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the lesion are intact on the

palatal and nasal floor, but the

facial bone is not intact and is

expanded. (Image courtesy of Dr.

Ben Studebaker.) , 204
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Figure 9.3 The microscope should be

positioned so that the long axis of

the microscope is parallel to the

long axis of the tooth on which

the surgical procedure is to be

performed. This requires the

surgeon to sit at the 12 o’clock

position at the head of the dental

chair, so that the long axis of the

tooth points directly at the

surgeon’s midsection. This will

ensure that the resection cuts are

at 90 degrees to the long axis of

the tooth. The diagram on the left

demonstrates a parallel

alignment where the microscope

axis is parallel to the long axis of

the tooth, which leads to a

resection of 90 degrees to the

long axis of the tooth. The

diagram on the right

demonstrates an angled

alignment where the microscope

axis does not match the long axis

of the tooth, which can result in

an angled resection. (from

Niemczyk SP. Essentials of

endodontic microsurgery. Dent

Clin North Am.

2010;54:375–399.) , 209

Figure 9.4 Alignment for maxillary anterior

teeth. The long axis of the tooth

should be parallel to the floor.

For ostectomy, curettage, and

resection, the microscope can be

at a 90-degree angle to the long

axis of the root. For root-end

preparation, the microscope can

be angled to view the resected

root end. (from Niemczyk SP.

Essentials of endodontic

microsurgery. Dent Clin North Am.

2010;54:375–399.) , 210

Figure 9.5 Alignment for mandibular

anterior teeth. The long axis of

the tooth should be parallel to

the floor. For ostectomy,

curettage, and resection, the

microscope can be at a 90-degree

angle to the long axis of the root.

For root-end preparation, the

microscope can be angled to view

the resected root end. (from

Niemczyk SP. Essentials of

endodontic microsurgery. Dent

Clin North Am.

2010;54:375–399.) , 211

Figure 9.6 Alignment for maxillary posterior

teeth. The long axis of the tooth

should be parallel to the floor.

For ostectomy, curettage, and

resection, the microscope can be

at a 90-degree angle to the long

axis of the root. For root-end

preparation, the microscope can

be angled to view the resected

root end. (from Niemczyk SP.

Essentials of endodontic

microsurgery. Dent Clin North Am.

2010;54:375–399.) , 212

Figure 9.7 Alignment for mandibular

posterior teeth. The long axis of

the tooth should be parallel to

the floor. For ostectomy,

curettage, and resection, the

microscope can be at a 90-degree

angle to the long axis of the root.

For root-end preparation, the

microscope can be angled to view

the resected root end. (from

Niemczyk SP. Essentials of

endodontic microsurgery. Dent

Clin North Am. 2010;54:375–399) , 213

Figure 9.8 Triangular flap design with a

sulcular horizontal incision and a

vertical releasing incision in the

concavity between the canine

and the lateral incisor. (Image

courtesy of Dr. Stephen

Niemczyk.) , 214

Figure 9.9 Rectangular flap design with two

vertical releasing incisions. Both

vertical releasing incisions should
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be in the concavities between the

bony eminences over teeth and

meet the marginal gingiva at

right angles at the junction of the

middle and apical third of the

interdental papilla. The

horizontal incision is in the sulcus, 214

Figure 9.10 Supraperiosteal blood vessels

deep in the reticular layer of the

lamina propria of attached

gingiva. The arrow indicates a

vessel passing into the papillary

layer to form a capillary plexus

next to epithelium. (From

Gutmann JL, Harrison JW.

Surgical endodontics. Boston:

Blackwell Scientific Publications;

1991.), 214

Figure 9.11 The vertical releasing incision

starts by visually dividing the

interdental papilla into coronal,

middle, and apical thirds. At the

junction of the middle and apical

thirds the vertical releasing

incision should begin at the line

angle of the tooth and at a

90-degree angle to the marginal

gingiva. The vertical releasing

incision forms a hockey stick

shape, with the horizontal

portion of the releasing incision

as the blade and the vertical

portion of the releasing incision

forming the handle of the hockey

stick. Placing the incision at the

junction of the middle and apical

third of the papilla allows short

profusion of blood supply to the

flap. This ensures a better blood

supply to the rest of the papilla.

(Image courtesy of Dr. Stephen

Niemczyk.) , 215

Figure 9.12 The submarginal incision will

have a scalloped horizontal

portion that will match the

marginal gingival contour. It

must be placed in the attached

keratinized gingiva. There should

be at least 3 mm of attached

keratinized gingiva present for

this incision, 215

Figure 9.13 Submarginal flap design

demonstrating the scalloped

incision in the attached

keratinized gingiva

corresponding to the contour of

the marginal gingiva, and the

crestal bone. (Image courtesy of

Dr. Brandon Yamamura.) , 215

Figure 9.14 Submarginal incision. The dark

blue line represents the marginal

gingiva. The green line represents

the mucogingival junction. The

black vertical lines represent the

periodontal probing depths. The

yellow line represents the depth

of the gingival sulcus as

determined by periodontal

probing. The red line represents

the level of the crestal bone as

determined by sounding for the

crestal bone through the gingiva,

which is depicted by the red

vertical lines. The turquoise line

represents the location of the

incision line in the horizontal

component of the flap. (Image

courtesy of Dr. Stephen

Niemczyk.) , 215

Figure 9.15 Submarginal incision. Note the

scalloped incision in the

keratinized attached gingiva that

corresponds to the contour of the

marginal gingiva. Also apparent

is the rounded tip where the

vertical releasing incision meets

the horizontal scalloped incision.

The beveling of the horizontal

portion of the submarginal flap

with a microblade provides the

bevel toward the flap, which

enhances repositioning and

adaption of the flap into its

original position and will
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promote better healing by

primary intention. (Image

courtesy of Dr. Brandon

Yamamura.) , 216

Figure 9.16 Vertical releasing incision of a

submarginal incision

demonstrating beveling of the

incision into the flap, and the

rounding off of the flap where

the vertical incision meets the

horizontal incision to avoid a

pointed edge at the corner of the

flap. (Image courtesy of Dr.

Brandon Yamamura.) , 216

Figure 9.17 Papilla base incision outline with

split-thickness incisions of the

papillae. (Image courtesy of Dr.

Stephen Niemczyk.) , 216

Figure 9.18 Papilla base incision. The

interdental papilla is divided into

thirds (numbers 1–2, 2–3, 3–6).

The initial incision (#4) is 1.5 mm

in depth, and it meets the

marginal gingiva at the junction

of the middle and apical thirds of

the papilla. This incision meets

the tooth at a right angle to the

marginal gingiva, arches apically,

and is at a right angle to the

surface of the papilla. The second

incision (#5) is from the base of

the first incision, and it extends

to alveolar bone. (Image courtesy

of Dr. Stephen Niemczyk.) , 217

Figure 9.19 Papilla base incision. The image

on the left demonstrates the first

incision, which is perpendicular

to the interdental papilla surface

and 1.5 mm in depth. The second

incision is depicted in the middle

image, and it extends from the

base of the first incision to the

crest of alveolar bone, creating a

split-thickness flap in this area.

The image on the right

demonstrates the complete

incision, with #1 representing the

cul of the interdental tissue, #2

the first incision, #3 the second

incision to alveolar bone, and #4

the alveolar bone. (Image

courtesy of Dr. Stephen

Niemczyk.) , 217

Figure 9.20 Papilla base incision. (Image

courtesy of Dr. Susan Roberts.) , 217

Figure 9.21 Papilla base incision at 3 days.

Note the 7–0 suture across the

incision line. Good healing is

observed for this early

postoperative period. (Image

courtesy of Dr. Susan Roberts.) , 218

Figure 9.22 Sinus tract on the palate from the

palatal root of the maxillary first

molar that had been re-treated

and did not heal. (Image courtesy

of Dr. James Johnson.) , 218

Figure 9.23 Palatal flap reflected, exposing

the palatal root apex of the

maxillary first molar. The vertical

incision meets the marginal

gingiva of the maxillary first

premolar at right angles and

extends to the midline of the

palate, staying in the valleys

between the rugae. The flap is

tied to the teeth on the opposite

side of the arch by a wide bracket

made by broad loop of the suture

rather than a small point. This

provides better control of the

reflected flap and prevents the

suture from pulling out. Suturing

the flap to the maxillary teeth on

the other side of the arch reflects

the flap and allows the surgeon

to use indirect vision through the

microscope using a mirror.

(Image courtesy of Dr. James

Johnson.) , 218

Figure 9.24 Palatal stent in place to adapt the

flap to the palatal bone and to

prevent hematoma formation
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between the flap and the palatal

bone. (Image courtesy of Dr.

James Johnson.) , 219

Figure 9.25 Angled microsurgical blades.

(Image courtesy of Dr. Scott

McClanahan.) , 219

Figure 9.26 From top to bottom, #15 blade,

#64 minisurgical blade (half

radius), and #64 microsurgical

blade (half radius). (Image

courtesy of Dr. Stephen

Niemczyk.) , 219

Figure 9.27 Mini and microsurgical blades.

They come in half-radius or

full-radius designs. The

full-radius blade cuts in either

direction. The half-radius blade

cuts only in one direction, 220

Figure 9.28 Flap elevation should begin in

the vertical releasing incision in

the attached keratinized gingiva,

avoiding placing the elevator on

the marginal gingiva. Elevation

of the flap should tunnel under

the tissue to free the attached

gingiva and papilla. Once these

tissues are lifted off of the

alveolar bone, reflection

proceeds in an apical direction.

(Image courtesy of Dr. Dwight

Moss.) , 220

Figure 9.29 KimTrac retractor. (B&L Biotech,

Fairfax, VA, USA>). Standard

retractors are often too large for

endodontic microsurgery, as the

operating field is very small.

Retractors designed for

endodontic microsurgery are

available; however, the surgeon

might need to customize a

retractor, 221

Figure 9.30 After ostectomy and apical

curettage, the apical 3 to 4 mm of

the root should be “suspended in

space” to facilitate root-end

resection. (Image courtesy of Dr.

Kathleen McNally.) , 222

Figure 9.31 Ultrasonic scaler used after

curettage of the periapical lesion

to remove the remaining small

tissue tags left behind in the bony

crypt. (Image courtesy of Dr.

Dean Whiting.) , 223

Figure 9.32 The angle of the root-end

resection can affect leakage from

the canal and around the

root-end filling. Leakage occurs

from the canal through dentinal

tubules that are cut, as illustrated

in the panels on the left. Leakage

can occur around the root-end

filling with a more-severe bevel,

as the root-end filling is not deep

enough on the facial surface to

seal the canal. (From Gilheany

PA, Figdor D, Tyas MJ. Apical

dentin permeability and

microleakage associated with

root end resection and retrograde

filling. J Endod

1994;20(1):22–26.) , 224

Figure 9.33 Surgical handpiece with straight

fissure bur resecting apical 3 mm

of the root at right angles to the

long axis of the root. (Image

courtesy of Dr. Dean Whiting.) , 225

Figure 9.34 Methylene blue dye is used to

stain the periodontal ligament to

confirm that the entire root-end

has been resected. It can also be

used to verify the existence other

canals, an isthmus, or cracks, 225

Figure 9.35 Methylene blue dye will stain

remaining debris around the root

canal filling, indicating leakage, 226

Figure 9.36 The KiS microsurgical ultrasonic

tips are coated with zirconium

nitride for a more-active cutting

surface. They come in different
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sizes and angles to work on any

roots in the mouth, 227
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varying angles, 227

Figure 9.38 Smaller “Slim Jim” tips for
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isthmuses, 227
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long axis of the root. (Image

courtesy of Dr. Stephen
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Figure 9.41 MTA that was formed in the Lee
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Figure 9.44 ProRoot MTA (Tulsa Dentsply,

Tulsa, OK, USA) being placed
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the ProRoot MTA Manual

Carrier. (Image courtesy of Dr.

Brandon Seto.) , 232
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Savanah, GA, USA) being placed
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(Image courtesy of Dr. Joao

Barbizam.) , 233

Figure 9.46 Bone-grafting material placed

into large periapical defect and
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courtesy of Dr. Dwight Moss.) , 241

Figure 9.47 A resorbable membrane is placed
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been filled with a bone-grafting
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held in place, and then sutured

in place. (Image courtesy of Dr.

Dwight Moss.) , 242
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Figure 9.49 Hemisection of a mandibular

molar. The arrow on the right

diagram is pointing to a spur left
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Scatter, 260
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conventional erbium chromium

YSGG laser caused thermal
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(carbonization). Right, Scanning

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

List of figures xxi

electron microscope (SEM)

image of thermal damage and
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Enrico DiVito.) , 262

Figure 10.5 A, Conventional laser tip used on

samples with thermal damage. B,

A more recent modern tapered

and stripped nonthermal
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(Image courtesy of Dr. Enrico

DiVito.) , 263

Figure 10.6 Er:YAG laser unit from Fotona, 264
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Cross section at 1-mm level

shows significantly more

remnants of bacterial biofilms

after ultrasonic and NaOCl use.

Scale bar is 100 μm in both

images. (Images courtesy of Drs.

Peters, Bardsley, Fong, Pandher,

and Divito [21].) , 265

Figure 10.9 Scanning electron microscope

analysis of root canal surface. A

and B, Group I shows E. faecalis
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canal surface. C and D, Group II

(PIPS + NaOCl) shows a clean
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There is no statistically significant

difference. (Image courtesy of

Arslan H, Capar ID, Saygili G,

Gok T, Akcay M. Effect of
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delivery of stem cells into the
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Foreword

The clinical practice guidelines for endodontic therapy

are changing at an accelerating rate due primarily to

the abundance of impressive investigations published in

peer-reviewed endodontic journals. The advances we

are making in accurate pulpal and periapical diagnosis,

treatment planning, new technologies enabling even

higher quality endodontic therapy, pain prevention,

and early detection of vertical root fractures are all due

to the dedicated dental scientists who have expanded

our body of knowledge.

One of the goals of this textbook is to distill the

plethora of scientific investigations and reframe the

findings to help dentists incorporate the latest develop-

ments and discoveries into clinical endodontic practice.

Back in the 20th century, the studious dentist could

become conversant with all the important endodontic

literature. Those days are over! Thus, to gain the most

current knowledge about every aspect of endodontics,

Dr Priyanka Jain invited prominent professors and

lecturers from around the world to contribute to this

new textbook. Another goal of this textbook is to

enable the curious clinician who wants to drill down

into the literature to cite (or reference) the clinically

relevant consort studies, meta-analyses of the literature,

and/or systematic reviews of the latest investigations

that enable the doctor to provide the best endodontic

treatment available today.

Readers will meet some of the contributors, and Dr.

Jain as well, along the way. When these moments occur,

take the time to thank these men and women for their

dedication to advancing endodontic science and gener-

ously sharing their knowledge with their colleagues.

Stephen Cohen, M.A., DDS, FICD, FACD

Diplomate, American Board of Endodontics

San Francisco, CA, USA
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Preface

The discipline of endodontics has evolved rapidly over

the years, both in terms of our understanding of the

pathobiology of the disease process and in the evolution

of new materials and technology, especially since

the turn of the millennium. Developments, scientific

studies, and research have contributed significantly to

improved understanding, including possibilities and

limitations. This new knowledge offers tremendous

potential for endodontic success.

Although new materials and devices are important,

the theoretical background and understanding of

their clinical application is of even more significance.

Keeping this as the main objective, I have endeavored

to bring about work that incorporates the recent and

current advances in the field of endodontics into one

single textbook, to provide an up-to-date orientation

in the daily endodontic practice while at the same

time not losing sight of the basics. This book discusses

the current advances in endodontics in the fields of

materiality, technology, and the techniques that connect

innovative science and materials with biological and

evidence-based understanding.

The book starts with a brief discussion of diagnosis of

endodontic problems, which can be a challenging part of

the treatment. Prior to performing any endodontic pro-

cedure, it is crucial to establish pulpal and periradicular

diagnosis. The chapter discusses the most currently used

and introduced pulpal tests.

Radiology is an indispensable tool in endodontic

practice. It is also an expanding science driven by

constant changes in technology. The introduction of

two-dimensional digital imaging allows us to attain

accurate and clear instant images. The chapter on

radiology talks about the recent advancement in this

field in the form of cone beam computed tomogra-

phy (CBCT), as well as improved understanding in

radiographic interpretation as applied to endodontic

practice. CBCT provides three-dimensional images that

can be constructed by computer software to view tooth

anatomy at any angle or direction. This provides a

new level of information that improves our ability to

diagnose and treat.

New and improved devices available for the endodon-

tist today include battery-driven or electric motors with

gear-reduction handpieces using nickel–titanium (NiTi)

rotary file systems and new-generation electronic apex

locators (EALs). Rotary NiTi files are an engineering

wonder that continues to evolve. The new rotary

instruments in NiTi are widely and universally accepted

and have simplified the most complex part of the root

canal treatment. The latest advancement comes in

the form of the concept of reciprocation. The newer

NiTi files that employ reciprocation are driven in a

specifically designed motor and handpiece to rotate the

file in different directions during instrumentation. The

reciprocating motion is thought to minimize the risk of

file separation. This has been discussed in great detail

under rotary instruments.

A new resinous obturating material called Resilon has

been introduced as a substitute for gutta-percha It has

all the physical characteristics of gutta-percha (it is ther-

moplastic and soluble) and it also guarantees adhesion to

the dentinal wall. This is used with resin-based cements

and is becoming increasingly popular.

The introduction of surgical microscope, in combi-

nation with ultrasonic devices, makes it possible to

conduct therapeutic endeavors and deliver treatment

successes with great ease and clarity that were virtually

unattainable previously. Today, in many specialist

dental schools all over the world, endodontics is taught

and carried out using the microscope. The operating

microscope has transformed surgical endodontics into

a microsurgical procedure. All the surgical phases – the

incision, the root end preparation, and filling, as well as

the suturing – can all be carried out using the micro-

scope. This has definitively increased the predictability

of the results, improved the prognosis, and raised the

quality of success.

Lasers have also become an increasingly useful tool

in endodontics. Their precision and less-invasive qual-

ity make them an attractive technology in our specialty.

xxix
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xxx Preface

Regenerative endodontics is also a very exciting area of

endodontic treatment today. First introduced as a proto-

col in 2004, the concept of revascularizing a previously

necrotic canal has become reality and is an area where

we can expect significant development over the coming

years.

Another area in its infancy but gaining popularity with

tremendous scope is the field of teledentistry. Its use in

endodontics has been briefly discussed to give the reader

an insight into the opportunities this offers.

Many eminent national and international specialists,

who excel in the art and science of endodontics, have

made their contributions to this book. The authors rec-

ognize the fact that books alone cannot enhance our

clinical skills, however well the information is presented.

Theory must be incorporated into working knowledge

through practice.

Every attempt has been made to incorporate all of the

more widely used materials, but the list is exhaustive

and it is beyond the scope of this book to cover each

and every material and device on the market. The more

common ones have been discussed. The text presents the

material in a reader-friendly manner, with many clin-

ical pictures and illustrations. Each chapter is accom-

panied by an extensive bibliography, allowing readers

to explore in greater depth. We hope that this is just

the beginning for the reader toward development in this

exciting and fascinating field.

Enjoy the book, and we welcome your feedback at

any time.
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CHAPTER 1

Diagnosis
Reza Farshey1,2

1Private practice, Chevy Chase, Maryland, USA
2Clinical Assistant Professor, University of Maryland School of Dentistry

Dentistry has always been a fusion of science and art.

Science provides the foundation for dentists to deliver

optimal care. Evidence-based practice has successfully

worked its way from medicine into dentistry. Every

treatment decision that is made is at least partly influ-

enced by the scientific support for its rationale. However,

the science behind diagnosis relies on advancements

in diagnostic equipment and armamentaria. The most

consistent marker for an accurate diagnosis remains

the clinician’s ability to correctly process the diagnostic

findings.

When patients are asked to grade the level of pain in

an inflamed tooth after a painful stimulus is applied, it

is foolish to assume a uniform and consistent response

will be obtained from all patients. The International

Association for the Study of Pain defines pain as

an unpleasant sensory and/or emotional experience

associated with actual or potential tissue damage [1].

Obviously, the physiologic condition of the tooth plays

a major factor in pain perception, but the emotional

aspect of this experience can modulate the pain levels

among different patients. Factors such as past experi-

ences, temperament, culture, gender, age, and overall

pain tolerance can affect the responses. Recognizing this

nuance is the trait of a good diagnostician. This is the

art of diagnosis.

This chapter explores the various components

that make up the examination process. A systematic

approach to diagnosis is presented in order to gather the

information thoroughly. A few clinical tips are offered

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

to help clinicians with some of the confusing scenarios

encountered during an examination.

Chief complaint

The chief complaint (CC) identifies the reason for

the patient’s visit. The information used to construct

the CC is derived during the interview portion of the

examination. This represents the very first interaction

between the patient and the clinician. It is best to use

the patient’s own words when constructing the CC,

rather than writing down a factual, objective sentence

based on the initial interaction with a patient. For

example, a chief complaint that reads I have pain in my

lower right back tooth after I bit down on an olive pit is more

complete than one that states pain in the lower right tooth

or evaluate lower right tooth. Documenting the patient’s

own words often provides valuable information that can

help steer the clinician toward an accurate diagnosis.

It also allows the clinician to become familiar with

the patient. Does the patient’s demeanor suggest a

high level of anxiety? Does the patient possess clarity

of communication, or is the patient very vague and

ambiguous when describing the purpose of his or

her visit? Clinicians often overlook the significance

of this last point. A patient lacking clarity of com-

munication can make diagnosis more challenging for

the clinician. Lastly, a well-documented CC allows

the clinician to separate a coincidental finding or a

coincidental diagnosis from the diagnosis that addresses

the patient’s CC.

1
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2 Current therapy in endodontics

Medical history

Every patient who presents for evaluation or treatment

should complete a thorough medical history form. The

patient, or guardian if the patient is a minor, should sign

and date the form. Prior to examining the patient, the

clinician is responsible for reviewing the medical history

with the patient, highlighting any medical conditions, a

list of current medications, and any drug allergies. The

clinician should initial the form to indicate that a review

of the medical history has been completed. The medi-

cal history forms should be reviewed with the patient at

every subsequent appointment and should be updated

once a year to reflect any changes to the patient’s medi-

cal history.

Many medical conditions require the clinician to

modify a proposed dental treatment. Modifications

to treatment can include shortening the appointment

time, postponing elective treatment to a later date,

or prescribing a course of antibiotics, just to name a

few. Having a basic understanding of various medical

conditions is paramount to providing appropriate care

to patients with intricate medical conditions. The list

of the medical conditions requiring a modification in

dental treatment is vast. However, many textbooks and

references are available to guide the clinician on how

best to provide dental care for patients with medical

conditions [2]. The clinician should also consult with

the patient’s primary health care provider if any aspect

of the patient’s medical history is not clear.

Recording the patient’s blood pressure and pulse

at the initial visit is an important step that provides

the clinician with a broad snapshot of the patient’s

health status. Elevated blood pressure is associated

with increased cardiovascular health problems. Even

though hypertension is the most commonly diagnosed

disease worldwide, undiagnosed hypertension is still

prevalent in various patient populations. The findings

of one study concluded that 20% of the sample patient

population examined had undiagnosed hypertension

[3]. Therefore, the clinician has an important role in

screening for hypertension. Because the initial blood

pressure readings can be elevated due to white coat

hypertension, it is prudent for the clinician to obtain

blood pressure readings at subsequent dental visits and

compare the values.

If a patient presents with swelling or any other

signs or symptoms of a dental infection, the patient’s

temperature should also be obtained and recorded.

A febrile state justifies the use of antibiotics as part

of a comprehensive dental treatment. The clinician

should exercise caution when prescribing medications

that may be contraindicated by the patient’s medical

history. Awareness of various drug–drug interac-

tions that can adversely affect the patient’s overall

health is equally important. Online portals such as

HYPERLINK “http://www.pdr.net” www.pdr.net or lexi-

comp at HYPERLINK “http://www.wolterskluwercdi.com”

www.wolterskluwercdi.com are useful tools to aid clini-

cians in prescribing the appropriate pharmacological

regimens for patients.

Relevant dental history

Clinicians often underestimate the importance of gath-

ering an accurate account of the relevant dental history.

Most clinicians transcribe the patient’s description of the

chronology of events as the dental history. Even though

that is an important component, it is not the complete

scope of the dental history. This chronology of events

is better known as history of present symptoms. The other

component of the dental history involves documenting

any recent dental treatment in the offending area. If the

patient is a new patient, the clinician should ask the

patient about recent dental treatment. The information

obtained can sometimes provide clues to guide the clin-

ician toward an accurate diagnosis. For example, recent

crown placement [4] or prior pulp capping [5] are posi-

tive findings that can lead to breakdown of pulp, even if

the patient did not present with symptoms immediately

after treatment was rendered.

Extraoral examination

Extraoral examination is the first opportunity for the

clinician to examine the patient. This examination

consists of a visual and a physical component. The clin-

ician should look for any facial asymmetry. Asymmetry

in the infraorbital, zygomatic, buccal, mandibular, or

nasolabial regions may be an indication of facial swelling

that has emerged from an intraoral source (Figure 1.1).

If asymmetry is evident, the clinician should palpate

the area to determine whether the swelling is firm or

fluctuant, localized or diffuse.
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Chapter 1: Diagnosis 3

Figure 1.1 Extraoral examination includes a visual assessment
of facial asymmetry.

Swelling from an infection often includes localized

lymphadenopathy as a concomitant finding. Therefore,

palpation of the cervical and submandibular lymph

nodes is an important part of every examination

sequence, and a firm or tender lymph node should be

recorded in the patient’s chart.

Intraoral examination

The information obtained from the patient’s chief

complaint, the relevant dental history, and extrao-

ral examination should direct the clinician to a

more-specific area of the mouth for further examina-

tion. The intraoral examination is a focused examination

of the internal structures in the suspected region of

the mouth. For this examination to be thorough, it

is prudent to implement a systematic approach to the

examination process. A good examination sequence

follows a pattern of broad to narrow.

The soft tissues are examined first. The tongue and the

uvula should be positioned at the midline. The gingiva,

mucosa, cheek, and tongue are dried using a dry gauze

pad, and inspected for any abnormalities. The abnormal-

ity can be in color or texture. The presence of ulcerations

is also an abnormality that must be noted. When record-

ing an abnormality, a description of its color, texture,

size, and location should be noted. The general rule is

to reexamine the site in two weeks. If the abnormality

is still present, the patient should be referred to an oral

pathologist for further evaluation.

The clinician should then move to the quadrant of

interest, to further examine the soft tissues. Intraoral

swelling or the presence of a sinus tract should be noted.

Swelling should also be palpated to determine if it is dif-

fuse or localized and whether it is firm or fluctuant. This

is an important point to emphasize, because a fluctuant

swelling indicates whether a treatment of incision and

drainage may be appropriate.

A sinus tract is defined as a pathway from an enclosed

area of infection to an epithelial surface [6]. A sinus tract

develops when a chronic infection drains to the surface

and forms a nodule, known as a parulis (Figure 1.2). A

sinus tract should be traced, when possible, because the

location of the parulis may be distant to the source of the

infection [7]. To trace a sinus tract, a thin gutta-percha

point is placed through the tract until resistance is felt

(Figure 1.3). A radiograph is exposed, allowing the clin-

ician to see the path of infection to the source.

Figure 1.2 The presence of a sinus tract must be noted in the
examination report.

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

4 Current therapy in endodontics

Figure 1.3 A gutta-percha point is placed through the opening
of the sinus tract until resistance is felt. A radiograph is obtained
to identify the path of the sinus tract.

Palpation
The purpose of palpation is to assess the texture, rigidity,

and tenderness of the tissues around the teeth. Palpation

is performed using an index finger. This helps identify

any areas of swelling that were not previously identified.

Any tenderness to palpation, as compared to the con-

tralateral side, should be recorded in the patient’s chart.

Percussion
Percussion testing helps identify inflammation in the

periodontal ligaments of a given tooth, termed periradic-

ular periodontitis. If the patient’s chief complaint includes

pain when chewing or sensitivity to pressure, it can

most likely be duplicated by performing a percussion

test. The test is performed by gently tapping the occlusal

surface using a blunt instrument, such as the back

end of the mirror handle (Figure 1.4). It is prudent to

test the contralateral side first so the patient can get

accustomed to what a normal response feels like. The

clinician should employ a simple system to record the

values during percussion testing. Using one of three

possible values of normal, slight, or + are sufficient

to provide the necessary information for diagnostic

purposes. Many clinicians assign multiple + values,

such as +++, to emphasize the degree of sensitivity in

a given tooth. This approach rarely adds any clinical

significance, and it serves to complicate the diagnostic

process by introducing an arbitrary component to the

test. Having a simple value of normal, slight, or + is more

than sufficient to underscore its importance.

Figure 1.4 Percussion testing is best performed by tapping a
tooth using the back end of a mirror handle. The tapping force
should be consistent when testing multiple teeth.

Figure 1.5 The Tooth Slooth is used to test for biting sensitivity
in a given tooth.

The Tooth Slooth (Professional Results, Laguna

Niguel, CA) can also be used to determine whether

periradicular periodontitis is present. The plastic device

is placed on the occlusal aspect of a given tooth, and the

patient is asked to bite down on the stick (Figure 1.5). A

painful response to biting down confirms inflammation

in the periodontal ligaments of the tooth. Additionally,

when the patient reports pain on release, this is usually
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Chapter 1: Diagnosis 5

an indication of a cracked tooth. Refer to page 10 for

more information on crack classifications.

Periodontal examination
The periodontal examination includes recording the

probing depths of a given tooth, and mobility, if present.

Grading the degree of mobility is rather arbitrary and

ranges in increasing degree from +1 mobility to +3

mobility.

Probing depths should be measured in six areas of

a tooth. The mesial, mid-root, and distal areas of the

buccal and lingual aspects are measured. A probing

depth greater than 4 mm signifies a possible periodontal

attachment loss and may be a significant factor in the

overall diagnosis.

Pulp testing
The patient’s responses to pulp tests provide the requi-

site information that allows the clinician to formulate

a pulpal diagnosis. Therefore, it is easy to see why pulp

testing is one of the most important components of the

diagnostic process. When diagnostic mistakes occur,

they commonly result from misinterpretation of pulp

test data, which can lead to an inconclusive diagnosis

or misdiagnosis. Two common methods for pulp testing

are electrical and thermal stimulations.

Electrical stimulation
Electrical stimulation is performed using a commercially

available device, commonly referred to as the electrical

pulp tester (EPT) (Figure 1.6). The tooth should be

dried adequately and the probe from the device must

Figure 1.6 The Vitality Scanner 2006 from Kerr is a com-
mon electrical pulp testing device used in endodontic diagnosis.
(Image courtesy of Kerr Endodontics.)

be coated with toothpaste, which helps in the transfer

of the current. Care must be taken to ensure the probe

is placed over an area of natural tooth surface. Small

probes are available that are suitable for placement

under a crown margin, where tooth structure may be

exposed. The patient needs to hold the probe in place

to activate the current. Current is transferred to the

tooth in increasing intensity until the patient feels a

tingling sensation. The results of the EPT are usually

interpreted as positive or negative (if no sensation is

felt). The numerical reading is not usually of diagnostic

importance, unless the value for one tooth is demon-

strably higher than that for the other teeth. Even so, no

definitive conclusions can be drawn from the disparity

in values, only that test results may be questionable and

further testing should be performed.

Thermal testing
Thermal testing is best performed using a refrigerant

spray. The most effective refrigerant spray contains

1,1,1,2-tetrafluoroethane as its active ingredient and

is commercially available as Endo-Ice (Hygenic Corp.,

Akron, Ohio) (Figure 1.7). Endo-Ice is easy to handle,

easy to store, and environmentally safe. Endo-Ice has a

low liquid temperature of −26.2 ∘C, which can decrease

the intrapulpal temperature of a tooth effectively, thus

making it useful for diagnostic testing [8].

