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INTRODUCTION



The removal of all tissue, vital or necrotic, microorganisms, and microbial by-
products from the root canal system is the goal of endodontic therapy. Effective
debridement of all of the areas of the root canal system can be extremely difficult to
achieve. The intricate nature of canal anatomy, made up of root irregularities, isthmuses,
webs, fins and anastomoses, can lead to residual tissue and debris present in the canals
after chemo-mechanical instrumentation.'” Removal of debris and microorganisms is

1-8, 10-12
8,10 However, the

further facilitated by the flushing action of irrigation solution.
effectiveness of syringe irrigation is influenced by the aforementioned canal
irregularities.

Research conducted in vivo has failed to demonstrate total elimination of the
microbial population after traditional instrumentation and irrigation procedures in
infected canals.">" Dalton et al."® showed that only 28 percent of all canals could be
rendered bacteria-free after rotary instrumentation and irrigation with sterile saline. After
nickel-titanium rotary instrumentation and irrigation with 1.25-percent sodium
hypochlorite, Shuping et al."”> were only able to achieve negative cultures in 62 percent of
teeth. These percentages can be attributed to the complexity of canal anatomy.
Therefore, improving the antibacterial efficacy of our current endodontic instrumentation
techniques and procedures is essential.

A possible solution to the problem of effective debridement and disinfection of

the root canal system is through the use of ultrasonics.?’ As an adjunct to chemo-



mechanical cleaning and shaping of the root canal system, ultrasonic activation of
irrigation solutions and instruments have become very popular.'™ *"?* Studies have
shown that ultrasonic activation of irrigation solutions in the root canal system can
increase canal and isthmus cleanliness.”** The theory behind the mechanism of action is
that of acoustic streaming.”> When placed passively in a canal, acoustic streaming via
ultrasonic activation has been shown to produce enough shear force to dislodge debris
from canal walls.”® Residual canal debris is more effectively removed via ultrasonic
instrumentation when compared with conventional instrumentation techniques.
Clinically, removal of the smear layer and disruption of bacteria biofilms should be a
goal with any practitioner’s disinfection protocol.

Recently, two new devices have been introduced that aim to improve clinical
outcomes and increase endodontic success via activation of canal irrigation solution. The
manufacturer of the EndoActivator system (Dentsply Tulsa Dental, Tulsa, OK) claims, “a
significant advancement in disinfection and improves debridement and the disruption of
the smear layer and biofilm.” The Ultrasonic Bypass system (Vista Dental, Racine, WI)
“allows for the controlled delivery of sodium hypochlorite which.... significantly
increases cleanliness and improves the ability to clean and debride fins and isthmuses.”
A review of the literature revealed no studies that have compared the effectiveness of
these two devices. Therefore, the purpose of this investigation is to compare the
debridement efficacy of the EndoActivator system versus the Ultrasonic Bypass system

following hand-rotary instrumentation via scanning electron microscopy.



REVIEW OF LITERATURE



Dr. Harry Johnston of Atlanta, Georgia, is credited with coining the term
endodontics in 1928. He combined the Greek words “en” meaning in or within, and the
“odous” meaning tooth, to describe the process of working within the tooth. Dr. Johnston
also has been identified as the first clinician to limit his practice to endodontics.”
However, the “practice” of working within the tooth dates back more than 2000 years to
the finding of a bronze wire inside a lateral incisor of a Nabatean warrior skull.*’

Dental disease was first theorized by the Chinese in 1400 BC. The Chinese
proposed that dental worms were present in the tooth destroying tooth structure, which
led to pain. The prescription of removing the affected tooth and restoring the tooth with
amalgam was initiated to relieve the pain.’’

The toothache has plagued man since the beginning of time. Remedies have been
as varied as the cultures from which they originate. Writings from as early as 1500 BC
contain recipes for “curing the gnawing of the blood in the tooth.”*' From gall nut
extract to roasted earthworms, to candle wax with Henbane seeds, to a mixture of
camphor, sulfur, and myrrh, the treatments for odontalgia were based on the assumption
of the tooth worms that caused decay.

Abulcasis, in 11"™-century Persia, utilized cautery to treat toothaches by inserting a
red-hot needle into the pulp. In the late 1500s, French anatomist Ambrose Paire also
advocated the use of cauterization to “burn(s) the nerve, thus rendering it incapable of

again feeling or causing pain.” In an attempt to kill the tooth worms, Johann Stephan



Strabelberger utilized vitriol oil and a frog cooked in vinegar as remedies. In 1728 Pierre
Fauchard, the founder of modern dentistry, advocated a twice-daily rinse with one’s own
urine to relieve the symptoms of a toothache.”' Fauchard also described a technique that
included placing lead foil into the pulp chamber after establishing drainage.

Longbotham recommended filling the roots of teeth that were to be extracted in
1802. However, Edward Hudson in 1809 was the first to actually perform this procedure
via gold foil as an obturating material. Clinicians now venturing into the canals of teeth
led to the development of new instruments. Made from a filed down watch spring,
Edwin Maynard created the first root canal broach in 1838.>> The first known form of
isolation of the offending tooth to be treated can be traced back to S.C. Barnum in 1864.
For improved asepsis, he recommended the use of a thin rubber sheet over the tooth.
This technique of isolation was advanced in 1873 with the advent of the rubber dam
clamp by Bowman.”* These early innovations led to the adoption of rubber dam
isolation as the standard of care in endodontics both to control contamination and for the
increased patient safety.

The first known use of gutta-percha as a filling material dates back to Edwin
Truman in 1847. In this same year, Hill also advocated filling the root canal system with
a concoction of feldspar, lime, powdered glass, gutta-percha, and metal knows as “Hill’s

»32.3% Bowman also popularized the use of gutta-percha as the sole obturating

Stopping.
material, and in 1883 introduced a solution of chloroform and gutta percha.’’
The last two decades of the 19th century witnessed many advances in diagnosis

and pain control in dentistry. The development of the ability to record radiographs in

1895 by Wilhelm Roentgen and local anesthetics to provide painless dentistry were two



monumental advancements.’® By the early 20th century, the first commercially available
x-ray machines were introduced enabling clinicians to visualize the root canal system
before, during, and after the procedure. Kells in 1899 was a pioneer in using radiographs
for their diagnostic value and to assess root canal obturation.*'**

The advancement and acceptance of endodontic therapy encountered many
challenges during the first decades of the 20th century. The most daunting challenge
came from the theory of focal infection as described by E.C. Rosenow in 1909. This
theory stated that a localized or generalized infection could result due to bacteria
traveling through the blood stream from a distant site of infection.”® Dr. Rosenow used
earlier case reports from his mentor, F. Billings, in which many different types of
afflictions were cured by dental extractions. A severe blow to the legitimacy of
endodontic therapy was dealt in 1910 when Sir William Hunter, a British physician,
presented a lecture on sepsis and antisepsis to the faculty at McGill University. His
condemnation of American dentistry’s emphasis on tooth restoration over extraction
culminated in his famous quote those restorations were “a veritable mausoleum of gold
over a mass of sepsis.” This led to the needless extraction of thousands of endodontically
treated teeth during the first three decades of the 1900s. Other concepts such as “elective
localization” where bacteria have an affinity for a specific body part, and “transmutation”
where by bacteria spontaneously mutate into another species, were also used to support
the removal of any diseased teeth. It was not until the late 1930s that the focal infection
theory began to be disproven.’’ Cecil and Angeuine published one of the earliest research
papers that began to erode the focal infection theory. They reported on 200 cases of

rheumatoid arthritis that did not improve with tonsillectomy and dental extraction. In



1940 Reinmann® published a critical report raising several issues against the validity of
the theory of focal infection. During the 1940s, many additional research papers and
editorials by leading scientists continually refuted the theory of focal infection and
advocated a return to constructive dental treatment. In 1939 Fish published a paper that
theorized by removing the nidus of infection, the infection would resolve. This theory,

along with later research, formed the basis of successful root canal treatment.”'

ENDODONTIC THEORY

In 1936 Blayney™ was able to illustrate histological specimens that were free of
bacteria in properly root canal treated teeth. His statement that “the finding of a pulpless
tooth in the mouth of a patient who complains of systemic disease is not prima facie
evidence that the tooth is the causative factor” effectively helped to refute the focal
infection theory. Throughout the 1940s and 1950s, multiple studies demonstrated the
safety of endodontic procedures, and the subsequent retention of these teeth.*®

Healey”’ in 1956, was one of the first to emphasize the importance of accurate
diagnosis and judicious case selection in order to increase the success of endodontic
therapy. He recommended not only adequate treatment procedures, but also the
significance of the patient’s systemic condition, the local conditions of the oral cavity, the
skill and ability of the operator, as well as the necessity of the tooth in the arch.
Sterilization of the root canal and adequate obturation of the entire root canal system
were also stressed by Healey.

In 1955 Stewart®® described three specific phases of endodontic therapy: chemo-
mechanical preparation, microbial control, and obturation of the root canal. He discussed

the importance of these and how each plays an important role in the healing of the



supporting periodontal tissues of the tooth. Stewart was the first to illustrate how
increasing the size of the canal not only removes more microbes, but also allows for an
increased volume of irrigation solutions to penetrate further into the root canal system. Of
the three, Stewart stressed that chemo-mechanical preparation was of the utmost
significance for endodontic success.

Coolidge® discussed past and present concepts in endodontics. Two concepts
radically changed the perspective on treating vital pulps and pulpless teeth with infected
root canals. The first was living tissue can be destroyed by infection, chemical and
mechanical injury. The second was that the basis for treatment must be based on sound
biological principles. When mechanically cleaned teeth were shown to be free of bacteria
cultures without the use of medication, the necessity of mechanical debridement was

illustrated.

PULP BIOLOGY

In 1965 Kakehashi et al.** cemented the finding that bacteria are the causative
factor in the development of pulpal pathosis. They demonstrated that surgically exposing
the dental pulps in rats in a germ-free environment only led to mild pulpal inflammation
and no abscess formation. These same exposures in a conventional laboratory setting
exhibited abscess formation and the development of purulence in less than 10 days in all
cases. Therefore, the goal of endodontic therapy should be to eliminate the source of
infection and inflammation in the root canal system.

