating solutions in endodontic proced-
ures is suggested by the capacity of these substances
to combine chemically with the calcium ion (Ca?*) and
thus, possibly, soften the dentin. The substance most
commonly used for this purpose is ethylenediamine-
tetraacetic acid (EDTA), which, on combining with
Ca?*, causes the hydroxyapatite crystals to transform
into the calcium salt of ethylenediaminetetraacetate.

EDTA was introduced in endodontics for the first
time by Nygaard-Ostbyl®> in 1957 to facilitate the
preparation of the root canals, particularly in the
case of narrow, calcified canals.

Stewart et al'® found that, in combination with
urea peroxide, EDTA very effectively removes debris
within the canal, owing to its bubbling action, and
improves the cutting capacity of canal instruments.



Chelating agents are used in endodontics for sev-
eral purposes such as lubrication, emulsification, and
flotation. They are available in either a viscous sus-

pension or an aqueous solution.

In the syringe-cannula classic irrigation method, ir-
rigants are delivered deeply into the canal space
using positive pressure irrigation through a cannula
connected to a syringe via applying finger pressure
on the syringe plunger, which pushes the irrigant
solution through the cannula into the canal space by
directly injecting the solution. Originally, open-end-
ed cannulas were used, with a high risk of extrusion
periapically, resulting in tissue damage and postoper-
ative pain. This is the reason why most clinicians of-
ten avoid a closer approach to the working length
while irrigating with NaOCI solution, and, conse-
quently, a large amount of debris remains clogged in
the irregularities of the root canal system and does
not efficiently deliver the irrigant solution into the
apical one-third of the canal.l”

Furthermore, due to the interaction between the
air bubbles caused by the irrigation distribution (posi-
tive pressure) and the gas production created by the
chemical reaction of NaOCl with organic tissue, an
“apical vapor lock” will act as an embolism and will
block the irrigant from reaching the apical one-third.

The only method capable of removing the air bub-
ble, allowing a continuous exchange of irrigants
throughout the entire length of the root canal and
eliminating completely any risk of extrusion, is the
apical negative pressure irrigation method, intro-
duced by Dr John Schoeffel in 2007 and called Endo-
Vac.1®8 With this system, the irrigants circulate
through the canal by creating a negative apical pres-
sure in the working length and generate a rapid api-
cal-oriented fluid stream that allows the use of a
greater volume of the solution compared with the
conventional irrigation, and a perfect control of the
apical extrusion. However, EndoVac had some design

drawbacks that limited its clinical practice use: The
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Fig 12-2 Schematic representation of the new method to acti-
vate the irrigating solutions: apical negative pressure and con-
comitant ultrasonic activation.

12 microports of the microcannula were too narrow
and frequently remained clogged due to dental pulp
fragments and dentin debris.

A method of potentiating the action of irrigants is
by using ultrasonics to activate them.

The iVac system (PacDent, Brea, CA, USA)
(Fig 12-2) brings a completely new approach to ad-
dress some of the limitations of the irrigation/acti-
vation systems previously described. The method
continuously delivers the irrigant to the entire
working length without any apical pressure, along-
side concomitant ultrasonic activation and a safe
evacuation via negative pressure. The iVac system
consists of a non-tapered 0.35- or 0.50-mm diameter
polymer cannula self-threaded to a piezo ultrasonic
connector. The connector is coupled to a piezoelec-
tric ultrasonic handpiece, providing vibrations to
the iVac cannula and delivering concomitant irriga-
tion from the reservoir. The connector has a “wa-
ter-port” that provides continuous flow of irrigant to
the pulp chamber and root canal. The vibration helps
to carry the irrigant throughout the canal extension,
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alongside the external cannula surface, and be recol-
lected via the apical opening. The irrigant follows
the external surface of the ultrasonically activated
polymer cannula, reaches the working length, and is
then aspirated via the apical opening, while the
other end of the cannula is connected to the evacu-
ation tubing, creating apical negative pressure.l”

The iVac system features continuous flush irriga-
tion, providing an uninterrupted supply of fresh
solution during the procedure and achieving better
results in removing debris from the apical third. The
iVac cannula provides the same level of ultrasonic
vibration as the metal tip used in passive ultrasonic
irrigation (PUI). However, the cannula is much more
flexible and does not break during use. In addition,
metallic inserts for PUI are usually designed using a
K-file as a base, resulting in unintentional dentin
removal.

In conclusion, the iVac system represents the
state-of-the-art method for delivering irrigating solu-
tion in the root canal system:

e apical negative pressure;

e ultrasonic activation of the irrigants;

e continuous flow of irrigants to the entire working
length;

e® no risk of extrusion.

On account of the activity of the irrigating solutions
and endodontic instruments, the fragments of pulp
tissue, the microorganisms and their toxins, and all
the infected material that may be contained within
are removed from the root canal system during the
cleaning procedure. Simultaneously, the instruments
give the canal such a shape that the space obtained
within may then be easily filled three-dimensionally.

In the same way that Black,!? at the beginning of
the last century, described the principles that regu-
late the preparation of the various cavities in restora-
tive dentistry, Schilder,! in 1974, listed the “mechan-
ical” and “biologic” objectives of the shaping of the
root canal to receive the warm gutta-percha obtura-

tion. However, clinicians must always try to be as
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minimally invasive as possible so as to save as much
tooth structure as possible in order not to weaken the

root and not to predispose it to fracture.

A continuously tapering preparation
The canal must be uniformly and progressively coni-
cal or in the shape of a truncated cone, without ledges
on its walls, with the thinnest section of the cone pos-
itioned apically and the widest coronally (Fig 12-3a).

The truncated cone shape permits more thorough
cleaning, better contact between the endodontic in-
struments and dentinal walls, better removal of all
the pulp debris, and better penetration of the irrigat-
ing solutions. The truncated cone, therefore, increas-
es the probability of obturating the important lateral
canals.? The conicity of the canal allows the endo-
dontic instruments to reach the critical area of the
apical third to perform an adequate preparation and
obturation.!

Finally, it must be noticed that this objective, like
all the others, was described by Schilder in 1974,
when only hand instruments were used. Today, using
the NiTi rotary or reciprocating files, the final shape
is much more conservative, since the instruments are
specifically designed to remove less dentin in the cor-
onal portion of the root canals in order to be minim-
ally invasive. Consequently, the continuously taper-
ing preparation is only, or is mainly, present where it
is needed, which is the apical one-third, and the
mechanical objective is still respected (Fig 12-3b).

Cross-sectional diameters diminish in a
coronoapical direction

In other words, each cross-sectional diameter is small-
er than the one immediately more coronal and greater
than the one immediately more apical (Fig 12-4).