Figure 1.7 Endo Ice has an effective working temperature to
make it an ideal refrigerant for thermal testing.
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6 Current therapy in endodontics

Figure 1.8 Placing the pellet on the cervical third of the tooth
ensures an accurate patient response.

Thermal testing should first be performed on a

contralateral tooth to identify the baseline response for

a given patient. The baseline response is the typical

response of a normal tooth to thermal testing. This helps

the clinician to identify a suspect tooth during testing, by

identifying when a response deviates markedly from the

baseline response. Endo-Ice, or any other suitable refrig-

erant, is sprayed liberally on a size #2 cotton pellet, and

the pellet is placed immediately on the cervical third area

of the tooth (Figure 1.8). The pellet is removed when

the patient experiences a sensitive response. The patient

is then asked about the onset, intensity, and duration

of the sensitivity. The patient’s response allows the

clinician to formulate a pulpal diagnosis. For example,

an immediate sensitive response that disappears rapidly

on removal is generally accepted as a normal response.

A hypersensitive response to thermal testing that dis-

appears rapidly on removal is associated with reversible

pulpitis. If the hypersensitive response is prolonged, or

if sensitivity lingers after the stimulus is removed, then

the pulp is in a state of irreversible pulpitis. Finally, a lack

of response to the cold stimulus indicates pulpal necrosis.

Comparison of methods
A number of studies that conclude cold testing is more

reliable than electrical testing [9] [10], and conventional

wisdom supports this conclusion. For example, cold test-

ing can enable the clinician to distinguish among the

different stages of a vital pulp (normal, reversible pul-

pitis, and irreversible pulpitis), whereas EPT is usually

interpreted as all or none (vital or necrotic).

The future
Laser Doppler flowmetry (LDF) is based on a technology

that objectively measures the vitality of the pulp by way

of assessing the blood supply rather than the sensory

function. An infrared light beam is projected through the

crown of the tooth. Based on the Doppler principle, if the

frequency or the wave of the light beam is shifted, then

there are moving red blood cells in the pulp. If the light

remains unshifted, the pulp tissue is deemed necrotic.

Many studies have found LDF to be accurate, reliable,

and reproducible in assessing the pulp status [11]. How-

ever, the technology has not yet reached a point where

the testing mechanisms or the equipment are practical

and cost effective for everyday clinical use [11–13].

Pulse oximetry is an oxygen saturation monitor-

ing technique that has been widely used in medical

practice for years. A probe is placed over a tooth; the

probe contains two light-emitting diodes: red light and

infrared light. Some of the light is absorbed as it passes

through the pulp tissue. A sensor on the other end of

the tooth detects the amount of absorbed light. Since

oxygenated and deoxygenated hemoglobin absorb

different amounts of red and infrared lights, this ratio

is used by the oximeter to calculate pulse rate and the

oxygen concentration in the blood [14]. Like LDF, the

pulse oximeter is an objective test, eliminating some

of the bias challenges seen in thermal and electrical

testing. However, much like LDF, the available pulse

oximetry machines are not suitable for private dental

offices because they are very expensive [15].

Box 1.1 lists other experimental diagnostic testing

mechanisms that have been in research since the 1990s

[17–19].

Interpreting Radiographs

Dental radiography is the most objective tool available

to the clinician. The decision to expose radiographs

(and if so, how many) is based on the information

gathered from the previous portions of the diagnostic

process. The chief complaint, extraoral and intraoral

examinations, and pulp testing should provide the

clinician with a preliminary impression of the type of

dental problem the patient is presenting with. Many
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Chapter 1: Diagnosis 7

Box 1.1 Experimental Diagnostic Testing Modalities

Photoplethysmography

Photoplethysmography is an optical measurement technique that can be used to detect blood volume changes in the microvascu-
lature using a light with a shorter wavelength [16].

Transillumination

Transillumination uses a strong light source that identifies color changes that can indicate pulpal pathology [17].

Ultraviolet light photography

Ultraviolet light photography detects the different fluorescence patterns that can allow additional contrast of visible change that
are otherwise more difficult to observe [18].

Cholesteric liquid crystals

The use of cholesteric liquid crystals in detecting pulp vitality is based on the principle that teeth with an intact pulp blood supply
have a higher tooth-surface temperature compared with teeth that have no blood supply.

Optical reflection vitalometer

The optical reflection vitalometer is a system based on pulse oximetry. The difference from conventional oximetry is that adsorption
is measured from reflected light instead of transmitted light. One can see the pulse of the pulp or the oral mucosa. This device
may be used in cases of partially erupted or fractured teeth.

Thermographic imaging (Hughes Probeye Camera)

Thermographic imaging is another noninvasive method of recording the surface temperature of the body [19]. It is a highly sensitive
method.

clinicians make the mistake of formulating a diagnosis

solely on whether a lesion is present or absent on a

radiograph. In many instances, an endodontic lesion is

present but is not noticeable in a radiograph [20].

Because endodontic diagnosis is a focused exam-

ination, the number of radiographs exposed should

be limited. In general, two or three periapical radio-

graphs, exposed from different angles, allow adequate

visualization of anatomical structures. In addition, at

least one vertical bitewing should be exposed. The

proximity of caries or a restoration to the pulp of a

tooth is best determined with a bitewing radiograph. A

vertical bitewing has an added benefit of providing the

clinician with an impression of the alveolar crest and

the furcation areas of a tooth.

When interpreting radiographs, clinicians often focus

on the most obvious findings and overlook other, subtle

findings that may be clinically significant. This can have

deleterious consequences for both the clinician and

the patient. Therefore, it is best to employ a systematic

approach to interpreting radiographs. This ensures that

radiographs are interpreted thoroughly and consistently

every time. Once again, a pattern of broad to narrow,

or general to specific, ensures that radiographs are

thoroughly interpreted. Table 1.1 outlines the common

structures that should be interpreted when evaluating a

radiograph.

Tips for an accurate diagnosis

The components that make up the diagnostic data

consist of objective and subjective findings. Objective

findings are clinician derived and include radiographic

interpretations or clinical observations, such as swelling

and fever. Subjective findings are patient derived, such

as the chief complaint and patient responses to various

pulp tests. An accurate diagnosis is made when the clin-

ician correctly interprets and processes these findings.

Because the subjective findings are patient derived,
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8 Current therapy in endodontics

Table 1.1 Interpreting the dental radiograph.

Structure Interpretation

Caries and quality of existing restoration Proximity to the pulp

Osseous levels, including the alveolar crest Bone loss

Inconsistency in trabeculation

Lamina dura Intact or missing

Radiolucency or radiopacity Location

Widening of the periodontal ligament Location

Root appearance Normal or resorbed

Pulp canal space Normal, calcified, or enlarged

Traceable or not

the information obtained can be confusing at times

and can mislead the clinician. Different patients per-

ceive pain differently; therefore, responses can appear

atypical or unorthodox at times. The following tips are

provided to help minimize errors in interpreting test

results.

• During testing for percussion sensitivity, it may be dif-

ficult for some patients to communicate the level of

sensitivity clearly. If typical responses from a patient

include “they all hurt” or “none of them hurt,” it may

be better to perform tests on pairs of teeth at a time,

similar to an eye exam with the optometrist. Some

patients can provide a clearer response when asked

to compare sensations between two teeth, as opposed

to responding about sensitivity on one tooth.

• In general, it is best not to inform the patient about

which tooth is being tested. This ensures there is no

bias in responses.

• Correctly interpreting a patient’s response during cold

testing can be challenging, especially when testing a

necrotic tooth. One solution may be to approach this

test differently. Before testing, the clinician should

inform the patient that the purpose of the test is to

assess the maximum threshold to cold. So, rather than

placing a cold pellet on the tooth and asking the

patient if it is sensitive, the focus should be on the

maximum length of time the patient can tolerate the

cold pellet. This approach minimizes the possibility

of obtaining a false positive response from a necrotic

tooth.

• During thermal testing, patients should be asked to

rate their levels of sensitivity using a numerical scale.

A scale of 1 to 10 works best, where 1 represents

no sensation and 10 represents the worst pain. The

clinician should first establish a numerical value for

the baseline response, thereby calibrating the scale for

each patient.

• Even though endodontic diagnosis sometimes involve

multiple teeth, it is best to perform treatment one

tooth at a time. In employing this modular approach

to treatment, where the most obvious tooth is treated

first, and the other teeth are reevaluated after a

short interval, the clinician minimizes the risk of

misdiagnosing or overtreating a patient.

Diagnostic terms

When making an endodontic diagnosis, it is important

to provide both a pulpal and periradicular status for the

tooth in consideration. The information gathered from

the examinations, clinical testing, and radiographic find-

ings is what is required to make an endodontic diagnosis.

Tables 1.2 and 1.3 illustrate the classification states that

are routinely associated with symptoms.

Since the 1950s, various diagnostic terms have

been used to describe, essentially, the same clinical

scenario. At a consensus meeting in 2008, the American

Association of Endodontists sought to standardize the

terminology used for pulpal and periradicular classifi-

cations. This was done in the interest of providing a

uniform classification system to be used by clinicians,

researchers, authors, and educators. The following are

the various classification terms approved by the Amer-

ican Association of Endodontists and the American

Board of Endodontics to describe different pulpal and

periradicular conditions.
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Chapter 1: Diagnosis 9

Table 1.2 Pulpal classifications.

Condition Symptoms∗

Yes No Maybe

Normal pulp ¶

Reversible pulpitis ¶

Symptomatic irreversible pulpitis ¶

Asymptomatic irreversible pulpitis ¶

Pulpal necrosis ¶∗

Previously treated ¶∗

Previously initiated treatment ¶∗

∗Symptoms are exhibited when the periodontal ligament is inflamed. Necrotic pulps or pulpless teeth do not exhibit

symptoms in the absence of periodontal ligament inflammation.

Table 1.3 Periradicular classifications.

Condition Symptoms

Yes No Maybe

Normal ¶

Symptomatic apical periodontitis ¶

Asymptomatic apical periodontitis ¶

Acute alveolar abscess ¶

Chronic apical abscess ¶

Classification of pulp
Normal pulp
A diagnosis of normal pulp (NP) is made when a tooth

does not exhibit any atypical symptoms during testing.

The tooth responds positively to pulp testing; however,

the sensation is transient and disappears in seconds.

When identifying a tooth as a control tooth during pulp

testing, that tooth is intended to have a diagnosis of NP.

Reversible pulpitis
Two findings differentiate reversible pulpitis (RP) from a

normal pulp: In RP, the suspect tooth is hypersensitive

to thermal testing, as compared to a control tooth. In RP,

a clinical finding such as caries, deep restoration, failing

restoration, or exposed dentin is commonly seen during

examination.

Symptomatic irreversible pulpitis
The pulps of these teeth generally have spontaneous

pain. The pain may be sharp or dull, of short duration

or long, and localized or diffuse. When pulp testing,

the pain from testing lingers well after the stimulus

is removed. Radiographs might show a finding such

as deep caries or a deep restoration. When reviewing

the dental history, it is not uncommon to find recent

treatment involving a deep restoration, pulp exposure,

or a pulp-capping procedure. However, this diagnosis is

mainly a symptom-based diagnosis.

Asymptomatic irreversible pulpitis

In asymptomatic irreversible pulpitis, the tooth is not

symptomatic; however, the suspect tooth usually shows

caries that has extended into the pulp. The tooth

may respond normally to thermal testing. Whereas

symptomatic irreversible pulpitis is mainly a diagnosis

derived from symptoms, asymptomatic irreversible

pulpitis is a diagnosis derived from clinical or radio-

graphic findings. Some examples include a tooth that

has radiographic evidence of caries extending into the

pulp or an asymptomatic tooth that has had a carious

pulp exposure.
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10 Current therapy in endodontics

Pulpal necrosis
In pulpal necrosis, the pulp of a given tooth does not

respond to pulp testing. No other associated findings

need to be present in order to make this diagnosis.

Previously treated
The classification of a previously treated tooth is differ-

ent from the others described above because the diagno-

sis is made by the dental history and radiographic con-

firmation that the tooth has had endodontic treatment

(Figure 1.9).

Previously initiated treatment
Teeth with previously initiated treatment have had

endodontic treatment initiated but not completed. Sim-

ilar to the previously treated classification, pulp testing

is not needed in order to make this diagnostic. There

needs to be a recent dental history that pulpotomy

or pulpectomy was performed or a radiographic ver-

ification that the pulp of the tooth has been partially

treated. The difference between this classification and

previously treated is that endodontic treatment has not

been completed.

Classification of the periradicular area
Normal
The tooth responds normally to percussion and palpa-

tion testing. Radiographically, the lamina dura is intact,

and the periodontal ligament space is uniform with no

indication of periradicular rarefaction.

Figure 1.9 Even though endodontic treatment on tooth #14
is incomplete, the pulpal diagnosis would still be previously
treated.

Symptomatic periradicular periodontitis
This is perhaps the easiest classification to make for clin-

icians. The diagnosis is made if the tooth is sensitive to

biting pressure, percussion testing, or palpation. How-

ever, there is no swelling. Radiographic findings may

or may not be present. However, this diagnosis is based

solely on the presence of symptoms during testing.

Asymptomatic periradicular periodontitis
In asymptomatic periradicular periodontitis, the tooth

responds normally to percussion and palpation testing,

but there is radiographic evidence of radiolucency in

the periradicular region of a tooth. The radiographic

evidence can be subtle, such as widening of the peri-

odontal ligament space, or it can be obvious, such as

periradicular lucency. It must be emphasized that the

patient does not present with any pain to percussion or

palpation testing.

Acute apical abscess
Acute apical abscess is an inflammatory reaction to a

pulpal infection, characterized by swelling of the tissues,

spontaneous pain, and tenderness of the tooth to pres-

sure and percussion. The patient also often presents with

fever, lymphadenopathy, or a general feeling of malaise.

The presence of swelling and the other systemic signs of

an infection distinguish this stage from symptomatic peri-

radicular periodontitis. Radiographic findings may or may

not be present; the hallmark finding in this classification

is intraoral swelling.

Chronic apical abscess
Chronic apical abscess is an inflammatory reaction to

pulpal necrosis or a previously treated tooth, often char-

acterized by slight or no discomfort and an intermittent

discharge through a sinus tract. The release of pressure

by drainage through a sinus tract is the reason there

is little or no discomfort. Radiographically, periradicu-

lar radiolucency is seen. The presence of a sinus tract

is what separates this classification from asymptomatic

apical periodontitis.

Classification of cracks in teeth

The mouth is a dynamic environment that subjects

teeth to various destructive forces throughout one’s
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lifetime. Functional and parafunctional forces con-

tribute the most to this destruction and often lead to

the development of cracks in teeth. The presence of

cracks can lead to changes in the pulp–dentin complex,

which can in turn affect pulpal diagnosis. Cracks in

teeth are findings; to diagnose a tooth as a cracked tooth

is incomplete within the context of an endodontic

diagnosis. There are five distinct types of cracks seen in

teeth: craze lines, fractured cusp, cracked tooth, split

tooth, and vertical root fracture.

Craze lines
Craze lines are superficial breaks in the crystalline struc-

ture of the tooth and are limited to only the enamel

layer. Because there is no extension into the dentin,

the tooth is completely asymptomatic. Treating a craze

line is only necessary where esthetics is the primary

concern. To differentiate a craze line from other types of

cracks in teeth, transillumination is performed. A craze

line allows the light to transmit through completely,

whereas a deeper crack blocks the transmission of light

in that segment, thus highlighting the location of the

crack.

Fractured cusp
As the name implies, fractured cusp involves cracks that

are initiated from the cusp of the tooth. It may be a

complete or incomplete fracture (Figure 1.10), and it is

directed mesiodistally and buccolingually along a buccal

or lingual groove. The crack may extend subgingivally.

Figure 1.10 After the restoration is removed, inspection of the
underlying tooth surfaces reveal an incomplete fracture of the
mesiobuccal cusp, extending mesiodistally and buccolingually
along a buccal groove.

Treatment involves removing the fractured cusp and

placing a suitable restoration. Endodontic treatment is

only warranted if the crack is seen extending into the

pulp space or if a diagnosis of symptomatic irreversible

pulpitis or pulp necrosis is made.

Cracked tooth
A cracked tooth is an incomplete fracture. Clinically,

a cracked tooth advances in a mesiodistal direc-

tion, extending into one or both marginal ridges

(Figure 1.11). A cracked tooth extends more apically

than a fractured tooth and therefore has a higher

chance of resulting in pulpal or periapical pathology.

Treatment can range from restoring the tooth with

a full-coverage restoration to extraction, depending

on the extent and location of the crack. Root canal

treatment is only indicated if the diagnosis confirms a

need for it. If the decision is made to keep the tooth and

root canal treatment is indicated, the patient should be

made aware that the long-term prognosis of a cracked

tooth is questionable.

Split tooth
If a cracked tooth is left untreated, it eventually results

in a complete fracture, forming two entirely separate

segments. This is known as split tooth (Figure 1.12) A

split tooth shows mobility. Treatment involves removing

the smaller (or more mobile) segment and assessing the

structural integrity of the remaining segment for restora-

bility.

Vertical root fracture
Vertical root fracture (VRF) is defined as a complete

or incomplete fracture initiated in the root of a given

tooth. A VRF occurs exclusively after the tooth has

had endodontic treatment (Figure 1.13). The fracture is

usually located on one or both proximal surfaces (buc-

cal or lingual) and can extend coronally. Radiographic

verification of a VRF can be challenging, because the

appearance can mimic that of a failed endodontically

treated tooth. However, cone beam computed tomog-

raphy (CBCT) imaging provides a greater degree of

accuracy in identifying VRFs. Clinically, the presence

of a sinus tract, along with a narrow, deep periodontal

pocket associated with a tooth that has had endodontic

treatment usually indicates a VRF. The only predictable

treatment of a VRF is extraction of the tooth.
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12 Current therapy in endodontics

(a) (b)

Figure 1.11 A crack is seen advancing in the mesiodistal direction. A, With the restoration in place. B, With the restoration removed.

(a) (b)

Figure 1.12 A coronal and axial slice from a conebeam volume reveals a crack that has extended apically and formed two separate
segments. This is known as a split tooth.

Conclusion

The importance of correct diagnosis must not be under-

estimated. A treatment plan can only be drawn up when

a correct and accurate diagnosis has been made. Newer

*This Taxanomy/statement has been reproduced with permission of the International Association for the Study of Pain® (IASP). The Taxon-
omy/statement may not be reproduced for any other purpose without permission.

techniques and devices in endodontic diagnosis are

ever evolving. Careful attention to these new diagnostic

aids and tools combined with an understanding of their

usefulness and limitations is necessary if they are to be

employed most effectively in clinical dentistry.
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Figure 1.13 This is a more obvious example of a vertical root
fracture. In most cases, identifying a vertical root fracture can
be challenging without the aid of advanced imaging modalities.
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Questions

1 What is the best way to verify thermal sensitivity on a

tooth?

A Use an ice cube.

B Use a cold refrigerant spray, such as Endo-Ice.

C Ask the patient to breathe in air through his or her

mouth.

D Take the patient’s word for it.

2 A given tooth with irreversible pulpitis always has an

associated lingering response to cold.

A True

B False

3 Which of the following statements is or are true?

i. A necrotic pulp does not respond to cold testing.

ii. A necrotic pulp always shows periapical radiolucency.

iii. It is possible for a tooth exhibiting irreversible pulpitis

to also show acute alveolar abscess.
A Both i and ii are correct.

B Only i is correct.

C Only ii is correct.

D All of the statements are correct.

E None of the statements are correct.

4 If a clinician is certain of a diagnosis based on clinical

findings alone, it is acceptable to forgo exposing a

radiograph.

A True

B False
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14 Current therapy in endodontics

5 Electric pulp testing is more accurate than thermal testing

in assessing pulp vitality.

A True

B False

6 Which of the following findings is always associated with a

diagnosis of asymptomatic irreversible pulpitis?

A Spontaneous pain

B Swelling

C Recent pulpectomy procedure

D Radiographic evidence of caries extending into the pulp

chamber

7 Antibiotics should be prescribed to a patient who presents

with swelling, fever, and lymphadenopathy.

A True

B False

8 Which of the following findings negatively affects the

prognosis of a tooth?

A A crack

B Swelling

C Presence of a sinus tract

D Lingering pain to hot fluids

9 Percussion testing is done to identify inflammation in the

periodontal ligaments of a given tooth.

A True

B False

10 Teeth with the following pulpal diagnosis do not respond

to thermal testing:

A Pulpal necrosis

B Previously treated

C Normal pulp

D All of the above

E Only a and b
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Imaging technologies
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Dental imaging is the most objective clinical tool

available to the clinician during an examination. There

have been many improvements, both in quality and in

radiation hygiene, since the discovery of x-rays by Wil-

helm Roentgen in 1896. Even so, x-ray imaging in the

health care arena is not without controversy. Patients

presenting for evaluation today have an increased level

of knowledge and awareness of the harmful effects of

radiation compared to two decades ago. The information

(or misinformation) is readily available for the patient

to acquire. An op-ed in a New York Times article is just

one example of how information is accessible to the

public. [1] Therefore, the clinician should maintain a

factual knowledge of the risks and benefits of various

x-ray modalities to present to a concerned patient.

A concern within the medical community is that

certain healthcare professionals default to obtaining the

best imaging module when an inferior one with a lower

radiation level would have achieved the same result.

An example in dentistry is obtaining routine cone-beam

computed tomography (CBCT) scans on patients simply

as a diagnostic tool. Part of this flawed rationale stems

from a fear of missing a clinical finding. However, there

is also a sense that the radiation levels are too low to be

detrimental to the health of the patient.

According to the National Council on Radiation Pro-

tection and Measurements (NCRP), radiation from med-

ical imaging is the single biggest source of controllable

radiation exposure for the public. The NCRP has adopted

a new acronym to help emphasize the importance of

optimization in imaging. The concept of as low as rea-

sonably achievable (ALARA) has been modified to as

low as diagnostically acceptable (ALADA). The purpose

is to emphasize the importance of ordering the image

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

with the least radiation while achieving its diagnostic

purpose. [2] Stated differently, the clinician should order

the image with the lowest radiation levels that allow him

or her to make a correct diagnosis.

Digital radiography

Digital radiography has many advantages over wet film

radiography. The most significant advantage is lower

radiation exposure for patients [3]. Secondly, images

are viewed on a computer monitor. Thirdly, the ability

to share pertinent findings on a large computer screen is

a more effective patient education tool. And lastly, with

digital radiography, the need for processing chemicals is

eliminated (Figure 2.1).

There are two types of digital radiography systems on

the market: The direct digital systems use an intraoral

sensor to produce an instantaneous digital image on

a computer monitor. The indirect photo-stimulable

phosphor (PSP) systems use a plate, which resembles

a dental film, to capture an image. The plate is then

placed into a scanner, which produces a digital image

within a few minutes.

Direct digital radiography
Direct radiography systems incorporate solid-state

technology, such as charge-coupled devices (CCD) or

complementary metal oxide semiconductors (CMOS) to

acquire a high-resolution image. The sensor is connected

to a computer via USB to display and store the image

data. Advances in digital radiography have focused on

making the sensors less bulky and increasing the spatial

resolution of the displayed image. Wet film has a spatial

resolution of 16 lp/mm, which increases to about 20 to

15
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16 Current therapy in endodontics

Figure 2.1 A digital image is viewable instantly on a large computer monitor. With available image enhancement tools, patients can
more easily visualize important findings, such as caries or a periapical radiolucency.

Figure 2.2 The Dexis Platinum Sensor features a beveled corner design to enhance patient comfort. The attached wire connects to a
computer via USB to yield high-resolution images instantly. (Image courtesy of Dexis LLC, Hatfield, PA, USA.)

24 lp/mmwith magnification. [4] Newer digital imaging

systems have similar or higher spatial resolution. How-

ever, the sensor with the highest spatial resolution is not

always the best sensor. The human eye is only capable

of identifying 10 to 13 lp/mm without any visual aids.

[5] Choosing the right system should therefore be based

on a number of factors. The cost, warranty, longevity,

thickness of the sensor, image quality, and functional-

ity of the software are just a few factors that need to be

considered when choosing a sensor (Figure 2.2).

Indirect digital radiography
The PSP system uses a reusable, film-like plate. The

image is captured by the thin plate and processed using
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a laser scanner. PSP resembles wet film radiography

in technique. There are no bulky sensors, or wires for

the dental staff to be concerned with. Even though

the scanning process takes some time to produce the

images, obtaining the image is still faster than wet film

radiography.

PSP is easy to use, is comfortable for the patient,

and requires minimal staff training to incorporate

into a practice because most conventional RINN kit

holders work well with PSP. The thin screen needs to be

replaced from time to time. Most manufacturers claim

the screens to last between 500 and 1000 uses. How-

ever, independent studies quantifying the maximum

number of uses for the PSPs are limited. One study

claims the screens become nondiagnostic after 50 uses,

[6] and another study found the number to be 200. [7]

However, due to the low replacement cost of the thin

plates, the discrepancy over the maximum number of

uses should not be a major factor in the decision to

transition from wet film to digital imaging. PSPs are, in

general, more cost effective in the long run than direct

digital sensors (Figure 2.3).

Digital imaging is a key component of the modern

dental practice. Because the technology has advanced

to the point where direct and indirect digital systems are

better alternatives to wet film radiography, the decision

to transition should be easy.

Cone-beam technology

Cone-beam imaging technology is most commonly

referred to as cone-beam computed tomography

(CBCT) or cone-beam volumetric tomography (CBVT).

The first CBCT unit for dental use was approved by the

U.S. Food and Drug Administration in March of 2001.

[8] Since that time, there has been an exponential

growth in this technology. The number of CBCT device

manufacturers in the market today is estimated to be

around 50. [9] As the benefits of CBCT imaging gain

universal acceptance, through exposure in continuing

education courses and scientific articles, the trend will

continue as more practitioners choose to acquire one.

Incorporating CBCT imaging into the dental practice

will also see an increased liability for clinicians from the

perspective of insurance carriers. For example, a clin-

ician is responsible for interpreting the entire imaging

area in a CBCT volume, not just the areas pertaining to

(a)

(b)

Figure 2.3 ScanX from Air Techniques is an example of a
photo-stimulable phosphor system. A, The scanning units come
in various sizes to handle larger tasks. B, The imaging plates
come in various sizes similar to a wet film. (Image courtesy of
Air Techniques, Melville, NY, USA.)

his or her specialty. Therefore, a clinician can be exposed

to unfamiliar findings. It is recommended to consider

submitting every CBCT scan to an oral and maxillofacial

radiologist (OMR) for an overread. [10, 11] (Figure 2.4).

The technology
A cone-shaped x-ray beam is projected onto a flat panel

detector (FPD) while the C-arm rotates around the

patient. The volume of data is captured by the FPD

and transferred to a computer. A software program,

proprietary to each manufacturer, reconstructs the

final images for the viewer. The areas of interest are

presented in the three anatomic planes: axial, sagittal,
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18 Current therapy in endodontics

(a)

(b)

Figure 2.4 A, Periapical lucency is seen associated with the right maxillary central incisor. B, A cone-beam computed tomography scan
of the area depicts a well-defined circular low-density area palatal to the root of the tooth. An overread from an oral and maxillofacial
radiologist confirms a diagnosis of nasopalatine duct cyst.
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(a) (b)

Figure 2.5 A and B, The Veraviewepocs 3De (J. Morita Manufacturing Corp., Kyoto, Japan) cone-beam computed tomography
machine has a footprint similar to that of a panoramic machine.

Figure 2.6 One Volume Viewer (J. Morita Manufacturing Corp., Kyoto, Japan) is a versatile viewing program designed to give the
clinician maximum functionality in an easy and intuitive interface.
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80 mm

80 mm Voxel size

0.125 mm

0.125 mm

0.125 mm

(a)

(b)

Figure 2.7 A, A panoramic scout image is used to define the
region of interest for 3D imaging: Axial plane (red box), sagittal
plane (blue box), and coronal plane (green box). B, An isotropic
(symmetrical) voxel provides a highly accurate image that is
free of distortion. (images courtesy of J. Morita Manufacturing
Corp., Kyoto, Japan)

(a) (b)

Figure 2.8 A comparison of a periapical (PA) radiograph (A) and a proximal slice from a cone-beam computed tomography scan
of the same area (B) highlights the advantages of 3D imaging in endodontic diagnosis. The proximal slice shows a transported and
perforated root canal treatment that is not evident in the PA radiograph.

and coronal. The axial and proximal (sagittal in anterior

region, coronal in posterior region) views are of partic-

ular value because they cannot be visualized with con-

ventional radiography. (Figures 2.5–2.7).

The volume acquired by a CBCT is composed of tiny

isotropic cubes, known as voxels. Just as a pixel is a

minimum unit for a digital photo, a voxel (volumetric

pixel) is a minimum unit for 3D data. The voxels popu-

late a cylindrical shaped area, known as the field of view

(FOV). Generally speaking, a smaller voxel size yields a

higher resolution because more voxels can fit within the

FOV. The dimension of the FOV depends on a number

of factors, such as the size of the FPD and the projection

geometry of the x-ray beam. The x-ray beam is colli-

mated to limit the radiation exposure to the area within

the FOV. Therefore, a smaller FOV yields a lower effec-

tive radiation dose to the patient. [12] Also, a smaller

FOV yields a higher resolution because the associated

voxels tend to be smaller. For these reasons, it is recom-

mended that a small FOV CBCT be used for endodontic

applications (Figure 2.8) [13, 14].

Advantages
The obvious advantage of CBCT over conventional

radiography is the ability to visualize an area of interest

in three dimensions. Having the axial and proximal

views on hand enables clinicians to enhance their
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(a) (b)

Figure 2.9 A, Right maxillary central incisor exhibits an apparent resorptive lesion at midroot level. B, An axial slice from a cone-beam
computed tomography scan provides the necessary information on the type of resorption (internal or external) and the prognosis of
the tooth.

(a) (b)

Figure 2.10 A, Posteroanterior radiograph of the mandibular right second molar depicts a normal presentation of bone. B, A sagittal
slice of a cone-beam computed tomography scan of the same area depicts a well-defined low-density finding in the periapical region
of the tooth.
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(a)

(b) (c)

Figure 2.11 A, A panoramic radiograph fails to show a radiopaque finding apical to the area of the maxillary right bicuspids. Sagittal
(B) and coronal (C) slices from a cone-beam computed tomography scan of the same area depict the high-density mass clearly. An
overread provided by an oral and maxillofacial radiologist identified the high-density mass as idiopathic osteosclerosis.

clinical findings to provide a more accurate diagnosis.

Findings such as an unobturated fourth canal in an

upper molar, periapical (PA) lesions, and vertical root

fractures (VRF) are identified more accurately using

CBCT imaging compared to a PA radiograph [15–17].

However, because of the higher radiation levels,

CBCT imaging should only be advocated as a secondary

imaging modality, where indicated. Regarding the use of

CBCT in endodontic practice, the most recent position

statement released by the American Association of
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(a) (b)

(c)

Figure 2.12 A, Scatter artifact is seen as light and dark lines extending radially from metallic sources. B and C, Beam hardening artifacts
from cone-beam computed tomography imaging can resemble bone loss or root fracture.

Endodontists (AAE) and the American Association

of Oral and Maxillofacial Radiology (AAOMR) states:

“CBCT should not be used routinely for endodontic

diagnosis or for screening purposes in the absence

of clinical signs and symptoms” (Figures 2.9–2.11)

[18].

Limitations
The quality of CBCT images can be adversely affected

by the presence of high-density structures within the

scanned area. Metallic posts, crowns, bridges, implants,

and gutta-percha filling materials create artifacts

that pose difficulty for the clinician in interpreting
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findings. [19] The most common artifacts affecting

endodontic diagnosis are beam hardening and scatter.

These artifacts can complicate imaging interpretation by

masking the area of interest or by mimicking endodontic

complications. Beam hardening causes dark bands to

appear between two dense objects. Often, this dark

band can look like a root fracture (refer to Figure 2.12c)

Scatter artifact refers to the linear streaking that is seen

projecting radially from a high-density source.