Sundquist et al.*' in 1977 reinforced the concept that pulpal pathosis can only

occur in the presence of bacteria. He found that apical periodontitis could only be
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demonstrated in teeth with bacteria present in canal systems, where as periapical pathosis
was not present in any necrotic tooth with intact crowns in a sterile environment.

While elimination of the causative factor (bacteria) through chemo-mechanical
preparation of the canal system is of the utmost importance for successful endodontic
therapy, Kuttler*? contends that proper obturation can be just as, if not more, important.
He describes three properties of the ideal obturation: thoroughly filling the dentinal
section of the canals, sealing the canal system at the cemento-dentinal junction, and
facilitate the development of new cementum. His contention is that a hermetic seal will
create an environment leading to the formation of a healthy periodontium, normal
osseous structures, and an intact lamina dura that surrounds the periapical area of the
tooth.

Schilder® stated that the goal of endodontics is the elimination of the root canal
system as a source of inflammation and infection for the periapical tissues. He advocated
doing this by cleaning, shaping, and finally sealing the root canal system with a three-
dimensional obturation. This hermetic seal will then act as an impediment to separate the
root canal system and the periapical tissues. With the root canal system now sealed from
the periodontium, endodontic pathogens cannot gain access to the supporting tissues,
which leads to successful endodontic therapy.

In 1967 Grossman** outlined 13 principles that were to be followed in every root
canal procedure to achieve the highest rate of success. Grossman’s tenets, as they are
known, are as follows:

1) Aseptic technique and using a rubber dam for all procedures.

2) Instruments are to remain in the canal.
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3) Instruments are to be placed into the canal without force.

4) The canal space should be enlarged to properly remove debris.

5) The root canal system should be continuously irrigated with an appropriate

antiseptic solution.

6) All solutions should remain within the canal.

7) Fistulas do not require special treatment.

8) A negative culture should be obtained prior to obturation.

9) The canal must be hermetically sealed during obturation.

10) The obturation material should not irritate the periapical tissue.

11) Proper drainage must be established.

12) Avoid injecting directly into an area of infection.

13) Apical surgery may be required if non-surgical therapy does not result in

healing.

Though there is debate among investigators regarding which aspect of endodontic
therapy 1s most important for success; cleaning and shaping or the creation of a hermetic
seal, there is little disagreement on the necessity for a good coronal seal. In 1994 Ray and
Trope® examined over one-thousand endodontically treated teeth and correlated the
quality of the endodontic therapy and the coronal restoration and how this translated into
a successful endodontic outcome. They concluded that the quality of the coronal
restoration was more important than the quality of the endodontic treatment when
examining these teeth for the absence of apical periodontitis (API).

Yamauchi et al."” examined the effect of orifice plugs on the formation of apical

periodontitis in vivo. After endodontic therapy was completed, the coronal 2 mm of
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gutta-percha was replaced with a dentin bonded composite resin, IRM, or left untreated.
After being open to the oral environment for eight months, the authors found 89 percent
of canals left untreated developed periapical inflammation. However, only 39 percent of
the canals restored with an orifice plug developed apical periodontitis. These findings
underscore the clinical importance of providing the most efficient coronal seal possible to
prevent micro leakage. Gutta-percha and sealer alone lack the ability to do this

independently.

SUCCESS OF ENDODONTIC THERAPY

Imperative to the practice of endodontics is the clinician’s ability to speak
intelligently concerning the potential outcomes of initial treatment, retreatment, and
surgical endodontic therapy. Many studies exist that examine success and failure rates
among these different treatment modalities. Outcomes have classically been studied
using clinical signs and symptoms, radiographic interpretation, and evaluation of excised
tissue histopathologically.*® The definition of success should be correlated with the goals
of the prescribed therapy, such as healing of or prevention of apical periodontitis, and/or
retention of a functional, asymptomatic tooth.

In 1987 Matsumoto®’ investigated factors affecting the successful prognosis of
root canal treatment. He found no differences in the healing potential of teeth obturated
with positive cultures at the time of obturation versus those with negative canal cultures
at the same time. He did find the following factors led to an increase in the incidence of
failure: periapical rarefactions, occlusal trauma, lone standing or teeth with only one

adjacent tooth.
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In 1990 Sjogren*® further examined factors affecting long-term results of
endodontic treatment. He evaluated 356 teeth eight to ten years after the completion of
root canal therapy. His findings suggested that the preoperative status of the pulp is a
direct determinant of success. Teeth with vital or non-vital pulps and no periapical
radiolucency were successful over 96 percent of the time, where as teeth with necrotic
pulps and periapical radiolucencies healed only 86 percent of the time. The lowest
success rates were witnessed in previously treated teeth with periapical lesions. These
teeth healed only 62 percent of the time after retreatment. The overall success rate for
non-surgical endodontic therapy was 91 percent.

Krekis and Tronstad® evaluated endodontic treatment performed by dental
students using a standardized technique. Five-hundred one roots were examined at post-
operative intervals ranging from six months to five years and found an adequate coronal
seal was present 97 percent of the time. Interestingly, the overall success rate was also 97
percent. This reinforces the earlier claim from Trope® that the coronal seal may be the
most significant determining factor in success rates for non-surgical endodontic therapy.

Lazarski*® conducted an epidemiological evaluation of the outcome of over
110,000 non-surgically treated teeth. These were cases completed by endodontists and
their referring general dentists. He found that 94.44 percent remained functional for at
least 3.5 years. Teeth that were not restored after root canal therapy had a statistically
significant higher incidence of undergoing extraction when compared with restored teeth.

The Washington study™ is the earliest and one of the most extensive studies
examining success rates with endodontic therapy. This study, conducted at the

University of Washington, evaluated success and failure based on radiographic
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interpretation when comparing preoperative and follow-up radiographs. Treatment was
deemed successful if there was an absence of a periapical lesion or a decrease in size of
an existing lesion upon follow-up. Failures were diagnosed when a lesion was present at
recall but was absent previously, or if there was no change in size of the lesion. Of the
3678 total patients, two-year recalls were available for 1229 patients and five-year recalls
for 302 patients. The overall success rate was 93 percent at the five-year follow-up. The
study showed that the mandibular second molar had the highest success rates, and the
most commonly treated tooth was the mandibular first molar. When surgical therapy was
necessary, the two-year success rate was 88 percent.

Friedman et al.>* examined 510 teeth with follow-up periods ranging from four to
six years as part of the Toronto study. He found that 86 percent of all teeth to be
classified as healed. Statistical analysis identified two specific preoperative outcome
predictors that had a significantly negative influence on success. These were the
presence of a preoperative periapical radiolucency and the presence of multiple roots.
Teeth without preoperative radiolucencies were classified as healed 93 percent of the
time compared to 82 percent when a preoperative lesion was present. Single rooted teeth
were categorized as healed 93 percent of the time, but multi-rooted teeth only had an 84-
percent healed rate. A better outcome is expected for teeth without radiolucencies, with
single roots, and without mid-treatment complications.

Salehrabi and Rotstein’' conducted one of the largest epidemiological studies
concerning outcome assessment of endodontic treatment. The authors assessed
1,462,936 teeth in 1,126,288 patients from all 50 states across the US over an eight-year

period. Both general practitioners and endodontists provided treatment. Eight years after
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initial non-surgical endodontic therapy, 97 percent of all teeth were still present in the
oral cavity. The combined incidence of these teeth needing retreatments, apical
surgeries, and extractions was only 3 percent, and most often occurred within the first
three years after initial therapy. Eighty-five percent of the teeth requiring extraction did

not have a full coverage coronal restoration present.

ROOT CANAL ANATOMY

A thorough knowledge of tooth morphology and root canal anatomy is paramount
to providing successful endodontic therapy.>® Variability in the canal anatomy of the
adult human dentition is quite common. Many factors can influence this variability, but
are not limited to the following: ethnic background, age of patient, gender, and systemic
medical conditions.™ For each tooth in the permanent dentition, there exists a broad
range of variation reported in the endodontic literature addressing the number of roots,
number of canals in a root, shape of these canals, and the incidence of fused roots. >+

Three dimensional models of the adult human dentition, like those produced by
Brown and Herbranson,®' detail the extremely complex and highly variable root canal
anatomy that exists in permanent teeth. Understanding this variability and recognizing
the specific patterns that are common to particular roots can aid the clinician in providing
more successful endodontic therapy. Much clinical and laboratory research has been
carried out detailing these complexities.

Hess® was the first to detail the complex anatomy present within the human root
canal system. This research clearly illustrated the complexity of canals and gave

evidence to disprove, previous claims about the simplicity of canal anatomy. Additional

studies by Pineda’ and Skidmore® revealed the presence of roots containing multiple



16

canals, fins, deltas, anastomoses, deltas, webs, inter-canal communications, lateral canals,
accessory canals, and “C” shaped configurations. Understanding that this type of
anatomy is more often the rule rather than the exception and developing fundamentally
sound techniques for preparation and obturation.** Application of this knowledge and
understanding to clinical care is fundamental to providing the highest quality endodontic
treatment.

Weine et al.®” in 1969 provided the first classification system for a single root
having more than one canal. He utilized the mesiobuccal root of a maxillary first molar
for his discussion. After sectioning the mesiobuccal roots of 208 maxillary first molars,
he found the following results: one hundred one (48.5 percent) had one canal; 78 (37.5
percent) showed two canals that merged toward a single apical portal of exit, and 29
(14.0 percent) showed evidence of two separate canals from the orifice to the apical
foramen.

