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Clinical endodontics encompasses a number of treatments, but
they have in common the goal of preventing and treating
microbial contamination ol pulps and root canal systems.
Treatment ol traumatic dental injuries and prophylactic treat-
ment of vital pulps are [undamentally dilferent from pulpecto-
mies and root canal instrumentation ol teeth with infected
pulps (see Chapter 1 lor more details on diagnosis).

Endodontic therapy is directed toward one specilic set of
aims: lo cure or prevent periradicular periodontitis.””**** The
ultimate aim is for patients to retain their natural teeth in fune-
tion and aesthetics.

To date, many treatment modalities, including the use of
nickel-titanium rotary instruments, have not consistently pro-
vided a statistically relevant impact on treatment outcomes.”
This poses a problem in the age ol evidence-based therapy,
because new therapeutic techniques should deliver improved
clinical results over standard procedures. However, the [ew
pertinent clinical trials™ 7%
do suggest that certain practices in canal preparation and dis-
inlection are more appropriate than others. This chapter will

and numerous in viltro studies

summarize relevant information.

Orthograde root canal treatment is a predictable and
usually highly successful procedure, both in relatively straight-
torward (Iig. 6-1) and more complex cases (lig. 6-2).
Studies and reviews report favorable outcome rates of up to
95% for the treatment of teeth diagnosed with irreversible
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pulpitis
infected, necrotic teet
Microorganisms can breach dental hard-lissue barriers

and positive outcome rates of up to 85% for
h 102,158,345,375,408

through several avenues, the most common being dental caries
(Fig. 6-3). Shaping and cleaning procedures (Box 6-1) as
part of root canal treatment are directed against microbial
challenges 1o the root canal system. However, disinlection
per se does nol guarantee long-term retention ol root canal-
treated teeth; there is good evidence that this outcome is
closely related to placement of an adequate coronal restora-
tion.”*1#047 Moreover, the impact of preservation of radicu-
lar structural strength should not be underestimated.'””

PRINCIPLES OF CLEANING AND SHAPING

Endodontists agree that a major biologic aim of root canal
therapy is Lo address apical periodontitis by disinlection and
subsequent sealing of rool canal systems. However, consider-
able disagreement exists over how Lhis goal should be achieved.
Although the terms cleaning and shaping are often used Lo
describe root canal treatment procedures,’'" reversing the order
to shaping and cleaning more correctly reflects the fact that
enlarged canals direct and facilitate the cleaning action of
irrigants and the removal of infected dentin.

Planktonic microorganisms in the pulp cavity and coronal
root canal may be readily killed by irrigants early in a
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The primary objectives in cleaning and shaping the root canal
system are to do the following:

*
*
L 2

Remove infected soft and hard tissue

Give disinfecting irrigants access to the apical canal space
Create space for the delivery of medicaments and subsequent
obturation

Retain the integrity of radicular structures

mechanical To0l canal preparation.

Mechanical Objective

An ideal mechanical objective of root canal instrumentation is
complete and centered incorporation of the original canals into
the prepared shape, meaning that all root canal surfaces are
mechanically prepared (green areas in Tig. 6-4, A and B). This
goal is unlikely to be met with current techniques.”
Preparation errors such as deviations, zipping, and perfora-

tions should be absent. Although these negative effects of canal
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Before root canal shaping, dentin wall thickness dimensions
of 1 mm and below have been demonstrated in anatomic
studies.'*"'** Straightening of canal paths can lead to thinning
of curved root walls (Fig. 6-5). Although no definitive minimal
radicular wall thickness has been established, 0.3 mm is con-
sidered critical by some authors.”®” To avoid overpreparation
and outright perforations, adequate access cavity preparation
and optimal enlargement of the coronal third of the root canal
has to be ascertained (discussed later).

e e,

of infected pulp and dentin (Fig. 6-6) and creation of space for
delivery of irrigants.

Traditionally, fluids have been dispensed passively into root
canals by syringe and needle (Fig. 6-7). When delivered with
passive needle irrigation, solutions have been shown to pro-
gress only 1 mm farther than the tip of the needle '™ 704
Enlarged apical canals and finer needles are likely to allow
increasingly deeper needle placement, and this improves
debridement and disinfection of canals.”'*'*" 7 However,

R T
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Gohring.)

thorough cleaning of the most apical part of any preparation
remains difficult,”™ especially in narrow and curved
Cana]S 16,211 404

Technical Objective

Although a continuous taper that encompasses the original
shape and curvature of a given root canal is an accepted goal,
final apical preparation size remains a much-disputed entity in
root canal therapy, as does final taper of the preparation.”
Arguments were made for better disinfection with larger sizes
(i.e., #50 or greater)™'"” in combination with smaller tapers of
.02 to .05. Others found no difference whether the selected
final size was small or large.'"””"" A self-adjusting file was
introduced,””” which does not prepare canals to a specific
normed size; its debridement effect is thought to result from a
greater radicular wall contact, notably in buccolingually wide
canals.”

Clinical Issues

A wide spectrum of possible strategies exists for attaining the
goal of removing the canal contents and eliminating infection.
Lussi and colleagues introduced an approach to removing
canal contents and accomplishing disinfection that did not

1t, who was recovering from
Ive decay, several teeth had
ras aided by nickel-titanium
1a and AH26 as the sealer.
t of #14 had to be resected.
were replaced by implants.
status at 4-year follow-up,
radiograph at 4-year recall
Jrations done by Dr. Till N.

303 304

involve the use of a file: the noninstrumentation technique.
This system consisted of a pump, a hose, and a special valve
that was cemented into the access cavity (Fig. 6-8. A) to
provide oscillation of irrigation selutions (1% to 3% sodium
hypochlorite) at a reduced pressure. Although several in vitro
studies suggested that canals can be cleaned and subsequently
filled using this noninvasive system (see Fig. 6-8, Band C) "%
preliminary clinical results have not been as convincing (see
Fig. 6-8, D).”

At the opposite end of the spectrum is a treatment tech-
nique that essentially removes all intraradicular infection
through extraction of the tooth in question (see Fig. 6-8, E and
F). Almost invariably, periradicular lesions heal after extraction
of the involved tooth.

Clinical endodontic therapy takes place somewhere along
this spectrum of treatment strategies. This is reflected in some
of the controversies that surround the cleaning and shaping
process, such as how large the apical preparation should be
and what are the correct diameter, length, and taper.”" Once
the decision has been made to initiate endodontic treatment,
the clinician must integrate his or her knowledge of dental
anatomy, immunology, and bicengineering science with clini-
cal information.

04



reconstructions in clinical and mesiodistal views of a maxillary molar prepared
with a NiTi rotary system. The green area indicates the pretreatment shape,
and the red area indicates the posttreatment shape. Areas of mixed red and
green indicate no change (i.e., no removal of radicular dentin). C-E, Cross
sections of the coronal, middle, and apical thirds; the pretreatment cross
sections (green) are encircled by the posttreatment outlines {red) in most
areas. (A-B, From Hibscher W, Barbakow F, Peters OA: Root-canal prepara-
tion with FlexMaster: canal shapes analysed by micro-computed tomography,
Int Endod J 36:740, 2003.)

Endodontic therapy has been compared to a chain of events,
wherein the chain is only as strong as each individual link. For
the purposes of this chapter, shaping and cleaning of the root
canal system is considered a decisive link, because shaping
determines the efficacy of subsequent procedures. It includes
mechanical debridement, the creation of space for the delivery
of medicaments, and optimized canal geometries for adequate
obturation.”” These tasks are attempted within a complex ana-
tomic framework, as recognized in the early 20th century by
Walter Hess' (Fig. 6-9; see also Chapter 5 for a complete
description of root canal anatomy).

A clinician must choose appropriate strategies, instruments,
and devices to overcome challenges and accomplish precise
preparation in shape, length, and width. This allows endodon-
tic therapy to address various forms of the disease processes
described previously (Fig. 6-10). Recall radiographs taken at

appropriate intervals predictably demonstrate longevity and
favorable outcomes (see Figs. 6-1, 6-2, and 6-11) il a system-
atic approach to root canal shaping is adhered to (see Box 6-1).

Endodontic files traditionally have been manufactured
according to empiric designs, and most instruments still are
conceived based on individual clinicians’ philosophies rather
than developed through an evidence-based approach. Similar
to the development of composite resins in restorative dentistry,
the development of new files is a fast and market-driven
process. With new instruments becoming available, the clini-
cian may find it difficult to pick the file and technique most
suitable for an individual case. Clinicians must always bear in
mind that all file systems have benefits and weaknesses. Ulti-
mately, clinical experience, handling properties, usage safety,
and case outcomes, rather than marketing or the inventors
name, should decide the fate of a particular design. The
following section describes typical instruments used in root
canal shaping.

ENDODONTIC INSTRUMENTS

General Characteristics

Design Elements
Root canal preparation instruments such as K-files and nickel-
titanium rotary instruments follow certain design principles
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tron micrograph of é fractured roét with a thick smeaf Ia§er and ft]ngi in
the main root canal and dentinal tubules. (4, Courtesy Professor C. Kogkapan.
B, Courtesy Professor T. Waltimo.)

that relate Lo drills and reamers used lor work in wood and
melal, respectively, whereas other instruments such as broaches
and Hedstrom files do not find a direct technologic correlate.
Design elements such as the tip, flutes, and cross sections
are considered relevant for files and reamers used in rotary
motion. These pertinent aspects are briefly described next;
tor a more detailed review, the reader is referred to the
llt erature. L8] 420 427 483

Tip Design
In rool canal preparation, an instrument Lip has two main
functions: 1o guide the file through the canal and (o aid the [ile
in penetrating deeper into the canal. A clinician unfamiliar
with the tip design, in particular of a rotary instrument, may
do either of the following: (1) transport the canal (if the tip is
capable of enlarging and is used too long in one position in a
curved canal) or (2) encounter excessive torsion and break the
file (if a noncutting tip is forced into a canal with a smaller
diameter than the tip).

The angle and radius of its leading edge and the proximity
ol the Mute Lo its actual Lip end delermines the cutling abi|ily

2/-gauge needie parely reacnes e migale mira. L-U, A
venting needle reaches the apical third in adequately enlarg

ol a file Lip. Culting ability and [ile rigidity deter
pensily Lo transport the canal. The clinician must
that as long as a flexible file with a noncutting ti
360-degree canal transportation is unlikely to oc

Studies have indeed shown that tip desig
control, efficiency, and outcome in the shaping
systems.””" " The tip of the original K-file resembl
instrument tips have been described as cutting, n
partially culting, although no clear distinction exi:
three types (Fig. 6-12).

Nonculling lips, also called Bait tips, are create
and smoothing the apical end of the instrument (
A). A tip modification was introduced with th
which was manulactured [ully by grinding so 1k
tional angles were smoothed laterally between tb
instruments working parts.”' Similar technique:
to manufacture NiTi K-files.”"