Artifacts present a major challenge to a clinician view-

ing an area of interest. Improvements in reconstruction

software have reduced some of these artifacts. However,

artifacts continue to be a concern [20], and the clini-

cian should make every attempt to keep the FOV small

and away from metallic sources, if possible. Enhanced

reconstruction methods aiming to further reduce arti-

facts are an area of active research by manufacturers of

CBCT machines and their respective software developers

[21] (Figure 2.12C).

Radiation levels
Many parameters affect the radiation dose produced by

a CBCT machine. The kVp, mA, the exposure time, and

the size of the FOV affect the radiation dose delivered.

However, radiation risk is best measured based on the

effective dose received by the patient. Effective dose, mea-

sured in micro-Sieverts (μSv), is based on the radiation

dose to specific tissues and organs within the FOV.

In the head and neck region, the organs used to

calculate the effective dose include the thyroid, esoph-

agus, bone marrow, bone surface, salivary glands, skin,

and other tissues, as specified by the International

Commission on Radiological Protection [22]. However,

not all of these tissues are exposed to radiation equally.

Therefore, based on the location of the scan (maxillary

or mandibular, anterior or posterior), the amount of the

tissue in the FOV is adjusted for and weighted according

to the tissue’s radiation sensitivity. The weighted tissues

and organs dosages are added to yield the effective

dosage.

To put it more simply, a CBCT machine with identi-

cal exposure settings will yield a higher effective dosage

of radiation to the patient in the mandibular posterior

region compared to the maxillary anterior region. This is

due to the presence of more sensitive tissues and organs

in the path of the x-ray beam in the mandibular poste-

rior scan. Therefore, it is very difficult to compare the

dosages of available units on the market [23]. However,

all other factors being equal, the smaller the FOV for a

given unit, the lower the radiation dose applied [24].

Table 2.1 lists the radiation dosages for common imag-

ing modalities in dentistry and medicine, compared to

background radiation [3, 25].

Table 2.1 Radiation doses for common imaging modalities in dentistry and medicine, compared to background radiation.

Activity Effective dose in 𝛍Sv Dose as days of equivalent background Radiation

1 Day background radiation, sea level 7–8 1

1 Digital periapical radiograph 6 1

4 Dental bitewing radiographs, F-speed film 38 5

Full mouth series, F-speed film 171 21

Kodak CBCT focused field, anterior 4.7 0.71

Kodak CBCT focused field, maxillary posterior 9.8 1.4

Kodak CBCT focused field, mandibular posterior 38.3 5.47

J. Morita 3D Accuitomo 20 3

NewTom 3G, ImageWorks 68 8

Chest xray 170 25

Mammogram 700 106

Medical CT, head 2,000 243

Spiral CT, abdomen 10,000 1,515

Federal occupation safety limit per year 50,000 7,575

CBCT, cone-beam computed tomography; CT, computed tomography

www.ebook3000.com
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The future

Research into improving CBCT imaging is focused

on many aspects of the technology. Improvements in

the hardware, such as the flat-panel detector (FPD)

and beam quality enhance resolution while reducing

radiation exposure. Improvements in stability during

patient positioning, and the overall harmonics of the

machine, improve image quality by minimizing vibra-

tion or motion artifacts. Decreasing the exposure time

also minimizes motion artifact and reduces radiation

exposure. Lastly, improved software reconstruction

filters aim to enhance image quality and reduce or

eliminate artifacts.
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Questions

1 With recent advances in x-ray technology, radiation

exposure is not as concerning as it once was.

A True

B False

2 When examining a patient, a clinician should

A Obtain a standard number of radiographs every time

B Obtain a CBCT of the area

C Avoid obtaining radiographs completely

D All of the above

E None of the above

3 Wet film radiography has higher radiation levels than

digital radiography.

A True

B False

4 Small-field CBCT machines are most suitable for

endodontic applications because of

A Lower levels of radiation exposure

B Higher resolution of the area of interest

C Both a and b

D None of the above

5 CBCT imaging is superior to conventional radiography in

A Identifying cracks

B Identifying periapical radiolucencies

C Highlighting root anatomy

D All of the above

E None of the above

6 Beam-hardening artifact occurs during CBCT scanning due

to the presence of metal in the area being imaged.

A True

B False
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CHAPTER 3

Rotary instruments
Priyanka Jain
Dubai, UAE

Endodontic therapy essentially is directed toward one

specific set of aims: to cure or prevent periradicular peri-

odontitis [1]. The last two decades have been witness

to phenomenal growth in endodontic technology. The

introduction of these new technologies has resulted in

endodontics becoming easier, faster, and, most impor-

tantly, better.

The technical demands and level of precision required

for successful performance of endodontic procedures

have always been achieved by careful manipulation

of hand instruments within the root canal space and

by adherence to the biological and surgical principles

essential for disinfection and healing. To improve the

speed and efficiency of the treatment, there has been a

resurgence of mechanized and automated systems for

preparing and sealing the root canal system.

The clinical endodontic breakthrough has been pro-

gressing from using a series of stainless steel hand files

and rotary Gates Glidden drills to integrating NiTi files

for shaping canals. Use of automated NiTi instruments

was an important and logical development and step to

improve the efficiency of the treatment. This chapter

includes pertinent information on the most recent

rotary NiTi instruments as they have become widely

used adjuncts in root canal treatment. The role of root

canal irrigants is also briefly reviewed.

Cleaning and shaping

A wide spectrum of possible strategies exists for

attaining the goal of removing the canal contents and

eliminating infection. At one end of the spectrum

is a minimally invasive approach of removing canal

contents and accomplishing disinfection that does not

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

involve the use of a file. This is the noninstrumentation

technique, which consists of a pump, a hose, and a

special valve that is cemented into the access cavity to

provide oscillation of irrigation solutions at a reduced

pressure [2]. Clinical results in support of this method

have not been convincing [3]. At the other end of

the spectrum is a treatment procedure that removes

all intraradicular infection by extracting the tooth in

question. Endodontic therapy takes place along this

spectrum of treatment strategies.

Three major elements determine the predictability of

successful endodontics. The first is the knowledge, the

second is the skill, and the third is the desire. Shaping

and cleaning of the root canal system is considered a

decisive link in the endodontic chain, because shaping

determines the efficacy of subsequent procedures. This

includes mechanical debridement, the creation of space

for the delivery of medicaments, and optimized canal

geometries for adequate obturation [4]. Chemomechan-

ical preparation of the root canal includes both mechan-

ical instrumentation and antibacterial irrigation and is

principally directed toward the elimination of microor-

ganisms from the root canal system. This is a critical stage

in canal disinfection.

From a biological perspective, the goals of chemome-

chanical preparation are to eliminate microorganisms

from the root canal system, to remove pulp tissue

that may support microbial growth, and to avoid

forcing debris beyond the apical foramen, which may

sustain inflammation. Mechanical instrumentation

is one of the important steps in reducing bacteria

in the infected root canal. Clinical experience, han-

dling properties, usage safety, and case outcomes

should decide the choice of a particular design. NiTi

rotary instruments have become a mainstay in clinical

27
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endodontics because of their exceptional ability to shape

root canals with fewer procedural complications and

errors.

The technical goals of canal preparation are directed

toward shaping the canal so as to achieve the biologi-

cal objectives and to facilitate placement of a root filling.

In 1974, Schilder introduced the concept of “cleaning

and shaping” root canals. “Cleaning” refers to removing

all contents of the root canal system before and during

shaping; “shaping” refers to a specific root canal cavity

form with four design objectives:

• The opening should be a continuously tapering funnel

from the access cavity to the apical foramen.

• The root canal preparation should maintain the path

of the original canal.

• The apical foramen should remain in its original posi-

tion.

• The apical opening should be kept as small as practical.

The following sections describe the instrument

systems most widely used for root canal preparation.

The basic strategies apply to all NiTi rotary instrument

systems, regardless of the specific design or brand.

These instruments can be differentiated into active

and passive instruments (Box 3.1). However, three

design groups will be analyzed separately: Group I: the

LightSpeed; Group II: rotary instruments with 2% (.04)

and 6% (.06) tapers, which includes the ProFile and

many other models; Group III: rotary instruments with

specific design changes, such as the ProTaper (Dentsply

Maillefer) and RaCe (FKG, La Chaux-de-Fonds, Switzer-

land); and Group IV: thermomechanically treated NiTi

instruments.

Physical and chemical properties
of nickel–titanium alloys

Metallurgy
The NiTi alloy was first used at the beginning of the

1960s by W. H. Buehler in a space program of the

Naval Ordnance Laboratory at Silver spring, Maryland,

USA. The alloy was called Nitinol, an acronym for the

elements from which the material was composed: ni for

nickel, ti for titanium, and nol from the Naval Ordnance

Laboratory. NiTi alloys are unique in that applied stress

(i.e., bending) causes a reversible rearrangement of

the nickel and titanium atoms at the molecular level

[5]. The NiTi alloy used to manufacture endodontic

instruments is composed of approximately 56% nickel

and 44% titanium by weight and is generically known

as 55 Nitinol [5].

NiTi alloys are softer than stainless steel, are not heat

treatable, have a low modulus of elasticity but a greater

strength, and are tougher and more resilient. A study

found that size #15 NiTi instruments were two to three

times more flexible than stainless steel instruments [6].

NiTi instruments showed superior resistance to angular

deflection: they fractured after 21/2 full revolutions (900

degrees) compared with 540 degrees for stainless steel

instruments.

Nitinol belongs to a category of alloys called

“shape-memory alloys,” which have some extraor-

dinary qualities. NiTi behaves like two different metals,

because it can exist in one of two crystalline forms.

The alloy normally exists in an austenitic crystalline

Box 3.1 Root canal instruments

Active Instruments

Active instruments have active cutting blades and are similar to the K-flexo file
They tend to straighten the canal curvature
Examples: Flexmaster, RaCe, ProTaper.Hero, K3

Passive Instruments

Passive instruments perform a scraping or burnishing action rather than a real cutting action.
They have less tendency to straighten the canal.
Examples: ProFile, GT, LightSpeed
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phase that transforms to a martensitic structure on

stressing at a constant temperature. In this martensitic

phase, only a light force is required for bending. If

the stress is released, the structure recovers to an

austenitic phase and its original shape. This phe-

nomenon is called a stress-induced thermoelastic

transformation.

These alloys are mainly characterized by two proper-

ties that distinguish them from other metal alloys and

are of interest in endodontics: superelasticity and high

resistance to cyclic fatigue. These two properties allow

continuously rotating instruments to be used success-

fully in curved root canals.

These properties can be explained by specific crystal

structures of the austenite and martensite phases of

the alloy [5]. Heating the metal above 212 ∘F (100 ∘C)

can lead to a phase transition, and the shape memory

property forces the instrument back to a preexisting

form. When this file is placed in a curved canal, the

atoms rearrange into a closely packed hexagonal array,

and the alloy is transformed into the more flexible

martensite crystal structure. This molecular transition

enables these files to bend easily and around severe

curves without permanent deformation. After release

of stresses, the metal returns to the austenitic phase and

the file regains its original shape. This stress-induced

martensitic transformation is a unique property of

NiTi alloys and makes this material one of the few

alloys suitable for use in rotary endodontic instruments

[5, 7]. The superelasticity of NiTi allows deformation

of as much as 8% strain to be fully recoverable, in

comparison to a maximum of less than 1% with alloys

such as stainless steel [5].

Use and fracture of nickel–titanium
instruments
All endodontic instruments have the potential to break

within the canal following improper application. Despite

the increased flexibility of NiTi instruments, separation

is still a concern. Fracture can occur without any visi-

ble signs of previous permanent deformation, apparently

within the elastic limit of the instrument [8–11].

NiTi engine-driven rotary systems require that the

instrument be activated before it is inserted into the

canal, where it mostly operates in flexed conditions.

Two distinct fracture mechanisms have been described

in the literature: torsional load and flexural cyclic

fatigue [12–14].

The phenomenon of repeated cyclic metal fatigue

may be the most important factor in instrument

separation [15–17]. When instruments are placed in

curved canals, they deform, and stress occurs within

the instrument. The half of the instrument shaft on

the outside of the curve is in tension, and the half

on the inside is in compression. Consequently, each

rotation causes the instrument to undergo one complete

tension–compression cycle.

Torsional loading during rotational use is another

variable to consider. Torsional load is transferred into

the instrument through friction against the canal

wall, and cyclic flexural fatigue occurs with rotation

in curved canals. These two factors work together to

weaken the instrument. Torsional fracture occurs when

an instrument tip is locked in a canal while the shank

continues to rotate, thereby exerting enough torque to

fracture the tip. Torsional fracture can also occur when

instrument rotation is sufficiently slowed in relation to

the cross-sectional diameter. These are characterized

by plastic deformation such as straightening, reverse

winding, or twisting.

In contrast, flexural fracture occurs when the cyclic

load leads to metal fatigue. Repeated bending of instru-

ments in curved canals causes metal fatigue, leading to

instrument fracture. As a general rule, flexible instru-

ments are not very susceptible to torsional load but are

resistant to cyclic fatigue. Instruments fracture most

commonly at the point of maximum flexion of the shaft,

which clinically often corresponds to the midpoint of

the canal curvature [18]. In addition to this, the greater

the amount and the more peripheral the distribution

of metal in cross section, the stiffer the file. Therefore,

a file with greater taper and larger diameter is more

susceptible to fatigue failure. Cyclic fatigue occurs not

only in the lateral aspect, when an instrument rotates

in a curved canal, but also axially, when an instrument

is bound and released by canal irregularities [18].

To avoid flexural fracture, instruments should be

discarded after substantial use. Increased severity

of angle and radius of root canal curvature around

which the instrument rotates decreases instrument life

spans [18].

Other factors that can influence the incidence

of fracture in NiTi rotary instruments are lubrica-

tion, instrument motion, and speed of rotation. A

crown-down approach is recommended to reduce

torsional loads (and thus the risk of fracture) by
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preventing a large portion of the tapered rotating

instrument from engaging root dentin (taper lock) [19].

A gentle pecking up and down motion or a light touch

is recommended for all current NiTi instruments to

avoid forcing the instrument into taper lock. This not

only prevents screwing in of the file, it also distributes

stresses away from the instrument’s point of maxi-

mum flexure, where fatigue failure would likely occur

(Figure 3.1) [20].

The fracture of rotary NiTi can also be reduced by

creating a glide path for the instrument tip by manual

preflaring (Figure 3.2). Electropolishing of instruments

has also been introduced by some manufacturers

(e.g., RaCe) to help reduce the number of surface

defects.

Clinicians must fully understand the factors that

control the forces exerted on continuously rotating

NiTi instruments. To minimize the risk of fracture

and prevent taper lock, they should not try to force

motor-driven rotary instruments in an apical direction.

The incidence of instrument fracture can be reduced

to an absolute minimum if clinicians use adequate

procedural strategies enhanced by a detailed knowledge

of anatomical structures.

Importance of speed and torque
Speed refers not only to revolutions per minute but also

to the surface feet per unit that the tool has with the

work to be cut [21]. Endodontic motors all use a wide

range of speed: 150 rpm to 40,000 rpm. The greater the

speed, the greater the cutting efficiency, but with higher

speed comes the disadvantages of loss of tactile sensa-

tion, breakage of instruments preceded by flute distor-

tion, change in anatomical curvature of canal, and loss

of control [22]. Torque is another parameter that might

influence the incidence of instrument locking, deforma-

tion, and separation.

Torque (also called moment) is the term used about

forces that act in a rotational manner. Examples of

torque are turning a dial, flipping a light switch, or

tightening a screw. Torque is the ability of the hand

piece to withstand lateral pressure on the revolving tool

without decreasing its speed or reducing its cutting effi-

ciency and is dependent upon the type of bearing used

and the amount of energy supplied to the handpiece

[21]. Theoretically, an instrument used with a high

torque is very active, and the incidence of instrument

locking and consequently deformation and separation

would tend to increase, whereas a low torque would

(c)(a) (b)

Figure 3.1 Motion for rotary instruments. A, Brushing technique. File is moved laterally so as to avoid threading. This motion is most
effective with stiffer instruments with a positive rake angle, like ProTaper. B, Up-and-down motion. In this a rotary file is moved in
an up-and-down motion with a very light touch so as to dissipate the forces until desired working length is reached or resistance is
met. C, Taking file in the canal till it meets resistance. Gentle apical pressure is used till the file meets resistance and then withdrawn.
The instrument is inserted again with a similar motion, e.g., RaCe files.
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Figure 3.2 Creating a glide path.

reduce the cutting efficiency of the instrument, and

instrument progression in the canal would be difficult.

The torque generated during the canal preparation

depends on a variety of factors, especially the contact

area [23].The size of the surface area contacted by

an instrument is influenced by the instrumentation

sequence or the taper of the instrument in use [24]. In

straight canals where the resistance to dentin removal is

low, the high torque provided by the motor can lead to

fracture of the blocked instrument, especially because

the clinician usually has no time to stop or retract the

instrument. Hence, use of slow-speed, high-torque

NiTi rotary instruments leads to many iatrogenic

errors. The ideal configuration is slow-speed and

low-torque or preferably right-torque motors, because

each instrument has a specific ideal (right) torque.

Motors and devices
A handpiece is a device for holding rotating instru-

ments, transmitting power to them, and positioning

them intraorally. Both speed and torque in a handpiece

can be modified by the incorporation of gear systems.

More than 100 years ago, the first endodontic hand-

piece was developed with the aim of reducing the

treatment time and simplifying the preparation proce-

dure. Ideas in the 1980s were transformed into the canal

finder and canal leader, with the special combination

of 90-degree and an up-and-down filing movement

to help reduce fracture. This was the first endodontic

handpiece with a partially flexible motion. This was

an attempt to make the root canal anatomy one main

influencing factor on the behavior of the instrument

inside the canal. Further examples of handpieces with

modified working motions were the Excalibur hand-

piece, which was designed to function with laterally

oscillating instruments, and the Endoplaner, which

used an upward filing motion.

The discovery of NiTi alloys enabled a steadily acceler-

ating development of NiTi files that—first developed and

designed for hand instrumentation—enabled a whole

range of permanent rotating systems now available in a

wide range of types and brands. The combination of the

old idea of 360-degree rotation with the new technol-

ogy met with great success, and progress continues to

be made.

Newer motors have been developed for rotary

instruments since the simple electric motors of the

first generation in the early 1990s. Electric motors

with gear reduction are more suitable for rotary NiTi

systems because they ensure a constant rpm level;

however, they also deliver torques much higher than

those required to break tips. A rotary endodontic system

incorporates three key elements into its operation:

torque-sensing, which monitors how much twisting

force the file is encountering; autoreversing, which

reverses the rotation of the file if the file exceeds the

torque limit; and constant file rotational speed, which

many file manufacturers recommend. All these features

help to reduce the chance of files breaking in the canal.

Torque-controlled motors, which have been used for

several years, increase operational safety and reduce
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the risk of instrument fracture. These motors have

individually adjusted torque limits for each file so that

the motor will stop rotating and reverse the direction

of rotation when the instrument is subjected to torque

levels equal to the torque values set on the motor.

Thus instrument failure could be avoided. They can be

grouped as first-generation motor without torque con-

trol, fully electronically controlled second-generation

motor with sensitive torque limiter, third-generation

simple torque-controlled motor, and fourth-generation

motor with built-in apex locator and torque control

(Figure 3.3). Torque limits and speed control allow

the dentist to adjust the unit’s feel and develop the

appropriate degree of finesse during rotary endodontic

procedures.

The latest development with regard to torque control

is the incorporation of gear systems within the hand-

piece that regulates torque depending on the size of

the rotary instrument (Endoflash [KaVo], NiTi Control

[Anthogyr]). This obviates the need for torque-control

motors (Table 3.1).

Preparation techniques

In general, most NiTi devices require preflaring of

the upper portion of the root canal before further

Table 3.1 Available motors for root canal preparation using
NiTi instruments.

Motor Torque NiTi Systems

Nouvag TCM Endo Low torque All systems

Endostepper Right torque All systems

E-master Right torque Only Flex-Master

K3-etcm Low torque K3

Quantec ETM Quantec, K3

ENDOflash Low torque All systems

ENDOadvance Low torque All systems

Tascal-handpiece Undefined LightSpeed

Endo-mate TC Low torque All systems

preparation because, due to their extreme flexibility,

NiTi instruments are not designed for initial negotiation

of the root canal or for bypassing ledges [25–27]. Coro-

nal widening with Peeso and Gates Glidden reamers

provides straight line access and allows more control

during the preparation of the middle and apical third.

The delicate and final preparation is usually per-

formed with a coronal–apical (crown-down) or apical–

coronal (step-back) approach, depending on the system

used. The aim of apical widening in root canal prepa-

ration is to fully prepare apical canal areas for optimally

effective irrigation and overall antimicrobial activity.

This can be achieved in three phases: pre-enlargement,

apical enlargement, and apical finishing [28].

(a) (b)

Figure 3.3 Examples of motors. A, First-generation motor without torque control. B, Newest-generation motor with built-in apex
locator and torque control.
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Figure 3.4 Crown-down approach. Arrows indicate correspond-
ing cutting area.

Crown-down versus step-back approach
Most rotary techniques make use of the crown-down

approach to minimize torsional loads [23] and to

reduce the risk of instrument fracture (Figure 3.4).

The step-back technique involves preparing the apical

region of the root canal first, followed by coronal flaring

to facilitate obturation. But when employed in curved

canals, this technique often results in iatrogenic damage

to the natural shape of the canal due to the inherent

inflexibility of the stainless steel files. Following apical

enlargement, instrument length may be reduced with

increasing instrument size.

During the step-down approach there is less con-

straint to the files and better control of the file tip, and

therefore it is expected that apical zipping is less likely

to occur. Pre-enlarging the coronal region of the canal

before completing apical preparation provides several

advantages, including straighter access to the apical

region, enhanced tactile control, and improved irrigant

penetration and suspension of debris.

A crown-down approach is considered safer than

step-back because it results in less tip contact, less force,

and less torque compared with step-back [29]. Over

the years, several modifications of these techniques

have been proposed, such as the hybrid techniques

combining an initial crown-down with a subsequent

step-back (modified double flare).

Continuous reaming motion
The use of automated handpiece systems for canal

preparation is accelerating with the introduction of

NiTi engine-driven files. Although some variations

exist, NiTi files are generally used in a very-low-speed

torque-control handpiece system and a full 360-degree

file rotation. This continuous rotating movement results

in less straightening of the canal.

Hybrid technique
The idea of the hybrid concept is to combine instruments

of different file systems and use different instrumenta-

tion techniques to manage individual clinical situations

to achieve the best biomechanical cleaning and shaping

results and the fewest procedural errors. The hybrid

concept combines the best features of different systems

for safe and quick results and reduces the shortcomings

of individual instruments. Although many combina-

tions are possible, the most popular and useful ones

involve coronal pre-enlargement followed by different

additional apical preparation sequences. However,

clinicians must keep in mind that anatomic variations in

each canal must be addressed individually with specific

instrument sequences. The recommended sequence

of steps in the order of preparation are presented in

Figure 3.5.

The benefits of working in this order include less risk

of iatrogenic contamination, more visibility and control

over the area of dentinal wall removal, better access for

irrigants, and fewer procedural errors. The instruments

can be used in a manner that promotes their individual

strengths and avoids their weaknesses; for example, the

hand instruments create a patent glide path, tapered

rotary instruments efficiently enlarge coronal canal

areas, and less-tapered instruments allow additional

apical enlargement.

Extreme canal curvatures and ribbon-shaped canals

cannot be managed effectively and efficiently with

tapered NiTi rotaries. NiTi hand files used in a step-back

approach are probably the best option for such cases.

In addition, C-shaped canals should only be hand

instrumented because their anatomy is unpredictable.

Some hybrid procedures work better than others,

but the main deciding factor remains the root canal’s
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1. Straight line access (achieved by
GG Burs

2 Determination of working length

3  Determination of MAF size

4 Glide path (stainless steel K files)

Body shaping
(till working length is achieved)

Easy cases
active instruments with

crown down approach are used
eg.: ProTaper

Complex casea
passive instruments are used

eg.: ProFile or GT

Apical preparation

Apical finishing (passive in
struments, hand instruments

may also used in complex
cases)

Apical widening
(active/passive according to

canal curvature
eg.: lightspeed

Apical pre-enlargement
(active instruments, passive
instruments used in complex

cases)

Figure 3.5 Recommended steps for hybrid technique.

anatomy and an adequate preparation goal. Instrument

systems can be combined in a hybrid concept based on

an understanding of where each instrument performs

its cutting action in the canal and when and how to use

each instrument to its best ability. The aim of hybridizing

NiTi rotary techniques, therefore, is to increase apical

size using a fast and safe clinical procedure.

Design features of rotary instruments

Tip design and transition angle
It is important to remember that the cutting efficiency

of the tip depends on the transition angle (TA) (Roane

et al) [28]. The TA is formed by an instrument axis and

is tangent to the last spiral of the same instrument. It

is difficult to define a precise value of the TA for each

instrument because multiple factors, such as shape of

the cutting surfaces and the pitch, can influence the end

result.

A rotary cutting instrument may have a cutting

or noncutting tip according to the type of machining

used for this part of the instrument. Instruments with

machined (rounded and noncutting) tips are less aggres-

sive than ones with nonmachined (sharp) tips. Unlike

the pilot tip, the instrument shaft retains its active

cutting blades. Tip design plays an important role in the

instrument’s capacity to overcome impediments within
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the canal and for the incidence of clinical damage and

complications [31, 32]. A cutting tip gives the ability to

enter narrow, calcified canals, but it is much riskier to

use in a curved canal as compared to noncutting tip.

Recent NiTi rotary files have rounded and noncutting

tips that ride on the canal wall rather than gouging into

it. Unlike a pilot tip, the instrument shaft retains its

active cutting blades.

Taper
Taper is another feature of file design, and it is partic-

ularly important concerning system concepts. NiTi alloy

has made it possible to engineer instruments with multi-

ple and progressive tapers (4%–12%), thereby allowing

better control of root canal shape [33]. The idea behind

variable or graduating tapers is that each successive file

engages only a minimal aspect of the canal wall. There-

fore, frictional resistance is reduced, and less torque is

required to properly run the file.

Rake angle
Rake angle is the angle formed by the cutting edge and

a cross section taken perpendicular to the long axis of

the instrument. The cutting angle, on the other hand,

is the angle formed by the cutting edge and a radius

when the file is sectioned perpendicular to the cutting

edge. It is the angle formed by two intersecting lines.

A positive rake angle occurs when the peripheral line

segment is located in front of the cutting face; when it

is located behind the cutting face, it is a negative rake

angle (Figure 3.6) [34].

The more positive the rake angle (closed), the greater

the cutting efficiency. Alternately, a neutral or negative

rake angle (open) reduces the file’s cutting efficiency

[35, 36]. Most conventional endodontic files use a

negative or substantially neutral rake angle. Positive

rake angles cut more efficiently than neutral rake

angles, which scrape the inside of the canal. An overly

positive rake angle digs and gouges the dentin. This can

lead to separation.

Radial land (number and type of working
surfaces)
Another critical design feature in rotary instruments is

the concept of radial land. A radial land is a surface that

projects axially from the central axis, between flutes, as

far as the cutting edge. The best way to explain this is

the blade support. Blade support can be defined as the

amount of material supporting the cutting blades of the

instrument. This part of the file is called the radial land. A

radial land surface produces a planing or scraping effect

on the dentin walls, and a blade surface engraves them.

The less blade support (the amount of metal behind the

cutting edge), the less resistant the instrument is to tor-

sional or rotary stresses [37].

With radial land surfaces, friction is enhanced, reduc-

ing the mechanical resistance of the files. An attempt has

been made to lower the friction, thus creating a kind

of recessed radial land (Quantec and K3 instruments)

[38, 39]. This helps to prevent the propagation of cracks

and reduces the chances of separation and deformation

from torsional stresses. Rotary files with radial land areas

are further subdivided depending on the shape of the

grooves, U-shaped or L-shaped, resulting in a U-type or

H-type file. The U-type file is constructed by grinding

three equally spaced U-shaped grooves around the shaft

of a tapered wire, whereas the H-type file consists of a

single L-shaped groove (Hedström type) produced in the

same way.

It is this combination of a noncutting tip and radial

land that keeps a rotary file centered in the canal and

reduces the chances of transporting the root canal. An

important concept of rotary instrumentation should be

remembered. The concept is not of drilling a hole in a

root. Rather, it is one of taking a small hole, planing the

inside, and making it larger.

Helical or flute angle
The helical angle is the angle that the cutting edge

makes with the long axis of the file. Files with a

constant helical flute angle allow debris to accumulate,

particularly in the coronal part of the file. Additionally,

files that maintain the same helical angle along the

entire working length will be more susceptible to the

effect of screwing-in forces. By varying the flute angles,

debris will be removed in a more efficient manner

and the file will be less likely to screw into the canal

(Figure 3.7) [40].

Pitch is the number of spirals or threads per unit

length. The result of a constant pitch and constant heli-

cal angles is a pulling down or sucking down into the

canal. This is of significance in rotary instrumentation

when using files with a constant taper. For example, the

K3 file has been designed with constant tapers but with

variable pitch and helical angles. This reduces the sense

of being sucked down into the canal (Figure 3.8) [40].

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

36 Current therapy in endodontics

Figure 3.6 Rake angles.
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Approx 43°

Approx 31°

Figure 3.7 Variable helical angle.

The Nickel–Titanium era

The actual number of systems on the market increases

the probability of success, but it can also confuse the

clinician, who needs constant clinical updates in order

to be successful. This part of the chapter talks about the

five generations of NiTi filing systems in an attempt to

improve clinicians’ understanding of the real innova-

tions and advantages behind the NiTi file.

Since the early 1990s, several instrument systems

manufactured from nickel–titanium have been intro-

duced into endodontic practice (Table 3.2) [41]. Some of

the early systems have been removed from the market

or play only minor roles; others, such as LightSpeed

(LightSpeed Technologies, San Antonio, TX) and ProFile

(Dentsply Tulsa, Dentsply Maillefer), are still widely

used. New designs are continually produced, but the

extent to which, if any, clinical outcomes depend on

design characteristics is difficult to forecast.

Although NiTi systems have similar features, they dif-

fer in their cross-sectional and shank design (Figure 3.9).

The design of the instruments, including the cutting

angle, number of blades, tip design, conicity, and

cross section, directly influences the flexibility, cutting

efficacy, and torsional resistance of the instrument, as

well as its performance in narrow or wider canals. It

is beyond the scope of this textbook to describe every

system available, but every effort has been made to

explain the more commonly used rotary systems.

LightSpeed (LightSpeed Technology, San
Antonio, TX, USA)
LightSpeed LS1
The LightSpeed was developed by Dr. Steve Senia and

Dr. William Wildey in the early 1990s and is also known

as LS1. It refers to simple handling with concomitant

rapid rotation speed. The instrument features a design

similar to the Gates Glidden (GG) bur. It has a small

cutting head with minimal cutting surface; a long, thin,

noncutting shaft; and a 0.25- to 2-mm anterior cutting

part. This was originally designed to improve on the flex-

ibility of stainless steel files [42].

The files have a noncutting pilot tip (tip length

increases with instrument size to compensate for

decreasing flexibility) with U-designed blades, radial

lands and a neutral rake angle. The diameter of the shaft

is increased according to the ISO size. The complete

system consists of 25 instruments ranging from ISO 20

to 100. Half sizes are available from 20 to 70 and full

sizes from 80 to 100. These instruments are available in

lengths of 21, 25 and 31 mm.

Because the cutting head is short, this system tends

to produce a round parallel shape. Hence, numerous

instrument sizes are used to achieve sufficient conicity.

The main advantage of this system clearly is its unde-

feated ability to manage curves with large instrument

sizes because of its shaft flexibility. The main drawback

is the high number of instruments per set and the

need for a step-back preparation in combination with

constant recapitulation to avoid retaining apical debris.