The concept of cross-sectional diameters has an
important practical implication that becomes evident
on obturation of the canal. The gutta-percha cone will
be chosen, measured, and positioned slightly shorter
than the performed canal preparation (Fig 12-5a). The
diameter of the tip of the gutta-percha cone is there-

fore greater than the diameter of the more apical



12.3 Shaping

Fig 12-3aand b During the shaping of
the root canal (a), the dentin must be
removed (red in the illustration) in such a
way that the final shape of the apical
preparation is a truncated cone, with
continuous tapering and without

ledges (b). Note how today the conical
preparation is performed in a minimally
invasive manner and the taper is limited
to the most apical portion of the canal,
while the middle and coronal thirds re-
main almost cylindrical in section.

Fig 12-4aand b  The transverse diam-
eters of the apical tapering cone prepar-
ation diminish in a coronoapical direc-
tion (a). Note that in the coronal portion,
the diameters remain about the same
and the preparation is more or less cylin-
drical, to be minimally invasive and to
save dentin (b).
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Fig 12-5a and b  The gutta-percha cone
to obturate the root canal must be slight-
ly shorter than the canal preparation (a).
During compaction, the cone will move
apically, and its tip will be engaged
through zones of progressively decreas-
ing diameters. This forces the cone to
deform, and this deformation assures a
tight apical seal and good control of the
material (b).
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Fig 12-6

small portion of the root canal. When the gutta-
percha cone is heated and compacted, thanks to a
vertical push, it moves apically and fills those empty
apical portions (Fig 12-5b). To do this, it must deform
to pass through progressively smaller sections. This
deformation assures better adaptation of the gut-
ta-percha, which assumes the shape of the canal, a
better seal of the obturation, and better apical control

of the material

Conicity must exist in multiple planes and
give a sense of flow
The tapering conical preparation must not exist
only in two planes but in all planes of the space. The
apical part of the root canal must be conical both in
a mesiodistal plane (the sides of the tapering conical
form will be one mesial and one distal) and in a buc-
colingual plane (the sides of the tapering conical
form will be one buccal and one lingual or palatal).
Obviously, the first form can be appreciated on the
radiograph, while the second one only on the ex-
tracted tooth.

In a postoperative radiograph, the course of the

root canals should resemble that of a river seen from
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In postoperative radiographs, the course of the root canals should resemble that of a natural river course and not of a
human-made canal.

the altitude of an airplane; it should not have the ap-

pearance of a human-made canal (Fig 12-6).

Apical foramen should be preserved in its
original position and shape

Respect for the apical curvature of the canal also im-
plies respect for the foramen, which remains in its

original position and shape.

External transportation

This consists of transporting the apical foramen onto
the external surface of the root, either by the forma-
tion of an elliptical, teardrop foramen or by direct

perforation.

Teardrop foramen

A teardrop foramen is obtained when one uses
straight, non-precurved instruments in curved ca-
nals. All the instruments are flexible and elastic. As
one gradually passes from small instruments to lar-
ger ones, the instruments’ flexibility decreases, while
their elastic memory increases. Thus, the instruments
can be bent, but they have an increasing tendency to

return to their original, straight shape.



12.3 Shaping

Fig 12-7a to ¢ A small, straight file introduced into a curved canal deforms and follows the canal curvature (a). The elastic memory,
which is always greater in instruments of increasing size, tends to cause the instruments to straighten and to make them work par-
ticularly in the zones indicated by the arrows (b). This involves greater removal of dentin from the external zone of the curve in the
apical one-third and from the internal zone of the curve in the middle one-third (red in the illustration) (c).

Their action is therefore exerted only at the points
of the root canal where they make contact, rather than
on the entire canal circumference. This means that the
external side of the curve close to the apex and the
internal side of the curve in the intermediate portion
of the canal are instrumented excessively (Fig 12-7).

At the apex, the result of such instrumentation is
eccentric enlargement of the apical foramen, which
assumes an elliptical or teardrop shape (Fig 12-8). The
narrow part corresponds to the original foramen,
while the wider portion is where the larger instru-
ments have performed their work.

In the middle third, the thinning of the dentin can
be so marked as to lead to perforation or “stripping.”

The clinical consequences of the teardrop for-
amen depend both on the periodontal damage that
has been caused by the instruments and from the ir-
regular shape that has been given to the apical for-
amen. The foramen will be very difficult to seal and
will be the cause of the “inexplicable” gross extrusion
of obturating material, which, in these cases, includes
not only sealer, but also gutta-percha. Not only is the
foramen elliptical (much more difficult to seal) but,
most of all, the root canal has the shape of an hour-
glass in the last millimeters (Fig 12-9a). Apical con-
trol of the obturating material is not possible

(Fig 12-9b). Many authors are convinced that the ex-
truded gutta-percha is the only reason responsible
for the failure of these cases, and they speak in terms
of “foreign body reaction”20 Actually, the real reason
responsible for these failing cases is not the extruded

gutta-percha but rather the lack of apical seal.

i P

Fig 12-8 Schematic representation of a cross-section of the
root at the level of the apical foramen after cleaning and shap-
ing with straight, non-precurved instruments, showing the tear-
drop foramen. The original foramen is light blue; the dentin
removed by a non-precurved instrument, increasing in size, is
yellow, orange, and then red.
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Fig 12-9a and b The transparent tooth shows the hourglass shape of the apical one third, due to the teardrop foramen (a). SEM
image of a teardrop foramen with extrusion of obturating material (65x) (b).

Direct perforation

Direct perforation occurs when straight, large-size
hand instruments are used in curved canals. The in-
struments are forced into the canal and screwed
into the dentin in an attempt to cause the instru-
ment to emerge radiographically “at the apex”
(Fig12-10). To avoid this adverse outcome, one
should always begin the instrumentation with
small, precurved files. The instrument should adapt
itself to the anatomy of the canal, which must be
respected as much as possible, especially in the

most delicate zone, the apical one-third.

Internal transportation

This consists of transportation of the apical fora-
men within the root canal and can be performed
within the original canal or within the dentinal

walls.

Within the original canal

This occurs when one is working intentionally (at
the so-called cementodentinal junction?!) or inad-
vertently “short” without being concerned with
keeping patent the most apical portion of the canal
using the patency file. In this segment, collagenous
tissue, debris, and dentin mud accumulate easily,
blocking the canal as far as the apical foramen,
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which, therefore, is occluded (Fig 12-11). Working
arbitrarily short of the real terminus of the canal
(that is, the foramen) based on statistical averages,
and not keeping the foramen patent, encourages
the accumulation and retention of debris and den-
tin mud, which may result in apical blocks that
predispose the patient to the next type of trans-

portation: ledges, false paths, and perforations.’

Within the dentinal walls

In certain situations, the instrumentation may ter-
minate 2 to 3 mm, or more, short of the apex, after
having begun the canal instrumentation at 0.5 mm
from the apex, and having created an internal
transportation by blocking the canal with dentin
mud. In the attempt to re-establish the lost path,
one tries to advance in the canal with the last in-
strument used, screwing it into the dentin in the
conviction that one is removing the dentin mud
from the apex. In fact, one is creating a new path in
the “wrong” direction: One is making a “false canal”
or “ledge” (Fig 12-12).