For NiTi rotary files, typically rounded nor
are used (see I'ig. 6-12, B), which effectively p
ration errors that were found with earlier so-calle
Lips."‘j(’ One exception Lo this rule is the Ly



FIG. 6-8 Spectrum of strategies for accomplishing the primary aim of root canal treatment: elimination of
infaction. A, Schematic diagram of minimally invasive therapy using the noninstrumentation technique (NIT).
B, Example of teeth cleaned in vitro using NIT. Note the clean intracanal surface, which is free of adhering tissue
remnants. C-D, Examplas of teeth cleaned in vivo and later extracted to investigate the clinical effects of NIT.
Note the relatively clean, tissue-free canal space in C and the significant tissue revealed by rhodamine B staining
in D. E-F, Course of maximally invasive therapy; apically involved footh #30 was extracted, effectively removing
the source of periradicular inflammation. (A-8, Courtesy Professor A, Lussi. C-0, Courtesy Professor T. Attin.
E-F, Courtesy Dr. T. Kaya.)
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in that case facilitate removal of the existing root canal filling
material and are sufficiently safe.

Longitudinal and Cross-Sectional Design

The flute of the file is the groove in the working surlace used
o collect soft tissue and dentin chips lrom the wall of the
canal. The elfectiveness ol a lute depends on is deplh, width,
configuration, and surface finish. The surface with the greatest
diameter that follows the groove (where the flute and land
intersect) as it rotates forms the leading (cutting) edge, or
the blade of the file. The cutting edge forms and deflects
chips along the wall of the canal and severs or snags soft
tissue. Its effectiveness depends on its angle of incidence and
sharpness.

Some instruments have a [eature between railing and
cutling edge that lorms a larger contact area with the radicular
wall; this surlace is called a radial land (Fig. 6-13). Such a land
is thought to reduce the tendency ol the [ile Lo thread into the
canal. It also supports the cutting edge and limits the depth of
cut; its position relative to the opposing cutting edge and its
width determine its effectiveness. On the other hand, landed
files are typically less cutting efficient compared to triangular
cross sections.”™

To reduce frictional resistance, some of the surface area of
the land that rotates against the canal wall may be reduced to
form the relief. The angle the cutling edge forms with the long
axis of the file is called the helical angle (see Fig. 6-13).

angle is the angle formed by the leading edge a:
of the file through the point of contact with the r
Il the angle [ormed by the leading edge and the
cul is 90 degrees, Lthe rake angle is said Lo be neu
angle may be negative or scraping (Fig. 6-14, A)
cutting (Fig. 6-14, C).

The cutling angle is considered a belter indica
cutting ability and is determined by measuri
formed by the leading edge of the file and a t
radicular wall in the point of contact. The clearar
responds to the cutting angle at the trailing edge ¢
in case of reciprocating action, becomes the cutti
sum of cutting angle and rake angle is 90 degree

The pitch of the file is the distance between a
leading edge and the corresponding point on
leading edge (the distance [rom one “spiral twist
(see Fig. 6-13). The smaller the pitch or the sh
tance belween corresponding poinls, the more s
has and the greater the helix angle. Although 1
constant pitch typically in the range of 1 mm, m:
ries have a variable pitch, one that changes along
surface. When variable pitch is used, usually tigh
located close to the tip of the file and more s
the flutes is located toward the coronal part «
longitudinal section through an instrument res
(see Fig. 6-13). The outer diameter ol a lapere
increases [rom the file tip toward the handl



same region as in A, showing that the sinug tract had closed by the time obturation was performed.

on core dimensions, the [lute may become proportionately
deeper, resulting in a core laper that may be dillerent [rom the
external taper.

The cutting angles, helix angles, and external and core
tapers may vary along the working surtace of the file, and the
ratios of these quantities can vary among instruments of the
same series. A change in any of these features may influence
the files effectiveness or its propensity for breakage as it pro-
gresses into the canal space.

Taper

The taper usually is expressed as the amount the lile diameter
increases each millimeter along its working surface from the
tip toward the [ile handle. For example, a size #25 [ile with a
.02 taper would have a 0.27-mm diameter 1 mm from the tip,
a 0.29-mm diameter 2 mm from the tip, a 0.31 mm diameter
3 mm [rom the tip, and so lorth. Instruments can have con-
stant or variable taper: Some manuflacturers express the taper
in terms ol percentage (e.g., a .02 instrument has been said o
have a 2% taper; Fig. 6-15). Current instrument developments
include variations in helical angle, pitch, and taper along
the cutlting portion, which along with variations in alloy and
rotational speed (rpm) all affect cutting behavior.™ The ability

Lo determine cross-sectional diameler at a given |
can help the clinician determine the file size in
curvature and the relative stress being placed ¢
ment Instruments with greater lapers are design
tip of the instrument functions as a guide and th
coronal part of the instruments working part is t]
ing the canals walls.

ISO Norms

Standardized specifications have been establishe
endodontic instrument quality”™ For example,
tional Standards Organization (ISO) has worl
Fédération Dentaire Internationale (FDI) 1o del
tions. These standards are designated with an 15O
American Dental Association (ADA) also has bee
this effort, as has the American National Stand
(ANSI); these standards are designated with an £
However, new instrument designs have resulted
reconsideration ol the standards.

Two ISO slandards pertain o endodontic
ISO No. 3630-1 deals with K-type [iles as does 2
Hedstrom files {ANSI No. 58), and barbed 1!
rasps (ANSI No. 63). 1SO No. 3630-3 deals wit]



One important feature of 150-normed hand instruments is
a defined increase in tip diameter of 0.05 or 0.1 mm, depend-
ing on the instrument size (Fig. 6-16). ISO-normed K- and
Hedstrom files (Fig. 6-17) are available in dillerent lengths (21,
25, and 31 mm), but all have a 16-mm-long section of culling
Mutes (see Figs. 6-12 and 6-15). The cross-sectional diameter
al Lhe [irst rake angle ol any [ile is labeled DO. The point 1 mm
coronal to DO is D1, the point 2 mm coronal Lo DO is D2, and
so on up to D16. The D16 point is the largest diameter of an

approved machining tolerance of £0.02 mm cor
intended acdvantages. Moreover, although +0.02
is stipulated by the 1SO norm, most manulfac
adhere Lo jL, 2559499581

Another suggested modilication relates o i
stant 29% percentage ol diameter increment
pattern creales smaller instruments that carry |
load. However, the intended advantage is oflset |

eters, hecause the 29% increase between suc



ad in the 1SO

liles with dif-
1anufacturers.
range of #15
5,#17.5, #20,

pes ol alloys
| and nickel-
struments are
ible resistance
ing lorce and
lents aller use
steel lles are
ng and steril-
¥ not be cost
‘0 #60 may be

v-speed hand-
. Peeso burs,
manulactured
r rolary root
ade ol nickel-
s, specifically

hd Nickel

heir behavior
nents. Stress-
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Color-coded instrument handles

med hand instrument size #35. Instrument tip sizing, taper, and

JA norm.

m

and [orces required Lo bend endodontic files 1o 45 degrees were
reduced by 50% with NiTi."*"*** Serene and colleagues specu-
lated that heat, probably during sterilization cycles, could even
restore the molecular structure of used NiTi files, resulting in an
increased resistance to fracture.”” Such a behavior is claimed to
occur for current martensitic instruments.””

These unusual properties are the result of a molecular crys-
Lalline phase transformation in specific crystal structures of the

- 100

g3
(%]

8

]
]
il
_ B
3

y."'" External

1 of NiTi into
accommodate
result, a NiTi
pseudoelastic-
e alter being
iles that typi-

: : g rather than
Lwisted; Lwisting incorporates plastic deformation and is used,
for example, to produce stainless steel K-files.

Similar to the application of deforming forces, heat can also
result in phase transformation (see I'ig. 6-19, A) from austenite
to martensite and vice versa.””*? Moreover, thermal condi-
tions during the production of the raw wire can be used to
modify its properties, most important of which is its flexibil-
ity.'"**! For austenitic endodontic instruments, a recoverable
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o
designs.

Attempts to improve the NiTi alloy continue, and reports
indicate that new NiTi alloys may be five times more flexible
than currently used alloys.™ ™' NiTi instruments may
have imperfections such as milling marks, metal flash, or
rollover."”” #*#*7% Some researchers have speculated that
fractures in Nili instruments originate at such surface
imperfections."!

Surface irregularities may provide reservoirs ol corrosive
substances, most notably sodium hypochlorite (NaOCI). Chlo-
ride corrosion may lead 10 micropitling™ and possibly subse-
quent [racture in NiTi instruments.”” Immersion in various
disinlecting solutions [or exlended periods (e.g., overnight
soaking) produced corrosion of NiTli instruments and sub-
sequent decreased torsional resistance.”"*" For ProTaper,”
RaCe, and Prolile385 instruments, 2-hour immersion damaged
the integrity of the alloy. Other authors did not find a corrosion-
related effect on K3-files™ or ProFile instruments.’™

Regular repr‘()cessing pr()cedures dﬂ nol seem Lo Sigl"liﬁ’
cantly affect NiTi rotary instruments.”” """ In one study, only
limited material loss occurred when NiTi LightSpeed instru-
ments were immersed in 1% and 5% NaOCl for 30 to 60
minutes.” Corrosion of NiTi instruments used in the clinical
setting, therefore, might not significantly contribute to fracture
except when the instruments are immersed in warmed NaOQCl
for longer than 60 minutes. In the majority ol studies,

FIG. 6-18 Stress-strain behavior of nickel-titanium allo
diagram of linear extension of a NiTi wire. B, Torque to fail
#60, #.04 taper ProFile NiTi instrument. Note the bipha
indicated by arrows in A-B. G, Comparison of stainless ¢
titanium crystal lattices under load. Hookian elasticity accour
behavior (E) of steel, whereas transformation from marten
and back occurs during the pseudoelastic (FPE) behavic
(C, Modified from Thompson SA: An overview of nickel-tital
in dentistry, int Endod J 33:297, 2000.)

sterilization procedures do nol appear lo nega
torsional strength®'"*" or fatigue resistance ™™
instruments: austenitic”® and martensitic” a
grossly similarly in this aspect.

There is an ongoing discussion over the im
aspects of clinical usage on the mechanical prop
rolaries. Mosl 1ike|y‘ clinical usage leads Lo son
the alloy, potentially through work hardening.™

Another strategy to improve surface characte:
tropolishing; also surface coatings and ion impl
been tried. Electropolishing is a process that rer
irregularities such as flash and bur marks. It :
improve material properties, specifically fatigue :
resistance; however, the evidence lor both th
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mixed. One study [ound an extension ol [aligue lile lor
electropolished instruments,” whereas others [ound no
improvement ol latigue resistance ol electropolished instru-
ments. “"""*" Boessler and colleagues suggested a change in
culting behavior with an increase ol lorsional load aller
electropolishing.™
Corrosion resistance ol electropolished NiTi rotaries is also
controversial. One study lound superior corrosion resislance
[or electropolished RaCe instruments,” whereas another study
demonstraled similar corrosion susceptibility lor RaCe and
nonelectropolished ProFile instruments.™ Attemplts have been
made lo improve surlace qualily by coaling it with lilanium
nitride.”"* The latter process also seems to have a beneficial
effect on cutting efficiency. ™
Perhaps more relevant than surface treatment are modifica-
tion of the base alloy that significantly alter material properties
within the atomic ratio.” The first commercialized alloy was
M-Wire (SportsWire. Lanelev. OK). which was shown to have
Ul strength.*"
h production
eps to create
e production
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FIG. 6-20 Physical factors (torgue, axial force, and insertion depth) that affect root canal instrumentation docu-
mented with a torgue-testing platform. A, ProFile size #45, #.04 taper used in a mildly curved canal of a single-
rooted tooth, step-hack after apical preparation to size #40. B, FlexMaster size #35, #.05 taper used in a curved
distobuccal canal of a maxillary first molar, crown-down during the initial phase of canal preparation.
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Manually Operated Instruments

Endodontic trays contain many items familiar from general
dentistry but certain hand instruments are designed specifi-
cally lor endodontic procedures. This includes instruments
employed lor procedures inside the pulp space, lor example
hand and engine-driven instruments [or rool canal prepara-
lion, and energized instruments [or rool canal shaping. Special
instruments and devices [or rool canal obluratlion are selected
lor [illing prepared canal spaces.