A component of this complex apical anatomy relates to the true anatomic
terminus of the canal in relation to the radiographic apex of the tooth. Levy and Glatt®®
investigated how often these two characteristics differ in 122 specimens. They found that
nearly 65 percent of the time the clinical terminus of the canal did not coincide with the
radiographic apex of the tooth. Thirty-three percent of the time the samples exhibited
mesial or distal deviations when viewed from the buccal or lingual. These findings
illustrate the significant deviations that occur, and are why they recommended obturating
the canal slightly shy of the radiographic apex, due to the curvature in the buccolingual

direction that cannot be appreciated on radiographs.
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Pineda and Kuttler’” studied over 7200 root canals and found nearly 97 percent
were not in fact straight when viewed from the buccolingual and mesiodistal. The
foramen of the main canal systems was located to one side of the true clinical apex of the
root in 83 percent of the cases. This distance could range from tenths of a millimeter to
as much as 3 millimeters. They also noted that the terminal one-third of the canal was
often smaller in the mesiodistal dimension when compared to the buccolingual
dimension.

Vertucci® in 1984 studied 2400 permanent extracted teeth and developed a
classification system detailing the number of root canals and their different types, the
ramifications off of the main canal, approximate location of the apical foramina and
anastomoses, and the incidence of apical deltas. This classification system has provided
the framework from which other systems have developed detailing the complexities of
the root canal system (#10 and #60 from Ingle chapter 6). An appreciation for the
morphology of the pulp cavity and canal are paramount to providing successful
endodontic therapy. Being aware of the possible existence and frequency of complex
anatomy (bifurcations, trifurcation, double canals, etc.) can aid the clinician in
determining etiology should a case unexpectedly fail. This knowledge will prove
valuable during initial endodontic treatment, endodontic retreatment, and surgical
endodontic treatment.

In 2005 Nair et al.*® examined the in-vivo microbial status of the apical root canal
system of human mandibular first molars with primary apical periodontitis. In this study,
the mesial roots of mandibular first molars were treated with non-surgical endodontic

therapy, then immediately had the apical portion of this root of each tooth removed via
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apical surgery. These specimens were evaluated for residual intracanal infection after
instrumentation, antimicrobial irrigation, and obturation. In fourteen of the 16 samples
examined, residual microbes were located in inaccessible areas of the canal system.
These microbes existed as mostly biofilms in these fins, deltas, isthmuses, and accessory
canals. This reinforces the complexity of the apical anatomy that can exist in the human
dentition, and the need for a modality to attempt to clean these areas that are inaccessible

with our traditional instrumentation procedures.

INSTRUMENTATION

Instruments utilized in root canal preparation are extremely varied. Both hand
and rotary instruments are available to the clinician for use. Stainless steel and nickel-
titanium are the materials that comprise the overwhelming majority of endodontic
instruments, and a thorough understanding of how these instruments function, the
risks/benefits in utilizing each type of instrument, and when to replace these instruments
is paramount to successful non-surgical endodontic therapy.®

Preparation techniques utilizing endodontic instruments include the following:

1. Manual preparation — The use of broaches, files, and reamers by hand.

2. Automated preparation with stainless steel instruments — Use of an engine-
driven slow-speed handpiece with Peeso reamers and Gates Glidden drills

3. Automated preparation with nickel-titanium instruments — The use of an
electronic handpiece that rotates these files at a programmed torque and speed setting.

4. Ultrasonic preparation — The use of endodontic ultrasonic instruments to

remove canal blockages, obstructions, and debris.
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In 1974, Schilder’® recommended five components that each endodontic
instrument should be able to create inside a canal. They are as follows:

1) The root canal should have continuous taper.

2) The cross-sectional diameter of the canal should be smaller at every point as

you progress apically.

3) The root canal preparation should follow the shape of the original canal.

4) The apical foramen should remain in its original position.

5) The apical foramen should be kept as small as practical.

Achieving these goals through thorough instrumentation is an extremely vital
aspect of endodontic therapy. Schilder also concluded that shaping should be carried out
in relation to the obturation technique, as well as with respect to the unique anatomy of
each canal.”” Schilder also stated instrumentation should allow for complete removal of
all tissue from the canal space, not force debris beyond the apex, stay inside the canal,
and create sufficient space for intra-canal medicaments.”

The ISO (International Standards Organization) began standardizing endodontic
instruments and obturation materials in 1959.> This system defined specific formulas
for diameter and taper, standardized the increase in size from one instrument to the next,
and developed a numbering system based on metric diameters. Today, [SO instruments
are now universal in these areas, therefore eliminating any confusion or variability across
different instruments.

K-type files’' and Hedstrom (H-type) files®™ "2

are the most commonly used hand
files during endodontic therapy. K-type files have been utilized the longest in endodontic

therapy. These instruments were historically created by grinding round stainless steel
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wire of various sizes into different shapes (circular, square, thomboid, or triangular).
Then these instruments are ground to their proper taper, and then twisted
counterclockwise a specific number of times based on the specific file type. These files
are very good when used to locate and enlarge canals. They can be used in either a filing
or reaming motion, and will tend to stay centered in the canal. However, due to the
standardized .02 taper, these files, when used alone, will tend to create narrow
preparations, thus decreasing the efficacy of irrigation protocols.”' Hedstrom files are
created from circular stainless steel wire. Its design allows this file to be very efficient
when used in a “pull” or translational motion on the outstroke out of the canal. This
allows for the planning of the dentinal walls, removing any overhangs or other canal
irregularities that may impede effective cleaning and shaping. These files are much more
aggressive in the amount of dentin removal when compared to the K-files, and special
attention should be paid when using these files so as not to remove excess dentin. This
could result in thin radicular walls and possible strip perforation.”’

Gates Glidden drills, introduced over 100 years ago, are engine driven
instruments that allow for very efficient coronal to mid-root enlargement. They are
manufactured in different numbered sizes, from one to six, with corresponding diameters
ranging from 0.5 mm to 1.5 mm. These instruments have long, thin parallel shafts with a
small cutting head. They can be used in a “crown-down” or “step-back” technique, and
cut on the outstroke when removed from the canal. These instruments are very efficient
and can lead to excessive dentin removal and strip perforation. Care must be taken not to

exert excessive pressure on these instruments, or insertion them into a canal at an
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incorrect angle. When used properly, they are a very safe, effective, and beneficial
addition to the endodontic armamentarium.*" "

Endodontic instruments constructed from nickel-titanium have undoubtedly
changed the practice of endodontics over the last 15+ years. Endodontic files constructed
of nickel-titanium are more flexible, can more efficiently negotiate canal curvatures, wear
less, and resist fracture better when compared to stainless steel files because of the
metal’s super elasticity. This property allows the metal to return to its original shape
after significant deformation during use.®

Himel”?

in 1995 compared instrumentation of curved canals in plastic blocks with
stainless steel instruments and nickel-titanium hand files. He found that apical
transportation occurred less often with ni-ti files. Ni-Ti files produced no apical ledging
as compared to nearly 31-percent ledging when stainless steel files were used. Also,
working length was more accurately maintained in the ni-ti groups, and canal wall
stripping was almost non-existent as well.

In 1995 Esposito and Cunningham’* examined the ability of K-flex stainless steel
files, ni-ti hand and rotary files to maintain the original shape of the canal during
instrumentation. Ni-Ti hand and rotary files were found to maintain the original canal
path significantly more often than stainless steel hand files. As stainless steel files
increased in size, the amount of deviation from the original canal path increased. In

curved canals enlarged beyond a size 30 file, ni-ti files were significantly more effecting

in maintaining the original canal path as well.
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IRRIGATION

Utilizing irrigation solutions is an integral component in achieving successful
non-surgical root canal therapy via chemo-mechanical preparation.”” Irrigating solutions
allow for more efficient removal of pulpal tissue and dentin debris during endodontic
therapy, as well as the elimination of bacteria. Also, the packing of infected tissue into
the apical extent of the canal, or out into the periapical areas, can be prevented by
utilizing irrigation solutions.

Many different irrigation solutions have been utilized during the history of
endodontic treatment. Until World War 11, the most commonly used solution was water.
It was readily available, very inexpensive, and provided the canal with lubrication.
Chelating agents and weak acids have also been utilized as irrigating solutions due to
their capacity to make canal instrumentation more efficient and soften dentin. Other
solutions utilized in modern endodontic therapy include sodium hypochlorite (NaOCl),
ethylenediaminetetraacetic acid (EDTA), chlorhexidine (CHX), and (MTAD) Mixture of
tetracycline, acid, and detergent. Each of these solutions have proven effective at
decreasing the microbiota when utilized in different phases of nonsurgical therapy.”®

For nearly seventy years, NaOCl has been utilized as an irrigating solution and is
considered the standard for modern endodontic therapy. It is antimicrobial, helps to
lubricate the canals, is relatively inexpensive, has an extended shelf life, dissolves
organic tissue, increases dentin tubule permeability, and can whiten discolored teeth. The
most common concentration used today is 6 percent, and the solution has shown
increased effectiveness when heated, activated with sonic and ultrasonic instruments, or

when utilized with a high volume final flush.”® When NaOCl is introduced into the
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canal, it begins to ionize and produce hypochlorous (HOCI). It is this component of
NaOCl that is responsible for bacterial inactivation. Hypochloric acid has been found to
dissolve human tissue, disrupt oxidative phosphorylation, destroy cell membranes, and
halt DNA synthesis.”””

Varying concentrations of NaOCl have been utilized in endodontic therapy,
ranging from 0.5 percent to 6.0 percent. It is most widely recognized for its antimicrobial
properties. Long known as a strong antibacterial agent, NaOCI has also shown to be
effective in killing resistant organisms, such as Candida Albicans.*® Radcliffe et al.*'
demonstrated the high susceptibility of C. Albicans to NaOCI.

Higher concentrations of NaOC]l have proven to be more efficient and effective at
killing microorganisms. Vianna et al.** in their study demonstrated that a concentration
of 0.5-percent NaOCI required 30 minutes to kill C. Albicans, whereas a concentration of
5.25 percent killed all yeast cells in less than 20 seconds. He also showed the
effectiveness of NaOCl against three Gram-negative anaerobic rods typically isolated in
cases of apical periodontitis: Porphyromonas gingivalis, P. endodontalis, and Provotella
intermedia. All were highly susceptible to NaOCl, with all three species being killed
within 15 seconds.