Apical foramen kept as small as practical

The apical foramen must be kept as small as practical
to obtain a better seal and to prevent extrusion of the
gutta-percha filling.! In other words, the foramen
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Fig 12-10 Schematic representation of a
direct perforation. The straight, large-size
instrument has been forced within a
curved canal until it appeared radio-
graphically “at the apex.”
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Fig 12-11 Schematic representation of
an internal transportation. The last milli-
meters of the root canal are blocked by
dentin mud.
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Fig 12-12 Schematic representation of a
false canal (ledge). In the attempt to re-
open the original canal, which was
blocked by dentin mud, the instrument is
actually opening an artificial canal.

Fig 12-13a and b The apical foramina of these maxillary left molars have been enlarged to receive a no. 25 K-type file (a). The ap-
ical foramen of this maxillary left central incisor has been cleaned only with irrigating solutions, without any enlargement (b).

should be enlarged to a size that will allow deep

penetration of irrigants and deep penetration of ob-

turating materials and instruments.

The apical foramen of a narrow canal will have to
be enlarged to at least the size that corresponds to a
no. 25 ISO file (Fig 12-13a), while the apical foramen
of an already-wide canal will only have to be cleaned,

12.3.2 Biologic objectives

Since lesions of endodontic origin are caused by the

presence of infected material within the root canal
system, the earlier it is removed, the sooner the heal-
ing process will begin.

The extraction of a tooth with periradicular path-

without any enlargement: It should remain the same  ology leads to a successful outcome and healing of

original shape and size (Fig 12-13b). the lesion by the simple fact that, together with the
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tooth, the infected contents of its canal system have

also been extracted.

The same degree of healing may be obtained by
accurately removing the pulp debris and the micro-
organisms, naturally without extracting the tooth.

This is obtained during the very important phase
of cleaning and shaping, which has to be performed
with respect to the abovementioned mechanical ob-
jectives and the following biologic objectives:!

1. Limit the instrumentation to within the root
canal. The endodontic instruments must not be
introduced beyond the foramen, to avoid damag-
ing the periodontium and important nearby
structures (for example, maxillary sinus, nasal
floor, mandibular canal, mental nerve). To pre-
vent such injury, it is necessary to accurately
check the working length of the instruments by
using electronic apex locators, paper points, and
by radiographic means as well as to pay attention
to correct positioning of the rubber stops of the
various instruments.

2. An exception to this rule is the use of the “patency
file the small file used to check that the foramen
is patent and not blocked. Patency is an extremely
important concept in endodontics and can make
the difference between success and failure.

3. Do not force necrotic material beyond the for-
amen. Careful use of the hand instruments with-
in the root canal, in such a way that they are
made to work only on withdrawal (and do not
exert a piston-like action), will avoid pushing in-
fected material beyond the apex.

4. On the other hand, inadequate instrumentation,
with the consequent introduction of necrotic and
infected material of pulpal origin into the peri-
apical tissues, can have outcomes ranging from
simple periodontitis to an acute alveolar abscess.

5. Today, thanks to the use of rotary NiTi files, the
risk of extrusion during the shaping procedure is
almost eliminated. The rotary files rotate clock-
wise, and all the debris is carried in a coronal
direction by the flutes of the instruments.

6. Scrupulously remove all tissue debris. If the eti-

ology of the lesion happens to be endodontic, the
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importance of total removal of all tissue debris to
prevent this debris from acting as a substrate for
bacterial growth is clear. This removal is performed
with the use of endodontic instruments, but it is
well known that even in the simplest, straightest,
round canals there are areas that remain un-
touched by the instruments. In these zones, the
complete removal of tissue debris is assured by the
digestive activity of 5% to 6% sodium hypochlorite.

7. One should not forget that while endodontic in-
struments shape, the irrigating solutions clean.

8. Complete the cleaning and shaping of individual
canals in a single visit.

9. When treating a root canal, it must be complete-
ly cleaned and shaped, so that it is ready to re-
ceive the obturation, even if this is planned for a
subsequent appointment. This concept applies
not only to single-rooted teeth — in which it may
seem logical to prepare the canal completely in a
single visit — but also to multirooted teeth, whose
several canals must be individually and com-
pletely prepared. And every root canal can be
considered completely cleaned and shaped when
it is ready to fit the gutta-percha cone.

10. It is thus a mistake to jump from one canal to an-
other with the same instruments, and it is likewise
a mistake to simultaneously prepare the three or
four canals of one molar. The canals should al-
ways be prepared individually and completely.

11. If the time available does not permit complete
cleaning and shaping of all the root canals of a
multirooted tooth, one should clean and shape
some of them in one visit and postpone the nego-
tiation and preparation of the others to a subse-
quent visit.

12. During the enlargement of the canals, maintain
the foramen patent and create a space sufficient

to contain any exudate that may form.

In the past, the space obtained by enlarging a canal
served to introduce medications that could thus car-
ry out their pharmacologic function. Modern prac-
tice, in contrast, tends to leave this space as empty as

possible, so it can contain an exudate that might ac-



cumulate as a result of the clinician’s nonetheless

delicate and careful instrumentation. Therefore, if the

canal is empty, and, especially if the apical foramen
has remained “patent,” the exudate can spill into the
canal before accumulating in the space of the peri-
odontal ligament (PDL), stretch its fibers, and give
rise to periodontitis.

Today, therefore, less and less importance is given
to canal medications that can also act as irritants.

Today, the only indications for the use of calcium
hydroxide (Ca(OH);) as an intracanal medicament
are the following:

e Perforation repair with MTA in a case with a per-
sistent sinus tract. It is well known that MTA does
not set in the presence of a low pH. Therefore, for
the only purpose of raising the level of pH, one
week’s medication with calcium hydroxide is
highly recommended.

o When treating a tooth whose apex is surrounded
by a large cystic lesion, the canal is continuously
draining so that it is impossible to have it dry to
hermetically obturate it. In such a case, it is highly
recommended to fill the canal with Ca(OH), after
having cleaned and shaped it, and to leave the
medication as long as 1 or 2 months. The healing
process will start, and after that time — after re-
moval of the medication — it will be possible to have
a very dry canal. As a matter of fact, to obturate a

root canal, it has to be asymptomatic and “dry”

In recent years, endodontics has undergone a com-
plete revolution with the introduction of the NiTi
alloy used to produce first hand instruments and
then rotary endodontic instruments. In fact, the in-
struments in NiTi have made it possible even for
less-expert operators to produce perfectly truncated
cone shaping that is in harmony with the original
anatomy, notably improving the prognosis even in

more complex cases.

12.4 Basic concepts for root canal shaping I

Once the NiTi alloy became commercially avail-
able, it became the alloy of choice that allowed even
less-expert operators to achieve excellent results.