K-Type Instruments

Manually operated instruments are generically called (iles.
Defined by function, files are instruments that enlarge canals
with apico-coronal insertion and withdrawal motions.

Historically, root canal instruments were manufactured
from carbon steel. Subsequently, the use of stainless steel
greatly improved the quality of instruments. More recently,
K-type files manufactured from NiTi were introduced (NiTi-
Flex, Dentsply Maillefer, Ballaigues, Switzerland).

Files were first mass produced by the Kerr Manufacturing
Co. ol Romulus, Michigan, in the early 1900s, hence the name
“K-type” lile (or K-[ile) and K-1ype reamer (K-reamer). K-[iles
and K-reamers were manulactured by the same process—that
is, by lwisling square or lriangular metal blanks along their
long axis, producing partly horizonlal cutling blades (see l'ig.
6-17, A). Three or lour equilateral, [lat surlaces were ground
al increasing depths on the sides ol a piece ol wire, producing
a lapered pyramidal shape. The wire then was slabilized on one
end, and the distal end was rotated to form the spiral instru-
ment. The number of sides and the number of spirals deter-
mine whether the instrument is best suited for filing or reaming.
Generally, a three-sided configuration with fewer spirals (e.g.,
16 per 16-mm working portion) is used for reaming (i.e.,
cutting and enlarging canals with rotational motions). A file
has more flutes per length unit (e.g., 20) than a reamer, whereas

K-type instruments are useful for penetrating and enlarg-
ing root canals. Generally, a reaming motion (ji.e., constant
file rotation) causes less transportation than a filing motion
(translational or “in and out” motion)."""" (Transportation is
delined here as the excessive loss ol dentin [rom the outer
wall ol a curved canal in the apical segmenl, as described in
more detail later.)

Stainless steel K-liles may be precurved by overbending.
This procedure subjects the [ile to substantial strain and should
therelore be done carelully. Permanent delormation occurs
when the [lutes become wound more lightly or opened more
widely (Lig. 6-21). When such delormation occurs, the instru-
menl should no longer be used; [ile [racture is likely lo oceur
during clockwise motion after plastic deformation.*®

Interestingly, although the force required for failure is the
same in both directions of rotation,”"*™ failure occurs in the
counterclockwise direction at half the number of rotations
required for failure in the clockwise direction. Therefore,
K-type instruments should be operated more carefully when
pressure is applied in a counterclockwise direction.

Cross-sectional analysis of a K-file reveals why this design
allows carelul application ol clockwise and counterclockwise
rolational and translational working strokes: the cross section
is symmetrical with negalive rake angles, allowing dentin 1o
be adequalely cut in both clockwise and counter-clockwise
direction.

Reamers are instruments that are similar to K-liles in overall
design, but they have lewer culling [lutes per mm ol the
working surlace. They are more appropriate lor twisling
motion and are less frequently used today ™’

H-Type Instruments

H-type instruments, also known as Hedstrom files (see Fig.

6-17. B), are milled from round, stainless steel blanks. These

files are very efficient for translational strokes,” because of a

positive rake angle and a blade with a cutting rather than a
i are strongly
re. Hedstrom
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liles up Lo size #25 can be emcienﬂy used Lo relocate canal
orilices and, with adequate [iling strokes, Lo remove overhangs.
Similarly, wide oval canals can be instrumented with Hedstrom
files as well as with rotary instruments. On the other hand,
overzealous filing can lead to considerable thinning of the
radicular wall and strip perforations (L'ig. 6-22). As with stain-
less steel K-files, Hedstrom files have been described as dispos-
able instruments. ™"

Bending Hedstrém files results in points of greater stress
concentration than in K-type instruments. These prestressed
areas may lead Lo the propagation ol cracks and ultimately
fatigue failure.”” Note that clinically, faligue [raclures may
occur without visible signs ol delormation.

Hedstrom [iles are produced by grinding a Sing|e conlinu-
ous [lute into a lapered blank. Computer-assisted machining
technology has allowed the development ol H-type instru-
ments with complex forms. This process, called multiaxis
erinding. allows adiustment of the rake anele. helix angle,

icale the
rally has
ead into
s blades
s impor-

cut and
exist for
ndodon-
lor resis-
Lrument,
1 culling

satment of
ip perfora-

or breaking loose dentin and (2) ellectiveness in machining
dentin.

Attempts have been made Lo evaluate the efllectiveness ol an
instrument when used with a linear movement. ™" Collec-
tively, these studies showed that instruments might differ sig-
nificantly, not only when comparing brands and types but also
within one brand and type. For K-files, etfectiveness varies 2
to 12 times between files of the same brand. This variation for
Hedstrom files is greater, ranging from 2.5 to more than 50
times.” The grealer variation among Hedstrom files is easy Lo
understand because the H-lile is the result of more individual
grinding during manulacture than the conventional K-file,
which is difficult 10 alter much during the manulacturing
process. For example, during the grinding ol a Hedstram f[ile,
the rake angle can be modified Lo neutral or even slightly posi-
tive; this is impossible Lo achieve with a K-[ile.

During canal preparation, a file’s rake edge shaves off dentin
that accumulates in the grooves bhetween the rake edges. The
deeper and larger this space, the longer the stroke can be
belore the instrument is riding on its own debris, making
it inellective.

These design varialions and the rake angle of the edges
determine the effectiveness of a Hedstrém [ile. Of the hybrid
files, the K-Ilex (SybronEndo, Orange, CA) [ile has properties
similar to those of K-files. The Flex-R file (Integra Miltex, York,
PA), which is a ground instrument with a triangular cross
section similar to a K-file, more closely resembles a Hedstrom
file in its variations in cutting behavior. It also is more effective
at substrate removal than the K-files but cannol measure up to
the H-files™ ability to machine radicular dentin.

Barbed Broaches

Barbed broaches (Fig. 6-23) are produced in a variety of sizes
and color codes. They are manulactured by cutting sharp,
coronally angulated barbs into metal wire blanks. Broaches are
intended to remove vital pulp from root canals, and in cases
of mild inflammation, they work well for severing pulp at the
constriction level in toto. The use of broaches has declined
since the advent of NiTi rotary instruments, but broaching
occasionally may be useful for expediting emergency proce-
dures (see Chapter 18) and removing malterials (e.g., collon
pellets or absorbent points) from root canals.

Low-Speed Engine-Driven Instruments

Burs

Specialized burs are available [or endodontic access cavities.
These burs are used in both high-speed and slow-speed
handpieces and are manulactured lrom stainless steel. Access
cavity preparation and used materials are described in detail in
Chapter 5).
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produced 1m slainless sleel and Nili varietes. Because ol Lheir
design and physical properties™ GG drills are side-cutling
instruments; they can be used to cut dentin as they are with-
drawn from the canal (i.e., on the outstroke).*” Used this way,
their cutting action can deliberately be directed away from exter-
nal root concavities in single-rooted and turcated teeth. GG drills
should be used only in the straight portions of a canal.”

Two procedural sequences have been proposed: with the
step-down Lechnique, the clinician starts with a large drill and
progresses Lo smaller ones; conversely, with the step-back tech-
nique, the clinician starts with a small drill and progresses Lo
larger ones. With the step-down approach, the clinician must
select a GG instrument with a diameter that allows introduc-
Lion into the respective orilice and progression [or about 1 mm.
The subsequent smaller instruments progress deeper into the
canal until the coronal third has been preenlarged. This tech-
nique etficiently opens root canal orifices and works best
when canals exit the access cavity without severe angulations.
Opened orifices simplity subsequent cleaning and shaping pro-
cedures and help establish a smooth glide path from the access
caviLy into the rool canal syslem.

With the step-back approach, a small GG instrument is
introduced into the canal, and dentin is removed on the out-
stroke. This process is repeaLed with the next |arger GG instru-
ment, which is again worked shorter than the preceding smaller
one. In this way, the coronal third ol the root canal is enlarged
and dentin overhangs are removed.

gear reduclion handpleces ralther than wi

Peeso Drills (Reamers)

Peeso drills are typically used in root can

for coronal flaring or during post prepara

at this point manufactured mostly tror

milling similar to the Gates Gliddens. Pees

in the electric slow-speed handpiece; the

the range of 800 10 1200 rpm; the cutting [

lel and longer compared 1o GG drills but shorter than the
16 mm prescribed [or 1SO-normed hand [iles. Peeso drills are
classilied as type P and type B-l, as delined by 1SO norm 3630-
2. The sizing lor these drills is also numbers 1 1o 6, similar
10 GGs. Peeso drills are available with cutling and noncutting
tips and should be used with caution to avoid excessive prepa-
ration and thinning of radicular dentin walls.”

Engine-Driven Instruments for
Canal Preparation
Instrument Types

Engine-driven instruments [or rool canal preparation made of
stainless steel have been in use for more than hall a century—
[or the [irst decades, main|y in |1andpiecs:s that permitted re-
ciprocation (alternating clockwise-counterclockwise motion).
The major two problems with this type of instrument were
canal transportation (discussed later) and file fracture. This

17



UES [dPE

SAF

Manufacturers:

Grouping of instruments according to their mode of cutting and details about manufacturers. Group | consists of radial-landed instruments with reaming
have a triangular cross section and cutting action. Group Il is made up of instruments with unusual geometry, movement, or sequence.

changed with the advent of NiTi rotaries from about the early
1990s; the much more [lexible alloy allowed continuous rota-
tion and reduced both canal preparation errors and instrument
[racture compared 1o earlier engine driven techniques.

Currently, more than 50 types ol rotary instrument systems
have been described and more continue o be developed. The
instruments vary greatly in terms ol design, alloy used, and
recommended cutting movement (Table 6-1). Various built-in
teatures may help prevent procedural errors, increase effi-
ciency, and improve the quality of canal shaping.

For example, a longer pilot tip may guide the instrument
and help to stay centered in the canal long axis. Alternatively,
a [ile can be given an asymmelric cross section Lo help maintain
the central axis of the canal.

Another direction of instrument development is the preven-
tion of instrument fractures (I'ig. 6-25). There are several ways
to modity an instrument to make it less likely to fracture; for
example, increasing the core diameter will increase torsional
resistance. Another approach is to use a torque-limiting motor
(discussed later). Allernalively, a zero taper or nearly parallel
and Muted working portion ol the file can be provided [lor
curved canals so Lhat the apical portion of the canal can be
enlarged withoul undue file stress and compression ol debris.
More recently a reciprocation motion was reapplied 1o NiTi
rolary instruments Lo prevent threading-in and instrument
tractures in general.