There are some microorganisms proving to be somewhat resistant to NaOCl
irrigation alone. Gomes et al.** performed an in-vitro test to evaluate NaOCI’s ability to
kill Enterococcus faecalis. Over 30 seconds was required for 5.25-percent NaOCl to kill
E. faecalis, while it took over 10 and 30 minutes to completely kill the bacteria with
concentrations of 2.5 percent and 0.5 percent respectively. Radcliffe®! also confirmed

this higher resistance of E. faecalis to NaOCIl.
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Correlating the results of in-vitro studies that prove to be similar to in vivo can be
challenging, due to the inherent disadvantages that accompany in-vitro testing. These
include the following: high volume of the irrigation solution available to kill microbes,
direct access to all microorganisms, and the absence of any other material that could
provide protection for the bacteria.'* Many authors have examined if this increase in the
concentration of NaOClI leads to more efficient microbial elimination in vivo. Both

Bystrom and Sundquist® *

examined the effects of varying concentrations of NaOCl
compared to saline in eradicating a mixed anaerobic bacterial flora. Although both found
that a concentration as low as 0.5-percent NaOCl improved the antibacterial effectiveness
of canal preparation, total elimination of bacteria could not be achieved, even after
multiple appointments.

Siqueira et al."® also examined the difference in bacterial elimination of NaOCl
compared to saline. Their results were similar to Bystrom and Sundquist in that NaOCl
performed better than saline; however, no difference in efficacy could be detected when
comparing 0.5-percent, 2.5-percent, and 5-percent NaOCI.

While killing bacteria and dissolving tissue quite effectively, NaOCI has been
criticized for several negative side effects that it does possess. NaOCl is extremely
caustic, has an unpleasant taste, does not remove the smear layer, and can prove toxic
when it comes into contact with tissue outside the root canal system.> *** NaOCI’s lack
of effectiveness in vivo when compared to in-vitro studies is most likely due to the
complexity of root canal anatomy, especially in the apical region of a canal. NaOCl’s

effectiveness can also be affected by other substances found in a canal. Haapasalo®®

examined the effect that dentin powder would have on NaOCl’s property to kill E.
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faecalis. He found that the presence of dentin delayed the ability of NaOCl to effectively
kill E. faecalis, regardless of the concentration. Marcinkiewicz et al.* also found that
nitrites prevented effective killing of bacteria by NaOCI.

Luebke™ in 1967 provided a detailed summation on the processes of disinfection
and debridement in the root canal system. Ideal conditions exist for proliferation of
microbiota inside a necrotic root canal system. He showed that these sources of
sustenance and protection are removed from the bacteria when the bulk of the tissue is
removed during chemo-mechanical preparation. Though complete sterilization of the
root canal system is not possible, proper debridement of the canal can lead to success.

The use of chlorhexidine glaciate has increased in popularity due to its

outstanding antimicrobial activity and substantivity.”'

When compared to NaOCl, its
use as an irrigation solution and intra-canal medicament can be attributed to the following
characteristics: 1) It is not as irritating to the periapical tissues; 2) It does not have a bad
smell; 3) It does not cause spotting on patient’s clothes. However, chlorhexidine
gluconate lacks any tissue dissolving properties, which is an important rationale for the
use of NaOCl.

Chlorhexidine has proven effective against Gram-positive and Gram-negative
bacteria, as well as yeasts and fungi. It is most effective against Gram-positive bacteria,
however its efficacy is dependent upon the pH and is greatly diminished in the presence
of organic material.”” Chlorhexidine can cross the peptidoglycan layer in both Gram-
positive and Gram-negative bacteria. Once inside the microbe, it invades the bacteria

cytoplasm. In yeasts, chlorhexidine is able to penetrate the inner plasma membrane.

Chlorhexidine will cause coagulation of the intracellular components of the
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microorganism and lead to their death.”® Another attractive property of chlorhexidine is
in its substantivity (long-term effectiveness) even after the irrigation solution has been
removed from the canal.

Many studies have described the differences in the property of chlorhexidine to
kill certain microorganisms that have proven more resistant to NaOCl. Of particular
interest is its property to kill E. faecalis. This Gram-negative bacterium has been found
to exist in many cases of refractory apical periodontitis.'"® Gomes® in 2001 demonstrated
that a solution of chlorhexidine ranging from 0.12 percent to 2.0 percent killed E. faecalis
in 30 seconds or less, where as a solution of NaOCI (4 percent or less) took up to 30
minutes for complete killing of the bacteria. These same findings were supported by
Vianna® and Oncag.***

Waltimo®” in 1999, illustrated the antifungal effectiveness of chlorhexidine. The
property of chlorhexidine to attack the inner membrane of the yeast plasma membrane
has also been demonstrated by other studies (*”**®7 from Ingle).*"***® Chlorhexidine,
when used alone and not mixed, was also found to be more effective at killing other fungi
when compared to combining other disinfectants.

Combining chlorhexidine and NaOCI has been proposed as a method to simplify
the clinical work required and reap the benefits of both solutions. Unfortunately,
chlorhexidine and NaOCl are not soluble in each other and an orange-brown precipitate
forms, known as PCA (para-chloroanaline).” Basrani’ in 2007 showed that PCA is toxic
to human tissues. The primary consequence of PCA is met hemoglobin formation,
resulting in cyanosis. Other possible side effects include, but are not limited to,

hemolytic anemia, extra-medullary hematopoiesis, splenomegaly, erythrocyte toxicity,
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and regenerative anemia. PCA has also shown to have carcinogenic properties,
potentially increasing the incidence of conditions such as hepatocellular carcinomas and
hemangiosarcomas of the spleen. Because of these findings, it is advisable to wash away
any remaining NaOC]l with alcohol or EDTA prior to using chlorhexidine.

Chlorhexidine has additional disadvantages when compared to NaOCI. It is
unable to dissolve organic debris, including pulpal tissue and actually has its efficacy
decreased in the presence of organic matter.”” Clegg'® in 2006, demonstrated that
chlorhexidine was unable to affect the structure of biofilms, while NaOCI was shown to
completely remove them. Although chlorhexidine was shown to kill all bacteria, this
biofilm structure can still express antigenic properties, causing an immune response in
the periapical tissues.

Despite these limitations, this is significant evidence that a 2-percent
chlorhexidine gluconate solution is a good adjunct to use during non-surgical root canal
therapy, however it cannot replace the use of NaOCl. Additional research is needed to
verify the optimal sequence of irrigation solutions for different case types. This will aid
clinicians in providing the most effective treatment in eliminating endodontic infections.

Iodine containing compounds are among the most commonly used and oldest
disinfectants available. They are most commonly utilized as surface and skin
disinfectants, as well as prior to surgery. lodine has proven to be much less caustic to

! 12 is the

human tissue; however, it rapidly kills bacteria, viruses, fungi, and spores."
active antimicrobial component in iodine and rapidly penetrates into the microorganisms

attacking proteins and nucleotides leading to cell death.
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Peciuliene'”” in 2001 evaluated the overall effectiveness of irrigation with iodine
in 20 teeth that had a diagnosis of previous treatment with apical periodontitis. After
removing the previous obturation material, samples were taken of the canal and bacterial
culturing was performed. The results indicated that the use of iodine potassium iodide
(IPI) produced an increased number of negative canal cultures after normal chemo-
mechanical preparation.

Molande'” in 1999 investigated the antimicrobial effect of calcium hydroxide in
root canals pretreated with 5-percent IPI. The hypothesis was that IPI would allow for an
increase in the antimicrobial effect of calcium hydroxide. He found that IPI had no effect
on the overall power of calcium hydroxide. However, the possibility does exist that IPI
could reduce the number of strains of E. faecalis.

Unfortunately, several studies have indicated that iodine compounds are rendered
ineffective when they come in contact with dentin. Haapasalo®™ in 2000, studied the
interaction of IPI with the physical and chemical environment of necrotic root canals. He
found that IPI is completely inactivated by the dentin matrix, which is predominately
collagen. This same finding was also supported by Portenier'® in 2001, which achieved
similar results. These findings illustrate the ineffectiveness of IPI to be utilized as an
irrigating solution in non-surgical endodontic therapy.

MTAD (a mixture of tetracycline, acid, and detergent) is a combination irrigation
solution that has recently been introduced for endodontic. Torabinejad'®> '°in 2003
described the potential benefits of utilizing MTAD. Because it has a low pH (2.15)
MTAD is able to remove the smear layer and also has bactericidal effects against

endodontic pathogens. MTAD also has been touted as being “gentler” on dentin when
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compared to EDTA, and less catatonic than 5.25-percent NaOCL.'"" Irrigating with
MTAD is used as a final step prior to obturation after cleaning and shaping has been
accomplished with sodium hypochlorite in the canals.

Due to the high concentration of tetracycline, the antibacterial activity of MTAD
has been researched thoroughly. Shabahang'®® in 2003, examined the in-vitro
antimicrobial efficacy of MTAD. In this study, extracted teeth were contaminated with
E. faecalis or whole saliva, and the antibacterial effects of MTAD were measured.
MTAD was shown to have very good antimicrobial effects. Another study by Shaba
hang and Torabinejad'” revealed MTAD exhibited a greater antimicrobial effect when
compared to 5.25-percent NaOCIl. Portended in 2006 investigated in-vitro Mad’s
property to kill E. faecalis and found in less than five minutes all of the bacteria were
killed by MTAD.

Conversely, several studies have shown either no difference in the antibacterial
efficacy of MTAD when compared with NaOCI, or they have shown MTAD to be less
effective. Cho and Baumgartner''* performed an in-vitro comparison of the antimicrobial
effectiveness of NaOCI/EDTA and NaOCI/MTAD. Extracted roots were infected for
with E. faecalis for four weeks, chemo mechanically prepared and irrigated, and
examined for viable bacteria. They found no difference between the two irrigation
regimens.