The only true difficulty with canal preparation
that one encounters nowadays is with the initial ne-
gotiation of the canal with a narrow and precurved
stainless steel file. All the rest can be done with ease
by careful use of the NiTi rotary/reciprocating in-
struments.

The initial probing is the only moment when it is
still necessary to use stainless steel alloy, for the sim-
ple reason that an instrument in stainless steel, being
different from an instrument in NiTi, can be pre-
curved and, therefore, can be used to explore the
canal - avoiding eventual obstacles that may be pre-
sent such as ledges or calcifications — to be able to
reach the working length.

While years ago, using hand stainless steel files,
one had to do many steps and recapitulations, at the
end of which it was impossible to know which taper
had been developed — indispensable for choosing the
correct gutta-percha cone for obturation. Nowadays,
the shaping is standardized and repeatable because it
is automatically created by the NiTi instruments.

The NiTi systems are matched to the paper points
for drying the canals and to the gutta-percha cones
to then be able to obturate the canals.

Obviously, to do this and to use the NiTi instru-
ments safely, one must follow precise rules to avoid
the big risk that goes with their use, which is instru-
ment fracture.

To be able to work safely with the rotary/recipro-
cating NiTi instruments requires understanding of

the following three concepts:

The glide path

The glide path is nothing other than a smooth wall
along which the NiTi instruments slide to reach the
working length. NiTi instruments cannot be pre-
curved. However, they can follow the curvature of
the root canal and reach the working length thanks
to two characteristics: the instrument having a blunt
and non-aggressive tip, capable of sliding along the

canal walls, which have to be smooth. Therefore, the
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glide path is the essential requirement that the canal
must have for the clinician to be able to use NiTi in-

struments.

Preliminary enlargement

All around the world there are still dentists reluctant
to use NiTi alloy because they are afraid that these
instruments, which rotate inside the canal at a cer-
tain speed, could fracture. In fact, since the use of
NiTI has become widespread, one sees many more
fractured instruments than when only stainless steel
was used.

In fact, the use of NiTi has one serious drawback
in that it carries a higher risk of the instrument
breaking compared with stainless steel, and we know
that breakage usually depends on torsional and bend-
ing stresses.?

Bending stress fundamentally depends on the ori-
ginal canal anatomy and occurs essentially because
the instrument rotates inside the curvature of the
canal, and its blades are subjected to tension when
they are against the external part of the curve, as
well as to compression when they are against the
internal part of the curve. If the instrument rotates at
300 revolutions a minute, the alternation of tension/
compression occurs an equal number of times, with
a resultant accumulation of stress that may cause it
to fracture. The operator can do very little to reduce
this type of stress — which cannot be eliminated, in
as much as one cannot change the original anatomy
nor straighten the curvature. One can, however, re-
duce the risk of fracture by distributing the stress
over a larger number of blades. The latter can be
done simply by not staying at the same working
length, but by moving the instrument up and down
in the canal. As a secondary issue, it is recommended
to consider the instruments as “single use” or, at
least, “single patient use,” and not to abuse their lon-
gevity and apparent integrity.

Torsional stress depends on numerous factors,
but mainly on the cross-section of the root canal
compared with the cross-section of the rotating in-
strument. In other words, it is due to the friction that

the instrument encounters while rotating in the canal
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and cutting the surrounding dentin. The narrower
the canal, the more fatigue the instrument will accu-
mulate cutting a path to reach the working length.
Breakage occurs if the canal section is smaller than
the tip of the instrument that cannot cut the dentin,
and what is known as “taper lock” occurs. The tip of
the NiTi instrument, in fact, is its most fragile part,
and if the canal surrounding it is tight, the tip can
bind in the canal while the motor continues to run,
after which the tip deforms, and then, after exceeding
the elastic limit, it fractures.

To mitigate this risk, the only thing to do is to
make sure that the tip encounters a canal having the
same caliber, if not even bigger. In other words, to
eliminate the risk of fracture due to torsional stress
(the most frequent cause of fracture), all one has to
do is to pre-enlarge the apical third and increase the
foramen size to the same caliber as the tip of the first
NiTi instrument that is used at the working length to
shape the canal. Therefore, it is highly recommended
that its use is preceded by preliminary enlargement
of the existing “glide path”

Coronal preflaring

This term refers to the slight pre-enlargement of the
coronal and middle third of the canal, necessary for
two reasons: removal of the coronal interferences to
have straight-line access to the apical third, and to
have space to maintain the precurvature given to the
stainless steel hand instrument to be able to probe an
accentuated curvature in the apical third, or to sur-

pass an existing ledge in that spot.

The patency file is a small, flexible K-File (usually
size 08 or 10) that will passively move through the
foramen without widening it, to keep it clean and
free of debris.?3 This step has been suggested for
most rotary techniques but should be used for any
system, including, and maybe mainly, for hand in-
strumentation. In fact, rotary systems rotate in a
clockwise direction so that the debris is constantly

carried in a coronal direction, and then it is more



difficult for the debris to accumulate apically and
thereby block the canal. On the other hand, stain-
less steel hand files are mostly moved with a filing
push-pull motion, which means they cut the den-
tin, produce debris, and quite easily push the debris
apically, risking the blockage of the foramen. If this
happens in a vital case and sterility is maintained,
there might not be a consequence, but if this hap-
pens in a necrotic and infected case, the blockage of
the foramen with dentin mud full of bacteria is the
guarantee for failure.

Therefore, the small patency file is used to remove
accumulated debris, to help maintain the working
length, and to achieve more predictable results.

The patency file should always be the smallest file
size possible, used carefully and passively, and every
time the operator is afraid of blocking the canal, or
any time a decrease is observed in the working length
of the instruments.

The use of the patency file is a very controversial
topic, and some authors disagree with its use.2* The
main concern with the patency file is that, instead of
having a cleaning effect, the file may push contaminat-
ed debris through the foramen. Izu et al,?> in an in vit-
ro study, demonstrated that the risk of pushing debris
was minimal when the canal was filled with sodium
hypochlorite. Arias et al, 26 in a recent article, suggest-
ed that maintaining apical patency throughout an
endodontic procedure does not increase the incidence,
degree or duration of postoperative pain. On the con-
trary, maintaining apical patency is associated with
significantly less postoperative pain severity scores in
molars with necrotic pulp and apical periodontitis.2’

The foramen must remain patent. It must not be
obstructed by dentin mud, and the dentist should
theoretically be able to introduce a small-size instru-
ment beyond the foramen at any point in the clean-
ing and shaping procedure.

Using small-size files connected to the apex loca-
tor, fine and flexible all the way to the “electronic
apex, facilitates the elimination of the pulp residues,
various irritating substances, and dentin mud. Main-
taining the terminus of the canal patent avoids block-

ages, ledges, and perforations.28:29

12.5 Use of the patency file I

Fig 12-14 The Endo Radar (Woodpecker) has the apex locator
incorporated so that one can constantly check on the working
length during the mechanical instrumentation.