These instruments are mainly used for apical prepa-

ration and are used with a slow, continuous apical

movement until the blade binds, a momentary pause,

and then advancing to the working length with pecking

motions. The recommended working speed is 1500

to 2000 rpm, and they should be used with minimal

torque (Box 3.2).

There are two recommended motions with this

system. If upon introduction of the file in the canal,

no resistance is felt, the LightSpeed is advanced to the

desired length and gently withdrawn. Alternatively, if

resistance is felt upon entering the canal, a very light

apical pecking motion should be used until the desired

working length is achieved. This prevents blade locking,

removes debris coronally, and aids in keeping the blades

clean.

The MAR is the smallest LightSpeed size to reach the

working length, but it is large enough to clean the apical
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Figure 3.8 Pitch refers to the number of flutes per unit length.

Table 3.2 Categories of Ni Ti instruments.

Generation Features Examples

First (mid to late 1990s) Passive cutting radial lands (helps the file to stay centered

in canal curvatures)

Requires numerous instruments

Fixed tapers along the length of the file

ProFile, GT Files, LightSpeed

Second (2001) Active cutting edges

Requires fewer instruments

Some files were electropolished

Flexmaster, Endosequence (electropolished surface),

BioRaCe, ProTaper, Hero

Third (2007 (active files) Thermomechanically treated

Decreased incidence of file fracture because cyclic fatigue

is reduced

K3, Twisted file, GT Vortex, Hyflex

Fourth Uses reciprocation

Single-file technique

Reciprocating systems: M4, Endo-Express, Endo-Eze

Single file systems: Self-adjusting, Wave One, Reciproc

Fifth Center of rotation is offset

Increased flexibility of the file

Protaper Next (PTN), One shape, Revo-S
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(a) (b) (c)

(d) (e) (f)

Figure 3.9 Cross-section of different rotary instruments. A, K-File RaCe. B, ProFile, GT, LightSpeed. C, Hero 642. D, K3. E, ProTaper,
Flexmaster. F, ProTaper F3.

Box 3.2 LightSpeed preparation sequence∗

Step 1. Gauge the minimal diameter of the canal using LightSpeed hand instruments.
Step 2. Use the first LightSpeed instrument size to bind (before reaching the working length) to start the mechanical apical prepa-

ration. End with the MAR (the smallest LightSpeed instrument).
Step 3. The next largest instrument in sequence is used 4 mm short of the working length.
Step 4. Instrument and prepare the middle third with 3 or 4 larger sizes.
Step 5. Recapitulate to full working length with the MAR.

∗For coronal flaring, use Gates Glidden drill or other small instruments.

area of the canal. It is the first instrument that binds 3

to 4 mm short of the working length. The apical 4 mm

of the canal is shaped using larger instruments in the

sequence in a step-back manner.

The LightSpeed’s predecessor, the Canal Master-U,

had the same general design but was used as a

hand instrument. LightSpeed’s manufacturer still

recommends some hand use of its instruments, specif-

ically for determining canal diameter. The LightSpeed

system requires a specific instrument sequence to

produce a tapered shape that facilitates obturation with

a gutta-percha cone or with LightSpeed’s proprietary

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

40 Current therapy in endodontics

obturation system. Most studies have found that the

system has a low incidence of canal transportation and

preparation errors [43–49].

LightSpeed LSX (Spade Blade)
Since 2005, further modifications and developments of

LightSpeed instruments, called LSX, have been intro-

duced wherein the number of instruments have been

reduced to 12 and half sizes are no longer available. It

was so named because evaluators felt very safe using it,

suggesting that the “X” be added for “extra safe.” The

blade design provides better tactile feedback than the

original. The combination of a short blade, a thin shaft,

and NiTi makes the LSX an extremely flexible instru-

ment.

The spade blade has several advantages: There are no

flutes to fill with debris. The spade blade has no helical

angle (spiral thread) that produces a self-threading ten-

dency. The blade design provides space for cut debris and

for bypassing in the unlikely event of instrument separa-

tion. However, the blade design indicates an oval rather

than a round canal shape.

To significantly reduce stresses, the LSX was designed

with a short blade to be used at a high rpm (optimum is

2500 rpm) and was designed with a “safe failure” mode,

which means that if it is overstressed, there is an excel-

lent chance that no part of the instrument will be left in

the canal (Figure 3.10).

The previous pecking motion of canal preparation

is no longer necessary because the LSX does not have

flutes to fill with debris. The LS1 required the pecking

motion to clear the blade of debris (and reduce the

torsional load). With LSX, the clinician slowly advances

the instrument apically until a binding sensation is felt.

After a pause, the clinician slowly and gently pushes

the instrument to the desired length.

Hero 642 (Micro-Mega, Besançon, France)
Hero is an acronym for high elasticity in rotation, and

the number 642 represents the varying tapers of 6%

(.06), 4% (.04), and 2% (.02). These instruments have

a triangular section (refer to Fig. 3.9) with three blade

surfaces and are classified as instruments with an open

flute angle. A complete set consists of 12 files with vary-

ing ISO sizes, tapers, and lengths of cutting segments. In

comparison to other NiTi rotary systems, these files have

no radial lands but have a triple helix cross section with

three equally spaced cutting edges and a positive rake

angle.

The new-generation Hero instruments are called Hero

Shapers (Figure 3.11). They come in tapers of .06 and

.02. The .06 taper instrument shapes the coronal two

thirds of the canal and is available in 21-mm and 25-mm

lengths. The .04 taper instrument is used to shape the

apical third of the canal and is available in lengths

of 21 mm, 25 mm, and 29 mm [49]. The Hero shaper

instrument handle is metallic and is 11 mm in length

to allow use in areas that are more difficult to access.

The system also includes a pre-enlargement single

instrument called the Endoflare. This has a triangular

cross section with three cutting blades like other Hero

instruments, a noncutting tip with a 0.25 mm diameter,

and a .12 taper. The instrument length is 15 mm,

and the shank has a diameter of 0.8 mm to provide

flexibility to the instrument. Endoflare is recommended

to be used with a brushing-milling movement. This

helps in removing coronal constraints and thus helps in

improving access to canal entrances.

In clinical practice, the system works in a crown-down

manner and is divided into three preparation sequences

according to the canal curvature (three-wave concept).

For simple cases, the “blue wave” is recommended,

intermediate cases are prepared using the “red wave”

and difficult cases are treated using the “yellow wave”

(Table 3.3) [50].

The Hero series also includes the Hero Apical instru-

ments for apical enlargement and final apical shaping.

They come in tapers of .06 (black ring) and .08 (red

ring) and are highly flexible. Both have a tip diameter

of 0.3 mm. These instruments allow the clinician to cre-

ate high tapers in the apical third, thereby saving dentin

in the middle and coronal third. The file with the .06

taper is followed by the .08 taper. In large roots, both

apical files are brought to working length. In narrow

roots, .06 taper is brought to working length and .08

taper 1 mm short to the working length. In very narrow,

curved roots, .06 taper is brought 1 mm short to working

length and .08 is brought 2 mm short to working length.

Quantec (Sybron Endo)
The Quantec system is the product of two previous NiTi

rotary systems, the NT system and the McXim system,

developed by McSpadden. They were introduced in

1996 and are available in tapers of 0.12, 0.10, 0.08,
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Figure 3.10 LightSpeed LSX. A, Safe-failure design. B, Absence of flute. C, Front view.

0.06, 0.05, 0.04, 0.03, and 0.02 (mm/mm). All have a

diameter of 0.25 mm.

Quantec files have a cross-sectional design of S-shape

double helical flute, positive rake angle, and two wide

radial lands (Figure 3.12). The recessed radial land min-

imizes surface tension, contact area, and stress on the

instrument. Two flutes allow a greater depth of flute.

Increasing the flute depth provides more space for debris

accumulation, and it potentially reduces file breakage. A

variable helical angle reduces the tendency of the file to

screw into the canal. The Quantec instrument systems

are unique in their positive rake angle, which is designed

to shave dentin, unlike conventional files with a nega-

tive rake angle, which is designed to scrape dentin.

Quantec files vary in taper along their blanks and

are available in noncutting tip (LX, gold handles)

or safe-cutting tip (SC silver handles) (Figure 3.13).

The Quantec SC files have a negotiating tip that cuts

as it moves apically, following canal pathways and

minimizing stress. The SC instruments should be used

in small, narrow, and tight canals, narrow curvatures,

and calcified canals. A 1998 study by Thompson and
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Figure 3.11 Hero Shapers rotary files.

Dummer showed that the major problem with these

instruments were the “safe cutting tips” that created

canal aberrations such as zips, elbows, perforations,

and ledges [51]. The results of this study led to the

development of the LX noncutting tip [52].

The LX noncutting tip is a nonfaceted bullet-nosed

tip for use in severe canal deflections with a high risk

of iatrogenic mishaps. The LX instruments are also

recommended for enlarging the body and coronal

segments and delicate apical areas. Quantec files are

also available with the Axxess handle, which is shorter

by 4 mm, providing easier access when vertical space

limitation is a concern. When placed into a minihead

contra-angle, 7 mm of interocclusal clearance can be

gained.

Quantec files use a graduated taper technique to

prepare a canal sequence, starting with a larger tapered

file and progressing with files of lesser taper until

working length is achieved. The technique consists of

canal negotiation, canal shaping, and, apical prepara-

tion (Box 3.3). The Quantec series were designed for a

step-by-step sequence using all the instruments from

numbers 1 through 10 in different phases. The files are

to be used at 300 rpm to 350 rpm, using each instrument

for no longer than 3 to 5 seconds and with a pecking

motion. An alternative sequence using crown-down

preparation technique has also been proposed by the

manufacturer. Accessory files are also available in tapers

of .05, .04, .03, .02, and .02 with a .15 tip.

K3 (Sybron Endo)
In a sequence of constant development by their inven-

tor, Dr. McSpadden, the Quantec files were followed

by the current K3 system. The overall design of the

K3 is similar to that of the ProFile and the Hero in

that it includes size .02, .04, and .06 instruments. It

has a unique three-cutting-edge design that provides

an active file as opposed to the old passive files; active

files are the third-generation endodontic files that have

greater cutting power and better debris removal.

The most significant and obvious difference between

the Quantec and K3 models is the K3’s unique

cross-sectional design: a slightly positive rake angle for

greater cutting efficiency as opposed to the screwing

Table 3.3 Hero shapers preparation sequence.

Technique Blue sequence

(easy cases)

Red sequence (average/

inter mediate cases)

Yellow sequence

(difficult cases)

Instrument depth

Coronal Flaring Endoflare Endoflare Endoflare 3 mm

Crown-down technique 30/.06 25/.06 20/.06 2/3 working length

30/.04 30/.04

30/.04

20/.04

25/.04

30/.04

Working length

Apical preparation (Hero

Apicals)

30/.06

30/.08

30/.06

30/.08

30/.06

30/.08

According to the function

and curvature of the root

anatomy
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Figure 3.12 Cross section of a Quantec file.

Figure 3.13 Quantec Files. Top, LX noncutting (gold handles). Bottom, SC safe cutting (silver handles).

action of a U-shaped instrument with a negative rake

angle, wide radial lands, and a peripheral blade relief

for reduced friction (Figure 3.14). Unlike the Quantec,

a two-flute file, the K3 features a third radial land to

help prevent screwing in. In the lateral aspect, the K3

has a variable pitch and variable core diameter, which

provide apical strength. This complicated design is rela-

tively difficult to manufacture, resulting in some metal

flash.

The K3 standard set is composed of 20 instruments,

divided into 10 progressively larger sizes (from 15 to

60) with three different tapers: .02, .04 and .06. In

addition, the orifice openers (.08 and .10) are used

for pre-enlargement of the canal and have a tip size

of 25 mm. Each instrument can have a length of

21 mm, 25 mm, or 30 mm. The K3 instruments are

recommended to be used at 300 rpm to 350 rpm, using

each instrument for no longer than 5 to 7 seconds with

a passive, light-pressure movement [53]. Additional

flaring can be achieved using a brushing motion with

the rotary instruments [54]. Three different procedure

techniques are suggested by the manufacturer: the

“Procedure pack” sequence, the “G-pack” sequence,

and the “VTVT” sequence (Box 3.4).
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Box 3.3 Quantec Preparation Sequence

Canal negotiation

Coronal flaring
Use 25/.06 orifice shaper file to a depth just short of the apical third. Instrument should be allowed to progress passively into the

canal.

Pre-flaring
Use ISO standard #10 file with .02 taper and then #15 hand file to working length to create a glide path.

Canal Shaping

Crown-down sequence
25/.12 → 25/.10 → 25/.08 → 25/.06 →25/.05 → 25/.04 → 25/.03 → 25/.02

Apical preparation
Gauge working-length diameter by establishing the first standard .02 taper hand file that binds at the length required. If a larger

apical resistance form is required, complete preparation using Quantec 40/.02, 45/.02 instruments.

Figure 3.14 K3 file design.

FlexMaster (VDW, Munich, Germany)
FlexMaster instruments are characterized by a convex

triangular cross section with sharp cutting edges (similar

to a K-type blade), negative rake angle, and no radial

lands (refer to Figure 3.9). This makes for a relatively

solid instrument core and excellent cutting ability. The

overall manufacturing quality is high, with minimal

metal flash and rollover. FlexMaster files have flattened

passive tips. For curved or narrow canals, files with

greater taper are designed to initially enlarge the coronal

and the middle portion of the canal. This is the Intro

file, which has a .11 taper and a 9-mm cutting part. The

2% tapered files are used to finish the apical area. ISO

sizes 20, 25 and 30 instruments have three different

tapers: .02, .04, and .06. ISO sizes 35 to 70 are only

available as .02 taper.

The instruments are marked with milled rings on the

instrument shaft; the manufacturer provides a system
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Box 3.4 K3 Preparation sequence

Procedure Pack Sequence

Coronal Flaring
25/.10→25/.08 (orifice opener to resistance)

Crown Down
Size 40 with .06 or .04 taper (EWL) → size 35 with .06 or .04 taper → size 30 with .06 or .04 taper → size 25 with .06 or .04 taper
Selection between .04 and .06 tapers is determined by the canal’s anatomy and the filling technique.

G-Pack (Graduating Taper Sequence

Coronal Flaring
25/.12 → 25/.10 (orifice opener to resistance) → EWL

Crown Down
25/.08 → 25/.06 → 25/.04 → 25/.02
For canals that differ in size and shape, additional sizes of K3 instruments may be required.

VTVT (Variable Tip and Variable Taper) Sequence

Coronal Flaring
.10/25→.08/25 (orifice opener to resistance)→EWL

Crown Down
35/.06 → 30/.04 → 25/.06 → 20/.04
For canals that differ in size and shape, additional sizes of K3 instruments may be required.

EWL, Estimated working length

box that indicates sequences for narrow, medium, and

wide canals. Studies indicate that the FlexMaster allows

centered preparations in both constricted and wider

canals [55].

The FlexMaster is not currently available in the United

States.

RaCe (FKG, Dentaire, La-Chaux-de-Fonds,
Switzerland)
The RaCe system was introduced in 1999 and stands for

reamer with alternating cutting edges. The cutting edges

show twisted areas (a feature of conventional files) alter-

nating with straight areas, thus reducing the torque and

the tendency to screw into the root canal. The surface of

the RaCe is treated by electropolishing to improve resis-

tance to corrosion and fatigue (Figure 3.15). RaCe files

are available in sizes from ISO 15 to 60 in tapers of .02,

.04, .06, .08, and .10.

RaCe files are characterized by a triangular cross

section except for .02 taper, which have a square cross

section. The two largest files are size 35 with a .08

taper (35/.08) and 40/.10; these are also available

in stainless steel. The tips are round and noncutting,

ensuring excellent centering in the canal, decreasing

the risk of deviations and ledging. The instruments are

marked by color-coded handles and milled rings. RaCe

instruments are recommended to be used between

300 rpm and 600 rpm, with light apical pressure in

a pumping–pecking motion [56]. They can be used

in three different operative sequences: two step-back

techniques and one crown-down technique (Table 3.4).

BioRaCe differs from other RaCe instruments in regard

to tapers, sizes, and sequence. The major goal of

BioRaCe is to achieve apical preparation sizes (with

few instruments) that can effectively disinfect the

canal.

The fatigue and number of uses of each instrument

can be controlled according to the complexity of the

canal with SMD (Safety MemoDisc) (Figure 3.16)

[57]. Each SMD has eight petals. After each use, the

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

46 Current therapy in endodontics

Triangular cross-section

Electro-polished surface

Safety tip

EDGE

RaCeTM design

Figure 3.15 RaCe design characteristics.

practitioner pulls off several petals. The petals indicate

the possibility of further use. The SMDs are sterilizable

and therefore stay on the instruments. One petal

corresponds to simple cases, that is, straight, slightly

curved, and/or wide canals. Two petals correspond

to moderately complex cases, that is, more curved or

narrow canals. Four petals correspond to complex cases,

that is, canals with extreme curvature or S-shaped, very

narrow, or calcified canals. When all petals have been

removed, the instrument is discarded.

The RaCe system is distributed in the United States by

Brasseler.

Mtwo (VDW, Munich, Germany)
The Mtwo system has been available since 2005. The

set includes eight files with tapers ranging from .04 to

.07 and sizes from ISO 10 to 40. The number of grooved

rings on the handle identifies the instrument taper.

The instruments are available in 21 mm, 25 mm, and

31 mm lengths and are also produced with an extended
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Table 3.4 Available RaCe instruments.

Type Use

Basic Set consists of five NiTi files and includes two

19-mm long highly tapered PreRaCe for coronal

shaping, and three 25-mm long less-tapered RaCe for

apical finishing.

Easy RaCe

RaCe Xtreme (used only with step-back technique

Treatment of simple and medium canals Enlargement of difficult and curved canals

Scout RaCe To prepare the glide path of straight canals, canals with severe curvature, or S-type

canals

Set of three instruments

RaCe ISO 10 For use in calcified or very narrow canals when manual K files of ISO 06 or 08 cannot

progress farther,

Set of three instruments

BioRaCe Designed to achieve the biological aim of the root canal treatment without

compromising efficiency

Set of six files

iRaCe Allows the clinician to achieve working length with fewer than three rotary files, It is

a simplified version of the BioRaCe

BT-RaCe (Booster Tip) Sterile-packed and single-use set of three files

D-RaCe To remove different filling materials such as gutta-percha, carriers, paste, and

resin-based materials

Set of two instruments

Figure 3.16 Safety memo disc (SMD) showing how petals are used.
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cutting portion of 21 mm as well as the conventional

16-mm cutting part, allowing the instrument to cut

in the coronal portion of the canals efficiently, on the

cavity access walls, where dentin interferences are often

located.

They have an S-shaped cross-sectional design and a

noncutting safety tip (Figure 3.17). Two symmetrical

blades characterize Mtwo cross section. This geometrical

design reduces the contact lengths of the blades on the

dentinal walls, thus reducing the production of debris

and smear layer and increasing the available volume

for irrigating solutions and upward elimination of

debris.

Mtwo files are further characterized by a positive rake

angle with two cutting edges. These instruments also

have an increasing pitch from tip to shaft to eliminate

screwing and binding in continuous rotation. All instru-

ments are used at working length.

The Mtwo NiTi rotary instruments are used at

300 rpm and in a simultaneous technique without any

early coronal enlargement: the crown-down technique

is used, but smaller instruments are used before bigger

ones, as is done in the step-back technique, and thus the

entire length of the canal is approached at the same time

[58]. The system permits three different approaches

to root canal preparation after the basic sequence has

been completed with a 25/.06 Mtwo instrument. The

first sequence allows clinicians to achieve enlarged

apical diameters; the second leads to a .07 taper that

can facilitate vertical condensation of gutta-percha;

Large and deep flutes
for contiunous upwards
transportation of dentin
chips

Figure 3.17 Mtwo file characteristics.
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Figure 3.18 Mtwo preparation sequence. All the files in sequence 1 and sequence 2 are to working length.

the third implies the use of the Mtwo apical files

(Figure 3.18).

Mtwo A and Mtwo R

The system is further updated with three rotary files

specifically designed for apical preparation, the Mtwo

A, and two files for retreatment, the Mtwo R. The three

apical files are Mtwo A1, A2, and A3, and they vary

in tip size and taper. The innovative feature of these

instruments is the high taper of the last apical millimeter

to maintain the apical anatomy while obtaining larger

apical diameters, while the rest of the coronal portion

is a 2% ISO taper. This enhanced taper in the apical

zone also provides resistance against the condensation

pressures of obturation and acts to prevent extrusion of

the filling material [59].

The Mtwo R instruments are specifically designed for

the retreatment of obturating materials. The retreatment
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files are Mtwo R 15/.05 and Mtwo R 25/.05, presenting

an active tip that allows clinicians to easily penetrate in

the obturation material.

ProFile System (Denstply Maillefer,
Ballaigues, Switzerland)
Introduced by Dr. Ben Johnson in 1994, the ProFile has

an increased taper compared with conventional hand

instruments. The ProFile first was sold as a series of

29 hand instruments in .02 taper, but it soon became

available in .04 and .06 and a ProFile Orifice Shaper.

It is recommended that coronal flaring with Orifice

Shapers and initial scouting of the canal be performed

(Table 3.5) [60, 61]. All share the same cross-sectional

geometry (refer to Figure 3.9) of having three radial

lands. Instruments are used between 150 and 300 rpm

while allowing the instrument to progress passively into

the canal in a crown-down manner. A light pecking

motion is recommended, withdrawing and advancing

the instrument until it will not proceed further. Cross

sections of a ProFile instrument shows a U-shape design

with radial lands, a negative rake angle, a noncut-

ting pilot tip, and a parallel central core to enhance

flexibility.

ProFile series 29 NiTi rotary instruments feature a

constant 29% increase in the tip diameter between

the file sizes. This constant percentage increase offers

a smooth progressive enlargement of the canal. The

.02 taper series is designed for use in extremely curved

canals. The .04 series was designed for subsequent

carrier-based obturation techniques, and .06 instru-

ments provide a fuller shape over the length of the

canal.

ProTaper (Progressively Tapered) (Denstply
Maillefer, Ballaigues, Switzerland)
The ProTaper system is based on a unique concept and

comprises six instruments: three shaping files and three

finishing files. This system was designed by Dr. Cliff

Ruddle, Dr. John West, and Dr. Pierre Machtou. The

unique design factor is the varying tapers along the

instruments’ long axes. The three shaping files have

tapers that increase coronally, and the reverse pattern

is seen in the three finishing files. SX (ISO size 19) has

a progressive taper (.03–.19), whereas S1 and S2 (ISO

size 17 and 20) have tapers ranging from .02 to .11 and

from .04 to .115, respectively. The finishing files (ISO

size 20, 25, and 30) F1 (.07–.05), F2 (.08–.055), and F3

(.09–.05) have decreasing tapers (Figure 3.19) [62].

The Shaping X (auxiliary shaping) file is used to opti-

mally shape canals in shorter roots, to relocate canals

away from external root concavities, and to produce

more shape in the coronal aspects of canals in longer

roots using a brushing motion. S1 is designed to prepare

the coronal one third of a canal, whereas, S2 enlarges

and prepares the middle one third. Although both

instruments optimally prepare the coronal two thirds

of a canal, they do progressively enlarge its apical one

third. The finishing files, or F1, F2, and F3 instruments,

finish the apical one third. Generally, only one finishing

instrument is required to prepare the apical one third of

a canal (Figure 3.20).

The cross section of the ProTaper resembles a modified

K-type (convex triangular) file with sharp cutting edges

and no radial lands (refer to Figure 3.9). This reduces

the contact areas between the file and the dentin. The

cutting efficiency is improved by balancing the pitch

and helix angle. The cross section of finishing file F3 is

slightly relieved for increased flexibility. The finishing

files have noncutting tips, and the shaping files have

partially active tips. The instruments are used at a

constant speed of 300 to 350 rpm in a gear-reduction

handpiece. Compared with other rotary instruments,

the shaft is 15% shorter to facilitate access to posterior

teeth. The instruments are coded by colored rings on the

handles. The auxiliary shaping file has no identification

ring on its handle.

In 2006, The ProTaper Universal was introduced by

adding two new finishing files, F4 (ISO size 40) and F5

Table 3.5 ProFile preparation sequence.

Use Small Canals Medium Canals Large Canals

Coronal flaring (orifice shapers) 40/.06 30/.06 50/.07 40/.06 60/.08 50/.07

Crown-down sequence 25/.06 → 20/.06 → 25/.04 30/.06 → 25/.06 → 30/.04 30/.06 → 30/.06 → 35/.04

Apical preparation 20/.04 → 25/.04 25/.04 → 30/.04 30/.04 → 35/.04
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Figure 3.19 Differences between ProTaper shaping files and finishing files.

(ISO size 50), for apical preparation. The other modifi-

cation was the safe rounded tip instead of the partially

active tip in the previous system.

GT Rotary System (Greater Taper) (Denstply
Maillefer)
The GT file was introduced by Dr. Buchanan in 1994.

This instrument also incorporates the U-shaped file

design. The GT system was first produced as a set of four

hand-operated files and later as engine-driven files.

The instruments had a variable pitch and an increasing

number of flutes in progression to the tip. Instrument

tips were noncutting and rounded.

ProSystem GT
In 2001, the GT set was modified to accommodate a

wider range of apical sizes. The current set includes

instruments of three apical diameters: GT20, GT30, and

GT40 according to ISO size and with varying tapers of

.10, .08, .06, and .04. In addition, accessory files with a

.12 taper are available in sizes 35, 50, 70, and 90. The

recommended rotational speed for GT files is 350 rpm,

and the instrument should be used with minimal apical

force to avoid fracturing the tip. The instruments are

selected according to the canal anatomy: small canals,

GT20; medium canals, GT30; and large canals, GT40.

They are used in a crown-down manner in a sequence

of larger taper to smaller taper.

Summary
The preceding descriptions covered only a limited

selection, the most popular and widely used rotary

instruments. New files are continually added to the

armamentarium, and older systems are updated. Thus
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Figure 3.20 ProTaper instrument sequence.

it is next to impossible to keep track of file designs.

To summarize, most systems include files with tapers

greater than the .02 stipulated by the ISO norm. The

LightSpeed is different from all other systems, the Pro-

Taper and RaCe have some unique features, and most

other systems have increased tapers. Minor differences

exist in tip designs, cross sections, and manufacturing

processes.

Advances in Nickel–Titanium
Metallurgy (Thermomechanical
Treatment of Nickel–Titanium
Instruments)

At the beginning of 2000, a series of studies [63–66]

found that changes in the transformation behavior

via heat treatment was effective in increasing the

flexibility of NiTi endodontic instruments. Since then,

heat-induced or heat-altering manipulations have

been used to influence or alter the properties of NiTi

endodontic instruments, which are the main reasons

for pursuing the use of NiTi instruments in endodontics.

New forms of NiTi have been created by heating the

alloy during the manufacturing process, resulting in

a combination of heat-treatment and hardening [7].

Because the martensitic form of NiTi has remarkable

fatigue resistance, instruments in the martensite phase

can easily be deformed and yet recover their shape on

heating above the transformation temperatures. The

explanation for this may be that heating transforms the

metal temporarily into the austenitic phase and makes

it superelastic, which makes it possible for the file to

regain its original shape before cooling down again.

Proprietary thermomechanical treatment is a com-

plicated process that integrates hardening and heat

treatment into a single process. Enhancement in these

areas of material management have led to the develop-

ment of the next generation of endodontic instruments.

The new manufacturing processes aims at respecting the

molecular structure of the alloy for maximum strength,

as opposed to grinding that creates microfracture points
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during the production of the instruments [67]. M-wire

and R-phase treated wire represent the next generation

of NiTi alloys with improved flexibility and fatigue

resistance [68–71].

Studies have also demonstrated that the centering

ability is improved and transportation is reduced while

using these new-generation files [72]. Because heat

treatment affects the physical properties of NiTi alloys,

autoclaving could modify their physical properties;

however, up to seven sterilization cycles have not

significantly affected the flexibility or fracture resistance

of M-wire (ProFile Vortex), R-phase (TF) or CM-wire

NiTi instruments [73].

M-wire NiTi (Dentsply Tulsa Dental
Specialties)
M-wire was introduced in 2007 using a proprietary

thermal cycling process (applying a series of heat

treatments to NiTi wire blanks). The manufacturer

claims that this material has greater flexibility and an

increased resistance to cyclic fatigue when compared to

traditional NiTi alloys. M-wire technology significantly

improves the resistance to cyclic fatigue by almost

400% compared to commercially available NiTi files

[74]. Three file systems fabricated from M-wire NiTi,

currently in use, are the ProFile Vortex, Vortex Blue, GT

Series X, and ProTaper Next files.

R-phase NiTi (Sybron Endo)
R-phase is an intermediate phase with a rhombohe-

dral structure that can be formed either during the

martensite-to-austenite or the austenite-to-martensite

transition. In 2008, instruments were developed by

transforming a raw NiTi wire in the austenite phase into

the R-phase through a thermal process (Figure 3.21).

R-phase technology offers the following advantages: It

overcomes many of the limitations of ground file tech-

nology and opens up new opportunities for improved

file design, such as twisting. It optimizes the molecu-

lar phase structure, thus resulting in improved proper-

ties of nickel–titanium. It employs a crystalline structural

modification that maximizes flexibility and resistance to

breakage.

The Twisted File (TF) and K3XF file are based on

R-phase NiTi technology, and the manufacturer claims

the files have reduced stiffness and more fracture

Twinned martensite

Deformed

R-phase

Austenite

HeatCool

Deformed martensite

Figure 3.21 R-Phase diagram. Force and temperature-dependent transitions for austenite to martensite, including the intermediary
R-phase. The proportion of alloy that is in R-phase depends on heat treatment of the raw wire.
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resistance compared to standard NiTi files. The R-phase

shows good superelasticity and shape-memory effects.

In 2013, TF Adaptive was introduced based on the same

concept.

Controlled-Memory (CM) (D&S Dental,
Johnson City, TN, USA)
Introduced in 2010, CM NiTi files are manufactured

using a special thermomechanical process that controls

the memory of the material, making the files extremely

flexible but without the shape memory of other,

conventional NiTi files. This allows the instrument to

be precurved before it is placed into the root canal.

Sterilization of these files returns them to their original

shape. Both HyFlex (Coltène Whaledent) and Typhoon

(TYP) (Clinician’s Choice Dental products, USA) are

made from CM wire.

ProFile GT Series X (GTX) (Tulsa Dental)
Designed by Dr. L. Stephen Buchanan, the first commer-

cially available endodontic rotary system using the new

M-wire technology was GTX in 2008. The design princi-

ples of the ProFile GT instrument were mostly followed

in the ProFile GTX, with the main differences being sub-

tle changes in the longitudinal design and a different

approach to instrument use, emphasizing the use of the

#20/.06 rotary. (Table 3.6)

The design features of GTX include fewer cutting

flutes and wider, more open blade angles that sig-

nificantly reduce core mass. Flutes hold more debris,

reducing the number of strokes needed to shape the

canal. This decreases the number of file rotations and

reduces cyclic fatigue that can lead to file separation.

Wider flutes make fewer continuous rotations around

the instrument from the tip to the end of the cutting

zone. Open blade angles reduce the chance of threading.

The result is a faster-cutting instrument with increased

flexibility to follow curved canals. The instruments also

have variable-width lands, which virtually eliminate

the taper lock in the canal, and a 1-mm maximum

shank diameter (Figure 3.22). This permits rapid cutting

without transportation, thus enhancing the overall

cutting efficiency of GTX [75].

The design change offers three advantages: a reduc-

tion in the number of instruments to an eight-file set,

a reduction in the number of files needed to cut a given

preparation, and a reduction in the possibility of file sep-

aration caused by choosing a too-large shaping objective

when canals contain hidden curves.

The GTX set currently includes tip sizes 20, 30, and

40 in tapers ranging from .04 to .10 (Figure 3.23) [76].