Yet another, more recent, direction of instrument develop-
ment is to improve shaping as it relates to circumferential root
canal wall contact. One example for this strategy is a file manu-
factured from an expandable and flexible hollow NiTi tube, the
so-called Self-adjusting File (ReDent-Nova, Ra’anana, Israel,
Israel) (Fig. 6-26). More recently, a substantial S-shape was
superimposed onto a flexible NiTi rotary that provides a larger
envelope ol motion while maintaining a limited maximum [lute
diameter (TRUShape, Dentsply Tulsa Dental Specialties).

Marketed [iles vary greatly in terms of their specilic design
characteristics, such as tip sizing, laper, cross section, helix
angle, and pitch (see I'ig. 6-13). Some of the early systems have

been removed from the market or releg
others, such as ProFile (Dentsply Tulsa Dx
still successlully used. More recently adc
in cross-sectional and longitudinal design 1
the extent 1o which clinical oulcome ¢
depend on design characteristics is dillict

Most instruments described in the [t
manufactured by a grinding process, altl
duced by laser etching and yet others by
under specific heating and cooling proce
has been considered an important detail
arise from superficial defects may play .
racture.'” Moreover, surlace delects sucl
rollover are commeon in unused NiTi inst

Many variables and physical propertie
cal performance of NiTi rotaries.” ™"
has generated much of what is known abc
including reasons for instrument fractu
sequences. These instruments have subs
incidence ol relevanL canal shaping err
also thought o [racture somewhal mMo.c waony tran nanw
instruments.

Table 6-1 and the [ollowing sections describe the instru-
ment groups most widely used lor rool canal preparation at
this point in time. Most basic strategies apply to all NiTi
rotary instruments, regardless of the specific design or brand.
However, three design groups need to be analyzed separately:
group 1, instruments designed for passive preparation; group
1L, rotary instruments designed for active cutting; and group
111, unique designs that do not fit in either group 1 or group I1.

Group |: Passive Preparation; Presence of Radial Lands

ProFile (Dentsply Tulsa Dental Specialties), LightSpeed (mar-
keted in its current form by SybronEndo), and GT rotaries
(Dentsply Tulsa Dental Specialties) and have in common a
cross section with so-called radial lands. These are created by
three round excavations, also known as the U-shape. The
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| third
graph
shows
1 was
licular

1 short anterior cutting
y to the currently avail-
at is manufactured not
A full set consists of 25
#20 to #100, including
not have half sizes, and

and smear created by cutting hles.”™""” ‘L he original LightSpeed is a widely researched NiTi rotary
instrument,” 23BN G0 most reports have lound that
LightSpeed the system has a low incidence of overall and specilic prepara-

The LightSpeed file, developed by Drs. Steve Senia and William tion errors. One report found similar shaping abilities [or
Wildey in the early 1990s and now also known as LS1, was LSX and LightSpeed LSl assessed with a double-exposure

introduced as an instrument dilferent [rom all others because technique. ™
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design 15 relativdy dillicult to manulacture, t‘csulLing in some
melal [lash.

Like most other current instruments, the K3 features a
round 54fct}_-‘ 1ip, but the file s about 4 mm shoerter than other
files (although it has the same length of cutting [lutes) because
of the so-called Axxess handle. The instruments are coded by
ring color and number.

Tested in vitro, K3%s shaping ability seems to be similar to
that of the ProTaper™ and superior to that achieved with hand
instruments. " More recently, when curved canals in lower
molars were shaped 1o a size #30 06, K3 files had less canal
transportation in a modilied Bramante model than RaCe bul
more than ProFile.

Summary

Radial landed rotary instruments are considered very sale,
even when accidentally taken beyond the confines of the
root canal. Fracture resistance to torsional loading and cvelic
varies depending on specific instrument design. The limited
cutting efficacy of these files was perceived as a downside
and is a reason that the market share has diminished.”
However, their excellent track record in clinical applications
and research conlinues 1o support the use ol rotaries listed in

group |.

Group lI: Active Cutting; Triangular Cross Section
Rotaries in group 11 all have a more active cutting flute design
in commen. Radial lands are absent (see Fig. 6-13), and this
fact results in a higher cutting efficacy. This translates o a
higher potential for preparation errors, in particular when the
instrument is taken through the apical foramen, thus eliminat-
ing the guide derived from the noncutting tip.

ProTaper Universal

The Prolaper system originally comprised six instruments:
three shaping lles and three hinishing [les. This set is now
complemented by two larger [inishing files and a separate sel
ol three rolaries lailored Lo retreatment procedures. The instru-
ments were designed by Drs. Cliff Ruddle, John West. and
Pierre Machtou. In cross sections, ProTaper shows a convex
triangle with sharp cutting edges and no radial lands. The cross
section of finishing files T3, T4, and T'5 is slightly relieved for
increased flexibility. The three shaping files have tapers that
increase coronally, and the reverse pattern is seen in the five
finishing files.

Shaping [iles nos. 1 and 2 have tip diameters ol 0.185 mm
and 0.2 mm, respectively, 14-mm-long cutting blades, and
partially active tips. The finishing liles {F1-F3) have 1ip
diameters ol 0.2, 0.25, 0.3, 0.4, and 0.5 mm, respectively,
between DO and D3, and the apical tapers are .07, .08, .09, .05,
and .04, respectively. The finishing files have rounded noncut-
ting tips.

Two aspects of handling have been emphasized for Pro-
Taper. The first is the preparation of a glide path, either manu-
ally™ or with special rotary instruments.” An enlargement o
a size approaching the subsequent rotaries’ tips, at least larger
than the files core diameter, prevents breakage and allows
assessment ol the canal size.™ This means that the glide path
should correspond 1o a size #15 or #20. The second specific
recommendation is the use ol a more laterally directed “hrush-
ing” working stroke. Such a stroke allows the clinician 1o coro-
nally direct larger files away [rom danger zones and counleract
any “threading-in” effect.”™ Both usage elements should be

considered good practice [or other instruments, particularly for
more actively cutling ones.™'

In a study using plastic blocks, ProTaper created acceptable
s|‘1;-1pcs more quickly than GT rotary, Prolile, and Quantee
instruments,” but it also created somewhat more aberrations.
This was recently corroborated comparing preparations of
mesial root canals in mandibular molars ex vive with ProTaper
Universal to Alpha (Gebr. Brasseler GmbH & Co. KG-Komet,
Lemgo. Germany).” In a comparison ol ProTaper and K3
instruments (Sybronkndo), Bergmans and colleagues [ound
lew dillerences, with the exception ol some transporiation
by the ProTaper into the [urcation region.”’ A siudy using
UCT showed that the ProTaper crealed consisienl shapes in
constricled canals, withoul obvious preparalion errors,
although wide canals may be insufficiently prepared with this
system. ™ It has been recommended that ProTaper be com-
bined with less tapered, more flexible rotaries to reduce apical
lrarlsporlatmn.‘”""

A newer version of this system, called ProTaper Next was
introduced in 2013. Current research suggests that mechanical
properties ol these instruments, manulaclured [rom M-Wire,
are better than ProTaper Universal 2757

No data are currently available on shaping oulcomes or
clinical resulis.

HERO 642, HERO Shaper

Several systems in group 11 {see Table 6-1) were designed with
positive rake angles, which provide greater cutting efficiency,
HERO instruments (MicroMega, Besancon, France) are an
example. The original version was known as HERO 642 (the
acronym HERO stands for high elasticity in rotaton), and the
name has now changed into HERO Shaper. with little apparent
dilferences in the instrument design.

Cross sections o HERO instruments show geometries
similar 1o those ol an H-1ile without radial lands. Tapers af .02,
04, and .06 are available in sizes ranging Irom #20 10 #45. The
instruments are relatively [lexible but maintain an even distri-
bution ol force into the culling areas.”™ " HERO instruments
have a progressive flute pitch and a noncutting passive tip,
similar to other NiTi rotary systems. The instruments are coded
by handle color.

Research with TIERO files indicates a shaping potential
similar o that of the TlexMaster™ (VDW, Munich, GL’l'l'l'I.aI:l}'j
and ProFile,"* although in one study HERO files induced more
changes in cross-sectional analomy.”” HERQ instruments also
caused some aberrations when used in simulated canals with
acule curves, " bul they were saler than Quantec SC instru-
ments (Sybrontndo).”™ More recently, HERO Shapers had a
betler centering abilily compared 1o RaCe instrumenls in resin
blocks.” Using a modified Bramante technique in vitro, earlier
HERO 642 and current HERO Shaper rotaries showed no dif-
ferences in canal cross sections before and after shaping.™

FlexMaster
The TlexMaster file system is currently unavailable in the
United States but popular in Europe. It features .02, .04, and
.06 tapers. The cross sections have a triangular shape, with
sharp culling edges and no radial lands. This makes [or a rela-
tively solid instrument core and active cutting ability. The
overall manulaciuring quality seems high, with minimal metal
llash and rollover.

FlexMaster files have rounded, passive tips; the tip diame-
ters range from 0.15 to 0.7 mm for .02 instruments and 0.15
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to 0.4 mm for.04 and .06-tapered files. In addition to the stan-
dard set, the Intro file is available, which has a .11 taper and
a 9-mm culling part. The instruments are marked with milled
rings on the instrument shall, and the manulaeturer provides
a system box thal indicates sequences lor narrow, medium-size,
and wide canals.

Several studies indicale that the FlexMaster allows centered
preparalions in both constricted and wider canals™ and that it
performed on par with other systems.”"”*" Clinical studies con-
firmed that the FlexMaster showed superior shaping character-
IsLIcs L‘omparcd with K-files, ™ Also, novice dental students were
able to shape plastic blocks successfully with the TlexMaster
after a short training period. ™™ Tested in a well-described
model of simulated canals. FlexMaster instruments led to few
aberrations but ook longer than preparations with RaCe [iles.””
Moreover, FlexMaster appeared Lo be less ellective than RaCe in
removing dye rom the walls of simulated canals prepared 1o size
#30 but were more ellective than ProFile. ™

RaCe, BioRaCe, BT Race

The RaCe file has been manufactured since 1999 by TKG
and was later distributed in the United States by Brasseler
(Savannah, GA). The name, which stands for reamer with

alternating cutting edges, describes just one design feature of

this instrument. Light microscopic imaging of the file shows
flutes and reverse flutes alternating with straight areas: this
design is aimed at reducing the tendency of files to thread into
a root canal. Cross sections are triangular or square for .02
instruments with size #15 and #20 tips. The lengths ol cutting
parts vary from 9 1o 16 mm.

The surface quality of RaCe instruments has been modified
by electropolishing, and the two largest files (size #35, .08
taper and size #40, .10 taper) are also available in stainless
steel. The tips are round and nencutting, and the instruments
handles are color-coded and marked by and milled rings. RaCe
instruments have been marketed in various packages to address
small and large canals; recently they are sold as BioRaCe, pur-
portedly to allow larger preparation sizes, with an emphasis on
the use ol .02 1apered instruments.

Few results ol in viltro experiments comparing RaCe Lo
other contemporary rolary systems are available,” ™" Canals
in plastic blocks and in extracted teeth were prepared by the
RaCe system with less transportation than with ProTaper
files."™™ In another 5111(1)-', ProTaper and RaCe pcrformcd Sirmi-
larly when canals were prepared to an apical size #30.""" When
preparing to a size #40, RaCe files prepared canals rapidly and
with few aberrations or instrument deformities.” The newer
BioRaCe instrument sequence utilizes .02 tapered instruments
to promote larger apical sizes. As with any rotary system, this
is also possible in a hybrid hand-rotary technique. BioRace
instruments prepared S-shaped canals in plastic blocks (10 size
#40) similarly 1o ProTaper and MTwo but were superior when
combined with S-Apex.” In a clinical study, Rocas and col-
leagues [ound no significant dillerences between NiTi hand file
preparation and BioRace regarding the reduction ol bacterial
load.™ A new variant, BT RaCe, has been introduced and
incorparates different tip designs, as well as different sequernces.