An additional study by Baumgartner''! et al. in 2007, examined 26 matched pairs
of teeth comparing the same irrigation protocols. In this study, the regimen of
NaOCI/EDTA produced 0/20 positive bacterial cultures, while the NaOCI/MTAD

mixture produced 8/20 and 10/20 positive culture samples when sampled directly after
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irrigation, and after incrementing the canals two instrument sizes wider. Johla''' in 2007
also compared the antimicrobial efficacy of NaOCI/MTAD to NaOCI/EDTA and found
the NaOCI/EDTA regimen significantly reduced the levels of microbes inside the canals
of extracted molars. Zero samples exhibited bacterial growth in this group, while 40
percent of the samples from the NaOCI/MTAD group exhibited positive bacterial growth.
ULTRASONIC ACTIVATION OF

IRRIGATION SOLUTIONS

Ultrasonic’s have been utilized for over one hundred years in dentistry. The
utilization of ultrasonic energy to facilitate canal cleanliness and disinfection has a long
history in endodontic. Richman''? in 1957 was the first to introduce ultrasonic’s into root
canal therapy. Since then, many studies have compared the property of ultrasonic’s to
remove debris, decrease the microbiota present inside an infected canal, remove smear
layer, and allow for more efficient penetration of irrigation solutions into dentinal
tubules.

Two different mechanisms of ultrasonic irrigation have been described in
endodontic literature. The first entails a combination of ultrasonic irrigation and
instrumentation occurring simultaneously. This is known as ultrasonic irrigation (UI).

UI occurs when the canal walls are intentionally contacted with the file while irrigation
solution is concurrently delivered into the canal. The second method operates without the
concurrent active instrumentation of the canal walls and is known as passive ultrasonic
irrigation (PUI). This occurs when an activated instrument is allowed to oscillate freely

inside a canal, with no attempts to contact, plane, or file the canal walls.*?
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Many early studies compared the effectiveness of hand instrumentation alone and
with the addition of ultrasonics. Weller’ in 1980, studied this by comparing the
debridement efficacy in resin blocks containing simulated root canal spaces. The canal
spaces were filled with a gelatin laced with a radioisotope, prepared using hand
instruments and ultrasonics alone, and then measured for loss of radioactivity. No
significant difference in canal debridement was noted between these two techniques.
However, when ultrasonication followed hand instrumentation, the canal spaces had
significantly less radioactivity, illustrating increased canal debridement.

In 1985 Goodman et al.' compared the efficacy of a step-back technique versus a
step-back/ultrasonic technique in human mandibular molars. This in-vitro study
examined 60 extracted human mandibular molars for canal and isthmus cleanliness. The
authors found that the step-back/ultrasound preparation yielded significantly cleaner
canal isthmuses at | mm and 3 mm from the apex when compared to the step-back
technique alone and the control.

These initial studies on Ul focused on the use of an ultrasonic unit designed by
Martin'"® that became commercially available for use in 1980. Martin and

- 114-11
Cunningham 8

completed several in-vitro studies utilizing this device. Each study
continually showed that teeth prepared ultrasonically with this device produced
significantly cleaner canals and more efficient removal of the smear layer was also found.
Cameron'" in 1983, also examined the removal of smear layer using ultrasonics.
Thirty-five extracted human instrumented with traditional endodontic cleaning and

shaping techniques, then subjected to ultrasonic activation of 3-percent sodium

hypochlorite for intervals of 1, 3, and 5 minutes were compared. These teeth were
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examined under a scanning electron microscope (SEM) for smear layer removal. The
results showed that each increasing time interval removed more of the smear layer until it
was virtually non-existent after 5 minutes of UI.

Nevertheless, other studies have failed to confirm the observations of earlier
studies supporting the superiority of Ul as a primary debridement technique. Reynolds et
al.'*” examined the effectiveness of the step-back, sonic, and ultrasonic instrumentation
techniques in small, curved root canals. Eighty canals were examined histologically for
remaining dentin and predentin after the different canal preparation techniques were
employed. When the coronal, middle, and apical regions were examined, no statistically
significant differences were found.

Walker and del Rio'*' in 1989, performed a histological evaluation of 50
extracted human first and second lower molars. After routine endodontic access and
length determination were accomplished, half of the mesial canals were treated with
sonic or ultrasonic instrumentation techniques, and the other mesial canals were prepared
with traditional instrumentation techniques. When examined histologically, there was no
statistically significant difference among the groups when comparing dentin removal and
soft tissue debridement.

In 1987 Ahmad'** provided an insight into the mechanisms of action involved
with ultrasonic debridement of root canals, and to explore the inconsistent results of these
techniques. He explored two distinct processes, cavitation and acoustic streaming, and
how they impact and influence canal debridement. Cavitation is the growth and collapse
of small, gas-filled bubbles. Acoustic streaming is defined as the rapid movement of

particles of a fluid in a vortex-like motion around a vibrating object. The results of this
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study suggested that minimal if any cavitation occurred during UI, thereby minimizing
the significance of cavitation in canal debridement. Acoustic streaming, however, was
shown to actually occur and this mechanism was presumed to be more relevant to the
production of canal cleanliness associated with UI.

Several studies have also reported on significant canal alternations that can occur
when utilizing ultrasonically activated K-type files.” These unsatisfactory results
include frequent canal zipping, canal straightening, and strip perforation. Because of this,
clinicians should take care not to allow the ultrasonic instrument to touch the canal walls
upon introduction into and activation of the instrument into the canal.** '*!

More contemporary research has focused on the efficacy of PUI in the role of
canal cleanliness and debridement. Gutarts et al.'' in 2005 histologically compared the
in-vivo debridement efficacy of hand/rotary canal preparation versus a
hand/rotary/ultrasound technique in mesial root canals of vital mandibular molars. For
the ultrasound technique, an ultrasonic needle in a mini-endo unit was activated for one
minute in the canals. When examined histologically at every 0.2 mm from 1 mm to 3
mm from the apex, the canal walls and isthmuses were statistically significantly cleaner
at all levels in the ultrasound group when compared to hand/rotary instrumentation alone.

In 2007 Carver et al.'* examined the antibacterial efficacy of ultrasound after
hand rotary instrumentation in necrotic mandibular molars. Canals were sampled for
bacteria before and after hand/rotary instrumentation, and after 1 minute of ultrasonic
irrigation per canal. Samples were incubated for seven days and evaluated for the
number of colony forming units (CFUs). A significant reduction in positive cultures and

CFUs were noted with the addition of the ultrasonic activation of the irrigation solution.
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Statistical analysis revealed that the addition of the ultrasonic activation resulted in a
seven-fold decrease in the number of positive cultures when compared to hand/rotary
instrumentation alone.

Burleson et al.'**

in 2007 examined histologically necrotic mandibular molars
after hand/rotary and hand/rotary/ultrasound instrumentation. These teeth were treated in
vivo, extracted, and then sectioned in 0.2-mm segments from 1 mm to 3 mm from the
apex. They were then examined for canal cleanliness. The results of this study revealed

canal and isthmus cleanliness to be statistically significantly higher for

hand/rotary/ultrasound instrumentation at all levels.

SONIC ACTIVATION OF IRRIGATION SOLUTIONS

1.!%% in 1985 were the first to detail the use of sonic instrumentation

Tronstad et a
for endodontics. Three main differences exist between sonic and ultrasonic irrigation.
The first is the frequency of operation of these two distinct patterns of activation. Sonic
irrigation functions at frequencies lower then 20,000 cycles per minute (CPM), whereas
ultrasonic activation occurs above 20,000 cycles per minute. The second difference is
that sonic activation produces smaller shear stresses when compared to ultrasonic
activation.” Finally, sonic energy produces significantly higher amplitudes resulting in
greater back-and-forth movement of the tip of the instrument. This type of vibration has
proven very efficient for root canal debridement®’ and has shown to be unaffected when
the movement of the file is constrained.

Initially, sonic irrigation was performed utilizing a Ripisonic file attached to a

sonic handpiece after final cleaning and shaping. These files had a non-uniform taper

and were barbed, thereby increasing unintentional damage to canal walls and altering the
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final preparation of the canal.'"*® Recently, a device called the EndoActivator System
(Dentsply Tulsa Dental Specialties, Tulsa, OK) was introduced. This device sonically
activates irrigation solutions inside canals. This device utilizes disposable polymer tips
attached to a battery powered portable handpiece. The handpiece has three adjustable
frequencies, 2000, 4000, and 10,000 cycles per minute, and the tips are available in 3
different sizes (15/.02, 25/.04, 35/.04). The manufacturer claims these disposable
polymer tips are strong and flexible, thereby decreasing the incidence of breakage. The
tips are smooth, so they do not cut dentin, and this also eliminates the disadvantages of
the Ripisonic system. The manufacturer also recommends utilizing the tip in an up and
down motion while vibrating the tip at the highest speed setting (10,000 cycles per
minute).

Several studies have compared the cleaning efficacy of passive sonic and passive
ultrasonic activation. Jensen et al.”* in 1999 evaluated this in vitro in molar root canals
after hand instrumentation. In this study, curved molar canals were instrumented to a size
35 hand file, and then treated for three minutes with passive sonic and ultrasonic
activation. A debris score was then calculated for each specimen based on the amount of
debris remaining on canal walls after treatment. No statistically significant difference
was found between the two types of activation, both were shown to yield significantly
lower debris scores when compared to hand instrumentation alone.

These findings have been supported in other studies. Cunningham and Martin
and Stamos' '™ '*7 detailed the impressions of clinicians utilizing an endosonic unit (Cavi-
Endo) for nearly one year at Marquette University. During this time, the Endosonic unit

was used primarily for preflaring canals, canal preparation, pathfinding, and the removal
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of foreign obstructions, silver points, and posts. The general consensus among the
clinicians utilizing the device was that sonic activation is a valuable endodontic tool and
has a myriad of uses.

Sabins'?® in 2003, compared the cleaning efficacy of short-term sonic and
ultrasonic passive irrigation after hand instrumentation in curved canals of molar root
canals. This in-vitro study was similar in design to the Jensen study; however,
activation of irrigation solutions occurred for as little as 30 seconds compared to three
minutes. Debris scores were tabulated for the apical 3 mm and 6 mm and the results
indicate that passive sonic and ultrasonic activation, for as little as 30 seconds, yielded
debris scores significantly lower than hand instrumentation alone.