The recommended rotational speed for GT and GTX

files is 300 rpm, and the instruments should be used

with minimal apical force and a slight pecking action.

In canals with very large apical diameters, one of the

.12 GT Accessory files should be used.

ProFile Vortex (Dentsply Tulsa)
In 2009, ProFile Vortex rotary files were introduced

(Figure 3.24). These instruments yield increased flexi-

bility and resistance to fatigue compared to traditional

NiTi wire [77]. The major change lies in the nonlanded

cross section, whereas tip sizes and tapers are similar to

existing ProFiles. Manufactured using M-wire, Profile

Vortex files also have varying helical angles. This geom-

etry promotes more-efficient cutting and decreased

threading-in effects. Files are also able to navigate the

canal curvatures predictably and safely. They have a

rectangular cross section and a recommended rotary

Table 3.6 GT series X sequence.

No. of Instruments Available Lengths

8 21, 25, and 31

Preparation Sequence

Use Small Canals Medium and Large canals

Canal negotiation ISO #15 K-file, WL established ISO #15 K-file, WL established

Shaping 20/.06 20/.06 → 20/.04 → 20/.06

Apical finishing 30/.06 30/.08 or 40/.08

WL, working length

www.ebook3000.com
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Figure 3.22 GT Series X File design. At the tip and shank ends, the land widths are half the size of the lands in the middle region of
the flutes, allowing rapid and efficient cutting.

speed of 500 rpm [78]. They are available in ISO tip

sizes from 15 to 50 and in .04 or .06 taper.

Vortex Blue (Dentsply Tulsa)
In 2012, Vortex Blue was manufactured using an

advanced thermomechanical process that shows greater

resistance to cyclic fatigue, greater torque strength [7],

improved flexibility, and reduced shape memory while

conforming to natural curvatures. The distinctive color

of Vortex Blue is an optical effect, created by light rays

interacting with a titanium oxide layer on the surface of

the file, that is a result of the proprietary manufacturing

process (Figure 3.25).

The files stay centered in the canal due to the reduced

shape-memory effect. The relatively hard titanium

oxide surface layer on the Vortex Blue instrument

compensates for the loss of hardness compared with

ProFile Vortex M-wire [77] while improving the cutting

efficiency and wear resistance [77]. These files are

available in tapers of .04 and .06 from sizes 15 to 50 and

in lengths of 21 mm, 25 mm, and 30 mm. Vortex Blue

is rectangular in cross section and has a recommended

rotary speed of 500 rpm [78].

ProTaper Next (PTN) (Dentsply Tulsa)
Introduced in 2013, PTN files are the convergence of

three significant design features, including progressive

tapers on a single file as in the ProTaper Univer-

sal M-wire technology, which allows more-flexible

instruments, increased fatigue resistance, and the fifth
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Figure 3.23 GT Series X instrument system.

generation bilateral symmetrical offset rectangular

cross-sectional design. This offset feature gives the file

a unique asymmetric rotary movement, termed swag-

gering, due to which only two points of the rectangular

cross section touch the canal wall at a time (Figure 3.26)

[79]. The exception is the ProTaper X1, which has a

square cross section in the last 3-mm segment to give

the instrument a bit more core strength in the narrow

apical part.

The offset design provides three distinct advantages:

The swaggering effect limits the undesirable taper

lock and hence serves to minimize the engagement

between the file and the dentin. The offset affords more

cross-sectional space for auguring debris removal in

a coronal direction, which leads to improved cutting

efficiency as the blades remain in contact with the

surrounding dentin walls. The offset allows the file to

cut a bigger envelope of motion compared to a similarly

sized file with a symmetrical mass and axis of rotation.

Therefore, a smaller and more flexible PTN file can cut

the same size preparation as a larger and stiffer file with

a centered mass and axis of rotation. This allows the

clinician to use fewer instruments in preparing a root

canal, at the same time maintaining adequate shape

and taper.

Five PTN files are available in different lengths for

shaping canals, namely X1, X2, X3, X4, and X5. In

sequence, these files have yellow, red, blue, double

black, and double yellow identification rings on their

handles, corresponding to sizes and tapers of 17/.04,

25/.06, 30/.07, 40/.06, and 50/.06.

Both the X1 and X2 have an increasing and decreas-

ing percentage tapered design over the active portion

of the instruments. The last three finishing instruments

are the X3, X4, and X5, which have a decreasing

percentage taper from the tip to the shank. They can

be used to either create more taper in a root canal

or prepare larger root canal systems. The ProTaper
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Figure 3.24 ProFile (Image courtesy of Dentsply, Tulsa, OK, USA.)

Universal SX shaper file is recommended for preflaring

the orifice (Figure 3.27). For very long and severely

curved root canals, as well as large-diameter root canals

and root canals for retreatment, canal preparation can

be initiated with the ProTaper Next X2, X3, X4, or X5

directly.

The PTN files are used at 300 rpm and are used with

a deliberate outward brushing motion (never in a peck-

ing motion) when progressively shaping canals [80]. All

files are used in exactly the same way, and the sequence

always follows the ISO color progression and is always

the same regardless of the length, diameter, or curvature

of a canal. This motion creates lateral space and enables

the file to progress and improve contact between the file

and dentin.

Sequence ESX System (Brasseler USA,
Savannah, GA, USA)
Sequence ESX is an advanced rotary file system that

aims to improve two specific challenges: system sim-

plicity and cutting efficiency using fewer files. The ESX

system was inspired by the original EndoSequence

system (Brasseler USA, Savannah, GA, USA) [81–83].

The core design features of EndoSequence files, namely

the triangular cross section, their patented asymmetrical

Alternating Contact Points (ACP), and the electropol-

ished NiTi metal wire, have been retained for the ESX.

Both file systems use a recommended speed of 500 to

600 rpm.

There are three significant differences between

the two file systems: The ESX file has incorporated

a new patented BT-Tip (booster tip), which helps
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Figure 3.25 Vortex Blue.

guide the file while simultaneously reducing canal

ledging, the use of a unique operator motion called

Single Stroke and Clean (SSC) technique, which

drastically reduces torque exerted on each file, and a

more-efficient protocol requiring fewer files to achieve

the same results.

There are four ESX finishing files: 25, 35, 45, and

55, all in .04 taper and with booster tip. This tip uses

flat transition angles from the rounded noncutting tip

to advance to the triangular shank. This change in tip

design helps in creating a guiding motion with the

benefit of reduced potential for ledging.

The SSC operator motion recommended for ESX files

reduces the torque exerted on the file. The technique

involves using the ESX rotary file for one engagement

and filling of the flutes, followed by immediately remov-

ing and cleaning the file. This guiding tip and SSC tech-

nique (file motion based on chip space) allows the clini-

cian to reduce the number of files required to instrument

any root canal.

The Basic ESX File System consists of an Expeditor

(15/.05) file, and finishing files. The protocol is to hand

instrument the canal to the full working length and then

to use the Expeditor to file down to the same length

using the SSC motion. If significant engagement is met,

then a size 25/.04 finishing file is used to the same length

using the SSC motion. A size 35/.04 is used as the master

finishing file when the Expeditor experiences moderate

engagement to length, and a size 45/.04 is used when the

Expeditor experiences minimal engagement to length.

A size 55 is also provided for cases where the operator

observes inadequate cleaning after the size 45 finishing

file has reached the apex.

In more-challenging cases with significant curvatures

or calcifications, an Advanced ESX protocol is recom-

mended. This method uses three additional files before

using the Expeditor: The ESX Orifice Opener (20/.08)

and two ESX Scouting Files (15/.04 and 15/.02) are

used alone or with hand instrumentation to achieve

the required working length before employing the

Expeditor.

EdgeFile X-3 Heat-Treated FireWire (Edge
Endo, Johnson City, TN, USA)
The EdgeFile is made of an annealed heat-treated

(AHT) nickel–titanium alloy brand named FireWire,

which increases cyclic fatigue resistance and torque

strength. Due to this proprietary processing, EdgeFile

X3 files may be slightly curved. This is not considered

a manufacturing defect and can easily be straightened

with the fingers. This is not necessary to do, however,

because once it is inside the canal, the EdgeFile X3

follows and conforms to the natural canal anatomy and

curvatures. These rotary files are for single-patient use

and are constant tapered. XR Retreatment Files are also

available as R1 (25.12), R2 (25./08), R3 (25./06), and

R4 (25./04).

Twisted Files (Sybron Endo, Orange, CA,
USA)
The Twisted File system is manufactured from a propri-

etary process of heating, cooling in the rhombohedral
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Figure 3.26 ProTaper Next. A, Cross section. B, Swaggering effect. Three unique elements are used in the design of this ProTaper
NEXT file: a rectangular cross section, an asymmetric rotary motion, and M-wire NiTi alloy.

crystalline phase configuration (an intermediate phase

between austenite, the phase at rest, and martensite,

the phase present during function R phase), which

allows the twisting of the file. This makes Twisted

File distinct from all the other systems. The shape

of the other rotary files is machined by milling, a

mechanical process. This unique procedure lends

particular resistance to TF, as well as an extraordinary

flexibility.

In addition, in twisted files, having been made by

twisting and not by polishing/milling, all the micro-

cracks are eliminated, resulting in a more resistant,

higher-strength file. The manufacturing process is com-

pleted by applying an advanced surface-conditioning

treatment that helps to maintain the surface hardness

of the material and sharpness of the edges. TF optimizes

the strength and flexibility of NiTi, creating a highly

durable and flexible file while maintaining the canal

curvature even in extreme cases [84]. TF offers three

to four times greater resistance to torsion and cyclic

fatigue relative to ground files. Owing to its unique

machining, TF untwists before separating in the canal,

thereby giving the clinician timely warning to replace

the file and significantly decreasing the risk of accidents

while working with the rotary files.

With regard to file design, Twisted File has a triangular

cross section that enhances flexibility and generates

less friction inside the canal walls due to a lack of
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Figure 3.27 ProTaper Universal (PTU) versus PTN. (Image courtesy of Dentsply, Tulsa, OK, USA.)

peripheral lands. It has a variable pitch that minimizes

the “screw-in” effect and allows debris to be effectively

channeled out of the canal. The file is made from

one piece of nickel–titanium, giving it more structural

integrity and minimizing the wobble during rotation.

The tip of a Twisted File is inactive, which allows it to

follow the route of the canal easily and to minimize

canal transportation [85].

Twisted File is available in five tapers – .12, .10, .08,

.06, and .04 – with a fixed 25 tip size and in 23-mm

and 27-mm lengths (Figure 3.28). There are two col-

ored rings on the file: The lower one (closer to the active

part) shows the apical diameter (ISO standard) and the

upper one shows the taper size. The file also has laser

markings that can be used in lieu of rubber stoppers.

Recommended speed is 500 rpm, and it can be used with

or without torque control and autoreverse.

Twisted File can be used in a crown-down sequence

or as a single file system. It eliminates the need for

orifice openers. The file is inserted passively and gently

and must always be in motion, either being inserted

or withdrawn, but never held stationary in the canal.

(Table 3.7).

TF Apical was introduced in 2014. Available lengths

remain the same and they come in sizes 40/.04, 35/.06,

and 30/.06.

Twisted File Adaptive (Sybron Endo)
Since 2007, with the development of heat-treated

Twisted File technology (Axis, Sybron Endo, Coppel,

TX, USA) and M-wire (Dentsply Maillefer, Ballaigues,

Switzerland), instruments produced with the newly

treated alloys have been commercialized by aiming at

improving their mechanical properties. A third factor

has become important in this search for stronger and

better instruments, namely movement kinematics [86].

The Twisted File (TF) Adaptive technique has been

introduced to maximize the advantages of reciprocation

while minimizing its disadvantages (Figure 3.29).

Introduced in 2013, the idea behind TF Adaptive

was to combine a twisted design, thermal treatment

of alloy, continuous rotation, and reciprocation in an
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Figure 3.28 Twisted File (TF) rotary system.

Table 3.7 Twisted file preparation sequence.

Use Small and curved canals

with constricted roots

Medium canals Large canals

Coronal flaring Establish glide path and working length

Shaping and Finishing 25/.08 (to resistance) → 25/.06 (to WL) 25/.10 → 25/.08 (to WL) 25/.12 → 25/.10 (to WL)

WL, working length

Rotary: 600° clockwise and °0

counterclockwise

Reciprocation: 370° clockwise and

up to 50° counterclockwise
(a) (b)

Figure 3.29 Adaptive motion. A, File motion when minimal or no load is applied. B, File motion when it engages dentin and load is
applied.

innovative new system to allow simple, predictable,

and safe instrumentation to be achieved. The concept

is the provision of a motor that automatically detects

the stress generated during instrumentation (the more

complex the case, the higher the stress). Adaptive

motion technology is based on a patented, smart

algorithm designed to work with the TF Adaptive file

system. This technology allows the TF Adaptive file

to adjust to intracanal torsional forces depending on

the amount of pressure placed on the file. This means
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the file is in either a rotary or reciprocation motion

depending on the situation. The result is exceptional

debris removal and less chance of file pull-in and debris

extrusion.

When the TF Adaptive instrument is not (or very

lightly) stressed in the canal, the movement can be

described as a continuous rotation [87], allowing better

cutting efficiency and removal of debris and reducing

the tendency of screwing in. On the contrary, while

negotiating the canal, due to increased instrumentation

stress and metal fatigue, the motion of the TF Adaptive

instrument changes into a reciprocation mode, with

specifically designed clockwise and counterclockwise

angles. These angles are not constant, but vary depend-

ing on the anatomical complexities and the intracanal

stress placed on the instrument. This adaptive motion

therefore helps to reduce the risk of intracanal fail-

ure without affecting performance, because the best

movement for each clinical situation is automatically

selected by the adaptive motor.

The TF Adaptive system relies on only three files and

is color coded similar to a traffic light signal sequence:

start with green, continue or stop with yellow, and stop

with red (Figure 3.30) [88]. The red file is mainly for api-

cal widening. Due to this system’s recent introduction,

limited research is available.

K3XF (Sybron Endo)
Introduced in 2011, K3XF uses R-phase technology to

improve on their original K3 system. The file design

includes a positive rake angle and variable helical flute

angles, which aid in removing debris from the canal.

It also has a third radial land, which provides better

centering ability, variable pitch, superior flexibility,

and resistance to fatigue. The recommended rotational

speed is 350 to 500 rpm. They are available in lengths

of 17 mm, 21 mm, and 25 mm with tapers of .04, .06,

Figure 3.30 TF Adaptive File system uses a color-coded identification system for efficiency and ease of use. Just like a traffic light,
start with green and stop with red.
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Figure 3.31 K3XF File.

.08, and .10 in sizes of 21, 30, and 40. The files have a

noncutting tip for added safety [89]. They also have a

stainless steel Axxess handle to ensure better posterior

access (Figure 3.31).

Hyflex CM (Coltène/Whaledent, Altstätten,
Switzerland)
The Hyflex CM (controlled memory) is a modification

of an H-file with S-shaped cross section instead of the

single-helix teardrop cross section of an H-file. HyFlex

NiTi files are manufactured using a unique thermome-

chanical process that controls the material’s memory,

making the files extremely flexible but without the

shape memory of conventional NiTi files. These files

demonstrate martensitic properties at room tempera-

ture [7], which is not observed with conventional NiTi

metal.

This gives the file the ability to follow the anatomy of

the canal very closely, without creating undesirable lat-

eral forces on the outer canal wall, reducing the risk of

ledging, transportation, or perforation. HyFlex CM NiTi

files are up to 300% more resistant to cyclical fatigue

compared to other NiTi files, which substantially helps

reduce the incidence of file separation [90, 91]. They

have normal torsional strength [92]. During heat treat-

ment (e.g., during autoclaving) the instruments return

back to their original shape (Figure 3.32).

HyFlex instruments made from CM wire were com-

mercialized in 2011. They exhibit a lower percentage

by weight of nickel (52% nickel by weight) than the

common 54.5% to 57% nickel by weight of most

commercially available NiTi rotary instruments [93].

The recommended rotational speed is 500 rpm. These

instruments can be used in a crown-down manner,

step-back technique, or the manufacturer’s recom-

mended single-file technique. They are also available

as HyFlex NT NiTi rotary files and as HyFlex GPF glide

path rotary files.

HyFlex NT endodontic rotary NiTi file is designed

to work in specific clinical situations, such as calcified

canals, straight canals, retreatments, and removing

gutta-percha. HyFlex NT files are available in .06 and

.04 tapers in 21-mm, 25-mm, and 31-mm lengths

[94]. Some instruments (20/.02, 20/.06, 30/.04, and

40/.04) have triangular cross section with three blades

and three flutes; others (.04/20 and .04/25) have

quadrangular cross section with four blades and four

flutes (Figure 3.33).

Typhoon Infinite Flex NiTi (TYF CM) (Clinical
Research Dental, London, ON, Canada)
Introduced in 2011, Typhoon Infinite Flex files are also

made from controlled-memory wire with an efficient
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Figure 3.32 Hyflex CM. A, Hyflex CM NiTi File. B, After heat treatment (autoclaving).

cutting design (Figure 3.34). The instrument has

increased torsional strength with increased resistance

to cyclic fatigue and is more likely to unwind than

separate. The files have a triangular cross section and

a variable pitch, further increasing their flexibility and

minimizing the stress on the file. The recommended

rotational speed is 400 rpm. To further reduce the stress

on the instrument and in order to preserve dentin in the

cervical portion of the root, Typhoon Infinite Flex files

have a 12-mm cutting zone instead of the traditional

16 mm. These files can also be used in a hybrid fashion

with some traditional NiTi files for the curvier apical

portion of the root [95, 96].

The canal preparation is achieved in a crown-down

sequence, and for most canal shapes the files should be

used in the order 35/.06 > 30/.04 > 25/.06 > 20/.04. This

technique uses alternating tapers to prevent taper lock.

For larger canals, files are also available as .04 taper files

up to size 50.

Rotation versus reciprocation

Endodontic instruments have been used in rotational

or axial reciprocation or a combination of both move-

ments. Most available NiTi files are mechanically driven

in continuous rotation. Reciprocation is defined as any

repetitive back-and-forth motion and has been used

clinically to drive stainless steel files since 1958. Initially,

all reciprocating motors and related handpieces rotated

files in large equal angles of 90 degrees clockwise and

counterclockwise rotation. Over time, smaller, yet

equal, angles of clockwise/counterclockwise rotation

(true reciprocation) were used in systems such as M4
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Figure 3.33 Cross sections of Hyflex NiTi files.

(SybronEndo), Endo-Eze AET (Ultradent Products),

and Endo-Express (Essential Dental Systems). These

systems have certain recognized limitations, including

decreased cutting efficiency, more required inward

pressure, and a limited capacity to auger debris out of a

canal.

The greater tactile touch and efficiency gained with

continuously rotating NiTi files must be balanced with

the inherent risks associated with torque and cyclic

fatigue failures. To decrease this risk, files were designed

for use in a mechanical reciprocating movement,

turning a specific distance clockwise, then rotating

counterclockwise. The clockwise and counterclock-

wise rotations are usually not equivalent (modified

reciprocation), so the file advances through a partial

clockwise rotation with each reciprocation cycle. This

mimics manual movement and reduces the risks asso-

ciated with continuously rotating a file through canal

curvatures.

The angles of rotation are unequal and lower than the

angle at which the elastic limit of the metal composing

the instrument develops. Consequently, torsional stress

would be reduced and safety would be enhanced. The

major breakthrough was changing the mode of action

of rotary NiTi from 360 degree rotation to reciprocation.

Yared in 2007 described the use of a ProTaper F2 file in

a reciprocating handpiece [97].

Reciprocating motion can also extend cyclic fatigue

life when compared to continuous rotation [98–100].

However, the term reciprocating motion includes sev-

eral possible movements and angles, each of which can

influence performance and strength of NiTi instruments.
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Figure 3.34 Typhoon Infinite Flex NiTi files.

The reduction of instrumentation stress (both torsional

and bending) is the main advantage of reciprocating

movements.

Two systems have been introduced based on this

concept: WaveOne developed by Dentsply and Reciproc

developed by VDW. One key difference from their

rotary counterparts is that the principal movement is

in a counterclockwise direction and cut is in a coun-

terclockwise direction. Both are based on multiple

reciprocation motion to complete 360 degrees rotation

(Table 3.8). Although reciprocating files have the poten-

tial to advance endodontic instrumentation, research to

date has not indicated they are superior to files used in

continuous rotation.

Wave One (Dentsply)
Introduced in 2011, the Wave One is a single-file,

single-use system using a reciprocating motion rather

than a rotary motion, in a specially designed handpiece

and motor. The instruments are designed to work

with a reverse cutting action. The cross-section of

the instruments is a modified convex triangle in the

apical segment and a convex triangle in the coronal

segment (Figure 3.35) [101]. The files are manufactured

with M-Wire (Dentsply Tulsa Dental, Tulsa, OK, USA)

NiTi alloy, improving strength and resistance to cyclic

fatigue [102].

There are three files in the WaveOne single-file recip-

rocating system, which are available in lengths of 21,

25. and 31 mm. The Small (yellow) has a tip size ISO

21 and a continuous taper of 6%; the Primary (red) has

a tip size ISO 25 and an apical taper of .08 that reduces

toward the coronal end. The Large (black) has a tip size

ISO 40 and an apical taper of .08 that reduces toward the

coronal end [78, 103]. The files have noncutting modi-

fied guiding tips (Figure 3.36). The plastic color coding in

the handle becomes deformed once it is sterilized, pre-

venting the file from being placed back into the hand-

piece. Therefore, this system is marketed as single-use

only. The single use has the added advantage of reduc-

ing instrument fatigue, which is an even more important

consideration with WaveOne files, because one file does

the work performed by three or more rotary NiTi files

(Box 3.5).

The WaveOne motor (e3) is operated by a recharge-

able battery with a 6:1 reducing handpiece. The

counterclockwise movement of the file is greater than

the clockwise movement. Counterclockwise movement

advances the instrument, engaging and cutting the

dentin. Clockwise movement disengages the instru-

ment from the dentin before it can lock into the canal.

Three reciprocating cycles complete one complete

reverse rotation, and the instrument gradually advances

into the canal with little apical pressure required.

Because these files have their own unique reverse

design, they can only be used with the WaveOne motor

with its reverse reciprocating function.

Table 3.8 Files and systems for rotation and reciprocation.

Motion System Material

Reciprocation (clockwise and counterclockwise) ProTaper F2 file (Yared 2007) NiTi

Multiple reciprocation (360 degrees rotation) Wave One (Dentsply) Reciproc (VDW) M-wire

Rotary ProTaper (Dentsply) Hyflex (Coltène/Whaledent) NiTi
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Figure 3.35 WaveOne file cross section. This image depicts two different cross sections on a single WaveOne file. The more distal cross
section improves safety and inward movement.

Figure 3.36 WaveOne Rotary Files and their sequence of use.

The files are used with a progressive up and down

movement no more than three to four times, and only a

little force is required. The main drawback of this system

is that the files only shape the canal, extremely quickly

in many instances, but they do not clean the root canal.

Reciproc (VDW, Munich, Germany)
Introduced in 2011, Reciproc (made from M-Wire),

also used in a reciprocal motion, is also single-file,

single-use system. The counterclockwise angle is greater

than the clockwise one, which allows the instrument
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Box 3.5 WaveOne Preparation Sequence

Small WaveOne (21/.06)

Used mainly for small canals and when the primary file does not progress apically through a smooth, reproducible glidepath
This file is designed to work in smaller-diameter, longer-length, or more apically curved canals.

Primary WaveOne (25/.08)

Invariably used first in any canal

Large WaveOne (40/.08)

Used to complete the shape in larger-diameter canals
Designed to work in canals that are typically straighter

Shaping Technique

Take hand file (#10) into canal to resistance (approximately two thirds of canal length).

Introduce appropriate WaveOne file to approximately two thirds of canal length.

Take hand file to length.

Introduce WaveOne file to length.

to continuously progress toward the apex of the root

canal. In general, reciprocating root canal preparation is

an evolution of the balanced force technique that allows

shaping of even severely curved canals with hand instru-

ments to larger apical diameters [103].

Reciproc files are available in different sizes: R25

with a taper of .08, R40 with a taper of .06, and R50

with a taper of .05. They are marked with ISO color of

the instrument for easy identification. The files possess

sharp cutting edges and have a continuous taper over

the first 3 mm of their working part followed by a

decreasing taper to the shaft. An S-shaped cross section

is used for the entire working part of the instrument.

The creation of a glide path is not required in the major-

ity of the canals before using a Reciproc instrument in

reciprocation. Hence it is claimed that the incidence of

procedural errors resulting from the use of small hand

files in narrow canals is reduced [104].

This new alloy shows improved elastic properties

and a better cyclic fatigue behavior compared with the

conventional NiTi alloy, and the Vickers hardness of the

M-wire alloy is much higher compared to the NiTi alloy

(Liu et al 2009) [102]. Reciproc files are available in

lengths of 21, 25, and 31 mm.

In the counterclockwise movement phase, the

Reciproc instrument is active and cutting dentin; in

the subsequent clockwise movement the instrument

is released and by a slight apically oriented pressure

pushed farther into the channel until the desired

preparation length is reached.

Reciproc and Wave One systems are the direct

full-sequence counterparts of the single-file recipro-

cating systems, within the range of current rotary

full-sequence NiTi systems. An additional advantage

specific to the Reciproc system is its efficiency in remov-

ing obturating materials, including plastic carrier-based

obturations.

Self-Adjusting File (ReDent Nova, Ra’anana,
Israel)
The Self-Adjusting File (SAF) system is a new approach

to shaping root canal systems. It does not use solid

metal files [106–108]. Instead it relies on the gentle

abrasive action of a flexible mesh lattice to prepare

the root canal walls (Figure 3.37). The SAF offers the
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Figure 3.37 A, Self-adjusting file design. B, VATEA irrigation device attached with silicon tube on the shaft of the file. The SAF
instrument is activated with a transline vibrating handpiece adapted with a RDT3 head.

ability to instrument and prepare complex-shaped root

canal anatomies, the opportunity to provide continuous

and efficient irrigation and debridement, the potential

for eliminating file breakage within the canals because

there is no file rotation when cleaning and shaping, and

the opportunity to simplify and reduce the number of

required dental instruments [106–111].

The SAF is a hollow file designed as a compressible,

thin-walled pointed cylinder (1.5 or 2.0 mm) composed

of 120-μm thick NiTi lattice. Its surface is treated to
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render it abrasive, which allows it to remove dentin

with a back-and-forth grinding motion [112].The

file can be compressed when inserted into any root

canal previously negotiated and prepared up to an

ISO size 20. The compressed file then adapts itself

three-dimensionally to the shape of the root canal

[113]. The file is operated with transline (in and out)

vibrating handpieces with 3000 to 5000 vibrations

per minute. The vibrating movement combined with

intimate contact along the entire circumference and

length of the canal removes a layer of dentin with a

grinding motion. The hollow design allows continuous

irrigation throughout the procedure. A special irrigation

apparatus called VATEA (ReDent Nova) is used. This

is attached by a silicon tube to the irrigation hub on

the shaft of the file (Figure 3.37b), and continuous

irrigation flow at low pressure and low flow rates is

delivered. The instruments are extremely flexible and

available in 21-, 25-, and 31-mm lengths.

The SAF technique does not employ forced apical

extrusion of the irrigant fluid. Therefore, homeostatic

balance is maintained and the irrigant is not passed

out of the foramen. SAF is extremely durable, flexible,

and pliable and can mechanically endure use under its

recommended mode of operation with a minimal loss

of efficacy. It does not impose its shape on the canal

but rather complies with the canal’s original shape both

circumferentially and longitudinally.

TRUShape 3D Conforming files (Dentsply
Tulsa Dental Specialties)
Tru 3-D Conforming files allow the clinician to preserve

more dentinal structure while removing pulp and

debris along the entire root (removes 36% less dentin).

The file’s S-shape design conforms to areas of the canal

larger than the nominal file size by creating a predictable

shape with up to 32% less apical transportation. This

creates an envelope of motion that better disrupts

biofilms for improved bacterial reduction (Figure 3.38).

As a result, TRUShape 3D Conforming files preserve

more dentinal structure while removing pulp and debris

along the entire root canal. These files look and feel

different from conventional files. They clean irregular

geometries better than traditional ISO rotary files by

contacting up to 75% of canal walls. They are available

in lengths of 21 mm, 25 mm, and 31 mm in tapers of .06

and in tip sizes of 20, 25, 30, and 40.

TRU Shape Orifice modifiers are also available as

20/.08 in 16-mm length. They are designed to modify

the orifice and create an ideal receptacle for the intro-

duction of the files. Their main features are an active

cutting cross section, a fluted length of about 7 mm,

a maximum fluted diameter of 0.75 mm to facilitate

conservative radicular access, and blue wire NiTi for

strength and flexibility.

Table 3.9 summarizes the various rotary systems dis-

cussed.

Glide-path rotary instruments

Preflaring is the pre-enlargement of canals needed to

decrease the fracture risk of NiTi instruments inside

the canal. With preflaring, the taper lock on the

instrument tip is decreased and a glide path is cre-

ated that facilitates the penetration of the subsequent

rotary instruments regardless of the technique used.

According to John West, a glide path is defined as a

smooth radicular tunnel from the orifice of the canal

to the physiologic terminus of the root canal. A glide

path is achieved when the file forming it can enter

from the orifice and follow the smooth canal walls

uninterrupted to the terminus. Without the endodontic

glide path, the rationale of endodontics cannot be

achieved.

Traditionally, preflaring and glide paths were achieved

with manual steel instruments, K-files #10, #15, and

#20, used sequentially. Despite the introduction over

the years of rotary instruments specifically designed

for preflaring, the manual technique continues to

offer undeniable advantages: greater tactile control,

lower risk of endodontic fracture, and the option of

precurving the instrument in order to pass ledges and

false channels. These files, unfortunately, also present

several drawbacks due to their relative stiffness and a

cutting tip that in curved and/or calcified canals can

cause ledges or transportation.

This led to the introduction of the first generation for

mechanical preflaring in NiTi: the PathFiles. The bene-

fits of using a rotary instrument to create a glide path

are numerous. The flexibility of NiTi is well tested and

proved to prevent ledge formation and transportation

when compared to stainless steel. Also, the rotary action

of the file severs and moves vital pulp tissue out of the

canal in the coronal direction and prevents compaction
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Figure 3.38 TRUshape 3D Conforming File. (Image courtesy of Dentsply, Tulsa, OK, USA.)
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of pulp tissue in the apical direction. The primary

function of these instruments is not to shape the canal

but to remove tissue from the canal and create a glide

path.

PathFiles (Dentsply)
The PathFile rotary system was introduced in 2009 and

consists of three NiTi .02 tapered rotary instruments.

PathFile No.1 (purple ring) has an ISO 13 tip size,

PathFile No. 2 (white ring) has an ISO 16 tip size,

and PathFile No.3 (yellow ring) has an ISO 19 tip size.

These can be used to enlarge the glide path after initially

negotiating and establishing a glide path with a number

10 K-file. The gradual increase of the tip diameter

facilitates the progression of the files without needing

to use strong axial pressure. The tip is rounded and

noncutting to prevent ledging and zip. The files have a

square cross section, which increases the resistance to

cyclic fatigue, ensures flexibility, and improves cutting

efficiency [114]. The distance between two following

blades has been optimized to increase the strength of

the instruments. They are available in lengths of 21 mm,

25 mm, and 31 mm. These are used with a rotation

speed of 300 rpm.

X-Plorer Canal Navigation NiTi Files
(Clinician’s Choice Dental Products, New
Milford, CT, USA)
Introduced in 2010, X-Plorer system consists of three

instruments. They are each available in lengths of

21 mm and 25 mm. The unique design features of these

instruments are their cutting surfaces, tapers, and cross

sections. The cutting surface is limited to the apical

10 mm of the file, which decreases surface contact and

torsion and increases tactile feedback.