EndoSequence

The EndoSequence rotary instrument is produced by FKG
in Switzerland and marketed in the United States by Bras-
seler. This instrument acdheres to the conventional length
ol the culling [lutes, 16 mm, and to largcr lapers, .04 and .06,

to be used in a crown-down approach. The overall design,
including the available tapers and cross sections, is thus
similar to many other [iles; however, the manuflacturer ¢laims
that a unique longitudinal design (called aliernating wall
contact points [ACP]) reduces torque requirements and
keeps the file centered in the canal. 1t also has varying, com-
paratively small helical angles. Another leature ol the Endo-
Sequence design is an
manufacturing, similar to that of RaCe files, resulting in a
smooth, polished surface. This is thought to promote better

fuLiguc resistance, hence a rotational 5pccd of 600 rpm is
204

ElECLrOCIlCD'liCEL] Lrealment afLer

recommended for EndeSequence. Most in vito results,
however, suggest that EndoSequence is not superior to other

files in cvclic fatigue resistance. "

Twisted File

In 2008, SybronEndo presented the first (luted NiTi ile manu-
lactured by plastic delformation, a process similar to the 1wist-
ing pracess thal is used Lo produce stainless steel K-liles: the
Twisted File {TF). According to the manulacturer, a thermal
process allows twisting during a phase transformation into the
so-called R-phase of nickel-titanium. The instrument is cur-
rently available with a size tip from #25 to #50 and in tapers
from .04 to .12

The unigue production process is thought to result in supe-
rior physical properties; indeed, early studies suggested signifi-
cantly better laligue resistance when size #25 .06 laper Twisted
Files were compared to K3 instruments of the same size GTX
instrument.'™ Moreover, as determined b)’ bending lesls
according o the 1SO norm for hand instruments, 3630-1,
Twisted Files size #23 .06 taper were more (lexible than Pro-
Files of the same size.'"" Others [ound similar levels [or fatigue
resistance for TT and Profile of similar size.””

A more recent development for TT is the use of an electric
motor that allows different file movement, both continuous
rotation and reciprocation, depending on the clinical situation
(TF Adaptive, SybronkEndo).

ProFile Vortex

Prolile Vartex liles are manulactured [rom NiTi. Two versions
are on the market, one made rom M-Wire and another [rom
so-called blue wire (Vorltex Blue, which showed grealer resis-
tance to cyclic [atigue and increased torque resistance), and
they have varying helical angles 1o counteract the tendency of
nonlanded files to thread into the root canal. Vortex instru-
ments are recommended to be used at 300 rpm; higher rota-
tional speed results in less torque generated.” Canal preparation
with ProFile Vortex in vitro was similar to other rotary instru-
ments.” """ Vortex instruments are available in sizes #15 to #30
and in .04 and .06 tapers.

MTwo

This instrument, originally sold in Taly by Sweden e Martina,
was pul onto the European market in 2004. The instru-
ment has a two-lluted S-shaped cross section. The original
strategy allowed [or three distinet shaping approaches alter
the use of a basic sequence with tip sizes from #10 10 #25
and tapers ranging from .04 to .06. Subsequent enlargement
was meant to create apical sizes up to #40 .04 or, alternatively,
to #25 .07 or to larger apical sizes with so-called apical
files. MTwo is a well-researched and cutting-efficient instru-
ment; clinically it is an example for the so-called single length
technique. Canal shapes with MTwo were similar to other
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Basic cleaning and shaping strategies [or root canal prepara-
tion can be categorized as crown-down, step-back, apical wid-
ening. and hybrid techniques. In a crown-down approach, the
clinician passively inserts a large instrument into the canal up
to a depth that allows easy progress. The next smaller instru-
ment is then used to progress deeper into the canal; the third
instrument follows deeper again, and this process continues
until the terminus is reached. Both hand and rotary instru-
ments may be used in a crown-down manner. However, instru-
ment sets with various tip diameters and tapers allow the use
ol either decreasing tapers or decreasing diameters [or apical
progress. Debate continues as to which ol those strategies is
superior [or avoiding taper lock: currently, no compelling evi-
dence lavors either of them.

In the step-back approach, working lenglths decrease in a
stepwise manner with increasing instrument size. This pre-
venls less [lexible instruments from creating ledges in apical
curves while producing a taper [or ease ol obturation.

As discussed previously, the aim ol apical widening is o
[ully prepare apical canal areas for optimal irrigation elflicacy
and overall antimicrobial activity. Apical enlargement has been
broken down into three phases: preenlargement, apical enlarge-
ment, and apical [inishing.”™

Most rotary techniques require a crown-down approach to
minimize lorsional loads,”” and they reduce the risk ol instru-
ment fracture. Used sequentially, the crown-down technique
can help enlarge canals [urther. All basic techniques described
so lar may be combined into a hybrid technique o eliminate
or reduce the shortcomings ol individual instruments.

Root canal preparation can be broken down into a series of
steps that parallel the insertion depths ol individual instru-
ments. Anatomic studies and clinical experience suggest that
most leeth are 19 to 25 mm long. Most clinical crowns are
approximately 10 mm long, and most roots range [rom 9 o
15 mm in length. Roots, therefore, can be divided into thirds
that are 3 to 5 mm long,

Provided adequate tools are used and the access cavity
design is appropriate, excessive thinning of radicular struc-
tures can be avoided (see Fig. 6-5). Vertical root fractures and
perforations are possible outcomes of excessive removal of
radicular dentin in zones that have been termed danger zones."”
Overenthusiastic filing, for example, may lead to more proce-
dural errors (see Figs. 6-22 and 6-40). On the other hand, ideal
preparation forms without any preparation errors and with
circular incorporation of the original canal cross sections may
be achieved with suitable techniques (see l'ig. 6-4).

Dedicated NiTi instruments have been introduced or sug-
gested for coronal preenlargement, such as the ProFile orifice
shapers, GT accessory files, the ProTaper SX, the FlexMaster
Intro file, and the size #40, .10 taper or size #33, .08 taper RaCe
files. These instruments are better suited than GGs and safer
for more difficult cases (see Figs. 6-34 and 6-35).

Techniques

Standardized Technique

The standardized technique adopts the same working length
definition for all instruments introduced into a root canal. It
therefore relies on the inherent shape of the instruments to
impart the final shape to the canal. Negotiation of fine canals
is initiated with lubricated fine files in a so-called watch-
winding movement. These files are advanced to working length
and worked either in the same hand movement or with

“quarter-turn-and-pull™ until a next larger instrument may be
used. Conceptually, the final shape should be predicted by the
last instrument used (Fig. 6-41). A single matching gutla-
percha point may then be used [or root canal [illing. In reality,
this concept is often violated: curved canals shaped with the
standardized technique will be wider than the last used in-
strument,” exacerbated by the pulling portion of the hand
movement. Moreover, adequate compaction ol gulla-percha
in such small a taper (~.02) is dilficult or impossible’
(see Chapter 7.

The standardized technique was hampered by the very stan-
dardization ol the instruments used to perform the technique.
Specifically, the similar size increment by 0.05 mm up to size
55 was clinically more dillicull (o achieve moving [rom size
#10 Lo size #15, compared Lo the step [rom size #40 o #45. In
very small [iles (sizes #6 Lo #10). the problem is partly resolved
by several key points: (1) apical dimensions are such that a
size #6 [ile does not signilicantly remove dentin other than in
severely calcilied cases: (2) a size #8 [ile taken 0.5 to 1 mm
long 1o establish patency (discussed later in the chapter) con-
tacts the desired end peint of the preparation with a diameter
approaching the tip size of a #10 file; (3) similarly, placing a
size #10 [ile just minutely through the [oramen eases the way
[or passive insertion ol the subsequent #15 [ile to [ull length.”~

Step-Back Technique

Realizing the importance ol a shape larger than that produced
with the standardized approach. one investigator suggested
the step-back lechnique,” incorporaling a slepwise reduction
ol the working length [or larger [iles, typically in 1-mm or
0.5-mm steps, resulting in [(lared shapes with 0.05 and 0.10
taper, respectively (Fig. 6-42). Incrementally reducing the
working length when using larger and stiller instruments also
reduced the incidence of preparation errors. in particular in
curved canals. This concept appeared to be clinically very
effective.””

Although the step-back technique was primarily designed
to avoid preparation errors in curved canals, it applies to the
preparation of apparently'” " straight canals as well. Several
modifications of the step-back technique have been described
over the vears. Another investigator advocated the insertion of
progressively larger hand instruments as deep as they would
passively go in order to explore and provide some enlargement
prior to reaching the working length.”"*

Step-Down Technique

Other investigators described a different approach.” They
advocated shaping the coronal aspect of a root canal first, before
apical instrumentation commenced. This technique is intended
to minimize or eliminate the amount of necrotic debris that
could be extruded through the apical foramen during instru-
mentation."* Moreover, by first flaring the coronal two thirds of
the canal, apical instruments are unimpeded through most of
their length. This in turn may facilitate greater control and less
chance of zipping near the apical constriction.”™

Crown-Down Technique

Numerous modifications of the original step-down tech-
nique have been introduced, including the description of the
crown-down technique."™""""*" The more typical step-down
technique includes the use of a stainless steel K-file exploring
the apical constriction and establishing working length. In

33



34



35



36



37



38



39



40



41



42



43



44



45



46



ol periodontal wounds after surgery.” These reports were the
basis of many studies that assumed that CHX will be tolerated
on periapical tissues with a similar response than in the gingi-
val tissues.”"" When compared CI1X and NaOCl into subcuta-
neous lissues ol guinea pigs and rats, an inllammatory reaction
developed: however, the toxic reaction [rom CIX was less than
that of NaOCL. """ Moreover, a reduced incidence ol alveolar
osleitis was [ound when CHX was applied as a rinse in the
extraction sites of the third molars on the day of surgery and
several days alter.”' Allergic and anaphylactic reactions to CHX
were reported in only a few articles.™ " 1t is important to
mention that patients that are allergic to NaOCI may be also
allergic to CHX.

On the other hand, some controversial results were found.
Some studies demonstrated that CHX is cytotoxic to some lines
of cultured human skin fibroblasts.”"” It has been reported that
CHX has a higher eytotoxicity profile than povidone iodine
when studied in osteoblastic human alveolar bone.™ Also,
when CHX was injected in the hind paw ol mice, it could
induce severe toxic reactions."™

Finally, when CHX is mixed with NaOCl, parachloroaniline
{(PCA) is formed.”™ The toxicity level of CHX on periapical
tissues when applied in the root canals, especially with other
irrigants, merits [urther investigation.