The EndoActivator system has been touted as a device that can effectively and
efficiently remove the smear layer, clean debris from lateral canals, and dislodge clumps
of simulated biofilm in curved molar canals.'” This device has also been shown to
produce a powerful hydrodynamic phenomenon when used in an up-and-down motion
with the tip of the file vibrating."*" A significant cloud of debris can be observed within a
solution filled chamber during its use. Utilizing the tip at 10,000 cpm has been shown to
disrupt smear layer, remove biofilm, and optimize debridement inside canals.'*" '*°

In 2009 de Gregorio et al."’! examined the effects of EDTA, sonic, and ultrasonic
activation on the penetration of sodium hypochlorite into lateral canals. Four-hundred
eighty simulated lateral canals were created in eighty teeth at differing levels in the apical
6 mm of each root. The teeth were treated with sonic and ultrasonic activation, and
evaluated for sodium hypochlorite penetration using a contrast solution. Both sonic and

ultrasonic activation provided better irrigation of lateral canals at 4.5 mm and 2 mm from
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working length when compared to traditional needle irrigation alone. This difference was
not statistically significant; however, sonic activation did allow for sodium hypochlorite
to successfully penetrate more lateral canals than ultrasonic activation.

Shen et al."** examined the antimicrobial effect of ultrasonics and sonic activation
of two distance chlorhexidine preparations on biofilm bacteria. Established, multi-
species biofilms on collagen coated hydroxyapatite disks were subjected for 1 minute and
3 minutes to 2-percent chlorhexidine with and without ultrasonic and sonic activation.
After treatment, the samples were examined for the amount of dead bacteria. The results
of this study showed that ultrasonic or sonic activation of 2-percent chlorhexidine did not
disrupt or disperse the biofilm structure; however, sonic activation did produce more
dead bacteria upon analysis when compared to ultrasonic activation.

Reducing the risk of expressing sodium hypochlorite into the periapical tissues is
the goal of any root canal irrigation delivery protocol. Several in-vitro studies have
demonstrated the routine extrusion of irrigation solutions through patent canal

terminations. In 2009 Desai and Van Himel >

examined the safety of various intracanal
irrigating systems. This was assessed by measuring the volume of solution extruded
while using each system. Their results showed that the EndoActivator extruded
statistically significantly less solution when compared to manual irrigation with a side-
ported needle, passive ultrasonic activation, and the Rinse Endo (RE) system (Air

Techniques Inc, New York, NY), thus decreasing the chances of an untoward sodium

hypochlorite accident during clinical treatment.
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SEM EVALUATION OF POST-OPERATIVE
ROOT CANAL CLEANLINESS

Investigating root canal segments under a scanning electron microscope (SEM) is
the standard protocol for evaluating post-operative cleanliness of root canals. Several
different protocols have been utilized when evaluating results in past studies. Scoring
systems evaluating the cleanliness of canals used in SEM studies range from three

129, 134-137

23,125, 138-140 27, 141-144
scores, to four scores,”™ five scores,

and even up to seven
scores.'” When reviewing these previous studies, it is apparent that in a majority of
cases the specimens have not been coded nor have the examiners been blinded prior to
SEM evaluation. By coding the specimens and blinding the examiners, this helps to
prevent the identification of the preparation technique or the instrument used.

Certain biases can occur when evaluating specimens under SEM. Magnifications
utilized in previous studies are either not detailed or samples are evaluated under
differing levels of magnification. When evaluating samples under higher magnifications,
smaller and smaller segments of the canal walls are visible. Most SEM operators have a
tendency to select the cleanest areas in a canal with open dentinal tubules, rather than
recording and scoring areas with large amounts of debris present. Also, operators may
adjust the magnification or change the area observed in order to obtain a cleaner image.

Specimens of extracted teeth can be sectioned horizontally and longitudinally for
examination under SEM. When sectioning specimens horizontally, pulp tissue,
predentin, and remaining debris can be readily evaluated and quantified. Sectioning and
evaluating specimens horizontally allows for accurate investigation of canal isthmuses,
fins, webs, and recesses. However, loose debris inside the canal can be lost, or excessive

debris can be introduced during the sectioning process. This can lead to contamination of
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the specimen and inaccurate data. Evaluating root canals sectioned longitudinally allows
for complete inspection of both halves of the entire root canal system. Longitudinal
sectioning greatly decreases the possibility of contamination; however, lateral canals,

isthmuses, and other accessory anatomy can prove difficult to identify.
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MATERIALS AND METHODS
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Sixty human, single-rooted, maxillary anterior teeth were collected from the Oral
Health Department under [UPUI/Clarian IRB study number 0308-74. All teeth were
evaluated radiographically to ensure canal curvature of less than 30° using Schneider’s™
method, no gross pulpal calcifications, and ensure normal anatomy. Teeth were then
sterilized in 6.0-percent sodium hypochlorite for a period of two weeks prior to initiating

the experimental procedures

ROOT CANAL PREPARATION OF GROUPS 1, 2, AND 3

Following sterilization, each tooth received an ideal access preparation (Figure 1).
Working length was determined by ensuring that a new #15 stainless steel K-flex file
(Dentsply Maillefer, Tulsa, OK) would pass to the apical foramen, and then subtracting
Imm from this measurement. The incisal edge of the tooth was used as the point of
reference for the working length determination (Figure 2). K-flex hand files were utilized
to achieve initial canal preparation. An electric motor with 1:8 reduction contra-angle
handpiece at 600 rpm (AEU-20 Endodontic System, Dentsply-Tulsa Dental, Johnson
City, TN) was used with the Endosequence .06 taper (Figure 3) nickel titanium rotary
instruments (Brasseler, Savannah, GA). Rc Prep™ (Premier Dental Products, King of
Prussia, PA) and 6-percent sodium hypochlorite was utilized for file lubrication and
irrigation (Figure 4). A crown-up technique of instrumentation was used beginning with
a 15/.06 EndoSequence file and all canals were finished to a size 40/.06 at working length
(Figure 5) hypochlorite was utilized as the irrigation solution during instrumentation

phase of each canal with 2 ml being used between each instrument. At the completion of
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the instrumentation phase of the experiment, smear layer removal from the canals was
accomplished by irrigating each canal with 2 ml of 17-percent EDTA
(ethylenediaminetetraacetic acid) for a period of 1 minute (Figure 6). Following smear
layer removal, each canal was then irrigated with 6 ml of sodium hypochlorite for 2

minutes. Canals were then dried with coarse and medium sterile paper points (Figure 7).

Group 1: Control Group
The control group will consist of 20 teeth that will receive no additional treatment
after hand/rotary instrumentation and irrigation with sodium hypochlorite using a slotted

needle.

Group 2: Canal Preparation plus EndoActivator

Six-percent sodium hypochlorite was expressed into the canal spaces of the 20
teeth in this group with a 27-gauge slotted needle (Monojet, Sherwood Medical, St.
Louis, MO) to within I mm to 2 mm of the working length. The EndoActivator (Figure
8) with a size large (35/.04 taper) tip was then placed to within 1 mm to 2 mm of the
working length and activated for 1 minute following the manufacturers’ directions.

Excess irrigation solution was collected via high-speed evacuation.

Group 3: Canal Preparation plus Ultrasonic Bypass System

After instrumentation, the Ultrasonic Bypass System (Figure 9) was introduced
into the canals to within 1 mm to 2 mm of the working length. This system allowed for
the controlled delivery of sodium hypochlorite directly through a 30- gauge irrigating tip
(Figure 10) at a rate of Sml/min (Figure 11). Excess irrigation solution was collected via

high-speed evacuation.
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CANAL SECTIONING

Teeth were grooved longitudinally (Figure 12) along the buccal and lingual
surfaces with a carborundum disc at medium speed. Teeth were then cleaned and dried in
a dessicator (Figurel3) before being split with a micro-blade and mallet (Figure 14). A
scanning electron microscope was utilized to view the half with the most visible part of
the apex present. Division of each sample into 3 equal parts (Figure 15) was
accomplished by making small indentation grooves into the side of the root with a #15
scalpel blade. Samples were thoroughly dried and mountings made utilizing metallic

stubs.

MICROSCOPIC EVALUATION

Each canal wall was evaluated in the coronal, middle, and apical thirds of the
root. Each of these sections was examined using the JSM-5310 High Vacuum Scanning
Electron Microscope (Figure 16). To ensure standardization of the area examined for
each sample, the central beam of the SEM was directed to the center of each third of the
canal space being analyzed. This distance was 9 mm (location A), 6 mm (location B),
and 3 mm (location C) from the apex (Figure 17). The SEM operator did this under X50
magnification. Magnification was then increased to X1000 and the area of the canal was
photographed and used for scoring. As outlined by the American Association of
Endodontists in, “Contemporary Terminology for Endodontics,” smear layer was defined
as the following: A surface film of debris retained on dentin or other surfaces after
instrumentation with either rotary instruments or endodontic files; consists of dentin

particles, remnants of vital or necrotic pulp tissue, bacterial components, and retained
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irrigation solution. Scores for all samples were recorded according to the following
system as described by Al-Hadlaq et al."* (Figure 18).

Score 1: Clean root canal, only few small debris particles.

Score 2: Few small isles of debris covering less than 25 percent of the root canal
wall.

Score 3: Many accumulations of debris covering more than 25 percent but less
than 50 percent of the root canal wall.

Score 4: More than 50 percent of the root canal wall covered by debris.
Two blinded examiners independently scored the samples. Examiners were calibrated on
20 independent specimens taken from a different study to increase both inter-examiner
and intra-examiner reliability. When there was a discrepancy in the scoring of a sample,
a forced consensus was reached by the two examiners. The mean scores of smear layer
present in the canal spaces of the samples that receive the EndoActivator were compared
with the smear layer scores recorded for the samples that received the Ultrasonic Bypass

system.