On the other hand, according to Vera et al30
maintaining apical patency and then using passive
ultrasonic irrigation improves the delivery of irrig-
ants into the apical third of human root canals.

Taking into consideration the rich collateral blood
supply and the elevated healing potential of the at-
tachment apparatus, it is illogical to think that ex-
tending a small file passively and accurately beyond
the apex will compromise the final result or cause an
irreversible condition for the patient.

The patency of the foramen will permit the accu-
mulation of any exudate (which may form in the ap-
ical tissues in spite of careful shaping) within the
canal rather than among the fibers of the PDL. This
prevents the development of periodontitis postoper-
atively.

Finally, the patency file must always be used con-
nected to the apex locator in order to have an idea of
the extension of the small-size file beyond the for-
amen. This can be done also when using rotary NiTi
files, since many motors have the apex locator incor-
porated (Fig 12-14). On the other hand, according to
Abdelsalam and Hashem,3! the root canal blockage
has a negative influence on the accuracy of apex lo-
cators. Foramina patency could be considered as a
prerequisite for a reliable working length determina-

tion with apex locators.
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Fig 12-15 Schematic representation of the root apex, according
to Kuttler.38 Anatomical apex, geometric apex or vertex of the
root (1). Center of the foramen (2). Distance between the vertex
and the center of the foramen (3). Cementodentinal junction (4).
Canal diameter at the level of the cementodentinal junction (5).
Distance between the center of the foramen and the apical con-
striction (6). (Images adapted from Kuttler.38)

A much-discussed topic that, perhaps, will always be
disputed, is where to end the preparation — and thus,
the obturation — of the root canal.

One view, held by many, maintains that instru-
mentation and root canal obturation must stop at the
cementodentinal junction, near which the apical con-
striction is maximal (Fig12-15). At this point, the
pulp tissue ends, and the endodontium yields to the
periodontium. The canal walls are no longer formed

of dentin, but cementum.
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Theoretically, this view is more than correct, since
the apical constriction ensures a good stopping point
for preparation and canal obturation, which must
maximally respect the periodontium and periapical
tissues.

In practice, however, the facts are quite different.
As Coolidge3? maintained as long ago as 1929, the
site of the cementodentinal junction is so variable
that trying to use it as a marker during pulp removal
and canal obturation is of little help. This junction
often has indistinct borders, and it may be found at
different levels within the root canal (Fig 12-16). Still,
according to Coolidge, “.. the dividing line between
the pulp and the periodontal tissue is not a fixed
point to be used as a guide in operating. Not only is
the dentinocemental junction an imaginary dividing
line, but the conception also is erroneous and may be
misleading. It would be more accurate to speak of
this area as the area of the apical foramen and disre-
gard the variable position of the junction between
cementum and dentin”

One must bear in mind that, practically speaking,
identification by tactile means of the cementodentin-
al junction as the site of maximal apical constriction
may often be misleading.

The “constriction” encountered by the instru-
ments can be due to a calcification (Fig 12-17a) or a
narrowing of the canal space, which can be close to
or far from the real endodontic terminus (Fig12-
17b); therefore, the tactile sensation used to deter-
mine the working length can be considered unreli-
able. On the other hand, it is well known that at the
origin of all endodontic failures is a short prepar-
ation and a short obturation.? Therefore, the arbi-
trary rule that canal preparation should terminate
1mm (or more) short is unacceptable in modern
endodontic therapy because it increases the likeli-
hood of failure.3334

Even if it were desirable, it is not possible to termi-
nate the canal preparation and obturation at the ce-
mentodentinal junction, for histologic reasons (ie, the
irregularity and inconsistency of the cementodentinal
junction and the lack of differentiation of the pulp

neurovascular bundle before and after its entry in the
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Fig 12-16 The cementum may rise with-
in the canal, so that, even histologically,
the cementodentinal junction is not easy
to locate.

Fig 12-17a and b

apical foramen), and for clinical reasons (ie, the im-
possibility of identifying and locating the cemen-
todentinal junction, the unreliability of tactile sensa-
tion in identifying the point of maximal apical
constriction, and the unreliability of pain sensation
in the patient).

Other investigators make use of mathematical
formulae and statistics to locate the junction, but
even these methods cannot be considered rigorous
since they must obviously be considered approxi-
mate and arbitrary.3> Also, statistics work in big
numbers and not in single cases.

According to Stein and Corcoran,343> Kuttler38
studied the average distance between the major and
minor diameters of the apical foramina in 268 teeth.
He found the average distance to be 0.507 mm in pa-
tients 18 to 25 years of age, and 0.784 mm in patients
older than 55 years of age.

Green37 claims that the point of maximal apical
constriction is, on average, 0.75 mm from the foramen.

In a recent article, Rosenberg3? said that the dis-
tance to be subtracted from the radiographic apex is
based on studies where the average distance of the

apical foramen from the radiographic apex has been

In this case, the apical constriction or “minor diameter” corresponds
to a calcification situated coronally to the cementodentinal junction (a). In this case, the
apical constriction does not correspond to the cementodentinal junction, but is more
coronal, where the canal walls almost contact each other (b).

measured. Then an average length discrepancy with
a standard deviation is determined. The problem with
this approximation technique is that the teeth we
treat are not average, but unique.

Other authors feel that canal preparation and ob-
turation should be performed slightly short of the
apical foramen for yet another reason: the lack of
correspondence between the radiographic apex and
the anatomical apex.

However, because there is much confusion re-
garding the terminology, some clarification is in
order. Apical constriction3? refers to the apical por-
tion of a root canal having the narrowest diameter. It
may be associated with the cementodentinal junc-
tion, with cementum alone, or with dentin alone. The
position may vary, but is usually between 0.5 and
1.0 mm short of the center of the apical foramen.

Anatomical apex3? refers to the tip or end of the
root of a tooth as determined morphologically, or, in
other words, the vertex of the root, and is also called
“geometric apex.”

Radiographic apex3? refers to the tip or end of the
root of a tooth as seen on a radiograph: in other words,

it is the anatomical apex as seen on the radiograph.
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Apical foramen3’ refers to the opening of the root
canal on the external surface of the root and does not
necessarily coincide with the anatomical apex, de-
pending on the apical curvature of the canal inside
the root. Since the cementodentinal junction cannot
be chosen as the terminal point of canal preparation
and obturation, because it is not possible to deter-
mine its location either clinically or histologically -
given that the distance by which one falls short is a
rather arbitrary and subjective choice (between
0.5mm, 0.75 mm, and 1 mm, up to 3mm), depending
on the authorial source the clinician decides to fol-
low) — it is necessary to establish another marker for
the determination of the instrument’s working length.

Schilder! states that canal preparation and obtu-
ration must be performed to the “radiographic termi-
nus of the canal” meaning to the point where the
canal radiographically meets the external profile of
the root surface. This derives from the following con-
siderations:

1. Its determination is not arbitrary or subjective,
nor is it dictated by statistics.

2. Clinically, it is easily identifiable by dentists,
even those with differing opinions, by simply ex-
amining a properly performed intraoperative
radiograph.