Chlorhexidine as an Endodontic Irrigant
CHX has been extensively studied as an
irrigant and intracanal medication. both in vivo
J”Ll “] \]U-U U AT A1 25 263 375 281 260 A6 47 1,500,340 574

The antibacterial efficacy of CHX as an irrigant is concentra-
tion dependent. It has been demonstrated that 2% CHX has a
better antibacterial efficacy than 0.12% CHX in vitro."” When
comparing with the ellectiveness with NaOCI, controversial
results can be found. NaOCI has an obvious advantage over
CHX with the dissolution capacity of organic matter that CHX
lacks; therefore, even though in vitro studies suggest some
advantages with the use of CIIX, as soon as organic and dental
tissue is added, NaOCl is clearly preferable.

The antibacterial ellectiveness of CHX in infected root
canals has been investigated in several in vivo studies. ITnves-
tigators reported that 2.5% NaOCI was significantly more
effective than 0.2% CHX when the infected root canals were
irrigated for 30 minutes with either of the solutions."”

In a controlled and randomized clinical trial, the efficacy of
2% CHX liquid was tested against saline using culture tech-
nique. All the teeth were initially instrumented and irrigated
using 1% NaOCl. Then either 2% CHX liquid or saline was
applied as a final rinse. The authors reported a [urther reduc-
tion in the proportion ol positive cultures in the CHX group.
Their results showed a better disinlection ol the root canals
using CHN compared (o saline as a final rinse.””

The antibacterial ellicacy ol 2% CHX gel was tested against
2.5% NaOCl in teeth with apical periodontitis, with the bacte-
rial load assessed using a real-time quantitative polymerase
chain reaction (RTQ-PCR) and colony forming units (CFUs).
The bacterial reduction in the NaOCI group was significantly
greater than that for the CHX group when measured by RIQ-
PCR. Based on culture technique, bacterial growth was detected
in 50% of the CHX group cases compared to 25% in the NaOCl
group. " On the other hand, another study based on this
culture technique revealed no significant difference between
the antibacterial eflflicacy of 2.5% NaOCl and 0.12% CIIX

endodontic

13,202 311 364,564

liquid when used as irrigants during the treatment ol infected
Canalsl-u:d,-ﬁl

In a systematic review, Ng and colleagues demonstrated that
abstaining from using 2% CIIX as an adjunct irrigant 1o NaOCl
was associaled with superior periapical healing.”” Unlike
NaOCl, CIIX lacks a tissue-dissolving property. Therelore.
NaOCl is still considered the primary irrigating solution in
endodontics.

Chlorhexidine as an Intracanal Medication
CHX as intracanal medication has been the focus of many in
vitro " EIOENE CHX nsed as intracanal medicament has at
least as good or even better antimicrobial efficacy than
Ca(OH),." and it was shown 10 be very effective in eliminat-
ing a biofilm of E. faccalis.™

When in vivo studies are analyzed,
some controversial results were found. On one hand, CHX,

35,115, 123,140,202 371 364,580

inhibits experimentally induced inllammatory external root
resorplion when applied for 4 weeks.” In inlected root canals,
it was shown (o reduce bacteria as elfectively as Ca(OLI),
when applied [or 1 week.” Because of its substantivity, CHX
has the potential Lo prevent bacterial colonization of root
canal walls for prolonged periods ol time.”” " It was demon-
strated that its ellect depended on the concentration of CHX
but not on its mode ol application, which may be as a liquid
or gel.”

In vivo, results can be different; one of the reasons for this
is that researchers'”’ developed an experimental model using
dentin powder particles o investigate the possible inactivation
of some antibacterial medicaments when they come in contact
with dentin. They showed that dentin powder had inhibitory
elfects on all medicaments tested. The elfect was dependent on
the concentration of the medicament and the duration of
contact. The effect of Ca(OI1); was totally aholished by the
presence ol dentin powder. The ellect of 0.05% CHX and 1%
NaOCl was reduced but not totally eliminated by the presence
ol dentin. No inhibition could be measured when [ull-strength
solutions ol CHX and IKI were used.

An in vivo invesligation assessed the antibacterial elficacy
of three dilferent intracanal medications: camphorated para-
monochlorophenol, Ca(OH),. and 0.12% CHX liquid by
applying them for 1 week in single-rooted teeth of patients
with apical periodontitis. The proportions ol positive cultures
were not significantly different among the tested medica-
tions, but they were slightly lower in teeth medicated with
CHX {0.124%) liquid than those medicated with camphorated
paramecnochlorophencl or Ca{OH),."” Another in vivo study
evaluated antibacterial effectiveness of 2% CIIX liquid as an
intracanal medication in teeth with apical periodontitis. The
authors concluded that a moderale increase in bacterial
counts during a medication period of 7 to 14 days that was
similar to outcomes seen and reported [or CalOH), by Pelers
and colleagues.”" ** On the other hand, an alternative inves-
tigation”" demonstrated no significant differences among the
medication groups. Intracanal medication with Ca(OH),, 2%
CHX gel, or a mixture of Ca{OH),/CHX applied for 7 days
did not reduce the bacterial concentration beyond  what
was achieved after chemomechanical preparation using 1%
NaQCl. Other research showed that a final rinse with MTAD
and medication with 29%CHX gel, did not reduce bacterial
counts beyond levels achieved by a chemomechanical prepa-
ration using NaOCL ™"
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sodium hypochlorite and 4% peracetic acid. Dissolution ability
is mandatory for an appropriate eradication of biofilms attached
to dentin.

Clinical Trials

The elficacy and biocompatibility of QMiX was demonstrated
via nonclinical in vitro and ex vivo studies. Turther clinical
research [rom independent investigators is needed o corrobo-
rale the [indings.

lodine Potassium lodide

lodine potassium iodide (IKI} is a root canal disinfectant that
is used in concentrations ranging from 2% to 5%. 1KI kills a
wide spectrum ol microorganisms found in root canals but
shows relatively low toxicity in experiments using tissue cul-
tures.” Todine acts as an oxidizing agent by reacting with free
sulfhydrvl groups of bacterial enzvimes, cleaving disulfide
bonds. E. fuecalis often is associated with therapy-resistant
periapical inlections (see Chapter 15}, and combinations of IKI
and CIIX may be able to kill Ca(OIl});-resistant bacteria more
efficiently. One study evaluated the antibacterial activity of a
combination of Ca{OH), with 1Kl or CHX in inlected bovine
dentin blocks.” Although Ca(OIl), alone was unable o
destroy [, faecalis inside dentinal tubules, CatOl), mixed with
either 1KI or CHX ellectively disinlected dentin. Others dem-
onstrated thar TKI was able to eliminate E. faecalis from bovine
root dentin when used with a 13-minute contact time.” An
obvious disadvantage of iodine is a possible allergic reaction
in some patients. Although iodine is not generally considered
an ;1|It'rgt‘n, some patients are hypt‘.r.‘-;a‘n‘ailiw' to this {tnmpnund
and may be considered to have an iodine “allergy.”

Intracanal Medication

When treatment cannol be completed in one appointment {see
Chapters 3 and 14}, the surviving intracanal bacleria pro-
liferate between appointments.””" Therelore, an intracanal
medication that will restrict bacterial regrowth, supply con-
tinued disinfection, and create a physical barrier can be
advantageous.

Calcium Hydroxide
Caleium hvdroxide is the most popular intracanal medication
in use. Hermann introduced icin 1920777 Although its use
was well documented for its time, evidence of its efficacy in
clinical endodontics is controversial. A series of articles
promoted the antibacterial efficacy of Ca(OH), in human
root canals.”"  Subsequent studies subslantiated (hese
reports,” " and the routine use of Ca(OH), as an interap-
pointment intracanal medicament became widespread.™”

However, newer clinical studies and systemalic reviews [ailed
Lo show a clear benelit of Ca(OH), to [urther eliminate bacterial
[rom the root canal. " *** Ca(OI1), mostly is used as slurry ol
Ca(OH); in a water base; al body temperature, less than 0.2%
of the Ca{OH), is dissolved into Ca™ and OH™ ions. Because
Ca{OH), needs water to dissolve, water should be used as the
vehicle for the Ca(OH), paste. In contact with air, Ca(OLH),
forms calcium carbonate (CaCO,). However, this is an extremely
slow process and of little clinical significance. Ca(OH), paste,
with a significant amount of calcium carbonate, feels granular
because the carbonate has a very low solubility. ™"

Ca(OH), is a slow-acting antiseptic; direct-contact experi-
ments in vitro show that a 24-hour contact period is required

for complete killing of enterococci. ™" Anather study of 42
patients found that NaOC] canalirrigation reduced the bacteria
level by only 61.9%, but use of Ca(OH), in the canals for 1
week resulted in a 92.5% reduction.”” These researchers con-
cluded that Ca{OH), should be used in inlected cases to more
predictably obtain disinlection.

In addition to killing bacteria, Ca(OI1); has the beneficial
ability to hydrolyze the lipid moiety ol bacterial lipopolysac-
charides (LPS), thereby inactivaling the biologic activity of the
able elfect because dead cell wall material remains alter the
bacteria have been killed and can continue to stimulate inflam-
matory responses in the periradicular tissue.

The main characteristics ol CalOH), include  Timited
solubility, high pH, use as a broad-spectrum antimicrobial
agent, and the ability to sustain antimicrobial action for long
periods.

Other Uses of Ca(OH),

Long-term calcium hydroxide treatment can be used to induce
apexilication of the immature tooth with pulpal necrosis belore
placing an obturation material such as gutta-percha in the root
canal system.'"” Also, in cases where revascularization is
desired, Ca(OI1), can be used instead ol antibiotic pastes (lor
more delails, see the discussion presented later in the chapter
and Chapter 10).

Clinical Protocol

Calcium hydroxide should be in contact with the tissue to act.
Ca(OH3; powder may be mixed with sterile water or saline and
placed into the canal with using a lentulo paste filler.”" Alter-
natively, the mix may be applied from sterile, single-dose
packages (e.g., Calasept [].S. Dental, Ridgefield, CT], Caleijet
[Centrix, Shelten, CT], and DT Temporary Dressing [Global
Dental Products, North Bellmore, NY]) (Tig. 0-65). The
mixture should be thick to carry as many Ca(OI1), particles as
possible: however, it should not be overdried to retain enough
moisture and to promole continued dissociation with a result-
ing high pIl. Tor maximum ellectiveness, the root canal should
be filled homogeneously to the working length.

Limitations of Calcium Hydroxide

There are some concerns regarding the use of Ca{OH),. The
handling and proper placement of Ca{OH), present a challenge
to the average clinician.” """ Moreover, the removal of Ca(OH),
is [requently incomplete, e resulting in a residue covering 2049
10 45% ol the canal wall surfaces, even alter copious irrigation
with saline, NaOCl, or EDTA.”® Residual Ca(O1I1); can shorten
the setting time ol zine oxide cugenol-based endodontic
sealers,””” Most notably, it may interfere with the seal of the
rool [illing and compromise the quality ol treatment. An addi-
tional concern is that Ca(OIl), is not totally eflective against
several endodontic pathogens, including E. faecalis and Candida
albicans.”” The ability of Ca(OH), to completely eradicate bac-
teria from the root canal has been questioned. For example, in
vitro studies have shown that dentin can inactivate the anti-
bacterial activity of Ca(OH),,"""™" and one clinical study has
shown that the number of bacteria-positive canals actually
increased alter Ca(OH), medication ™ Other studies have also
indicated that Ca(OH); could not predictably eliminate bacte-
ria or that cultures changed from negative to positive after
Ca(OI1); placement.” 7"
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clinical effect is a rapid reliel’ of pain associated with acute
inflammatory conditions ol the pulp and periodontium.