G-Files (Micro-Mega, Besançon, France)
The G-File glide-path instruments were introduced

in 2011 and consist of two files, which are available

in 21-mm, 25-mm, and 29-mm lengths. The tip sizes

are ISO 12 and ISO 17, and the noncutting tip is

asymmetrical to aid in the progression of the file. The

files have a .03 taper along the length. The cross section

of the file has blades on three different radii to aid

in the removal of debris and to reduce torsion. The

files also have an electropolished surface to improve

efficiency.

ProGlider (Dentsply Tulsa Dental
Specialties)
The ProGlider is a single-file rotary glide-path instru-

ment based on the M-wire alloy. The system was

introduced to increase the glide-path diameter, as an

alternative to using a series of three PathFiles. The prin-

cipal features of the instrument are a semiactive tip and

size ISO 16 with a .02 taper. The active component is

18 mm, compared to 16 mm in the PathFiles, centered,

and square cross section with variable helical angles.

These are available in 21-, 25-, and 31-mm length and

are used in continuous rotation of 300 rpm.

Disinfectants and lubricants

Studies have demonstrated that mechanical enlarge-

ment of canals must be accompanied by copious

irrigation in order to facilitate maximum removal of

microorganisms so that the prepared canal becomes

as bacteria-free as possible [115, 116]. The desired

attributes of a root-canal irrigant include the ability to

dissolve necrotic and pulpal tissue, bacterial decontam-

ination and a broad antimicrobial spectrum, the ability

to enter deep into the dentinal tubules, biocompatibility

and lack of toxicity, the ability to dissolve inorganic

material and remove the smear layer, ease of use, and

moderate cost [117].

A large number of substances currently in use as

root canal irrigants include acids (citric and phos-

phoric), chelating agent (ethylenediaminetetraacetic

acid [EDTA]), proteolytic enzymes, alkaline solutions

(sodium hypochlorite, sodium hydroxide, urea, and

potassium hydroxide), oxidative agents (hydrogen

peroxide and Gly-Oxide), local anesthetic solutions,

chlorhexidine, and normal saline [118]. They can be

grouped as tissue-dissolving agents such as NaOCl;

antibacterial agents, including bactericidal (CHX) and

bacteriostatic (MTAD); chelating agents such as EDTA;

and natural agents, such as green tea, triphala, and

others. Table 3.10 summarizes the characteristics of

currently available irrigants.

The most widely used irrigant that satisfies most of

the requirements is 0.5% to 6.0% sodium hypochlorite

(NaOCl) because of its bactericidal activity and ability

to dissolve vital and necrotic organic tissue [119, 120].

However, even though it is a highly effective antimicro-

bial agent, it does not remove the smear layer from the
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Table 3.10 Characteristics of few currently used intracanal irrigants.

Irrigant Antimicrobial activity Ability to remove smear layer Biocompatibility Ability to dissolve pulp tissue

NaOCl + – – +
CHX + – + –

EDTA – + + +/–

MTAD + + + +/–

Tetraclean + + + +/–

ECA + + + +
Ozonated water + +
PAD + + + +

+, Good, –, Poor

dentin walls [121–123]. Chelating agents (EDTA or citric

acid) assist in softening and dissolving inorganic dentin

particles, thereby preventing the accumulation of debris

on the root canal walls [124]. but these solutions have

relatively limited antiseptic capacities [125].

Chlorhexidine was developed in the late 1940s in the

research laboratories of Imperial Chemical Industries

Ltd. (Macclesfield, England). Despite its usefulness as

a final irrigant, chlorhexidine cannot be advocated as

the main irrigant in standard endodontic cases because

chlorhexidine is unable to dissolve necrotic tissue

remnants and because chlorhexidine is less effective on

gram-negative than on gram-positive bacteria.

Hydrogen peroxide as a canal irrigant helps to remove

debris by the physical act of irrigation, as well as through

effervescing of the solution. However, although it is an

effective antibacterial irrigant, hydrogen peroxide does

not dissolve necrotic intracanal tissue, and it exhibits

toxicity to the surrounding tissue. Alcohol-based canal

irrigants have antimicrobial activity too, but they do not

dissolve necrotic tissue.

The combination of NaOCl and EDTA has been used

worldwide for antisepsis of root-canal systems. The con-

centration of NaOCl used for root-canal irrigation ranges

from 2.5% to 6%. It has been shown, however, that tis-

sue hydrolyzation is greater at the higher end of this

range.

All the irrigation solutions at our disposable have

their share of limitations, and the search for an ideal

root canal irrigant continues with the development of

newer materials and methods. To date, none of these

irrigants are ideal, and hence, in current endodontic

practice, dual irrigants such as sodium hypochlorite

with EDTA or chlorhexidine are often used as initial

and final rinses to make up for the shortcomings that

are associated with the use of a single irrigant. Quite

a bit of literature is already available in textbooks on

the more traditionally used irrigants. The following text

reviews the advantages and shortcomings of some of

the newer irrigating agents and their use in the future.

BioPure MTAD (Dentsply Tulsa)
BioPure MTAD was introduced by Torabinejad and col-

leagues as an alternative to EDTA to remove the smear

layer. It is a mixture of a tetracycline isomer (3% doxy-

cycline), an acetic acid (4.25% citric acid), and Tween 80

detergent (MTAD) and was designed to be used as a final

root canal rinse before obturation [32].

In comparison to other solutions, MTAD is effective

in removing the smear layer along the whole length of

the root canal and in removing organic and inorganic

debris. MTAD does not erode dentin as EDTA does, it

has sustained antibacterial properties (against Enterococ-

cus faecalis), and the detergent is postulated to coagulate

microscopic debris into suspension for removal. Its rec-

ommended use is as a final irrigant before obturation:

The root canal is flooded with 1 mL of the irrigant and

allowed to soak for 5 minutes, and the remaining 4 mL

is then delivered with continuous irrigation and suction

[126].

Because this irrigant is based on a tetracycline isomer,

there may be problems with staining, resistance, and

sensitivity. MTAD can be a useful irrigant due to its

antimicrobial properties and less cytotoxicity, but its

effectiveness against fungi and its value in the apical

one third need to be assessed further.
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Tetraclean (Ogna Laboratori Farmaceutici,
Muggiò, Italy)
Tetraclean, like MTAD, is a mixture of an antibiotic

doxycycline (50 mg/mL), an acid (citric acid), and a

detergent (polypropylene glycol) [127]. Citric acid acts

as a chelating agent, assisted by a weak action of the

antibiotic, and the surfactant makes its penetration in

the root canal system easier. It has low surface tension,

which enables a better adaptation of the mixtures

to the dentinal walls [127]. Tetraclean shows a high

action against both strictly anaerobic and facultative

anaerobic bacteria and caused a high degree of biofilm

disaggregation at each time interval when compared

with MTAD [128].

QMix (Dentsply Tulsa)
QMix is a combination of chlorhexidine with EDTA and

a surfactant solution to improve penetration in dentinal

tubules. It has been on the market for a short time,

so there is limited research available yet. It removes

smear layer at least as effectively as 17% EDTA, and it

has proven to be a highly effective antimicrobial agent.

QMix is an irrigation solution used as a final rinse.

Research shows it is capable of penetrating biofilms

due to its unique blend of antibacterial substances and

their combined synergistic effect. This is available as a

premixed, ready-to-use, colorless and odorless solution

that is free of antibiotics. No evidence of tooth staining

has been observed in laboratory conditions following

use of this solution.

The proprietary formula is based on an advanced

chemical design to minimize any undesirable reactions

with other root canal irrigants. The manufacturer

recommends 60 to 90 seconds of continuous irrigation

as the final rinse of the root canal before root filling.

Electrochemically activated solution
Electrochemically activated (ECA) solutions are pro-

duced from water and low-concentrated salt solutions

[129]. The ECA technology represents a new sci-

entific paradigm developed by Russian scientists at

the All-Russian Institute for Medical Engineering in

Moscow.

The principle of ECA is transferring liquids into a

metastable state via an electrochemical unipolar (anode

or cathode) action through the use of a flow electrolytic

module (FEM). The FEM consists of an anode, a solid

titanium cylinder with a special coating that fits coax-

ially inside the cathode, and a hollow cylinder with

another special coating. The electrodes are separated by

a ceramic membrane. The FEM is capable of producing

solutions that have bactericidal and sporicidal activity,

are essentially noncorrosive for most metal surfaces,

and are safe to human tissue [129].

Anolyte solution (produced in the anode chamber)

has been termed a superoxidized water or oxidative

potential water [130, 131]. Depending on the type of

device that incorporated the FEM elements, the pH

of anolyte solution varies; it may be acidic (anolyte),

neutral (anolyte neutral), or alkaline (anolyte neutral

cathodic). Acidic anolyte was used initially, but in

recent years the neutral and alkaline solutions have

been recommended for clinical application.

Studies demonstrated that freshly generated superox-

idized solution is highly active against all microorgan-

isms, giving a 99.999% or greater reduction in 2 minutes

or less [130, 132]. That allowed investigators to treat it

as a potent microbicidal agent. It is nontoxic when in

contact with vital biological tissues [129]. The quality of

debridement was better in the coronal and middle parts

of canal walls, and only scattered debris was noted in the

apical part. Solovyeva and Dummer studied the clean-

ing effectiveness of root canal irrigation with ECA solu-

tion and found that it was more effective than NaOCl in

removing the smear layer [129].

ECA solutions have shown better clinical effect and

were associated with lower incidence of allergic reaction

compared to other antibacterial irrigants tested [133].

ECA is showing promising results due to ease of removal

of debris and smear layer and because it is nontoxic and

efficient in the apical one third of the canal. It has the

potential to be an efficient root canal irrigant.

Ozonated water
Ozone is a chemical compound consisting of three

oxygen atoms (O3, triatomic oxygen), a higher ener-

getic form than normal atmospheric oxygen (O2), with

the molecules being different in structure. Ozone is

produced naturally from electrical discharges following

thunderstorms and from ultraviolet rays emitted from

the sun. Ozone is a powerful bactericide that can kill

microorganisms effectively [134]. As a result of cavi-

tation, a forced collapse of bubbles causes implosions

that impact on surfaces, further causing surface defor-

mation and removal of surface material. In the root
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canal environment, such shockwaves could potentially

disrupt bacterial biofilms, rupture bacterial cell walls,

and remove smear layer and debris [135]. However,

ozonated water was not able to neutralize Escherichia

coli and lipopolysaccharides inside the root canal. There

is a need for further studies before it can be used as a

root canal irrigant.

Photo-activated disinfection (PAD)
This makes use of photodynamic therapy (PDT) for the

inactivation of microorganisms and was first shown by

Oscar Raab. PDT is based on the concept that nontoxic

photosensitizers can be preferentially localized in cer-

tain tissues and subsequently activated by light of the

appropriate wavelength to generate singlet oxygen and

free radicals that are cytotoxic to cells of the target tissue

[136]. PAD is not only effective against bacteria, but also

against other microorganisms including viruses, fungi,

and protozoa [137–140].

Methylene blue has been used in PDT for targeting

various gram-positive and gram-negative oral bacteria.

Methylene blue alone (PS) fully eliminated all bacterial

species with the exception of E. faecalis (53% killing);

methylene blue in combination with red light (PAD) was

able to eliminate 97% of E. faecalis biofilm bacteria in

root canals [141].

Along with methylene blue, tolonium chloride has

been also used as a photosensitizing agent. It is applied

to the infected area and left in situ for a short period.

The agent binds to the cellular membrane of bacteria,

which will then rupture when activated by a laser

source emitting radiation at an appropriate wavelength.

Tolonium chloride dye is biocompatible and does not

stain dental tissue.

FotoSan is one of the most recent PAD devices intro-

duced in endodontics. The manufacturer’s protocol indi-

cates that, after canal preparation, the canal have to be

inoculated with the methylene blue solution, which is

left in situ for a fixed period of time (60 seconds) to per-

mit the solution to come into contact with the root canal

and irradiation have to be carried out for 30 seconds in

each canal.

Further clinical are needed to verify the efficacy of

PAD in aiding cleansing and disinfecting of endodontic

space and to confirm if there is need for new irrigating

solutions or devices for endodontic use.

Irrigant delivery systems

Manual
For the solution to be mechanically effective in removing

all the particles, it has to reach the apex, create a current

(force), and carry the particles away. The effectiveness

and safety of irrigation depends on the means of deliv-

ery. Various methods and systems have been developed

to provide effective delivery (Box 3.6).

One of the advantages of syringe irrigation is that

it allows comparatively easy control of the depth of

needle penetration within the canal and the volume of

irrigant that is flushed through the canal (Figure 3.39)

[142, 143].

Brushes are adjuncts that have been designed for

debridement of the canal walls or agitation of root canal

Box 3.6 Irrigation Systems

Manual

Manual dynamic: hand-activated, well-fitting gutta-percha cone
Syringe irrigation with needles
Brushes: NaviTip FX

Machine Assisted

Pressure alteration devices: EndoVac, RinsEndo
Ultrasonics
Sonic: EndoActivator
Rotary brushes
Continuous irrigation during instrumentation

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

78 Current therapy in endodontics

Figure 3.39 Different types of needles used for irrigation in endodontics.

Figure 3.40 sNaviTip FX.

irrigant. They might also be indirectly involved with the

transfer of irrigants within the canal spaces. NaviTip FX

(Figure 3.40) (Ultradent Products, South Jordan,UT) is

a 30-gauge irrigation needle covered with a brush. A

hand-activated, well-fitting, root-filling material (e.g.,

a 40/.06 taper gutta-percha point) is a simple method

used to disrupt the vapor lock in the apical region of

the root canal. Research has shown that gently moving

a well-fitting gutta-percha master cone up and down

in short 2- to 3-mm strokes within an instrumented

canal can produce an effective hydrodynamic effect and

significantly improve the displacement and exchange of

any given reagent.

Sonics
Vibringe (Vibringe BV, Amsterdam, Netherlands)
Vibringe is a new sonic irrigation system that combines

battery-driven vibrations (9000 cpm) with manually

operated irrigation of the root canal. It employs a tra-

ditional two-piece syringe with a rechargeable battery

with sonic activation (Figure 3.41).

Figure 3.41 Vibringe Irrigator.

EndoActivator (Advanced Endodontics, Santa
Barbara, CA, USA)
EndoActivator is a new type of irrigation facilitator. It is

based on sonic vibration (up to 10,000 cpm) of a plastic

tip in the root canal (Figure 3.42). The system has three

different sizes of polymer tips that are easily attached

(snap on) to a portable handpiece that creates the

sonic vibrations. EndoActivator does not deliver new

irrigant to the canal, but it facilitates the penetration

and renewal of the irrigant in the canal [144]. Studies

have indicated that the use of EndoActivator facili-

tates irrigant penetration and mechanical cleansing

compared with needle irrigation, with no increase

in the risk of irrigant extrusion through the apex

[145, 146].
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Figure 3.42 A, EndoActivator. B, Sonic Motion.

Ultrasonics
Ultrasonic irrigation can be used as an intermittent

irrigation or a continuous ultrasonic irrigation. In

intermittent flushed ultrasonic irrigation, the irrigant is

delivered to the root canal by a syringe needle. The irri-

gant is then activated with the use of an ultrasonically

oscillating instrument.

Ultrasonic handpieces pass sound waves to an

endodontic file and cause it to vibrate at about 25,000

vibrations per second. Two types of ultrasonic irrigation

are available: active ultrasonic irrigation (AUI) and

passive ultrasonic irrigation operating without simulta-

neous irrigation (PUI). Active ultrasonic irrigation is the

simultaneous combination of ultrasonic irrigation and

instrumentation. It has been almost discarded in the

clinical practice.

The literature indicates that it is more advantageous

to apply ultrasonics after completion of canal prepa-

ration rather than as an alternative to conventional

instrumentation [147,148]. PUI irrigation allows energy

to be transmitted from an oscillating file or smooth wire

to the irrigant in the root canal by means of ultrasonic

waves [147]. The latter induces acoustic streaming and

cavitation of the irrigant. PUI is more effective than

syringe-needle irrigation at removing pulpal tissue

remnants and dentin debris due to the much higher

velocity and volume of irrigant flow that are created in

the canal during ultrasonic irrigation.

Cavitation and acoustic streaming of the irrigant

contribute to the biological and chemical activity for

maximum effectiveness. Ultrasound creates both cavi-

tation and acoustic streaming. The cavitation is minimal

and is restricted to the tip [149]. Ultrasonic files must

have free movement in the canal without making

contact with the canal wall to work effectively [148].

Acoustic streaming significantly produces cleaner canals

when activated with ultrasonic energy in a passive

manner. However, ultrasonics cannot effectively get

through the apical vapor lock [150–152].

F File (Plastic Endo, LLC, Lincolnshire, IL,
USA)
An endodontic polymer-based rotary finishing file

was developed to overcome the drawbacks of sonics

and ultrasonics, namely, they are time consuming and

expensive, and there is lack of awareness of the benefits.

The F File is a single-use plastic rotary file with a unique

file design with a diamond abrasive embedded into a

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

80 Current therapy in endodontics

nontoxic polymer. The F File safely removes dentinal

wall debris and agitates the NaOCl without enlarging

the canal further.

Pressure-alteration devices

Positive pressure versus apical negative
pressure
There are two dilemmas associated with conventional

syringe-needle delivery of irrigants. It is difficult for

the irrigants to reach the apical portions of the canals

because of air entrapment, when the needle tips are

placed too far away from the apical end of the canals.

Conversely, if the needle tips are positioned too close to

the apical foramen, there is an increased possibility of

irrigant extrusion from the foramen that might result

in severe iatrogenic damage to the periapical tissues

[153]. Pressure-alternation devices were developed

to provide a plausible solution to this problem. The

first technique was noninstrumentation technology

by Lussi and colleagues [154]. This technique did not

enlarge root canals because there was no mechanical

instrumentation of the canal walls. Although nonin-

strumentation technology was successful in vitro, the

technique was not considered safe in in vivo animal

studies and did not proceed to human clinical trials.

RinsEndo System (Dürr Dental, Bietigheim,
Germany)
In the RinsEndo system, 65 mL of a rinsing solution

oscillating at a frequency of 1.6 Hz is drawn from an

attached syringe and transported to the root canal via

an adapted cannula. There is a higher risk of apical

extrusion of the irrigant with this method.

EndoVac (Discus Dental, Culver City, CA,
USA)
EndoVac represents a novel approach to irrigation

because, instead of delivering the irrigant through

Micro cannula

Macro cannula

Master delivery tip

Macro cannula and
Micro cannula tubing

Endo Vac adaptor

High-volume
  suction

Master delivery
(MDT) suction tubing

Figure 3.43 EndoVac.
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the needle, the EndoVac system is based on a

negative-pressure approach whereby the irrigant

placed in the pulp chamber is sucked down the root

canal and back up again through a thin needle, thereby

avoiding undue extrusion into the periapex.

The EndoVac system is composed of three basic

components: a master delivery tip, the macro cannula,

and the micro cannula. The master delivery tip delivers

irrigant to the pulp chamber and evacuates the irrigant

simultaneously. The macro cannula is used to suction

irrigant from the chamber to the coronal and middle

segments of the canal (Figure 3.43).

During irrigation, the master delivery tip delivers

irrigant to the pulp chamber and siphons off the excess

irrigant to prevent overflow, as compared with needle

irrigation. Both the macro cannula and micro cannula

exert negative pressure that pulls fresh irrigant from

the chamber, down the canal to the tip of the cannula,

into the cannula, and out through the suction hose.

Thus, a constant flow of fresh irrigant is delivered by

negative pressure to working length. This also results

in less postoperative pain than a conventional needle

irrigation protocol.

Conclusion

A rotary armamentarium can be expensive, and the

cost is also high in maintaining a supply of files. All

of the systems have advantages and limitations. It is

up to the practitioner to determine which system best

fits their individual needs and their level of experience

to provide the best possible endodontic care for their

patients. These instruments and devices should be used

with careful attention to detail and to the technical and

clinical aspects of endodontic therapy depending on the

case. The clinician should integrate his or her knowledge

about anatomy with the clinical information. These

should be considered as specialist tools to improve the

quality of treatment.
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Questions

1 What strength of sodium hypochlorite (bleach) is used for

canal irrigation?

A 1%

B 2%

C 5%

D 10%

E 20%

F 50%

2 What is a hermetic seal, as applied to endodontics?

A Airtight

B Waterproof

C Saliva can’t pass

D Microorganisms can’t pass

E All of these

3 Rotary instruments should not be used

A To negotiate a canal

B To enlarge a canal

C with a light touch

4 Which of the following files are manufactured by a

twisting process?

A ProFiles

B Reciproc
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C Twisted Files

D Hyflex

5 The distinctive blue color of Vortex Blue is a result of light

rays interacting with a titanium oxide layer on the surface

of the file.

A True

B False

6 Which of the following are examples of single file rotary

systems?

A Wave One

B Reciproc

C Typhoon

D Both a and b

E All of the above

7 The functions of the irrigation solution are the following,

except:

A Lubrication

B Debridement

C Sterilization

D Disinfection

8 MTAD is

A Bacteriostatic

B Bactericidal

C Both a and b

9 ProTaper F2 file is an example of

A Rotation

B Reciprocation

C Both a and b

10 All NiTi instruments are best used in a step-back

manner only

A True

B False
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CHAPTER 4

Determination of working length
Priyanka Jain
Dubai, UAE

The triad in endodontic therapy comprises total debride-

ment of the pulpal space, proper cleaning and shaping

of the canal space, and three-dimensional obturation of

the root canal.

As stated in the previous chapter, the most important

segment of endodontic treatment in the canal prepa-

ration is the calculation of the working length [1–3].

Therefore, the procedure should be performed with

skill, using techniques that have been proven to give

accurate results. The significance of accurate working

length is threefold: it determines where the instruments

are placed in canal, it limits the depth to which the

root filling is placed if calculated properly, and it plays

an important role in the success of the treatment and

conversely can lead to failure if calculated improperly.

Grove in 1930 stated that “the proper point to which

root canals should be filled is the junction of the dentin

and the cementum and that the pulp should be severed

at this point of its union with the periodontal mem-

brane.” Working length in endodontics is defined as

“the length from a coronal reference point to the point

at which the canal preparation and obturation should

terminate” [4].

In order to define an apical end point during a course

of root canal treatment, it is important to know the

anatomy of the apical portion of the root. The extent of

the apical limit of the root canal preparation is still debat-

able based upon different clinical opinions regarding the

distance between the end point of the canal preparation

and the periodontal tissues. In current endodontic

practice, various methods are used to determine work-

ing length. This chapter talks about the more recent

ones.

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

Anatomic considerations
in determining the working length

Each time we need to determine working length, we are

faced with various challenges and factors influencing

our decision of where to locate the apical terminus.

There is an ongoing debate regarding the extent of the

apical limit of root canal preparation. This controversy

is based upon different clinical opinions regarding

the distance between the end point of the root canal

preparation and the periodontal tissues (Box 4.1).

In the 1900s the popular opinion was that dental pulp

extended through the tooth and ended at the apical fora-

men, and the narrowest diameter of the apical portion

of the root was at the site where the canal exits the tooth

at the extreme apex (Figure 4.1). These views fostered

the then-existing technique to calculate working length

to the tip of the root on the radiographs – that is, the

radiographic apex – as the correct site to terminate the

canal. In the 1920s considerable study of the apex of

the tooth led Grove, Hatton, Blayney, and Coolidge to

offer reports that contradicted this position. Kuttler did

the most comprehensive study in 1955 on the micro-

scopic anatomy of the root tip [5]. His study is one of the

most important sets of proper standards for sophisticated

successful endodontic treatment even today.

Cementodentinal junction
The cementodentinal junction (CDJ) is considered by

a majority of schools across the world as the ideal

end point for the preparation, because it represents

the point at which the root canal system terminates

and the periodontium (presence of cementum) begins.
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Box 4.1 Apical anatomy definitions∗

Anatomical apex: The end of the root as determined morphologically. It is the junction between the cementum and dentin.
Apical constriction or Minor apical foramen or Physiological apex: The apical portion of the root canal system with the narrowest

diameter. It is usually 0.5- to 1.0 mm short of the center of the anatomical apical foramen.
Cementodentinal junction: The region where the dentin and cementum meet. Its position can range from 0.5 to 3.0 mm from the

anatomical apex.
Major apical foramen: Main apical opening of the root canal.
Radiographic apex: The end of the root as determined radiographically. Its location can vary due to root morphology and distortion

of the radiographic image.

∗Adapted from American Association of Endodontists. Glossary of Endodontic Terms, 7th edition. Chicago: American Association
of Endodontists, 2003.

However, this junction is strictly histological and is

impossible to locate clinically. It is also a highly irregular

reference point, because in some cases the CDJ can be

up to 3 mm higher on one wall of the root canal as

compared to the other [6].

Radiographic apex
The radiographic apex was believed to commonly

coincide with apical foramen and was easy to detect

radiographically; therefore, it was considered the end of

the root canal. Although it was commonly used many

years ago, a number of excellent clinicians still use

the radiographic apex as the site of canal termination.

Those who believe this concept state that it is impossible

to locate the CDJ clinically and that the radiographic

apex is the only reproducible site available in this area.

However, the position of the radiographic apex depends

on several factors, such as the angulation of the tooth,

position of the film, holding device for the film (finger,

x-ray holder), length of the x-ray cone, horizontal and

vertical positioning of the cone, and anatomic structures

adjacent to the tooth, as well as several other factors.

Thus the reliability is questionable.

Apical foramen
It is a proven fact that in a root canal anatomy, root

canals always deviate from the long axis of their roots,

and the major apical foramen (foramen of the main root

canal) almost never coincides with the principal axis of

the root.

However, several investigators have shown that less

than 50% of the time, the apical foramen coincides with

the anatomical apex [5]. Such variations are not easily

detectable in two-dimensional radiography, even with

minimum distortion. Deposition of the cementum at the

root apex also leads to discrepancy between the apical

foramen and the root tip, and this discrepancy increases

with age [5, 7]. Deviation of the major apical foramen

can also occur as a result of pathological changes (exter-

nal root resorption) [8]. Therefore, it is a fact that the

anatomical foramen is neither at the anatomical nor at

the radiographic apex.

Apical constriction
Another anatomic consideration to be discussed is the

apical constriction. This is the naturally narrowest area

of the canal located in its last few millimeters. This is

a highly variable part of the root canal system and is

not present in all teeth. It has been classified into sim-

ple, diverging, multiple, and parallel constrictions. The

apical constriction and dentinocemental junction were

viewed as a single area for a long time and located at an

average of 1 mm from the root apex. These estimations

have led clinicians to teach and believe that the working

length is 1 mm from the radiographic apex junction. This

technique is no longer reliable for three main reasons:

The dentinocemental junction is very rarely located at

the apical constriction, the thickness of the cementum

varies greatly from one tooth to another and between

patients, and the thickness of the cementum changes

with physiology (increases with aging) and pathology

(apical resorption related to canal infection).

Although the apical foramen can demonstrate con-

siderable morphological variation, it is still a more
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Figure 4.1 Anatomy of the apical root.

consistent anatomical reference point than the apical

constriction or radiographic apex [8]. The use of the

major foramen is more reproducible for accuracy studies

[9]. Owing to numerous inconsistencies, variations with

regard to the apical constriction, and CDJ and their

interrelationship, the apical foramen may be a more

useful and reliable apical reference point in determining

working length. Facts in favor of this approach are

that it is on an average 0.5 to 1.0 mm short of the

radiographic apex and is a more-practical landmark to

use when terminating a root canal preparation.

The pathological and microbiological status of the

dental pulp and periapical tissues is also an extremely

important decision-making factor for where, when,

why, and how to locate the apical terminus. In cases

with necrotic and/or infected pulp with no periapical

lesion, researchers recommend that the apical terminus

be located at the physiological foramen. This location

preserves integrity of the apical morphology, and it

neither violates the apical foramen nor challenges the

periodontal ligament, thus enabling optimal healing.

It has also been suggested that the apical terminus be

located at the anatomical foramen, sometimes identified

as the apex, or even at the radiographic apex.

In cases with apical periodontitis there is controversy

about the location of the apical terminus. A conservative

approach states that all preparation of the root canal

system should end at the physiological foramen, because

any manipulations beyond this endpoint will lead to

either clinical or histological failure. Another approach

suggests that preparation and obturation in such

cases should always be terminated at the anatomical or

radiological foramen, the radiographic apex of the tooth.

With periapical pathosis associated with pathological

inflammatory apical root resorption, it is particularly dif-

ficult to decide where to locate and how to determine the
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endodontic terminus. Literature suggests that it should

be either 0.5 mm short or 1.0 mm long of the apex. To

date, there is no accurate technique for such cases.

In an ideal situation, the root canal should be prepared

and obturated to a point as close to the apical foramen

as possible yet still within sound tooth structure. The

objective of determining the working length is to enable

the root canal to be prepared as close to the apical

constriction as possible. It is not possible to determine if

one concept is superior to the other. Each operator will

strive to justify his or her approach. A compromise may

be accepted by most practitioners, one in which the

foramen is located at canal length (L), so the working

length is L – 0.5 mm and the patency of the canal is

checked frequently with small files (sizes 6, 8, 10).

Limitations of traditional working
length assessment

Traditional methods for establishing working length

(Box 4.2) have been the use of anatomical averages and

the knowledge of the anatomy, tactile sensation, and

moisture on a paper point and radiography.

Patient’s response to pain is probably the oldest method

used. However, due to numerous interfering factors, it

is very unreliable in clinical practice. This technique is

also extremely subjective owing to the individual pain

threshold of each patient. Moreover, it is impossible to

apply this method when local anesthesia is performed.

Tactile feedback from instruments is also a very subjec-

tive technique. This method clearly has its limitations

in cases where the canal is sclerosed or the anatomi-

cal landmark has been obliterated by resorption. Fur-

thermore, topography of the apical constriction can vary

due to morphological irregularities, tooth type, and age

(generally leading to shorter length values) or wide fora-

men in immature teeth, which leads to longer working

length. All these coupled with the fact that there will be

considerable variation in the clinician’s ability to accu-

rately feel the apical constriction makes this technique

questionable and unreliable.

Another method used for determining length is the

paper point measurement technique (PPT) described by

Rosenberg. PPT is dependent on having achieved apical

patency [9, 10]. This technique is particularly useful

toward the end of preparation or on roots with a very

wide canal in which the apex locator can sometimes be

unreliable (discussed later in the chapter). This method

consists of placing a feathered-tip paper point in the

prepared canal, knowing that the canal has been cleared

of all its contents. A minute amount of blood or tissue

fluid at the end of the point indicates that it has been

inserted beyond the foramen. Although this technique

is useful when managing teeth with open apices or

abnormal apical anatomy, it cannot be used in cases

where it is impossible to dry the canal or achieve apical

patency. PPT lacks the ability to determine morpholog-

ical details and pathological states within the root canal

and in the apical tissues. Furthermore, neither scientific

nor clinical evidence is available in the literature to

verify the effectiveness of this technique.

Radiographic methods

Conventional radiography
Film radiography
Radiographs are probably the most common and oldest

method used for determining working length. Although

radiographs are important in endodontic treatment, pri-

marily for assessing canal curvature and root form, they

have limitations regarding determining working length.

The most commonly employed radiographic method for

determining working length is that of Ingle [11]. Ingle’s

method depends on estimating the distance between the

file tip and the radiographic apex and adjusting it until

the file tip is 0.5 to 1 mm short of the radiographic apex.

Other radiographic methods described in the literature

are discussed in brief.

Best (1960) described a method that depends on

securing a 10-mm steel pin to the labial surface of the

tooth parallel to its long axis before obtaining the radio-

graph. The radiograph is related to a gauge allowing the

clinician to determine the length of the tooth [12, 13].