3. In 50% of cases,3340 the canal ends at the ana-
tomical or geometric apex or vertex of the root
and is thus identifiable radiographically. In these
cases, using the radiographic terminus of the
canal entails neither over-instrumentation nor
overfilling.

4. If the emergence from the canal is not at the geo-
metric apex of the root but in a lateral position,
it will always be identifiable radiographically if
situated mesially or distally, as often hap-
pens33:4041 (about 40% of cases).

5. If, instead, the foramen is displaced buccally or
lingually, it obviously will not be radiographical-
ly identifiable.

A recent study by Olson et al3* on 305 anterior and

posterior root canals further demonstrated that the

apical foramen can be accurately located by a good
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radiographic study alone (paralleling technique) in a
good 82% of cases. A similar study by Castellucci
et al*! on 227 teeth with a total of 342 canals led to
even more reassuring conclusions. In 48% of cases, the
file appeared to exit at the radiographic apex, while

40.9% of the files appeared to exit elsewhere along the

root surface (mesial or distal). In 11.1% of cases, the file

appeared short of the root surface on the radiograph.

Some important conclusions:

e In 88.9% of cases, it is possible to accurately deter-
mine the location of the apical foramen by the use
of a radiograph.

e If one wants to consider the choice of the radio-
graphic terminus of the canal to be approximate
(given that this sometimes involves preparation
and obturation slightly beyond the foramen), it
cannot be considered any more approximate than
the choice of staying 0.5mm, 0.75mm, 1 mm (or

even more)*2 short of the radiographic apex.

However, even in the 11.1% of cases in the previous
study, today “long” preparations and obturations are
not carried out because the electronic apex locators
inform us of the true position of the apical foramen
and therefore the correct working length. We can con-
clusively say that the reference point of the apical
depth of our preparation and obturation is represented
by the “electronic apex,” which coincides, in about 90%
of cases, with the radiographic terminus of the canal.

In about 10% of cases disagreement exists be-
tween the apex locator — which informs the operator
that the instrument is exactly at the foramen - and
the radiograph, which shows an instrument radio-
graphically short. Of course, the operator must rely
on the electronic apex locator and not on the radio-
graph, and in the patient’s chart, the dental assistant
must write “electronic apex,” which means that the
treatment looks “radiographically short,” but is “ex-
actly at the foramen.”

Furthermore, seeing that the reason for endo-
dontic failures is due to persistence of bacteria that
have been left in a portion of the canal that is incom-
pletely cleaned and unsealed, seeing that the canal

ends at the apical foramen, and seeing that the
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foramen can open on any side of the root apex, what
sense is there in taking as the reference point of the
working length, a point chosen at random, which is
more or less far from the radiographic apex, where
the radiographic apex could have nothing to do with
the true end of the canal?

As already stated above, the arbitrary rule that
canal preparation should terminate 1 mm (or more)
short is unacceptable in modern endodontic ther-
apy, and root canal length should be determined by
employing a combination of methods - electronic,
radiographic, and, finally, the consistent drying
point.3338

Currently, the use of the electronic apex locator rep-
resents a reliable method of measuring the working
length for our instruments, which, as mentioned above,
takes the electronic apex as their reference point.

These instruments are based on the principle that
the electrical resistance between one electrode in the
root canal and another applied to the oral mucosa
registered consistent values. This was demonstrated
in a study by Suzuki%* in 1942, but had already been
suggested by Custer?> in 1918.

Sunada%® was the first to take advantage of this
principle to measure the length of root canals. He
concluded that when an endodontic instrument was
inserted into the canal and the ohmmeter registered
40 mA, the instrument tip was exactly in contact
with the PDL at the apical foramen of the root canal.

The first generation of electronic apex locators
had the disadvantage of requiring the canal to be free
of pulp tissue, exudate, pus, blood, electrolytes, and
sodium hypochlorite - in other words, any substance
that could act as a conductor. This, of course, repre-
sented a great limitation.

The applications and possible uses of electronic
apex locators have evolved significantly in recent
years as revolutionary new instruments have become
available to the dental profession. Their use is not
influenced by the contraindications and disadvantag-
es that are true limitations to the use of the instru-

ments previously discussed.

These instruments make use of a different prin-
ciple and are not at all affected by the contents of
the root canal, whether blood, vital or necrotic
pulp, pus, RC Prep or (most of all) sodium hypo-
chlorite.4¢ In other words, the instruments can per-
form accurately even in moist conditions and in
the presence of mineral salts. Moreover, they may
be used with small-size files immersed in sodium
hypochlorite and in contact with organic fluids. It
is thus possible to obtain an accurate measurement
of the working length from the first probing of the
root canal.

The instruments yield inaccurate responses only
if the shaft of the file used for the measurement
comes into contact with the metal of a coronal re-
storation, or if there is a previous obturation within
the canal that impedes contact of the endodontic
file with the surrounding dentin. The reading is also
inaccurate if the file is too small a size compared to
the size of the apical foramen, or if the conductive
liquid is in contact with the metallic restoration. In
the first situation, an accurate reading can be ob-
tained using an endodontic instrument of a proper
size (the readings are more accurate the more the
size of the instrument is close to the size of the fo-
ramen), while, in the second case, the length of the
root canal can be accurately measured by simply
removing the electrolyte from the access cavity
with a suction tip, and, if necessary, from the root
canal with a paper point.

The physical principle on which their function is
based differs from that of the above instruments, in-
asmuch as they do not give the impedance measure-
ment value for the periodontium and the measuring
needle, but rather the difference in the impedance
responses for two different frequencies (1 and 5 kHz)
in the Apit/Endex (“the relative values of frequency
response method”#7), and the ratio in the impedance
for two different frequencies (400 Hz and 8 kHz) in
the Root ZX (“the ratio method”8) at differing points
in the root canal.

This ratio gives a very precise value, one that rep-
resents the position of the electrode inside the canal,

independently of the type of electrolyte contained in
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it.48 This value diminishes as the file nears the for-
amen, until it becomes zero upon reaching it. This
principle, therefore — not being influenced by the
canal contents — reduces to a minimum the error
caused by the conditions of the canal itself and of the
measuring instrument.

Recent studies#?50 have shown that the Root ZX
gives readings that are 100% accurate with a clinic-
ally acceptable margin of error of + 0.5 mm: the
average distance of the file tip from the apical for-
amen was 0.2mm. The same authors*%30 have also
emphasized the fact that the Root ZX can be used
with confidence to localize the apical foramen, not
the apical constriction, referred to by other au-
thors.42 This is obvious if we take into account the
physical principle on which it is based and on the
role the instrument has in diagnosing the site of the
radicular perforation.”! Therefore, contrary to what
its manufacturers say, the Root ZX must not be uti-
lized to determine the site of the point that is 0.5 mm
from the foramen, but to locate the actual foramen,
which is reached when the digital scale is on the
“Apex” sign and when the wording flashes. Only
then, if desired, can one measure 0.5mm from the

foramen on the scale.
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Fig 12-18 Apex locator of the third generation by Woodpecker:
Ai-Pex.