Ledermix paste is a nonsetting, water-soluble paste material
lor use as root canal medicament or as a direct or indirect
pulp-capping agent. The mechanism ol action ol this sub-
staice is based on inhibition of the ribosomal protein synthesis
in the bacteria. The release and dentin dillusion characteristics
of triamcinolone [rom Ledermix paste when used as a root
canal medicament have been investigated under different
conditions." " Collectively, these studies show that triamcino-
lone is released from Ledermix paste in the root canal and can
reach the systemic circulation via diffusion through dentinal
tubules, lateral canals, and the apical foramen. Also, because
ol its root resorption inhibition property, it was tested for re-
planted teeth in dogs. The results showed that the groups
treated with Ledermix, triamcinolone, and demecloeycline had
significantly more favorable healing and more remaining root
structure than the group filled with gutta-percha and sealer
(posilive control).”

Triple-Antibiotic Paste

The triple-antibiotics regimen, composed ol metronidazole,
ciprolloxacin, and minocycline, was [irst tested™™ lor its ellec-
liveness against Escherichia coli-inlecled dentin in vitro. The
same research group also tested its bactericidal elficacy against
microbes from carious dentin and infected pulp. They tound
that the mixture of antibiotics is sufficiently potent to eradicate
the bacteria.”'" The clinical effectiveness of the triple-antibiotic
paste in the disinfection of immature teeth with apical peri-
odontitis has been reported.” One potential concern of using
an intracanal antibiotic paste is that it may cause bacterial
resistance. Additionally, intracanal use of minocvcline can
cause tooth discoloration, creating potential cosmetic compli-
cations, For this reason, a dual paste (metronidazole, cipro-
{loxacin) and. alternatively, abandonment of this protocol in
[avor of Ca{O11); have been considered.”” Another reason [or
such a change could be the reported high toxicity to stem cells
ol paste prepared [rom antibiotic powder."”

Bioactive Glass

Research is under wav in the use of bioactive glass as an intra-
canal medicament. In one study,”” the glass used was com-
posed of 33% Si0, (w/w), 23% Na-0, 20% CaO, and 4% P,0s
and was prepared from reagent-grade Na,CO;, CaHPQO,, 2H,0,
CaClOy, and Belgian sand. When used in root canals, bioactive
glass was found to kill bacteria, but the mechanism of action
was not pH related, and dentin did not seem Lo alter its elfect.”™
Some newer ebturating materials {e.g., Resilon; Pentron Clini-
cal Technologies, Wallinglord, CT) contain bioactive glass.

Lubricants

In root canal treatment, lubricants are mostly used to emulsily
and keep in suspension debris produced by mechanical instru-
mentation. Although irrigation solutions serve as lubricants for
hand instrumentation, special gel-type substances are also
marketed. Two of these are wax-based RC-Prep, which con-
rains EDTA and urea peroxide, and glycol-based Glyde. Another
purported function of lubricants is to facilitate the mechanical
action of endodontic hand or rotary files. A study evaluating
the effects of lubrication on cutting efficiency found that tap
water and 2.3% NaOCI solutions increased cutting efficiency
compared with dry conditions.”” The authors ol this study

cited the ability of an irrigant to remove debris as the factor
lor the increased efficiency. Similarly, a reduction ol torque
scores was found when canals in normed dentin disks were
prepared with ProFile and ProTaper instruments under irriga-
tion, but the use ol a gel-type lubricant resulted in similar
torques as in dry, nonlubricated canals.”" ™"

In summary, irrigation is an indispensable step in root canal
treatment o ensure disinlection. NaOCl is the irrigant of
choice because of its tissue-dissolving and disinfecting proper-
ties. EDTA or other chelators should be used at the end ol a
procedure to remove the smear layer, followed by a final flush
with NaOCl for 1 minute for maximum cleaning efficiency and
to minimize dentin erosion. This strategy also minimizes inac-
tivation ol NaOCI by chemical interactions.

Disinfection Devices and Techniques

Syringe Delivery

Applicatien of an irrigant inte a canal by means ol a syringe
and needle allows exact placement, replenishing ol exisling
[luid, rinsing out of larger debris particles, as well as allowing
direct contact lo microorganisms in areas close Lo the needle
tip. In passive syringe irrigation, the actual exchange of irrigant
is restricted to 1 to 1.5 mm apical (o the needle tip, with (luid
dynamics taking place near the needle outlet.””"” Volume and
speed ol fluid [low are proportional to the cleansing elficiency
inside a root canal.” Therefore. both the diameter and position
of the needle outlet determine successful chemomechanical
debridement; placement close to working length is required to
guarantee fluid exchange at the apical portion of the canal, but
close control is required to avoid extrusion.””**""** Therefore.
the choice of an appropriate irrigating needle is important
Although larger-gauge needles allows a quicker and larger
amount of fluid exchange, the wider diameter does not allow
cleaning ol the apical and narrower areas ol the root canal
system (see irrigation dynamics earlier in this chapter) (sece
Iig. 6-71. Excess pressure or binding ol needles into canals
during irrigation with no possibility of backllow of the irrigant
should be avoided under all circumstances”” to prevent extru-
sion inlo periapical spaces. In immature teeth with wide apical
foramina or when the apical constriction no lenger exists.
special care must be 1aken to prevent irrigation extrusion and
potential accidents.'"'

There are different sizes and types of irrigation needles.
The size of the irrigation needle'”" should be chosen depend-
ing on the canal size and taper.™ """
have not been instrumented are too narrow to be reached
ellectively by disinfectants, even when line irrigation needles
are used (see igs. 6-7 and 6-52). Therelore, ellective clean-
ing ol the root canal must include intermittent agitation of
the canal content with a small instrument™"”" (o prevent
debris [rom accumulating at the apical portion ol the root
canal (see T'ig 6-47).

Preparation size’™ and taper'” ultimately determine how
close a needle can be placed to the final apical millimeters of
a root canal. Open-ended needles are recommended over the
end open needles to prevent extrusion of the irrigant. Some
needles and suction tips may be attached to the air/water
syringe to increase both the speed of irrigant flow and the
volume of irrigant. Examples include the Stropko Trrigator
(Vista Dental Products), which is an adapter that connects to
the airfwater .‘-'-}"Til'l}f’i’. 1”1{] :l('{‘.('.p].‘-; .‘-'»|::||'ld?1r(l | uer-lock I'N‘.i‘.dlf:’
tips [or irrigant removal and application as well as air-drying,

Most root canals that
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clinically with, according to the company, promising results. It
appears Lo have the potential to reach inaccessible canal areas
with significantly more cleaned surface than other systems. A
first in vitro study shows the potential of the system Lo debride
better than conventional needle irrigation or ultrasonically
activated irrigation.””

Laser-Activated Irrigation

Lasers are widely used in dentistry and include diode, Nd:YAG,
erbium, and CO,, which produces radiation in both the near-
and far-infrared electromagnetic spectrum. ™ Laser devices
have been proposed to improve the efficacy of irrigants.'™
Lasers have been studied for their ability to clean and effec-
tively disinfect root canals. The ErYAG laser wavelength
(2940 nm) has the highest absorption in water and a high
affinity to hydroxyapatite, which makes it suitable for use in
o ('«'_in’dl Ir{‘alrl‘lt‘.nl_'“'_

Laser energy may be used to activale irrigant solutions in
dilferent ways—Ior example, at a molecular level, as in photo-
activated disinfection (PAD), or at a bulk [ow level, as in
laser-activated irrigation (LAI). Several studies in vivo and ex
vivo have indicated that laser activated irrigation is promising
[or removing smear layer'™ and dentin debris'*"'* in less time
than PUL The mechanism of action™ is based on the genera-
tionn ol a secondary cavitation ellect with expansion and suc-
cessive implosion of fluids.”™

These results are in agreement with data related to a new
erbium laser technique that used a photon-induced photo-
acoustic streaming (PIPS) of irrigants. In that technique, the
laser tip is placed into the coronal access opening of the pulp
chamber onlv and is kept stationary without advancing into
the orifice of the canal.' ™ The use of a newly designed tapered
and stripped tip with specific minimally ablative laser settings
is required, resulting in low energy (20 m]), a pulse repetition
rale ol 15 Hz. and a very short pulse duration (50 us). The
dillerence in laser penetration and bacterial killing is attrib-
uted to the difference in the degree ol absorption of different
wavelengths ol light within the dentin. Bergmans and col-
leagues concluded in their in vivo study that the Nd:YAG
laser irradiation is not an alternative but a possible supple-
ment to existing protocols for canal disinlection, as the prop-
erties of laser light may allow a bactericidal effect beyond
1 mm of dentine.” Endodontic pathogens that grow as bio-
films, however, are difficult to eradicate even upon direct laser
exposure.”

Photoactivation Disinfection

Photodynamic therapy (PDT) or light-activated therapy (LAT)
may have endodontic applications because of its antimicrobial
ellectiveness.”” In principle, antimicrobial photodynamic
therapy (APDT) is a two-step procedure that involves the
introduction of a photosensitizer {step 1: photosensitization ol
the infected tissue) lollowed by light illumination (step 2:
irradiation of the photosensitized tissue) of the sensitized
tissue, which would generate a toxic photochemistry on the
target cell, leading to cell lysis. Fach of these elements used
independently will not have any action, but together they have
a synergism effect to produce antibacterial action. Indeed, in
vitro experiments showed promising results when used as an
adjunct disinfected device. Shresta and Kishen concluded that
the tissue inhibitors existing within the root canal alfected the
antibacterial activity ol PDT at varying degrees,” and [urther

research is required to enhance their antimicrobial efficacy in
an endodentic environment.

Antibacterial Nanoparticles

Nanoparticles are microscopic particles with one or more
dimensions in the range ol 1 to 100 nm. Nanoparticles are
recognized 1o have properties that are unique [rom their bulk
or powder counterparts. Antibacterial nanoparticles have been
found to have a broad spectrum ol antimicrobial activity and
a [ar lower propensity to induce microbial resistance than
antibiotics. Such mnanoparticles in endodontics are being
studied in different ways, such as mixed with irrigants, photo-
sensitizer, and sealers.”™ Currently, the consensus is that the
successful application ol nanoparticles in endodontics will
depend on both the effectiveness of antimicrobial nanoparti-
cles and the delivery method used to disperse these particles
into the anatomic (ff)l']"lp[('.)("lli{‘.“x ()f the root canal .‘-B}J'SIE’.TI'I.

Superoxidized Water

Superoxidized water,"”" also called electrochemically acti-
vated water’ ' or oxidative potential water,"™ """ is elfectively
saline that has been electrolyzed to lorm superoxidized
waler, hypochlorous acid, and [ree chlorine radicals. It is com-
mercially available as Sterilox (Sterilox Technologies. Radnor.
PA). This solution is nontoxic to biologic tissues yet able Lo
kill microorganisms. The solution is generated by electrolyzing
saline selution, a process no different than that used in the
commercial production of NaOCL"”" The difference, however,
is that the solution accumulating at the anode is harvested as
the anolvte and that at the cathode as the catholvte. These
solutions display properties that are dependent on the strength
of the initial saline solution, the applied potential difference,
and the rate of generation. The technology that allows harvest-
ing ol the respective solutions resides in the design ol the
anode and the cathede and originates either in Russia (electro-
chemically activated water) or in Japan (oxidalive potential
water). o Although the solutions bear different names, the
principles in the manulacturing process appear to be similar.