STATISTICAL METHODS

Intra-examiner repeatability and inter-examiner agreement of the debris removal
scores were assessed using two-way contingency tables, percent agreement, and weighted
kappa statistics. Using the consensus scores separately for each of the three locations, the
three methods were compared for differences in debris removal scores using a Kruskal-
Wallis test, which determines if there are any differences among the three groups. If the
overall test were significant, Wilcoxon Rank Sum tests were used to compare each pair of

groups.
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SAMPLE SIZE

With a sample size of 20 teeth per group, this study possessed 80-percent power
to detect a difference of 0.7 between any two groups, assuming two-sided tests with a
nonparametric adjustment at a 5-percent significance level. Sample size calculations

were performed using PASS (NCSS, Kaysville, UT).
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RESULTS
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Intra-examiner repeatability: Intra-examiner repeatability was acceptable for
Examiner 1 (weighted kappa = 0.83), with disagreements usually due to a lower score on
the repeat evaluation. Intra-examiner repeatability was also acceptable for Examiner 2
(weighted kappa = 0.84), again with disagreements usually due to a lower score on the
repeat evaluation (Table 1).

Inter-examiner agreement: The inter-examiner agreement analysis showed that
disagreements were usually caused by higher scores given by Examiner 2 than by
Examiner 1 (weighted kappa = 0.79), with the weighted kappa slightly lower when
compared with the intra-examiner kappas as expected (Table 2).

Group comparisons (Figure 19): For location A (coronal third) there were
significant differences in debris scores among groups (p = 0.0019), with significantly
lower scores for the Ultrasonic Bypass System than the Controls (p = 0.0013), and no
significant difference between the EndoActivator and Control groups (p = 0.090) or
between the EndoActivator and the Ultrasonic Bypass System (p = 0.065). For location B
(middle third) there were significant differences in debris scores among groups (p =
0.0030), with significantly lower scores for the Ultrasonic Bypass System than the
Control (p =0.0030) and EndoActivator (p = 0.0361), and no significant difference
between the EndoActivator and Control groups (p = 0.098). For location C (apical third)

there was no group effect on debris score (p = 0.056) (Table 3).
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FIGURES AND TABLES
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FIGURE 1. Ideal access preparation.
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FIGURE 2. Determining working length.
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FIGURE 3. EndoSequence nickel titanium rotary instruments.
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FIGURE 4. Irrigation with sodium hypochlorite during instrumentation.
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FIGURE 5. Master apical file size 40/.06.



54

FIGURE 6. Irrigation with 6.0-percent sodium hypochlorite and 17-percent EDTA.
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FIGURE 7. Drying the canal with paper points.
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FIGURE 8. EndoActivator™ with 35/.04 tip.
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FIGURE 9. Ultrasonic Bypass™ System.
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FIGURE 10. Ultrasonic Bypass System™ tip.
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FIGURE 11. Activation with the Ultrasonic Bypass™ System.
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FIGURE 12. Tooth grooved vertically with a carborundum disc.
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FIGURE 13. Drying in the dessicator for two weeks.
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FIGURE 14. Separation of tooth with a scalpel blade and rubber mallet.



63

FIGURE 15. Sectioned tooth used for evaluation.
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FIGURE 16. High-vacuum scanning electron microscope.
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FIGURE 17. Roots divided into 3-mm segments.



FIGURE 18.
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Representative SEM photomicrographs.
Specimens with (A) smear/debris score 1,
(B) smear/debris score 2, (C) smear/debris
score 3, and (D) smear/debris score 4.
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Group Comparisons

® Bypass

H Control

EndoActivator

Coronal 1/3 Middle 1/3  Apical 1/3

FIGURE 19. Comparison of mean scores among the control, the
Ultrasonic Bypass™ System, and EndoActivator™,
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TABLE I

Intra-examiner repeatability of Examiners #1 and #2

Second
Wt.

Examiner First 1 2 3 4 Kappa Kappa
JB 1 70 1 0 0 0.71 0.83

2 11 25 3 0

3 0 8 26 1

4 0 0 13 22
MV 1 48 5 0 0 0.74 0.84

2 11 38 3 0

3 1 7 28 4

4 0 0 4 31
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TABLE 11

Inter-examiner repeatability between Examiners #1 and #2

MV
JB 1 2 3 4 Kappa Wt. Kappa
1 52 19 0 0 0.65 0.79
2 0 27 12 0
3 1 6 24 4
4 0 0 4 31




Summary statistics of average score by group and location
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TABLE III

Location Group N Mean SD SE
A Bypass 20 1.4 0.7 0.2
Control 20 2.5 1.1 0.2
EndoActivator 20 1.9 1.1 0.2
B Bypass 20 1.6 0.8 0.2
Control 20 2.8 1.1 0.3
EndoActivator 20 2.2 0.9 0.2
C Bypass 20 2.8 1.2 0.3
Control 20 33 0.9 0.2
EndoActivator 20 2.5 1.1 0.3
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DISCUSSION
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The objective of this study was to evaluate and compare the debridement in-vitro
efficacy of the EndoActivator System versus the Ultrasonic Bypass System following
hand-rotary instrumentation. Based on the results of this research, the addition of one
minute of sonic or ultrasonic activation of 6-percent NaOCIl and 17-percent EDTA
significantly improves the removal of debris and smear layer from inside the canals of
single-rooted anterior teeth.

Many different factors may play a role in influencing the debridement efficacy of
these two devices. The increase in the amount of sodium hypochlorite cycled through the
canals during the usage of these two devices (less than 1 ml for the EndoActivator
compared to 5 ml for the Ultrasonic Bypass System) could have had a significant effect
on the debridement efficacy of these two devices. The additional NaOCl may have
helped to produce the statistical significance found in the coronal and middle thirds in the
canals treated with the Ultrasonic Bypass System.

The difference in the size of the tips utilized by these two devices could very well
affect debridement efficacy inside canals. The size of the tip used in the EndoActivator
corresponded to a size 35/.04. This is the largest tip available for use with this device.
This size tip was able to fit passively to within 1 mm of working length. This size was
used based on the manufacturer’s recommendation to maximize acoustic streaming inside
the canals. Two other size tips are available for use with this device (15/.02 and 25/.04);
however, they were not used in this study. The manufacturer recommends using the

largest size tip that will fit passively into the canal to within 2 mm of working length.
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Because the canals were all prepared to a size 40/06 at working length, the 35/.04 tip was
chosen and was examined prior to use to ensure that it did not bind within the length of
the canal. Using the largest tip available is theorized to increase the “hydrodynamic”
debridement that occurs, according to the manufacturer. This larger size at the apical
extent of the tip could explain the finding of cleaner canal walls of the apical 3 mm of the
treated canals when compared with the bypass system and the controls. The size of the tip
utilized by the Ultrasonic Bypass System was equivalent to a 30-gauge needle internally.
This was the only size tip available for this system at the time of this study. There is no
taper associated with this tip, therefore the distance between the tip and the canal walls
increased from the apical one-third to the coronal one-third. This could allow for a more
efficient exchange and activation of the irrigation solutions used in this study and could
explain the increased debridement efficacy in the coronal and middle thirds of the canals.
The material used in the construction of the tips for these two devices could also
influence each device’s efficiency. The EndoActivator tip is constructed of a flexible,
smooth, radiolucent polymer. The flexibility of this material may allow for continual
acoustic streaming even when the tip comes in contact with canal walls during its use.'”
This could explain the increased debridement efficacy found in the apical 1/3 of the
treated canals. The bypass tips are made of stainless steel. The acoustic streaming that
occurs from occurs from an ultrasonically activated rigid tip is all but eliminated as soon

as that tip contacts a solid surface (such as a canal wall).'"”

This could result in gauging
or cavitation at the point of contact, resulting in an altered canal shape and decreased

debridement efficiency.
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The size of the tip in comparison to the size of the canal preparation can also
affect the effectiveness of these two devices. Utilizing a smaller tip allows for more area
between the tip and the canal wall, which could allow for more efficient exchange of the
activated irrigation solution in these areas. This could create more acoustic streaming,
therefore possibly resulting in a cleaner canal. By this rationale, a smaller size tip
utilized in these devices may actually result in increased debridement efficacy, and a
cleaner canal.

The EndoActivator utilized the same volume of solution placed into the canal
during its use. It was not refreshed during the 1 minute of activation. This additional
volume of sodium hypochlorite amounted to less than 1 milliliter. The Ultrasonic Bypass
System provided a continuous flow of fresh sodium hypochlorite into the canal during its
use. This constant exchange of fresh sodium hypochlorite also allowed for an additional
5 ml of solution to be processed through the tooth. This additional volume of fluid could
explain the statistically significantly cleaner samples that were present in the coronal and
middle thirds of roots treated with this system, and not the actual effects of the ultrasonic
activation.

Increasing the time of the activation of the irrigation solutions may also impact
the debridement efficacy of these devices. In this study, one minute of activation was
chosen due to its ease of application and efficiency in transferring this to an in-vivo
setting. Previous research has shown that increasing the time of activation may lead to
increased canal cleanliness. Perhaps increasing the time that these devices are utilized

could lead to less debris present inside canals.'** %
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Microbial loads have also been shown to be reduced utilizing similar type
devices. Though this was not measured in this particular study, when examining
previous research, ultrasonic activation of irrigation solutions has proven to provide as
much as a seven-fold decrease in the bacterial colony forming units present inside canals
treated in vivo.'> 1*®

Approximately 30 percent to 35 percent of the internal canal anatomy is never
addressed with instruments alone.'* Utilizing these devices to activate irrigation
solutions may allow for deeper, more efficient penetration into the fins, webs, deltas,
lateral canals, and other anatomic complexities inside canals of human teeth. This would
allow for more efficient debridement and cleaning which, in theory, should lead to higher
success rates for non-surgical endodontic therapy. Increases in success rates would
directly increase retention rates of endodontically treated teeth for longer periods of time.

Increasing the temperature of the sodium hypochlorite inside canals has been
shown to provide increased debridement efficacy and killing of microbes."” 1In this
study, all irrigation solutions were utilized at a room temperature of approximately 72°F.
Increasing the temperature of the irrigation solutions prior to their use may have impacted
their debridement efficacy. Also, an interesting variable to monitor would have been
how much the temperature of these solutions increased during the use of these devices
inside the canals, and if this increase would prove significant. We would suspect the
increase to be greater during the use of the EndoActivator because the solution is not
constantly being replenished as it is with the Ultrasonic Bypass System.