Third generation of electronic apex locators
Recently, the third generation of electronic apex lo-
cators has been introduced and patented by Dr Car-
los Ramos Spironelli (Fig12-18).°2->¢ The instru-
ment, called Ai-Pex (Woodpecker, Guangxi, China),
determines the foramen location by measuring the
thickness of the dentin. The thickness of the dentin
in the root canal is the same until the most apical
4mm, when it decreases. Dentin is an excellent
thermal and electrical insulator, so when a file is
inserted into the root canal and sparks an electronic
signal, the signal will try to pass through the dentin
and reach the PDL and bone. However, where the
dentin is thick, only half or less of the signal (50% of
those “ohms”) will likely pass through. An apex lo-
cator can detect the electronic signal that the dentin
impedes from passing through. In the most apical
millimeters, the thickness of the dentin will also im-
pede the passage of some electronic signals. Still,
some of it will go back to the lip clip and the device,
informing the dentist about the related distance
from the end of the root canal.

As the instrument penetrates deeper into the root
canal, the thickness of the dentin reduces. This al-

lows more electronic signals to pass through and



reach the device, which informs the dentist that the
instrument is closer to the end of the root canal
Thus, the lower the impedance, the deeper the instru-
ment goes. At the final part of any dentin wall, the
foramen equator, the thickness of dentin, and imped-
ance will be almost zero, because there is little isola-
tion. This is why the “00” point is the most accurate
measurement point, as it is the most apical part of the

root canal, the foramen.55

Not even the latest generation of electronic apical lo-
cators can be considered a radiographic substitute
since radiographs provide the operator with other in-
formation that electronic measuring equipment is
unable to provide: canal width; degree and direction
of curve; position of the foramen; dentin thickness;
and relationship between canals, which might be in
the same root. Furthermore, these instruments are
able not only to inform the operator about the loca-
tion of the foramen, but also to reveal the opening of
any other foramen such as that of a lateral canal
(Fig 12-19) or a perforation6->0 (Fig 12-20).

If, once the radiograph has been taken, a variance
occurs between the radiographic image (which shows
a “short” file with respect to the radiographic termi-
nus of the canal) and the apex locator (which has just
indicated that we have reached the foramen), then
one must consider the locator reading as valid>!
since, evidently, the foramen is in an area (buccal or
lingual/palatal) not radiographically identifiable. Our
therapy will therefore be based on a measurement
carried out by an electronic apex locator (at the elec-
tronic apex and not just 0.5 mm from the radiograph-
ic apex), and we will know from the beginning that
in the postoperative radiograph, the canal obturation
will appear “short,” but will, instead, be accurate at
the apical foramen. Not taking the radiograph - as
some do — and believing blindly in an electronic in-
strument, our “short” obturation will be a postopera-
tive surprise and we will never know whether we are

truly short.

10.

12.7 Conclusions

Do not begin endodontic therapy unless a recent

preoperative radiograph is available.

The initial hand instruments must always be pre-

curved and equipped with a directional rubber

stop.

Do not begin to work at the foramen without

first having radiographically ascertained the pos-

ition of the instrument in the canal.

The endodontic instrument does not work for it-

self but prepares the canal for the following in-

strument.

All endodontic instruments work on withdrawal,

arriving where the canal will accept them: “Take

what the canal will give you”

In multirooted teeth, one always performs the

cleaning and shaping of one canal at a time, al-

ways starting from the easiest.

Each root canal deserves a series of new instru-

ments.

The instruments’ working length must always be

checked electronically first and then radiograph-

ically: never take a radiograph without consult-
ing a reliable electronic apex locator.

It is advisable not to trust one’s tactile sense.

Never progress to the next step unless the pre-

ceding step has been completed. This means:

— Never introduce an instrument into any root
canal if the access cavity has not been com-
pleted.

— Never start working in the second canal of
the multirooted tooth if the first canal is not
ready to fit the cone.

— Never obturate any root canal if all the root
canals of the multirooted tooth have not been
completely cleaned and shaped and if they are
not ready to fit the cone.
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Fig 12-19a to e Preoperative radiograph of a maxillary right
first molar (a). The electronic apex locator indicates that the
instrument is at the foramen and the radiograph shows that the
foramen belongs to a lateral canal (b). The file has been with-
drawn and reintroduced more apically: the electronic apex loca-
tor indicates that a new foramen has been reached, and the
radiograph shows the file at the apical foramen (c). The postop-
erative radiograph shows that both canals have been three-di-
mensionally obturated (d). 3-year recall (e).

Fig 12-20 The apex locator indicates that the instrument has
reached the foramen; however, the radiograph shows that it has
entered a perforation.

210



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Schilder H. Cleaning and shaping the root canal. Dent
Clin North Am 1974;18:269-296.

Schilder H. Filling the root canal in three dimensions.
Dent Clin North Am 1967;11:723-744.

West JD, Roane JB. Cleaning and shaping the root canal
system. In: Cohen S, Burns RC (eds). Pathways of the Pulp,
ed 7. St. Louis, MO: The CV Mosby Co, 1998:203-257.
Daughenbaugh JA. A scanning electron microscopic
evaluation of NaOCl in the cleaning and shaping of human
root canal systems [thesis]. Boston: University H. Gold-
man School of Graduate Dentistry, Boston, 1980.
Khademi A, Yazdizadeh M, Feizianfard M. Determination
of the minimum instrumentation size for penetration of
irrigants to the apical third of root canal systems. ] Endod
2006;32:417-420.

Siqueira JF, Lima KC, Magalhaes FAC, Lopes HP, de Uze-
da M. Mechanical reduction of the bacterial population in
the root canal by three instrumentation techniques. J En-
dod 1999;25:332-335.

Yared GM, Bou Dagher FE. Apical enlargement: Influence
on overextensions during in vitro vertical compaction.
J Endod 1994;20:269-271.

Yared GM, Bou Dagher FE. Apical enlargement: Influence
on the sealing ability of the vertical compaction tech-
nique. ] Endod 1994;20:313-314.

Cantatore G, Berutti E, Castellucci A. PathFile: un nuovo stru-
mento rotante in nichel titanio per il preallargamento e la
creazione del Glide Path meccanico. L'Inf Endod 2009;12:6-23.
Dakin HD. On the use of certain antiseptic substances
in the treatment of infected wounds. Br Med J 1915;2:318-320.
Taylor HD, Austin JH. The solvent action of antiseptics on
necrotic tissue. ] Exp Med 1918;27:155-164.

Walker A. Definite and dependable therapy for pulpless
teeth. J] Am Dent Assoc 1936;23:1418-1425.