The use of superoxidized waler is sparsely described in the
endodontic literature but shows early promise. The solutions
from both technologies have been tested lor their ability 10
debride root canals.”™"" remove smear layer,” ™' and kill
bacteria’" and bacterial spores.”” Results are favorable and
show biocompatibility with vital systems.””

Anolyte and catholyte solutions generated from one such
technology {(Radical Waters Halfway House 1685, South Africa)
have shown promise as antibacterial agents against laboratory-
grown, single-species hiolilm models."”” Such solutions have
been recommended as suitable for removing biolilms in dental
unit water lines’* and have even been marketed for this
purpose. Cautious clinicians may preler to wait lor more
studies to demonstrate salety and elficacy under ordinary clini-
cal setting conditions belore adopting newer, less tested irrigat-
ing solutions.

CRITERIA TO EVALUATE CLEANING
AND SHAPING

Well-Shaped Canals

The main aims ol canal shaping are o direcly remove
tissues and microbial irritants and 1o provide sulficient
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geometrical space [or subsequent obturation (see Table 6-2).
To achieve these goals, the prepared canal should include the
original canal (see the red areas in Fig. 6-4): there should
be an apical narrowing and the canal should be tapered.
These concepls were popularized by Schilder'™ and are still
maintained today.'

Therefore, a well-shaped canal is defined more specifically
by the absence of procedural errors (discussed later) and the
achievement ol disinlection; more recently another element
was added to this equation, the retention of as much tooth
structure as feasible.'

A clinician can olten determine whether a canal is ade-
quately shaped by examining radiographs and relyving on clini-
cal experience—for example, when fitting a cone. At this time
the [eel would be ol wug-back, a slight resistance o pull; a
radiograph should show a symmetrical canal-shape lateral of
the cone, the presence of an intact apical narrowing, and no
thinned-out radicular wall seclions.

Using magnification, clinicians should inspect the canal
orifice and the coronal third of each shaped canal for clean
canal walls.”” Immediately after irrigation with sodium
hypochlorite, an absence ol visible turbidity and ellerves-
cence should be noted. I[ present, these phenomena, along
with visible deposits on the canal walls, are indicative of
organic matter still in suspension or adherent to the radicu-
lar walls.

Signs of Mishaps

Instrument Fracture

Most reports suggest that manual endodontic file fracture or
rotary instrument fracture occur at a rate of approximately 1%
o 6% and 0.4% Lo 5%, respectively.””*”7*" Such [ractures are
untoward evenls and perceived as such by clinicians.” Evidently,
retained instrument fragments limit access of disinfecting irrig-
ants to the root canal system, possibly impeding sufficient
elimination of microorganisms."” However, the current clinical
evidence does not suggest that the presence of a retained
instrument must result in a significantly higher rate of failing
root canal treatments when done by specialists.””

In general, instruments used in rotary motion break into
two distinct mades: torsional and flexural.”**' " Torsional
Iracture occurs when an instrument tip is locked in a canal
while the shank conlinues Lo rolale, thereby exerting enough
torque to fracture the tip. This also may occur when instru-
ment rotation is sufficiently slowed in relation to the cross-
seclional diameter. In contrast, [lexural [racture occurs when
the cyclic loading leads to melal [aligue. This problem pre-
cludes the manufacture of continuously rotating stainless steel
endodonlic instruments, because steel develops [alal [aligue
alter only a few cycles.” NiTi instruments can withstand sev-
eral hundred flexural cycles before they fracture, ™= *7H770%
but they still can fracture in the endodontic setting after a low
(i.e., below 10,000) number ol cycles.”

Repeated loading and cyclic [atigue tests [or endodontic
instruments are not described in pertinent norms. Initially,
rolary instrumenls such as Gales-Glidden burs and Peeso
reamers were tesled with a superimposed bending deflection.”
In GG burs, a 2-mm deflection of the instrument tip resulted in
latigue lile spans ranging from 21,000 revolutions {size #1 burs)
o 400 revolulions {(size #6 burs).” In another study, stainless
steel and NiTi hand files were rotated to failure in steel tubes
with an acute 90-degree bend and an unspecified radius.””

Under these conditions, size #40 slainless steel instruments [rac-
tured alter [ewer than 20 rotations, whereas various NiTi [iles of
the same size withstood up to 450 rotations.

Cyclic fatigue was also evaluated for ProFile .06 taper
instruments using a similar device.” " The number ol rota-
tions to failure for unused control instruments ranged from
1260 (size #15 files] to 900 (size #40 files). These scores did
not change when the instruments were tested under simulated
clinical conditions such as repeated sterilization and contact
with 2.59% NaOCL Subsequently, control instruments were
compared with a group of instruments used in the clinical
selling in [ive molar cases™™; again, no signilicant dillerences
were found in resistance to cyelic fatigue.

One study used a different testing method involving tem-
pered metal cylinders with radii of 5 mm and 10 mm that
produced a 90-degree curve.”” The researchers reported [aligue
fractures for size #13, .04 taper ProFile instruments after about
2800 cycles with the 10 mm cylinders. In size #40, .04 laper
ProFile instruments, [ractures occurred alter about 500 cycles
with the 5-mm cylinders. In comparison, size #15. .06 taper
ProFile instruments also failed after about 2800 revolutions
with the 10-mm cylinders, but [ailure occurred in size #40, .06
taper ProFile specimens aller only 223 cycles with the 5-mm
cylinders.

Rotary Nili instruments with larger tapers and sizes con-
sistently [ractured alter [ewer rotations,”" and although the
radius of the curves was halved, fatigue life was reduced by
400%. Another investigation reported similar results for
selecled HERC instruments,” and the [indings were con-
firmed by other tests on GT rotary instruments. Size #20, .06
taper GT files failed after 530 rotations in a 90-degree curve
with a 5-mm radius; size #20, .12 taper GT [iles [ailed aller 56
rotations under the same conditions.”™

Reuse of rotary instruments depends on safety, specifically
on assessment of fatigue and also the potential to properly
clean NiTi surlaces, ™" 700800035 Shecific instruments
perform differently in this regard, as fatigue depends more on
the amount of metal in cross section at the point of stress
concentration ™" than on the specifics ol instrument design.”™

On the other hand, manulaciurers constanily claim tha
their instrument has been equipped with design elements that
render it more fatigue resistant. For example, LightSpeed [5X
is manulactured without a milling process. However, no dala
have been published regarding its fatigue resistance. GTX is
manufactured from a novel NiTi alloy, M-Wire, to increase its
[atigue resistance.”” However, invesligalors could not conlirm
these [indings.”™ Similarly, another study did not [ind the
Twisted File,”" which is not milled and hence thought to he
[atigue resistant,’”’ o perform beller than conventionally
manulactured ProFile rolaries. Another [ealure, electropolish-
ing (discussed earlier), does not appear to confer a signifi-
cantly increased fatigue resistance to EndoSequence’ ™" and
RaCe.”7"7" One possible reason [or these variable oulcomes
is the different testing environments used in vitro'™: clinically,
even greater variability is to be expected.

Allemplts have been made 1o use lesls according lo norms
and specilications described [or stainless steel hand instru-
ments such as K-files and Hedstrom files,”" as no comparable
norms exist for instruments used in continuous rotary motion.
Consequently, a number ol models have been devised Lo assess
specific properties of NiTi rotary instruments, including
torque at failure, resistance against eyclic fatigue, and others
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Case Sharing

Case from Dr.Alla Oussama

The case is about an upper right second premolar.

Yes, as you see there is no rubberdam.

I’'m sorry for the awful image, the patient have a severe Gag reflexe he couldn’t tolerate
the presence of the clamp nor the rubberdam, even the suction tip when its a little deep,
so | was forced to remove it.

WL was determined,K10 till working length, orifice opening use the fanta orifice opener
from Fanta AF F ONE.

Glide Path using 10/04 from Navigator Evo, precurved k15 till WL — precurved k20 till
working length — Fanta AF F one 20/06 till WL

I’'m so amazed by the flexibility and the preparation ability of Fanta files

I hope you like this case.

A special to my friend William Ha, always in help , as | tell him, he is a true endodontic
encyclopedia.

Case from Dr. Anand Poly Dental Care Jhansi

A 32 year-old male referred patient reported to our clinic, with the chief complaint of pain
in relation to lower right back tooth region.

Clinical examination revealed mandibular right first molar having faulty restoration.

*The tooth was tender on percussion.

The radio-graphic examination revealed the faulty restoration involving distal pulp horn,
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with periodontal ligament widening. Apart from these findings, A sharp curvature in the
apical-third region of the tooth was observed on the radio-graph.
A diagnosis of chronic irreversible pulpitis was established and the endodontic treatment
was planned followed by full coverage restoration of the tooth.
The apical portions of the canals were prepared using short amplitude filing. Special
attention was given on frequent_irrigation of the root canal and recapitulation was done to
avoid blockage by dentinal debris and to remove the necrotic remnants of the pulp tissue.
Final cleaning and shaping was carried out using Fanta S One Rotary files
After All cleaning protocols,
We prepared distal with 25 -6% tapered
Mesial and Distal with 4% tapered

By using #fantasone rotatary files

For obturation, cement we recommend is seal apex

For vertical condensation we use waldent obturation pen.
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Case from Dr. Mohamad Saad

Patient 70 age with recurrent buccal fistula related to tooth # 46 by GP tracing ...showing
failed old RCT 10 Yrs ago....

Treatment plan: Re-RCT with explanation of all scenarios to the patient...

Access done through the old Amalgam restoration.

GP removed and the distal canal only becomes patent to the full working length with sharp
curve apically..but the two mesial showing total calcification from the mid root to the
apex!...

Trials to open these canals all failed, So | decide to disinfect these canals more than
usual .... with CHX gel medication ....

Unfortunately | broke RF # 35 .04 in the distal canal ....with failure of all means of
bypassing or retrieval....also the disinfection with CHX gel for 3 days ....

Obturation with EndoSeal MTA sealer and WVC obturation...

After 3 days of starting the RCT the buccal tract closed and this is one year follow up...with
disappearance of the chronic lesion under the distal root ....

Case from Dr. Mohamad Saad

Patient came with acute abscess related to tooth # 35 with FAILD OLD RCT ...
I&D for emergency pain relief ( No ABs)
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In next day about 70 % of the abscess was resolved

In the third day | started the RE-RCT ....BUT WITH FAILURE TO NEGOTIATE THE
APICAL BIFID CANALS ( ledge or irregular pathway )

| start using an aqueous gel with S manual files ( pre-curved ) once | got the catch |
proceeded with FANTA C files.....the CL & SH done with a mix of Azure and FANTA S
files ...

Obturation done with BC sealer and vertical
compaction...

Case from Dr. Mohamad Saad

Male patient 78 Yrs old Asked to restore his tooth # 48 and keep it in function without pain!
Patient motivation, attitude and needs are very important....

The preoperative x ray was caught in 2016, but now showing chronic apical periodontitis
with sinus tract!!

The WL in both roots is 22 mm but due to vertical angle may look shorter!!

Thanks to FANTA C files with lubricant gel !I! Then FANTAAF F one # 20, 25 0.04 ........

A Bio-C sealer was used with vertical compaction....
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