Bergman’s method is based on calculating the real

tooth length based on the radiographic appearance of

a 25-mm probe that has an acrylic stop that allows it

to penetrate 10 mm in the canal [12, 13]. Bramante

introduced a technique that used stainless steel probes

of different gauges and lengths bent at one end to form

a right angle. A radiograph is obtained with the probe in

place, then the tooth length could be calculated (similar

to Bergman’s method) or the distance between the probe

end and the radiographic apex could be used to deter-

mine the adjustment needed (similar to Ingle’s method).

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

Chapter 4: Determination of working length 91

Box 4.2 Methods of Determining Working Length

Conventional

Grossman’s formula
Radiographic method
• Ingle’s method
• Best’s method
• Bregman’s method
• Bramante’s method
Weine’s method
Kuttler’s method
Digital tactile sense
Apical periodontal sensitivity
Paper point method
Radiographic grid
Endometric probe
Patient’s pain response

Recent

Electronic method
Direct digital radiography
Xeroradiography
Subtraction radiography
Digital image processing
Laser optical storage
Tomography
Fourth-generation direct digital radiography

The rationale for using this technique is based on the

suggestion that the apical constriction may be located at

1 mm short of the radiographic apex. However, in some

cases, the apical foramen can even be located as far as

3 mm short of the radiographic apex, thus increasing

chances of overinstrumentation. Furthermore, the

apical foramen and the radiographic apex do not always

coincide [5, 14]. When the apical foramen exits to

the sides of the root or in a buccolingual direction, it

becomes difficult to view on the radiograph [6].

Xeroradiography
Invented by Chester F. Carlson in 1937, xeroradiog-

raphy records images produced by x-rays but differs

from conventional radiography in that it does not

require wet chemicals or a darkroom for processing. In

endodontics, this imaging permits better visualization

of pulp chamber morphology, root canal configuration,

and root outline, which is especially useful in imaging

maxillary molars and premolars, in which zygomatic

arch and maxillary sinus superimpositions will hinder

accurate visualization of dental structures. Xeroradio-

graphic images differ from conventional radiographs

in three ways: they exhibit high edge contrast due to

edge enhancement (the boundaries between structures

are clear), which facilitates perception of anatomic

details; the image is on paper and can be viewed under

reflective light; and the choice of a negative or a positive

image is possible.

Limitations of conventional radiography
The radiographic technique, coupled with the clinician’s

knowledge of dental anatomy and root canal systems,

can be a very useful method. Although the image

obtained provides valuable information regarding the

shape and curvature of the root apex, it also has limita-

tions and often provides an illusory image. It is only a

two-dimensional representation of a three-dimensional

structure, which is subject to error, and some anatomical

landmarks could be superimposed on each other. For
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example, the superimposition of the zygomatic arch

over the roots of maxillary molars or mandibular torus

over the roots of mandibular premolars will impede the

proper location of the radiographic apex on those teeth.

Dense bone can also make the visualization of root

canal files difficult by obscuring the apex. Newer digital

radiography systems might overcome this problem by

image manipulation [15].

The presence of apical resorption can also create

a problem while using this technique. Because root

resorption can alter the apical constriction, Weine

(2004) suggested subtracting an extra 0.5 mm from

the working length in teeth exhibiting radiographic

evidence of apical resorption. This can ensure that both

the instrumentation and the filling materials will be

kept confined within the root canal space [16].

Variables such as radiographic technique, angulations,

and inadequate radiographic exposure play an impor-

tant role in assessing length because they can result in

distorted radiographic images. It is sometimes necessary

to take several radiographs, which exposes the patient

to unnecessary radiation levels; for example, identifi-

cation of buccal and lingual canals may be challenging

because of superimposition of those over each other

in a radiographic straight-angle image. Radiographs

are also technique sensitive and require exposing the

patient to ionizing radiation. The interpretation of

the radiographic image can be very subjective and an

important factor in the accuracy of the technique [10].

Other disadvantages include the need for chemical

solutions, the time required to process the radiographs,

the need for radiographs that cannot be modified, and

the control and maintenance of radiographs during and

after treatment [15, 17].

However, it is not always possible to accurately

determine the tooth’s length radiographically because

of anatomical variations in the apical foramen, which is

not visualized in the radiograph. In addition, roots often

present different degrees of curvature or superposition

of anatomical structures. Presence of periapical pathol-

ogy, degree of pathological or physiological resorption,

and presence of permanent successor tooth are also

factors complicating the working length determination

of primary teeth [18]. Clinically, the radiographic apex

is used as reference point. However, because the apex

does not always coincide with the actual position of the

apical foramen, there is a difference between apparent

tooth length and actual tooth length in the majority of

the cases [19].

Digital radiography
How it works
The main purpose of a radiographic capturing device,

whether it is digital sensor or conventional film, is to

capture the dispersion pattern of the x-ray photon den-

sity pattern as it emerges from the tissues, which is a

function of the tissues and the radiation source. These

x-ray photons cannot be focused into a sharp image (the

way light can be focused through a camera lens), so the

image captured by a conventional film or a digital sen-

sor will never have a sharp, in-focus appearance like a

photograph focused through a lens. Hence, radiographic

images are always subject to a certain degree of geomet-

ric unsharpness, thereby limiting the resolution of the

image captured.

The ability to capture the emerging photon pattern

accurately can be improved upon. This is dependent on

the size of the sensor’s capture units. Smaller capture

units add more resolution, and hence more detail and

clarity to the image processed. The capture units of con-

ventional radiographic films are the grain size of the film.

Faster films have larger grain size, thus resulting in the

loss of image sharpness. This is one of the main reasons

digital radiography is a step ahead of the conventional

radiographic system.

Current progress in this field is targeted toward

reducing the exposure time and obtaining direct digital

images. Digital imaging incorporates computer technol-

ogy in the capture, display, enhancement, and storage

of direct radiographic images. It offers some distinct

advantages over conventional film. One advantage of

digital intraoral radiograph is the reduction of radi-

ation dosage by up to 22% of F-speed film. Digital

radiography requires only approximately 23% of the

x-ray dosage of D-speed film [20]. However, like any

emerging technology, it presents new and different

challenges for the practitioner to overcome.

Advantages and disadvantages
The main advantages of digital radiography include

immediate observation of radiographic images; elim-

ination of chemical processing and associated errors;

reduction in radiation dose; data storage; transfer of

images electronically, thus encouraging communication

between practitioners; and image enhancement and
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manipulation. Digital radiography is a fast technique,

allowing paralleling and reduction in radiation dose per

image, besides being comfortable for the patient and

yielding data that can be quickly analyzed by software

[21, 22].

On the other hand, limitations include cost of the

device, reduced resolution of the image, quality of the

printed image, thickness of the available sensor and its

rigidity, and lack of training to use the technique. Digital

images can be distorted or amplified due to geometrical

variations such as angulation, distance between sensor

and tooth, and distance between x-ray source and tooth.

It is important to note that all the studies and research

on the image quality compared the performance of dif-

ferent systems and attributed variations to differences in

image clarity. However, evaluation of image clarity also

depends on the observer’s perception and experience.

Image manipulation is one of the main advantages of

digital radiography [15, 23]; however, enhancement

does not always result in better interpretation when

compared to conventional films [24–28]. Although dig-

ital images are instantly available, their manipulation

takes time and requires experience [29, 30].

Types of systems
A new radiographic system called direct digital radiol-

ogy (DDR) digitizes ionizing radiation and produces

high-resolution computer monitor images with reduced

radiographic exposure. The system consists of a conven-

tional x-ray–generating device that replaces the radio-

graphic film, hence the term filmless radiography. Two of

the earlier models of the DDR system are radiovisiogra-

phy (RVG), developed by Dr. Francis Mouyan, a French

dentist, and video imaging x-ray application (VIXA).

Continuous development and improvements have

been achieved and new digital systems have been

introduced [31]. Digital images can be acquired directly

using capturing devices that may be either solid-state

receptors such as charge-coupled devices (CCD) or

complementary metal oxide semiconductors (CMOS).

Semidirect capture is achieved via photo-stimulable

phosphor (PSP). The indirect capture is acquired by

flatbed scanner or digital camera.

RVG, a CCD-based digital system, has been compared

with conventional films for determining working length.

This device has three components: The radio part con-

sists of a hypersensitive intraoral sensor (instead of the

conventional x-ray film) and a conventional x-ray unit.

The second component, the vision, consists of a video

monitor and display-processing unit. The third compo-

nent is the graphic, a high-resolution video printer that

instantly provides a hard copy of the screen image, using

the video signal. RVG allowed a substantial reduction in

the duration of endodontic procedures, because it effec-

tively eliminated the film-processing time. In the same

way, the zoom function had the potential to improve the

diagnostic performance by magnifying areas such as the

apical zone.

The image quality of a PSP-based system (Vistascan;

Dürr Dental GmbH, Bissingen, Germany) was found

to be superior to a CCD-based system (Sidexis; Sirona

Dental Systems GmbH, Bensheim, Germany). The latter

required lower radiation but was associated with more

retakes [32].

Tomography (micro computed tomography

[𝛍CT])

Tomography is a radiographic technique that produces

images of “slices” of teeth in thin sections. These sections

are then reassembled to generate a three-dimensional

image. Dental anatomy including buccolingual curva-

tures, shapes of the root canal spaces, and location of

the apical foramen (which is important in determining

or calculating the working length) can be visualized in

three dimensions. This method provides the additional

advantage of eliminating angled radiographs, because all

angled views are captured in just one exposure [33, 34].

This innovation was achieved because new hardware

and software was available to evaluate the metric data

created by μCT, thus allowing geometrical changes in

prepared canals to be determined in more detail [33].

Videography and intraoral cameras

Intraoral videography is a nonionizing diagnostic imag-

ing technique that uses miniature color CCD (charge

coupled device) chips. They have small fiberoptic probes

with video cameras attached to them. These devices are

useful in endodontics because they can display canal

morphology and perforations by inserting the fiberoptic

probe down the canal. The device is connected to a

computer that provides enhanced images for teaching

and patient education.

Direct digital radiography (DDR)

The DDR system consists of a programmed computerized

receiver that processes signals from an intraoral sensor

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

94 Current therapy in endodontics

stimulated by x-rays from a standard dental machine.

The signals are then transferred to a monitor as a large

regular radiograph.

One of the more-recent additions to the fourth

generation of RVG systems is the capability of on-screen

point-to-point measurements using multiple additive

points. This capability allows fast and accurate estima-

tion of working length in roots demonstrating severe

apical curvatures The RVG on-screen measurement util-

ity allows rapid additive multiple-point measurement of

digital images, automatically tallying the measurement

points on the screen to a tenth of a millimeter, because

it was expected that multiple measurements along

the curve of a canal would be more accurate than a

straight-line measurement from the reference point to

the apex. It was felt that if measurement points were

able to closely follow the curve, a true estimate of the

working length would be obtained.

Nonradiographic methods

M.M. Negm in 1982 introduced a novel method of

determining the length of root canal without the use

of radiographs, called the apex finder. This instrument is

used to locate the apex and measure the root length. In

this method, a fine plastic tapered bared shaft is inserted

through a beveled tube into the root canal. Resistance

to withdrawal indicates that some barbs have engaged

the apical margin; when this resistance is felt, the shaft

is marked at the level of the cusp tip. The distance

between the mark and the barbs, which caused the

resistance, is measured.

Another nonradiographic method is the audio metric

method. It is based on the principle of electrical resistance

of comparative tissue using a low-frequency oscillation

sound to indicate when similarity to electrical resistance

has occurred by a similar sound response. An instrument

is placed in the gingival sulcus and an electric current is

given until a sound is produced. This is then repeated

by placing an instrument through the root canal until

the same sound is heard. Thus, one can determine the

length of the tooth.

Electronic apex locators
An electronic apex locator (EAL) is an electronic device

used in endodontics to determine the position of the

apical foramen and thus determine the length of the

root canal space. An electronic method for determining

root length was first investigated by Cluster (1918) [35].

The idea was revisited in 1942 by Suzuki, who studied

the flow of direct current through the teeth of dogs. He

took these principles and constructed a simple device

that used direct current to measure the canal length.

It worked on the principle that the electrical resistance

of the mucous membrane and the periodontium reg-

istered 6.5 kilo-ohms in any part of the periodontium

regardless of the person’s age or the shape and type of

teeth [36]. He further stated that it is possible to use this

value of resistance in estimating the root length. The

device by Sunada in his research became the basis for

most EALs.

Although the term “apex locator” is commonly used

and has become accepted terminology, it is a misnomer

[37]. It may be more appropriate to use other terms such

as “electronic root canal length-measuring instruments”

or “electronic canal length measuring devices” [38–42].

These devices measure the change in electrical

impedance at the canal terminus. This is the reason

they are most accurate at showing when a file is in the

canal (not patent), and when a file is out of the canal

(patent). The location at which these two point meet is

the point of patency, or the canal terminus.

Operating principle of apex locators
An understanding of physics and current electricity is

essential to appreciate the operating principles of EAL.

Direct current (DC) is a fixed amount of current per

unit of time, whereas the amount of an alternating

current (AC) alternates with time. A structure of two

conductive materials with an insulator between them

forms an electrical device called a capacitor. This is able

to store charge. When a capacitor is connected to a

DC voltage source, electrons (negative charge) move

from one plate to another, making one plate acquire

a negative charge and the other a positive charge.

When the voltage source is disconnected, the capacitor

retains the stored charge, and a voltage remains across

it. The amount of charge that a capacitor can store is

called capacitance and is dependent on the nature of the

insulating material between the plates, the distance

between the conductors, and their surface areas.

All apex locators function by using the human body

to complete an electrical circuit. These features can be

compared to an endodontic file in the root canal, sur-

rounded by periodontium. The tooth can be compared

to a capacitor. Root canals are surrounded by dentin and
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cementum that are insulators to electric current and the

periodontal ligament (PDL); the AC and the file in the

root canal are all conductors of electricity. Therefore, an

endodontic file and the PDL surrounding the radicular

dentin act as conductors in a capacitor. The dentin and

the cementum within the root canal acts as the insulator

of the system (Figure 4.2).

Therefore, an electric circuit is formed that runs

through a clip on a file, through the root canal, out the

PDL, and finally through the mucosa and onto a clip

on the patient’s lip. The circuit is now complete, and

the electrical resistance of the EAL and the resistance

between the file and oral mucosa are now equal, which

results in the device indicating that the apex has been

reached.

An understanding of this can help the clinician to

maximize their use and avoid errors. The classification

presented here is based on the type of current flow and

its opposition, as well as the number of frequencies

involved (Table 4.1, Table 4.2, and Box 4.3).

File

Tissue + Solution inside the canal
with individual resistivity

Dentine Cementum

Alveolar Bone (insulator)

Periodontal ligament (conductor)

Apical Foramen (conductor)
Cross Sectional Area (A)

LENGTH

Figure 4.2 Diagrammatic representation of an endodontic instrument, the root canal system, and the electrical features [43]. The
resistance is 6.5 kΩ when a file touches the periodontal ligament space at the apical foramen.
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Box 4.3 Advantages and Disadvantages of Apex Locators

Advantages

Electronic apex locators reduce the number of radiographs required to determine working length [39, 77]. Thus, by decreasing the
total number of required radiographs, the patient’s exposure to radiation is also reduced.

They provide a greater precision in locating the apical foramen compared to the radiographic method [78, 79].
These devices can be used at any stage, and, if required, they can be used repeatedly during instrumentation to verify whether the

working length remains stable or not and can be adjusted accordingly.
Electronic apex locators are very helpful in multirooted teeth, where the radiographic method the radiographic method can be

complicated for measuring working length.
Endodontic procedures can take less time with the use of an electronic apex locator [80].
Locators are extremely useful in patients with acute gag reflex, in whom taking radiographs can be challenging.
Electronic apex locators can be used in pregnant women because they do not produce radiation.
The devices can be used when a dense zygomatic arch overlaps the apices of upper molars.
They can be used to detect perforations.
The technique is fast and easy and accurate.

Disadvantages

Electronic apex locators are devices the endodontist must have on hand.
The accuracy is influenced by the electrical conditions in the root canal.
They give inconsistent readings in teeth with open apices.
Some patients have sensed electrical impulses when apex locators are used, although this is not common [39].
Patients with cardiac pacemakers must consult with their physician before these devices are used on them [75].
They are relatively expensive.
The technique requires the clinician to be familiar with the device and learn how to interpret the readings. A period of learning is

a must for their efficient use.

Table 4.1 Generations of apex locators.

Generation Mechanism Examples

First (direct

current)

Measures resistance Root canal meter/Endodontic meter (Onuki Medical Co.,

Tokyo, Japan)

Second Measures impedance Sono Explorer Mark II (Hayashi Dental Supply, Tokyo, Japan)

Formatron 1V (Parkell Dental, Farmingdale, NY, USA)

Digipex 1, II, III (Mada Medical Products, Carlstadt, NJ, USA)

Third Uses two different frequencies at the same time to

measure the difference in impedance

Root ZX (J. Morita, Tokyo, Japan)

Neosono Ultima EZ (Satelec Inc, Mount Laurel, NJ, USA)

Apex Finder (Micro-Mega, Besançon, France)

Just II (Yoshida & Co., Tokyo, Japan)

Endex/Apit (Osada Electric Co., Tokyo, Japan)

Apex Finder AFA, Model #7005 (Sybron Endo/Analytic

Technologies, Orange, CA, USA)

Mark V Plus (Moyco/Union Broach, Bethpage, NY, USA)

Fourth Uses two or more frequencies to measure the

impedance ratio between two currents

Raypex 4 (VDW, Munich, Germany)

Elements Diagnostic Unit (Sybron Endo, Orange, CA, USA)

Propex (Dentsply)

iPex (NSK, Japan)

Neosono MC (Amadent, USA)
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Table 4.1 (Continued)

Generation Mechanism Examples

Fifth Measures the capacitance and the resistance of the

circuit separately

Propex II (Dentsply, York, PA, USA)

Raypex 5 (VDW, Munich, Germany)

i-Root (S-Denti Co., Seoul, South Korea)

Sixth Adapts to the root canal’s moisture characteristics Adaptive (Optica Laser, Sofia, Bulgaria)

Table 4.2 Characteristics of different generations of apex locators.

Generation Advantages Disadvantages

First:

resistance

type

Easy to operate and has a digital readout

Able to detect perforation

The device comes with a built-in pulp tester

Requires a dry environment

Results are not accurate or reliable in the presence of metallic

restorations

Requires calibration

Patient sensitivity is a concern because direct current is applied

Requires a lip clip and a file that fits snugly

Contraindicated in patients with pacemakers

Unreliable in teeth with perforations

Second:

impedance

type

Able to operate in the presence of electrolytes

No patient sensitivity because alternating current is used

Able to detect perforations

Requires calibration

Cannot use files and requires an insulated/coated probe

Does not have a digital readout

Difficult to operate

Third:

frequency

dependent

Easy to operate

Operates in the presence of fluids and electrolytes

Analog readout

Low-voltage electrical output

Requires calibration for each canal

Device is sensitive to the amount of fluid present

Needs to be fully charged before it can be used

Fourth: ratio

type

Reduced electrical noise Requires a relatively dry or partially dried canals

Fifth Best accuracy in the presence of fluids and exudates

Can be connected to the computer

Difficult to use in dry canals; may need additional insertion of

liquids

Sixth Eliminates the necessity of drying or moistening the canal

Generations of electronic apex locators
Resistance-based (first-generation) apex locators
First-generation apex location devices, also known as

resistance apex locators, measure opposition to the flow

of direct current or resistance on the tooth under investi-

gation. The Root Canal Meter/Endodontic Meter (Onuki

Medical Co., Tokyo, Japan) was developed in 1969. It

used the resistance method and alternating current and

worked at a frequency of 150 Hz. Endodontic Meter and

the Endodontic Meter S II (Onuki Medical Co.) used a

current of less than 5 μA [43].

These devices were found to be unreliable when com-

pared with radiographs, with many of the readings being

significantly longer or shorter than the accepted work-

ing length [44]. They were found to be accurate under

dry conditions, but electrolytic substances like sodium

hypochlorite caused a decrease in their efficiency and

measurements. Also, the capacitance component of the

circuit was not taken into consideration when designing

these apex locators. Furthermore, the patient often felt

pain due to high currents in the machines [45]. It also

gave inaccurate readings in obstructed canals, in teeth

with caries or defective restorations, and in cases of per-

forations.

Other examples in this generation are Neosono D,

MC, and Ultima EZ (Amadent), Apex Finder (EIE: old
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version). Today, most resistance-based electronic apex

locators are off the market.

Impedance-based (second-generation) apex
locators
Impedance-based apex locators, also known as single-

frequency impedance apex locators, measure opposition

to the flow of alternating current or impedance instead

of resistance. Impedance is composed of resistance and

capacitance. These devices operate on the principle

that there is electrical impedance across the walls of

the root canals (due to the presence of the transparent

dentin), which is greater apically than coronally. At the

level of the cementodentinal junction (CDJ), the level

of impedance drops dramatically. Impedance-based

locators were introduced to overcome the problems of

the first generation. Theoretically, they would be more

accurate; however, the impedance and therefore the

capacitance of the root canal was dependent on many

variables and varied between different root canals, thus

requiring individual calibration between each tooth.

This property was used to measure distance in dif-

ferent canal conditions by using different frequencies.

The change in frequency method of measuring was

developed by Inoue in 1971 and introduced in the

Sono-Explorer (Hayashi Dental Supply, Tokyo, Japan),

which calibrated at the periodontal pocket of each

tooth. This measures two impedances and identifies

the canal terminus when the readings approach each

other. The frequency of this impedance is directed to a

speaker that produces an auditory tone generated by

means of low-frequency oscillation. The most important

disadvantage of this device was the need for individual

calibration. This consisted of an insulated file that

was introduced in the gingival crevice, and the sound

produced was named the “gingival crevice sound.” Then

the conventional endodontic file was inserted into the

root canal, and when the sound produced by this file

became “identical” with the gingival crevice sound, the

rubber stop was aligned with the reference point, and

the measurement was taken. The Sono-Explorer Mark

III, introduced later, used a meter to indicate distance to

the apex [46].

To decrease the variable capacitance feature of the

circuit, a high-frequency (400 kHz) wave-measuring

device, the Endocater (Yamaura Seisokushu, Tokyo,

Japan), was introduced by Hasegawa and colleagues

(1986). This device consisted of an insulated file. The

sheath, however, caused problems because it would

not enter narrow canals, could be rubbed off, and was

affected by autoclaving. Furthermore, the device gave

inaccurate readings when used in canals containing

electrolytes [38, 47].

A number of second-generation apex locators were

designed and marketed, but all suffered similar problems

of incorrect readings with electrolytes in the canals and

also in dry canals. Some of them are the Apex Finder

and the Endo Analyzer (the combined pulp tester and

apex locator) (Analytic/Endo, Orange, CA, USA), which

are self-calibrating with a visual indicator but have had

variable reports of accuracy. These devices adjust their

sensitivity to compensate for the intracanal environment

and indicate on the display when the device should be

switched from a “wet” to a “dry” mode or vice versa.

The Digipex I, II and III (Mada Equipment Co.,

Carlstadt, NJ, USA) also combined a pulp vitality tester

with an apex locator. Czerw and colleagues (1995)

found the Digipex II to be as reliable as the Root ZX

in an in vitro study [41]. The Exact-A-Pex (Ellmann

International, Hewlett, NY, USA) is another example

that uses an audio signal and a light-emitting-diode

(LED) display [31]. This device always duplicated the

canal length as determined by visualizing the tip of a file

at the foramen of extracted teeth (Czerw et al., 1994).

The Formatron IV (Parkell Dental, Farmingdale, NY,

USA) is a small, simple device with an LED display [48].

It uses an alternating current and measures impedance

to measure the distance of the file tip to the apex; it

has also had variable results in terms of accuracy. Himel

(1993) found it to be accurate to ±0.5 mm from the

radiographic apex 65% of the time and within 1 mm

83% of the time. Some of the other apex locators

in this generation include Dentometer (Dahlin Elec-

tromedicine, Copenhagen, Denmark) and Endo Radar

(Elettronica Liarre, Imola, Italy).

The major disadvantage of second-generation elec-

tronic apex locators is that the root canal has to be

reasonably free of electroconductive materials to obtain

accurate readings. The presence of tissue and electro-

conductive irrigants in the canal changes the electrical

characteristics and leads to inaccurate, usually shorter

measurements [49].

Third-generation electronic apex locators
The major disadvantage encountered with second-

generation EALs was the need for a relatively large
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insulated probe to be used in the canal instead of a small,

uninsulated endodontic file. In an effort to improve the

accuracy and reliability of root canal length determina-

tion under normal clinical conditions, third-generation

EALs employed multiple AC frequencies to determine

the distance between an endodontic instrument and

the end of the canal, unlike second-generation EALs,

which only use a single AC of known frequency.

Third-generation devices work by monitoring changes

in impedance of the tooth at different frequencies:

a high one at 8 kHz and a low one at 400 Hz. In the

coronal portion of the canal, the impedance difference

between the frequencies is constant. As the file is

advanced through apical constriction, the difference in

the impedance value increases and reaches a maximum

value at the apical area [38, 50]. All apex locators

are equipped with a display screen or some indicators

and a type of alarm that visually and audibly indicate

both the proximity and the location of the apical

foramen.

Because the magnitude of impedance depends on

the measurement of the frequency, the use of two

frequencies gives the opportunity of observing the dif-

ference between the two results as the needle advances

in the root canal. Therefore, this is a comparative-

impedance method because it measures the impedance

difference, which can be converted into length infor-

mation. Because the impedance of a given circuit

may be substantially influenced by the frequency of

the current flow, these devices are also known as

frequency-dependent apex locators. These devices have

more powerful microprocessors and are able to process

the mathematical quotient and algorithm calculations

required to give accurate readings. The accuracy of

third-generation EALs tends to be unaffected by the

presence of electrolytes in the root canal space. They

have also demonstrated functional reliability with no

statistically significant difference in measurements

between teeth with necrotic or vital pulpal diagnoses

[51]. Third-generation EALs enjoy widespread use and

acceptance today (Figure 4.3).

Endex (Osada Electric Co., Los Angeles, CA, and

Tokyo, Japan) made the original third-generation

apex locator. It was first described by Yamaoka and

colleagues [52]. In Europe and Asia, it is available as

APIT. It uses a low AC but requires calibration for each

canal.

The Root ZX (J. Morita, Tokyo, Japan) is an example

of a self-calibrating third-generation apex locator based

on the ratio method. The ratio method works on the

principle that two electric currents with different wave

frequencies will have measurable impedances that can

be measured and compared as a ratio regardless of the

type of electrolyte in the canal. Kobayashi and Suda

(1994) showed that the ratio of different frequencies

have definitive values and that the ratio rate of change

did not change with different electrolytes in the canal

[51]. The change in electrical capacitance at the apical

constriction is the basis for the mechanism of the Root

ZX and its reported accuracy.

Root ZX is based on two electric currents, which

have a frequency of either 8 kHz or 400 Hz. Since its

introduction in 1992, it has become the benchmark to

which other apex locators are compared. It produces

more stable readings in the presence of electrolytes and

in the presence or absence of blood or other discharges,

in contrast to the second-generation EALs, which are

more accurate when the root canals are dry. Root ZX

Figure 4.3 A, Third-generation apex locator. B, Fourth-generation apex locator.
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has been researched and studied extensively in the

literature. The results give a combined accuracy of

90% to within 0.5 mm of the apical foramen or the

CDJ, depending on the reference point used, with

many studies reporting 100% accuracy if 1.0 mm is

accepted [53].

The Root ZX mainly detects the change in electrical

capacitance that occurs near the AC [50]. A micro-

processor in the device calculates the ratio of the

two impedances. The quotient of the impedances is

displayed on a liquid crystal display meter panel and

represents the position of the instrument tip in the

canal. This device has the advantage of not having to be

calibrated for each patient and makes it one of the most

efficient and versatile to use.

The Root ZX has been combined with a handpiece

to measure canal length when a rotary file is used

[54]. This is marked as the Tri Auto ZX (J. Morita Co.,

Kyoto, Japan) with an integrated hand-piece which

uses nickel–titanium (NiTi) rotary instruments that

rotate at 240 to 280 rpm [55]. The Tri Auto ZX has a

reported accuracy of 95%, similar to that of the Root

ZX, and has some additional safety features such as

auto-reverse when working length is reached [56–62].

The Dentaport ZX (J. Morita Co., Kyoto, Japan, and

J. Morita Mfg. Co., Irvine, CA, USA) is composed of

two modules: the Root ZX and the Tri Auto ZX. The

handpiece uses NiTi rotary instruments that rotate at 50

to 800 rpm.

Other apex-locating handpieces are the ultrasonic sys-

tem called SOFY ZX (J. Morita Co., Kyoto, Japan) and

the Endy 7000 (Ionyx SA, Blanquefort Cedex, France).

The SOFY ZX uses the Root ZX to electronically mon-

itor the location of the file tip during all instrumenta-

tion procedures [63]. The device minimizes the danger

of over-instrumentation.

The Apex Finder AFA (all fluids allowed) (EIE/

Analytic Endodontics, Orange, CA, USA) has five signal

frequencies and reads four amplitude ratios (EIE Ana-

lytic Endodontics 2002). The unit is self-calibrating and

can measure with electrolytes present in the canal. This

was only able to detect the apical constriction in 76.6%

of necrotic canals, but it was effective for 93.9% of vital

canals [64–66]. The principle behind this device, how-

ever, is similar to the impedance ratio-based devices.

It detects the canal terminus by determining a sudden

change in the dominant characteristic (capacitive or

resistive) of the impedance.

Neosono Ultima EZ (Satelec Inc., Mount Laurel,

NJ, USA)

The Neosono Ultima EZ is known in the Southern Hemi-

sphere as the DatApex (Dentsply Maillefer, Ballaigues,

Switzerland). It is the successor to the Sono Explorer

line of apex locators and uses a number of frequencies

to sample the canal, using the best two for its reading.

This unit was found to be 100% accurate in the ±0.5 mm

range in an in vitro model with dry and wet canals with

sodium hypochlorite, and it was the least susceptible to

operator influence [67]. The unit is mounted with a root

canal graphic showing the file position and has an audi-

ble signal. The ability to set the digital readout at 0.5 or

1.0 mm permits measurements of wide open canals as

well. This is also available with an attached pulp tester,

called the Co-Pilot.

There are several other third generation apex loca-

tors in use world-wide. These include the Justwo or

Justy II (Yoshida Co., Tokyo, Japan), the Mark V Plus

(Moyco/Union Broach, Bethpage, NY, USA), and the

Endy 5000 (Loser, Leverkusen, Germany).

Fourth-generation apex locators
Fourth-generation devices measure and compare the

complex electrical characteristic features of the root

canal at two or more frequencies of electrical impulses

[7, 36]. They measure resistance and capacity separately,

rather than the resultant impedance (Figure 4.3). There

can be different combinations of values of capacitance

and resistance that determine the same impedance (and

thus the same apical constriction reading). Separate

measurements of primary components permit better

accuracy. In addition, the device named Elements uses

a lookup matrix rather than making any internal

calculations.

It is important to note that although the fourth-

generation devices use different frequencies, only one

frequency is used at a time (unlike third-generation

EALs, which use both simultaneously). The manufac-

turers claim that by doing this and by then calculating

the standard deviation of the differences between the

two frequencies, they increase the accuracy of the

device [7]. This also eliminates the need for a filter

(source for the noise).

The fourth-generation apex locators are marketed by

Sybron Endo and include the Apex Locator and the Ele-

ments Diagnostic Unit. Both are ratio-type apex locators

that determine the impedance at five frequencies, and
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both have built-in electronic pulp testers. The Ray-Pex 4

and 5 (Forum Engineering Technologies, Rishon Lezion,

Israel) are also examples of this generation.

Elements Diagnostic Unit and Apex Locator do not

process the impedance information as a mathematical

algorithm, but instead they take the resistance and

capacitance measurements and compare them with

a database to determine the distance to the apex [7].