Grossman LI, Meiman BW. Solution of pulp tissue by
chemical agents. ] Am Dent Assoc 1941;28:223-225.
Lewis PR. Sodium hypochlorite root canal therapy. J Fla
Dent Soc 1954;24:10-11.

Nygaard-Ostby B. Chelation in root canal therapy.
Odontol Tidskr 1957;65:3-11.

Stewart GG, Kapsimalis P, Rappaport H. EDTA and urea
peroxide for root canal preparation. ] Am Dent Assoc
1969;78:335-338.

Ramos CAS. Improving irrigation and root canal disinfec-
tion. Dent Today 2022;12:19-24.

Schoeffel GJ. The endovac method of endodontic irriga-
tion: Safety first. Dent Today 2007;26:92—-96.

Black GV. Konserv. Zahnheilkunde. Berlin Meusser, 1914.
Nair PNR, Sjogren U, Krey G, Sundqvist G. Therapy-resis-
tant foreign body giant cell granuloma at the periapex of
a root-filled human tooth. J] Endod 1990;16:589-595.
Schilder H. Canal debridement and disinfection. In: Co-
hen S, Burns RC (eds). Pathways of the Pulp, 2 ed. St. Lou-
is, MO: The CV Mosby Co, 1980:117.

Berutti E, Chiandussi G, Gaviglio I, Ibba A. Comparative
analysis of torsional and bending stresses in two mathem-
atical models of nickel titanium rotary instruments: Pro-
Taper versus ProFile. J Endod 2003;1:15-19.

Buchanan LS. Management of the curved root canal. J Ca-
lif Dent Assoc 1989;17:18-25.

24.

25.

26.

217.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

12.8 References

Ricucci D, Siqueira JF. Healing of the periradicular tissues
following endodontic treatment. In: Endodontology.
Quintessence Publishing, 2013:284.

Izu KH, Thomas SJ, Zhang P, Izu AE, Michalek S. Effec-
tiveness of sodium hypochlorite in preventing inoculation
of periapical tissue with contaminated patency files. ] En-
dod 2004;30:92-94.

Arias A, Azabal M, Hidalgo JJ, Macorra JC. Relationship
between postendodontic pain, tooth diagnostic factors
and apical patency. ] Endod 2009;35:189-192.

Yaylali IE, Kurnaz S, Tunca YA. Maintaining apical paten-
cy does not increase postoperative pain in molars with
necrotic pulp and apical periodontitis: A randomized con-
trolled trial. ] Endod 2018;44:335-340.

. Tsesis I, Amdor B, Tamse A, Kfir A. The effect of maintain-

ing apical patency on canal transportation. Int Endod J
2008;41:431-435.

Goldberg F, Massone EJ. Patency file and apical transpor-
tation: An in vitro study. J Endod 2002;28:510-511.

Vera J, Arias A, Romero M. Effect of maintaining apical
patency on irrigant penetration into the apical third of
root canals when using passive ultrasonic irrigation: An
in vivo study. ] Endod 2011;37:1276-1278.

Abdelsalam N, Hashem N. Impact of apical patency on
accuracy of electronic apex locators: In vitro study. J En-
dod 2020;46:509-514.

Coolidge ED. Anatomy of the root apex in relation to
treatment problems. ] Am Dent Assoc 1929;16:1456—1465.
Blaskovic-Subat V, Maricic B, Sutalo J. Asymmetry of the
root canal foramen. Int Endod J 1992;25:158-164.

Olson AK, Goerig AC, Cavataio RE, Luciano J. The ability
of the radiograph to determine the location of the apical
foramen. Int Endod J 1991;24:28-35.

Stein TJ, Corcoran JF. Nonionizing method of locating the
apical constriction (minor foramen) in root canals. Oral
Surg Oral Med Oral Pathol 1991;71:96-99.

Stein TJ, Corcoran JF. Anatomy of the root apex and its
histologic changes with age. Oral Surg 1990;69:238-242.
Green D. Stereomicroscopic study of 700 root apices of
maxillary and mandibular posterior teeth. Oral Surg
1960;13:728-733.

Kuttler Y. Microscopic investigation of root apexes. J] Am
Dent Assoc 1955;50:544-552.

Rosenberg DB. The paper point technique. Part 1. Dent
Today 2003;22:80-86.

American Association of Endodontists: Glossary. Contem-
porary Terminology for Endodontics, ed 6, 1998.
Castellucci A. The apical limit of root canal obturation: A con-
temporary approach to establish an intelligent working
length. III* World Congress of Endodontics. IFEA, Rome, 1995.
Von Der Lehr WN, Marsh RA. A radiographic study of the
point of endodontic egress. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1973;35:105-109.

Ricucci D, Langeland K. Apical limit of root canal instru-
mentation and obturation, part 2: A histological study. Int
Endod J 1998;31:394-409.

Suzuki K. Experimental study on iontophoresis. J Jap
Stomatol Soc 1942;16:411-417.

Custer LW. Exact methods of locating the apical foramen.
J Natl Dent Assoc 1918;5:815-819.

Sunada I. New method for measuring the length of the
root canal. ] Dent Res 1962;41:375-387.

211



I Chapter 12 Cleaning and shaping the root canal system

47.

48.

49.

50.

51.

Shabahang S, Goon WWY, Gluskin AH. An in vivo evalu-
ation of Root ZX electronic apex locator. ] Endod 1996;22:
616-618.

Kobayashi C, Suda H. New electronic canal measuring
device based on the ratio method. J Endod 1994;20:111-114.
Trope M, Rabie G, Tronstad L. Accuracy of an electronic
apex locator under controlled clinical conditions. Endod
Dent Traumatol 1985;1:142-145.

Dunlap CA, Remeikis NA, Begole EA, Rauschenberg-
er CR. An in vivo evaluation of an electronic apex locator
that uses the ratio method on vital and necrotic canals.
J Endod 1998;24:48-50.

Nahmias Y, Aurelio JA, Gerstein H. Expanded use of the
electronic canal length measuring devices. ] Endod 1983;9:
347-349.

212

52.

53.

54.

55.

Pratten DH, Mcdonald NJ. Comparison of radiographic
and electronic working length. J Endod 1996;22:173-176.
Rambo MVH, Gamba HR, Ratzke AS, Schneider FK, Maia
JM, Ramos CAS. In vivo assessment of the impedance
ratio method used in electronic foramen locators. BioMed
Eng Online 2010;9:46.

Brady K, Bailey D, Anderson R, Kwon P, Browne D, Am-
aral RR. Ex-vivo study comparing the accuracy of the
E-Connect S+ and Morita Tri Auto ZX2+ endodontic
handpieces in root canal length determination. J Endod
2024;50:1004-1010.

Gamba HR, Piazzalunga R, Maia JM, Ramos CAS, Ratzke AS,
Rambo MVH. Radicular Spectral Attenuation Coefficient
for use in Endodontic Foraminal Locator. Int Patent, n.
WO/2007/028217, current int class A61C 19/04 2007.