An additional factor to consider is if the use of these devices causes an increase in

the outer root surface temperature. Research has shown that increasing the outer root
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surface temperature by more than just a few degrees can lead to irreparable harm to the
periodontal ligament and surrounding bone. This trauma can cause necrosis of the bone
and even propagate tooth loss. As of yet, no research has been conducted to measure this
when utilizing these two specific devices.

When measuring debris removal, it is very difficult to ensure that excess debris is
not introduced into the canals during sectioning of the roots prior to SEM observation. In
this study, roots were sectioned longitudinally using a carborundum disc along the buccal
and lingual surfaces, and then split using a scalpel blade and a rubber mallet. During this
process, it is possible that debris not native to the canal space could have been introduced
into the canal, thereby skewing the evaluator’s scores. A more reliable method of
sectioning teeth to decrease the possibility of introducing outside debris into the canal
would involve the use of a microtome.

1."! could also have been used.

An additional method, as described by Jiang et a
In this study, roots were sectioned longitudinally, cleaned of internal debris with sand
paper resulting in a smooth surface with very little of the original canal remaining. The
two segments were then reassembled, secured, and new canal spaces were prepared prior
to testing sonic and ultrasonic devices for debris and smear layer removal. This model
would have provided a more standardized canal space and ensured equivalent amounts of

dentin debris present in the root canal prior to the irrigation procedure. This method may

have produced more accurate dentin debris removal scores.
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SUMMARY AND CONCLUSION
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The purpose of this study was to evaluate the debridement efficacy of the
EndoActivator System versus the Ultrasonic Bypass System following hand-rotary
instrumentation in maxillary anterior teeth. Sixty extracted maxillary anterior teeth were
divided into three groups. Teeth were instrumented using ISO k-flex hand files and the
EndoSequence rotary nickel-titanium instrument system in a crown-down fashion and
subjected to different final irrigation protocols. Group 1 (control) was irrigated with 6.0
percent sodium hypochlorite without activation. Group 2 received 1 minute of activation
of 6.0-percent sodium hypochlorite via the EndoActivator system. Group 3 received 1
minute of activation via the Ultrasonic Bypass System and a 30-gauge ultrasonic tip.
Teeth were then sectioned longitudinally and each segment was divided into three equal
parts representing the coronal, middle, and apical thirds of the canal. SEM evaluation
was performed on the section with the most visible part of the apex present. SEM
photographs were made of each segment of root for analysis. A scoring system was then
utilized to assess debris and smear layer removal.

Intra-examiner repeatability and inter-examiner agreement of the debris removal
scores was assessed using two-way contingency tables, percent agreement, and weighted
kappa statistics. Using the consensus scores separately for each of the three locations, the
three methods were compared for differences in debris removal scores using a Kruskal-
Wallis test, which determined if there were any differences among the three groups. A
Wilcoxon Rank Sum test was then used to compare each pair of groups if the overall test

was significant.
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The results of this study indicate that both the EndoActivator and Ultrasonic
Bypass groups had a smaller percentage of canal space occupied by smear layer and
debris when compared to the control group at all three levels. This difference was
statistically significant for the Ultrasonic Bypass System when compared with the control
at both the coronal and middle thirds of the samples evaluated. This difference was not
statistically significant in the apical third. When compared to the EndoActivator, the
Ultrasonic Bypass System produced cleaner canals in the coronal and middle thirds, with
the difference being statistically significant in the middle third only (Figure 20).

These results of this research support the use of either of these two devices when
compared with the controls. Smear layer removal and debridement efficacy was greatly
increased when using either sonic or ultrasonic activation of sodium hypochlorite. More
research is warranted concerning these two devices. Examining the antimicrobial
efficacy with the use of these two devices could lend additional validation to their use in

non-surgical endodontic therapy.
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APPENDIX I

Debris and smear layer scores from Group 1 (Control group)
at each location by two examiners

Examiner | Examiner | Examiner | Examiner
Specimen | Tooth | Location | 1 score 2 score 1 repeat | 2 repeat
1 1 A 2 2 2 2
2 B 1 1 1 1
3 C 1 1 1 1
4 2 A 2 3 2 1
5 B 4 4 4 4
6 C 4 4 4 4
7 3 A 1 2 1 1
8 B 3 4 2 3
9 C 3 3 3 3
10 4 A 4 4 4 4
11 B 3 3 3 3
12 C 3 3 3 4
13 5 A 4 4 4 4
14 B 4 4 4 4
15 C 4 4 4 4
16 6 A 3 4 3 4
17 B 4 4 4 3
18 C 3 3 3 3
19 7 A 2 2 3 3
20 B 4 4 4 4
21 C 3 3 2 3
22 8 A 2 3 2 3
23 B 2 3 2 4
24 C 3 4 3 4
25 9 A 1 1 1 1
26 B 1 1 1 1
27 C 2 3 1 2
28 10 A 3 3 2 3

(continued)
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APPENDIX II

Debris and smear layer scores for Group 2 (EndoActivator)
at each location by two examiners

Examiner | Examiner | Examiner | Examiner
Specimen | Tooth | Location 1 2 1 repeat | 2 repeat
1 1 A 2 2 2 2
2 B 3 3 2 3
3 C 1 1 1 1
4 2 A 1 1 1 1
5 B 1 2 1 3
6 C 4 4 3 4
7 3 A 4 4 3 4
8 B 1 1 1 2
9 C 1 2 1 2
10 4 A 3 3 2 3
11 B 4 4 4 4
12 C 1 1 1 1
13 5 A 2 3 3 2
14 B 3 3 3 3
15 C 4 3 3 3
16 6 A 1 1 1 1
17 B 2 2 1 2
18 C 1 2 1 1
19 7 A 1 1 1 1
20 B 1 2 1 1
21 C 1 1 1 1
22 8 A 1 1 1 1
23 B 1 1 1 1
24 C 1 1 1 1
25 9 A 1 2 1 2
26 B 2 2 2 2
27 C 3 3 3 3
28 10 A 2 2 1 2
29 B 1 2 2 2
30 C 2 2 1 2
31 11 A 2 3 2 2

(continued)
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APPENDIX III

Debris and smear layer score for Group 3 (Ultrasonic Bypass System)
at each location by two examiners

Examiner | Examiner | Examiner | Examiner
Specimen | Tooth | Location 1 score 2 score 1 repeat | 2 repeat
1 1 A 1 1 1 1
2 B 2 2 2 2
3 C 2 2 1 2
4 2 A 1 2 1 1
5 B 1 1 1 1
6 C 4 4 4 4
7 3 A 2 3 2 2
8 B 2 2 2 2
9 C 4 4 3 4
10 4 A 2 2 2 2
11 B 1 1 1 1
12 C 1 1 1 1
13 5 A 1 1 1 1
14 B 1 2 1 1
15 C 3 3 3 3
16 6 A 2 2 1 1
17 B 3 3 3 3
18 C 4 3 3 4
19 7 A 1 1 1 1
20 B 1 1 1 1
21 C 1 2 1 2
22 8 A 1 1 1 1
23 B 1 1 1 1
24 C 1 1 1 1
25 9 A 1 1 1 1
26 B 1 1 1 1
27 C 2 2 2 2
28 10 A 1 2 1 2
29 B 3 2 3 2

(continued)
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AN IN-VITRO SEM STUDY COMPARING THE DEBRIDEMENT EFFICACY OF
THE ENDOACTIVATOR™ SYSTEM VERSUS THE ULTRASONIC BYPASS™

SYSTEM FOLLOWING HAND-ROTARY INSTRUMENTATION

by

Steven Wayne Binkley

Indiana University School of Dentistry
Indianapolis, Indiana
The purpose of this study was to evaluate and compare the debridement efficacy
of the EndoActivator (Dentsply Tulsa Dental, Tulsa, OK) versus the Ultrasonic Bypass
system (Vista Dental) following hand-rotary instrumentation in anterior teeth. Sixty
extracted human, maxillary anterior teeth were randomly assigned to three groups. Teeth
were instrumented using (ISO k-flex) hand files and EndoSequence nickel-titanium
rotary files (Brasseler, Savannah, GA) to a size 40/.06 taper. Group 1 served as the
control group and had no additional treatment performed. Groups 2 and 3 were subjected
to a final irrigating regimen that consisted of 6-percent sodium hypochlorite for a 1-

minute duration. For group 2 the irrigation solution was activated for 1 minute using the



102

EndoActivator system (DENTSPLY). For group 3, the irrigation solution was activated
for 1 minute using the Ultrasonic Bypass System (Vista Dental). The teeth were then
sectioned longitudinally and each half was divided into three equal parts 3 mm from the
anatomic apex. The sample with the most visibly identifiable section of the apex was
used for SEM evaluation. A scoring system to measure the efficacy of debris removal
was utilized to quantify the results. Statistical analysis was performed using the Kruskal-
Wallis test. If the overall test is significant, a Wilcoxon Rank Sum tests was used to
compare each pair of groups.

The results of this study indicate that both the EndoActivator and Ultrasonic
Bypass groups had a smaller percentage of canal space occupied by smear layer and
debris when compared with the control group at all three levels. This difference was
statistically significant for the Ultrasonic Bypass System when compared with the control
at both the coronal and middle thirds of the samples evaluated. This difference was not
statistically significant in the apical third. When compared with the EndoActivator, the
Ultrasonic Bypass System produced cleaner canals in the coronal and middle thirds, with
the difference being statistically significant in the middle third only (Figure 20).

These results of this research support the use of either of these two devices when
compared with the controls. Smear layer removal and debridement efficacy was greatly
increased when using either sonic or ultrasonic activation of sodium hypochlorite. More
research is warranted concerning these two devices. Examining the antimicrobial
efficacy with the use of these two devices could lend additional validation to their use in

non-surgical endodontic therapy.
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