Introduced in 2003, these use a composite waveform

of two signals, 0.5 and 4 kHz, compared with the

Root ZX at 8 and 0.4 kHz. The signals go through a

digital-to-analog converter to be converted into an

analog signal, which is then amplified and passed to the

patient circuit model, which is assumed to be a resistor

and capacitor in parallel. The feedback signal waveforms

are then fed into a noise-reduction circuit. This reduces

error and produces consistently more accurate-readings

[7]. A significant disadvantage of this generation is that

they need to perform in relatively dry or in partially

dried canals [49].

When using the Elements Diagnostic Unit, the

clinician should withdraw the file to the 0.5-mm

mark instead of the 0.0-mm mark to achieve the

accurate identification of the apical constriction that

they assumed should be 0.5 mm short of the external

(major) foramen. Therefore, taking the file to the 0.0

mark on the display and then withdrawing it 0.5 mm

appears to be the most accurate way to use this device.

(Figure 4.4)

Fifth-generation electronic apex locators
Fifth-generation EALs were developed in 2003 and mea-

sure the capacitance and resistance of the circuit sep-

arately. Hence they are also known as dual-frequency

ratio type apex locators (Figure 4.5). The device is sup-

plied by a diagnostic table that includes the statistics of

the values at different positions to identify the position

of the file. Devices employing this method experience

considerable difficulties while operating in dry canals;

therefore, additional insertion of irrigants or lubricants

are required [68]. During clinical work it was noticed

that the accuracy of electronic root canal length mea-

surement varies with the pulp and periapical condition

[69]. Thus, pulp condition and periapical diseases should

be considered to evaluate the accuracy of apex locators.

Some examples in this generation are E-Magic Finder

Apex Locator, I-Root EMF 100 Deluxe (Meta Biomed,

Chongju, South Korea), and Joypex 5 (Denjoy, Chang-

sha City, China).

Sixth-generation electronic apex locators
So far, five generations of instruments have been

created that constantly evolve and are being improved.

Currently, fourth- and fifth-generation devices are
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Figure 4.4 Clinical use of an apex locator.
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Figure 4.5 A, Fifth-generation apex locator. B, Sixth-generator apex locator.

mostly employed. This combines Prof. Sunada’s method

for “dry” canal measurement and a method of Prof.

Kobayashi’s for “wet” root canal measurement. The

adaptive apex locator overcomes the disadvantages of

the fourth-generation popular apex locator’s low accu-

racy in working in wet canals, as well the disadvantages

of fifth generation’s difficulty in working in dry canals

and necessity of compulsory additional wetting. The

purpose is to adapt to the manner of measuring in

accordance with the actual characteristic features of the

environment to measure [69].

The adaptive apex locator continuously defines

humidity of the canal and immediately adapts to dry or

wet canal. This way it can be used in dry and in wetted

canals, in canals with blood or exudates, and in canals

in which the pulp has not yet been extirpated. Measure-

ment with the adaptive apex locator has made it possible

to eliminate the necessity of drying or moistening the

canal, as well as to achieve a high degree of measure-

ment precision in the presence of blood, liquid, or

sodium hypochlorite or while manipulating dry canals

Due to modern technology, the sixth-generation

adaptive apex locator is a pleasant, small device no larger

than a dentist’s palm. The device is the first “talking”

apex locator. Depending on the constantly measured

moistness, and entirely on its own, the device adapts

the measuring method for either a dry or a wet canal.

Other uses of apex locators
All modern apex locators are able to detect root perfora-

tions to clinically acceptable limits and are equally able

to distinguish between large and small perforations [70].

Suspected periodontal or pulpal perforation during pin-

hole preparation can be confirmed by all apex locators,

because a patent perforation will cause the instrument to

complete a circuit and indicate the instrument is beyond

the apex [11]. Furcation perforations may be detected if

“Apex” is registered immediately upon file insertion into

a would-be canal. Strip perforations can be detected and

their position measured when “Apex” is reached well

short of the estimated working length. Apical perfora-

tions may be detected when a sudden change in working

length is noted when reverifying working length. Once

an apical perforation occurs, the “Apex” may register at

a location that was previously short of the initial greater

foramen “Apex” reading. Another use for an EAL is post

perforation detection [71].

Any connection between the root canal and the

periodontal membrane such as root fracture, cracks,

and internal or external resorption will be recognized
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by the apex locator [72]. They can be used to detect

horizontal fractures, and some are also helpful in

root canals of teeth with incomplete root formation,

requiring apexification [73].

EALs can be used safely in pacemaker patients

because most modern pacemakers are shielded to block

outside electromagnetic interference, and direct wiring

of the apex locator to the pacemaker does not occur

clinically [74, 75]. However, manufacturers still warn

against using an EAL in cardiac pacemaker patients

because electrical stimulation to such patients could

interfere with the pacemaker’s function [71]. An

appropriate consult with the patient’s cardiologist is

mandatory.

Multiple-function apex locators are becoming more

common, and several have vitality testing functions.

Combination electronic apex locators and electric hand-

pieces are also becoming common (described earlier in

the chapter) and are able to achieve excellent results

with the same accuracy as the stand-alone units [75–80].

Variables affecting the accuracy of apex
locators
New generations of EALs could be confidently used

for working length measurement in the presence of

tissue fluids or different electrolytes. Intact vital tissue,

inflammatory exudate, or blood can conduct electric

current and can cause inaccurate readings; hence,

their presence should be minimized during the use of

these devices [63]. Other conductors that can cause

inaccurate readings are metallic restorations, caries,

saliva, and instruments in a second canal. Care must be

taken if any of these variables exist. Type of alloy used

for endodontic files does not seem to affect accuracy,

with the same measurements being obtained in the

same root canal using stainless steel and nickel–titanium

instruments [81].

Lack of patency, the accumulation of dentin debris,

and calcifications can affect accuracy of working length

determination with electronic apex locators [39, 71].

Preflaring does not seem to affect the accuracy of these

devices. Even in mechanically enlarged canals, small

or large files gave the same electronic reading [61].

Canal patency is more important, because dentin debris

may disrupt the electrical resistance between the inside

of the canal and the periodontal ligament. Constant

recapitulation and irrigation ensures accurate electronic

length readings during instrumentation [82].

The size of the apical foramen also has an influence

on electronic length determination. As the width of the

major foramen increases, the distance between file tip

and foramen also increases, and thus the size of the

root canal diameter should be estimated first and then

a snug-fitting file should be chosen for determining

the root canal length because small files can affect the

reliability of the measurements [83].

In a study with Root ZX, in teeth with large canals, it

was not necessary to match the canal diameter with a

corresponding file. A small file is just as likely to find the

apical constriction as a large file in wide-diameter canals.

In that same study, the apex locator identified the api-

cally constricted area of the canal even in the absence of

an anatomic apical constriction [71]. In canals with sim-

ulated apical root resorption, it was concluded that the

Root ZX can be used to accurately determine the work-

ing length as “Apex,” even in the absence of an apical

constriction [84].

Immature or “blunderbuss” apices tend to give short

measurements electronically due to the instruments not

touching the apical dentine walls [73]. Other methods

for determining length should be considered. The api-

cal extent of the root canal system of primary teeth is

difficult to determine. Adjunctive methods should sup-

plement the use of EALs.

Recommended working length technique:
combination of EAL and radiographic
method
Accurate determination of the working length is a cru-

cial part of successful root canal treatment. In addition to

radiographic measurements, electronic working length

determination has become increasingly important. The

electronic method reduces many of the problems asso-

ciated with radiographic measurements. Its most impor-

tant advantage over radiography is that it can measure

the length of the root canal to the apical foramen, not to

the radiographic apex [43].

Guidelines recommend a combination of electronic

and radiographic methods for determining working

length [85]. This is in line with several studies that have

recommended that an EAL reading should be radio-

graphically confirmed to reduce the chances of erro-

neous working length determination.[72, 73, 82, 83, 86]

This recommendation is further supported by the com-

plexity and variability of the apical part of the root canal,

which makes it obligatory to use multiple techniques
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in the same canal to determine working length. The

higher accuracy of the combined method is nearly 96%.

“Digital radiography uses sensors to produce elec-

tronic radiographic images that can be viewed on a mon-

itor and that allow for a reduction in radiation exposure;

sensors can be integrated with intraoral digital cameras

and patient management database software” (American

Association of Endodontists, 2003). As a result, to

reduce the radiation dose, the use of digital radiographs

instead of conventional radiographs in combination

with EALs is advised for determining the working

length [77]. EALs are not meant to replace radiographs

but to add to the information provided by them.

Conflicts in the length measurements given by the two

techniques have also been reported. If the radiographic

image of the indicated EAL length appeared to be well

short of the radiographic apex, the EAL reading should

be chosen because this should be closer to the vicinity of

the AC. This is recommended but is not mandatory. If the

radiographic length is short by more than 3 mm of the

desired position, the length should be adjusted and con-

firmed by another radiograph. It might also be helpful

to use tactile sensation in such situations.

Another advantage of the combined method is the

reduction in the number of radiographs needed for

determining the working length, meaning clinical time

and radiation hazards are reduced, specially while

treating maxillary molars. EALs cannot help the clin-

ician determine canal width, canal curvature, or the

number of canals. However, EALs offer the advantage of

measuring the canal to the level of its terminus instead

of its radiographic apex. Meanwhile, the radiographic

method has the advantages of being able to inspect root

anatomy and document it in patient records. The canal

lengths measured on cone-beam computed tomography

(CBCT) images were highly correlated with electronic

lengths. More studies are required before implementing

CBCT as a method for determining working length.

Clinical troubleshooting of apex locators
The first thing to check if your EAL is not functioning

are the batteries and/or power source, because some

units do not operate effectively when the charge falls

below 50%. As with any electronic device, short cir-

cuits will render the unit inoperative. Presence of any

dentinal shelves or considerable debris in the canals will

give an erratic or a premature reading. Often in roots

with severe curvatures, the length is shortened slightly

during routine shaping, and thus confirming the length

at this stage will enhance the accuracy of the readings.

The current generation of EALs requires the mea-

suring electrode (usually a K-file) to not touch any

metallic restorations or be in contact with electrolyte

solutions in the coronal pulp chamber. Often, solutions

in the pulp chamber can cause a short circuit. This is

especially important in multirooted teeth, because the

canals must be isolated from one another. If isolation

from a metallic restoration is a problem, you can paint

the upper part of the K-file with nail varnish, thus

providing an insulating barrier. Another alternative is

to fill the access cavity with a nonconducting gel.

To check for perforations, place the tip of the K-file

into the catch. If you get a reading that the apex has been

reached, there is a possibility of a perforation. This can

be confirmed with radiographs. At the mid-root level, a

similar reading might indicate a horizontal root fracture

or even a large lateral canal.

To confirm whether the apical constriction has been

reached, audible signals generated by the EAL are very

helpful, because it is often difficult to ensure that the

file is not touching metallic restorations and at the same

time observe the graphical display on the unit. The file

is slowly advanced until the audible signal changes to a

higher frequency, which then changes to a continuous

signal on advancing the file further. This can be taken as

the file position beyond the apex. The file can be slowly

withdrawn until the sound returns to a low pitch.

It is important to calibrate your EAL because each unit

is unique, and even EALs from the same manufacturer

can give slightly different readings. When working

on an upper tooth whose roots are very close to the

maxillary sinus, caution needs to be exercised because

the file can penetrate into the sinus and thus give an

inaccurate reading. Therefore, it is advisable to confirm

the length electronically at least twice. A radiograph

should be taken if you are repeatedly getting variable

length. Figure 4.6 summarizes the troubleshooting of

apex locators.

Determining working length in teeth
with open apices

The term open apex is often used to describe an excep-

tionally wide apical foramen, in which preparation of

an apical “stop” is difficult, if not impossible, to achieve.
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Figure 4.6 Troubleshooting the apex locator.

This may be due to trauma, extensive apical resorption,

root end resection, or over-instrumentation. In such

teeth, the radiographic interpretation of canal length is

even more difficult due to the altered apical anatomy

and the missing periodontal ligament space at the

apex [87, 88]. Apex locators are of little use in such

situations, because the wide root canals associated with

open apices adversely influence the function of apex

locators [58, 84, 89, 90].

The apical constriction is considered to be the narrow-

est region of the apical portion of the root canal sys-

tem. However, it is not always present in cases of root

resorption associated with pulp and periapical pathosis

or in teeth with open apices. The European Society of

Endodontology recommends using an EAL followed by

confirming the canal length with an undistorted radio-

graph during root canal treatment.

As mentioned earlier, if the instrument in the canal

appears to be more than 3 mm from the radiographic

apex, the working length needs to be adjusted. The paper

point technique using the tactile method may be used

in such cases (Figure 4.7). It was found to be compa-

rable to radiography and unaffected by the size of the

apex or the presence of periapical pathology. The tech-

nique involved using a size 30 paper point placed in the

canal and advanced until resistance was felt. A short-

coming of the technique is that if periapical soft tissues

extend into the canal, the method can underestimate the

working length. This technique requires the canal to be

completely dry and the periapical tissues to be relatively

moist. In open apices, the control of moisture is difficult

because the contact area to the inflamed periapical tis-

sues is large, and excess moisture is common, which can

result in measurement errors.

Additionally, there is the potential for overfill when

the level of the apical terminus, affected by pathological

resorption, is uneven. To overcome this problem,

Williams and colleagues proposed a tactile method

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

106 Current therapy in endodontics

Figure 4.7 Determining working length in an open apex [91].

involving the use of a size 25 K-file bent at the tip,

with its orientation marked with a silicone ring [87].

The file was bent to facilitate ease of use. This method

may be restricted to relatively straight canal curvatures.

Clinical trials are needed to further assess this method,

especially in curved canals.

More research is necessary on how best to image the

very fine detail of root apices. Clinically, owing to their

limitations, the use of EALs and radiographs should

be supplemented with other methods, especially when

treating very wide apical terminations.

Short note on reference points

A reference point that will not change between the

treatments should be selected. Whereas one point of

measurement of a working length refers to the end of

the preparation, another point may vary considerably.

In anterior teeth, this point is usually the incisal edge,

but in broken-down teeth, length may be measured

either from the adjacent teeth or from the projecting

portion of the remaining structure. In posterior teeth,

buccal canals are measured to the buccal cusp tip, and

the palatal canal may use either cusp tip as a reference.

In addition to recording the working length of the canal,

the reference point from which it is measured should

be similarly recorded.

Stop attachments should be placed on the instruments

perpendicular to the long axis of the instrument. Care

should be taken that they are not pushed up the shaft

during use because this can give an inaccurate or elon-

gated working length, thus leading to apical perforation

and problems thereafter.

Conclusion

Technological evolution is the hallmark of all scien-

tific and clinical effort. No individual technique is

truly satisfactory in determining the working length.

Electronic devices find their usefulness when root

canals are covered by anatomical structures or there

are pathological processes on the tooth. The use of

electronic devices can reduce radiographic exposure

for the patient, because the operator may need fewer

radiographs to correctly determine the working length.

Modern apex locators can determine the position of the
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CDJ with 90% accuracy but still have limitations. It is

important to note that an electronic device is not an

absolute substitute for radiographs and should be used

as an adjunct. Knowledge of the apical anatomy, use of

radiographs, and the proper use of apex locators will

help the clinician in achieving good results.
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Questions

1 How far short of the anatomical apex would one normally

prepare the root canal?

A 0 mm

B 0.5 mm

C 1 mm

D 1.5 mm

E 2 mm

F 2 mm

2 A working-length radiograph has a file inserted 17 mm. It is

2.5 mm short of the anatomical apex. What is the true

working length?

A 17 mm

B 18.5 mm

C 19 mm

D 19.5 mm

3 An electronic apex locator may be useful when

A The patient is physically impaired

B Anatomic structures overlay the root apex

C A pregnant patient wishes to avoid x-ray exposure

D All of the above

4 The working length of a tooth refers to

A The total length of a tooth from crown tip to root tip

B The measured length of a radiograph of the tooth

C The distance between a reference point on the crown

and the apical limit of the tooth

D None of the above

5 The most unreliable technique for determining working

length is

A The patient’s response

B An apex locator
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C Radiography

D Tactile feedback

6 Which of these is the usual reference point for a molar?

A Level of access cavity

B A cusp tip

C A rubber stop

D A graduated seeker file

7 Which of these would not sometimes give a false reading on

an electronic apex locator?

A Lateral canal

B Root fracture

C Contact with metal restoration

D Fluid in canal

E Pulp stone
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Root canal filling
Priyanka Jain1, Mahantesh Yeli2, and Kakul Dhingra3

1Dubai, UAE
2SDM College of Dental Sciences and Hospital, Dharwad, India
3Colaba, Mumbai, India

Obturation of the radicular space is one of the areas

in endodontics that receives the most attention. Obtu-

ration of the root canal space has been described in

various ways for well over 100 years. It has been over

four decades since the late Dr. Herbert Schilder pub-

lished his article on filling the root canal space in three

dimensions, making it one of the pillars of successful

endodontic treatment.

In 1967, Grossman described his classic principle of

hermetic seal of the canal. Since then, the ultimate goal

of endodontic obturation has remained the same: a true

hermetic seal. The word hermetic means sealed against

the escape or entry of air or made airtight by fusion or

sealing. Therefore, it is a seal with no coronal, apical,

or lateral leakage of any kind whatsoever. It is a seal

that will maintain the root canal therapy that has been

performed by preventing the ingress of microorganisms,

thereby preventing secondary infections. Along with

this, an additional objective has been to create a clinical

technique so user friendly that it results in a majority of

the dentists performing the best possible obturation [1].

Endodontics has witnessed a true evolution in recent

years. The main ingredient that creates the seal in all of

the obturation techniques (silver points, lateral conden-

sation, and thermoplastic methods) is the sealer. Sealer,

along with solid obturating material, acts synergistically

to create a hermetic seal. This chapter talks about the

evolution of sealers from the conventional zinc oxide

eugenol to the current ones like resin-based sealers,

MTA-based sealers, and bioceramics. The monoblock

concept is also explained in detail. The text also dis-

cusses at length the more recent and current obturating

core materials and systems in use.

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
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Conventional sealers

The use of a sealer during root canal obturation is essen-

tial for success. It enhances the possible attainment of

an impervious seal and also serves as a filler for canal

irregularities and minor discrepancies between the root

canal wall and core filling material. Sealers are often

expressed through lateral or accessory canals to assist

in microbial control should there be microorganisms

left on the root canal walls or in the tubules [2, 3].

They also serve as lubricants, enabling thorough com-

paction of the core-filling material. A good sealer must

be biocompatible, well tolerated by the periradicular

tissues, nontoxic, and absorbable when exposed to

tissues and tissue fluids. Excessive sealer should not

routinely be placed in the periradicular tissues as part of

an obturation technique.

Sealers and cements can be classified according to

their prime constituent, such as zinc oxide eugenol

(ZOE), polyketone, epoxy, calcium hydroxide, sili-

cone, resin, glass ionomer, or resin-modified glass

ionomer (Table 5.1). However, many of the sealers

are combinations of components, such as zinc oxide

eugenol and calcium hydroxide [4]. Epoxy-based and

methacrylate-based resin sealers that can be bonded to

the root canal dentin (but not to gutta-percha) are also

available [5].

Early sealers were modified ZOE cements based on

Grossman’s or Rickerts’s formula that were widely

used throughout the world. Their setting reaction is a

chelation reaction occurring between eugenol and the

zinc ion of the zinc oxide. The decreased setting shrink-

age associated with the ZOE-based sealers [6] may be
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Table 5.1 Classification of root canal sealers.

Type Brand Manufacturer

Zinc oxide eugenol Roth Roth Inc., Chicago, IL, USA

Kerr PCS Kerr, Romulus, MI, USA

Endomethasone Septodont, Saint-Maur des Fossés, France

Glass ionomer Ketac-Endo 3M ESPE, St. Paul, MN, USA

Epoxy resin AH Plus

AH 26

Dentsply Maillefer, Ballaigues, Switzerland

Methacrylate resin First generation: Hydron Hydron Technologies, Pompano Beach, FL, USA

Second generation: EndoREZ Ultradent, South Jordan, UT, USA

Third generation: Epiphany

Fibrefill

Pentron Clinical Technologies, Wallingford, CT, USA

Fourth generation: Realseal SE

Metaseal SE

Smartseal

Sybron Endo, Orange, CA, USA

Parkell Inc, Stamford, UK

Silicone RoekoSeal

GuttaFlow

Roeko/Coltene/Whaledent, Langenau, Germany

Mineral trioxide aggregate Endo-CPM-Sealer EGEO srl, Buenos Aires, Argentina

MTA Obtura

MTA Fillapex

Angelus, Londrina PR, Brazil

Calcium phosphate Capseal I

Capseal II

Sankin Apatite Sealer, Sankin Kogyo, Tokyo, Japan

Calcium-silicate-phosphate–based bioceramic Endosequence Brasseler, USA

iRoot BP

Bioaggregate

Innovative Bioceramix, Vancouver, Canada

explained by the fact that the setting reaction at times

also occurs with the zinc oxide phase of gutta-percha

along with the calcium ions of dentin.

Despite their advantages (easy to handle, antimicro-

bial, decreased dimensional change, and low shrinkage),

sealing properties of ZOE sealers were inferior in com-

parison to other sealers due to their relatively high

solubility, thus leading to a weak adhesion between

gutta-percha and the sealer [7].

The challenge, therefore, has been to find a sealer that

would simultaneously bond to the canal wall and to the

gutta-percha cone or a similar core material. Endodontic

science has realized that if it could satisfy such a chal-

lenge, we would then have the possibility of creating a

true monoblock (explained later in the chapter).

To overcome the problem of microleakage and short-

comings of bonding of material to the tooth structure,

Buonocore [8] in 1950 had introduced the acid-etch

technique. The ideal product should provide a good

adhesion to both dentin and the obturating material,

be hydrophilic, and have a dimensional stability of low

solubility and shrinkage or expansion of the material.

Ease of application along with good radiopacity is also

necessary.

Resin cement sealants have been developed, thereby

improving the root canal seal and imparting it more

strength as compared to the conventional materials

[9, 10]. These also include silicon-based sealers, epoxy

resin–based sealers, and mineral trioxide aggregate

(MTA)-based sealers.

Modern sealers

Epoxy resin–based sealers: AH Plus
(Dentsply Maillefer, Tulsa, OK, USA)
AH Plus was introduced to overcome the shortcomings

of its precursor, AH 26. Retaining the advantageous

properties of AH 26 (high radiopacity, low solubility,

little shrinkage, and good tissue compatibility), and

eliminating certain disadvantageous properties such
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as a tendency to discolor and the release of formalde-

hyde, AH Plus was introduced. AH Plus consists of a

paste–paste system (amine and epoxy), delivered in two

tubes in a double-barrel syringe called the AH Plus Jet

for better mixing.

AH Plus retains the epoxide–amine chemistry of

AH 26, which contains radiopaque fillers and aerosol

[10]. However, three different types of amines were

added to the amine paste, namely 1-adamantane amine

N,N′-dibenzyl-5-oxa-nonandiamine-1,9 TCD-diamine.

In addition to the diepoxide, the epoxide paste contains

radiopaque fillers like calcium tungstate, zirconium

oxide, and aerosil.

According to the ISO standard for root canal sealing

materials, the film thickness of the sealer should be less

than 50 mm. AH Plus sealer, because of its thixotropic

nature, is as thin as 26 mm, which is below the required

value. [11]. Hence, it has greater adhesion to root

dentin. It can also penetrate better into the irregularities

of the anatomy of canals due to its creep capacity

and long setting time. It has no genotoxic effects or

mutagenic effects in vivo [11]. Due to its excellent

properties, such as low solubility, small expansion,

adhesion to dentin, and very good sealing ability, AH

Plus is considered a gold standard [1].

GuttaFlow Sealer (Coltène/Whaledent,
Altstätten, Switzerland)
Silicone was introduced as a root canal sealer in 1984.

These sealers exhibit comparatively little leakage, are

virtually nontoxic, and display no antibacterial activity.

Silver particles are added as preservative [12–15].

GuttaFlow demonstrates good spreadability with both

ethylenediamenetetraacetic acid (EDTA) and sodium

hypochlorite (NaOCl). The reason for this is the increase

in the surface energy of the root dentinal wall free

of the smear layer [15]. A gutta-percha–containing

silicone sealer expands slightly, and thus leakage was

reported to be less than for AH 26 with gutta-percha

over a period of 12 months [4].

GuttaFlow 2 Fast (Coltène/Whaledent, Altstätten,

Switzerland), is an advanced next-generation product of

GuttaFlow using gutta-percha powder with particle size

of less than 30 nm. It is available in dual barrel syringes

with mixing tips and capsules. GuttaFlow Bioseal has

been introduced with the natural repair mechanism of

regeneration by forming hydroxyapatite crystals. This is

also available as an automix syringe.

Nanoseal Plus Sealer
Researchers from Universiti Sains Malaysia developed

the first endodontic sealer based on nanotechnology,

which actively seals tiny gaps. It is made of calcium

phosphate hydroxyapatite nanoparticles ranging from

40 to 60 nm. Thus, Nano Seal Plus has a similar structure

to the tooth. These particles can penetrate the dentinal

tubules and enter accessory canals to ensure that all the

spaces are effectively sealed. The sealer is biocompat-

ible, has antibacterial effect, has apical healing ability,

provides a good hermetic apical seal, is inexpensive,

and prevents leakage by increasing adhesive strength.

Bioceramics: iRoot SP/Endosequence Sealer
(Brasseler, Savannah, GA, USA)
The properties associated with bioceramics, such as

being nontoxic, are very advantageous to dentistry.

They can be classified [16–18] as bioinert, bioactive,

or biodegradable. Bioinert materials do not interact

with biological systems. Bioactive materials are durable

tissues that can undergo interfacial interactions with

surrounding tissue. Biodegradable materials eventually

replace or are incorporated into tissue.

Numerous bioceramics are currently in use in den-

tistry. Alumina and zirconia are among the bioinert

ceramics used for prosthetic devices. Calcium silicates

such as MTA and BioAggregate (DiaDent, Burnaby,

BC, Canada) have been used in dentistry as root repair

materials and for apical retrofills.

Bioceramics are biocompatible, are nontoxic, do not

shrink, and are chemically stable within the biological

environment. Most importantly, they do not result in

an inflammatory response if an overfill occurs during

the obturation process. This is of prime importance in

endodontics. A further advantage of the material is its

ability to form hydroxyapatite and to create a bond

between dentin and the appropriate filling materials.

EndoSequence BC Sealer (Brasseler) makes use of all

the above-mentioned advantages associated with bioce-

ramics. It is a nontoxic hydraulic calcium silicate cement

for use as an endodontic sealer. This is also known as

iRoot SP (injectable root canal sealer) (Innovative

BioCeramix, Vancouver, BC, Canada) [16, 19, 20]. The

major inorganic constituents include tricalcium silicate,

dicalcium silicate, calcium phosphates, colloidal silica,

and calcium hydroxide. It also contains zirconium oxide

as a radiopacifier and a water free-vehicle that thickens

the paste system. It is available as a premixed paste in
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a syringe with intraoral tips to deliver the paste inside

the root canals [21, 22], thus improving convenience

and delivery. The introduction of a premixed sealer

eliminates the potential for heterogeneous consistency

during mixing.

Endosequence BC sealer does not set until it is water

activated and hence uses the moisture present in the

dentinal tubules after the last irrigation to initiate the

setting process, speed up the hydration reaction, and

thereby reduce the overall setting time. When the

sealer is placed in the root canal, the material absorbs

water from the dentin tubules, causing a hydration

reaction of the dicalcium silicate and tricalcium silicate.

Calcium phosphate reacts with calcium hydroxide at

the same time to precipitate hydroxyapatite and water.

This water continues to be used for the hydration of

the calcium silicates and leads to the formation of a

composite network of gel-like calcium silicate hydrate,

which mixes with the hydroxyapatite bioceramics and

forms a hermetic seal inside the root canal. The pH

during the setting process is very alkaline (pH 12.9),

which increases its bactericidal properties.

A study on bioceramic sealer showed that even if the

sealer extrudes out of the canal, the patient might not

experience any pain as compared to other conventional

sealers, because the sealer hardens to form hydroxya-

patite, which is osseoconductive [23]. This hydroxya-

patite has the ability to expand and harden inside the

canal, which helps to create a perfect seal with the walls.

Conventional retreatment techniques can be used to

remove this sealer when it is used in combination with

gutta-percha, but Hess and colleagues [24] observed

in retreatment cases that removal of bioceramic sealer

using solvent and a rotary instrument and reaching the

correct working length was not easy, and patency was

gained in only 20% of their experimental samples.

According to Ghoneim and colleagues [25],

bioceramic-based sealer is a promising sealer in terms of

increasing in vitro resistance to the fracture of endodonti-

cally treated roots, particularly when accompanied with

ActiV GP cones. Further studies need to be conducted

to evaluate the cytotoxicity of EndoSequence BC sealer.

Mineral trioxide aggregate–based sealers
In 1993 Torabinejad introduced MTA, a calcium-based

material, in endodontics. This has been vastly rec-

ommended for pulp capping, pulpotomy, forming an

apical barrier, repairing root perforation, and root canal

obturation. In 1999, Holland and colleagues concluded

that MTA as a sealer induces closure of the main apical

foramen by deposition of cementum in the absence

of inflammatory cells (Box 5.1). It produces calcium

hydroxide, which is released in solution and produces

an interstitial layer that resembles hydroxyapatite struc-

tures in simulated body fluids. The moisture (biological

fluids) is necessary to initiate the setting reaction and to

induce bioactivity resulting in the formation of apatite

precipitates

MTA is composed principally of Portland cement with

the addition of bismuth trioxide to render it radiopaque.

Being an entirely inorganic material, Portland cement

undergoes chemical shrinkage following hydration.

Moreover, hydration forms calcium silicate hydrate

(CSH) gel that adheres to the gutta-percha cone. Its role

as a sealer where it adheres well to dentin and obturat-

ing material, its cohesive strength, wetting properties,

low viscosity, cytotoxicity, and biocompatibility were

later compared to other sealers.

The novel sealer based on MTA has efficacious seal-

ing ability. When in contact with a simulated body fluid,

the MTA releases calcium ions in solution and encour-

ages the deposition of calcium phosphate crystals. But

MTA-based root canal sealers do not fulfill all the criteria

described by Grossman. Most experiments are labora-

tory based or in animal models, which may differ from

a clinical scenario.

Currently, MTA sealer formulations include Endo

CPM Sealer (EGEO SRL, Buenos Aires, Argentina),

MTA Obtura (Angelus Odonto, Londrina, Brazil),

ProRoot Endo Sealer (Dentsply Maillefer, Ballaigues,

Switzerland), and Fillapex (Angelus Odonto). (Box 5.1)

Pro-Root Endo Sealer (Dentsply Tulsa)
ProRoot Endo Sealer is a calcium silicate–based

endodontic sealer used in either lateral warm vertical

or carrier-based obturation techniques. The major com-

ponents are tricalcium silicate and dicalcium silicate,

with inclusion of calcium sulfate as setting retardant,

bismuth oxide as a radiopacifier, and a small amount of

tricalcium aluminate. Tricalcium aluminate is necessary

for the initial hydration reaction of the cement. The

liquid part consists of viscous aqueous solution of a

water-soluble polymer to improve the workability and

flow. Its addition does not affect the biocompatibility

of the material [26–29] or alter the hydration charac-

teristics of MTA. When placed in the canal, it releases
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Box 5.1 Mineral trioxide aggregate as a root canal sealer

Advantages

Compatible and stimulates mineralization
Antimicrobial
Forms hydroxyapatite on the surface and provides a biological seal
Bioactive; i.e., it encourages differentiation and migration of hard tissue–producing cells
Exhibits high adhesiveness to dentin as compared to other conventional sealers
Sealing ability is similar to that of epoxy resin–based sealers
Forms calcium hydroxide that releases calcium ions
Nontoxic and nonmutagenic
Provides effective seal against dentin and cementum and promotes biological repair and regeneration of the periodontal ligament

Disadvantages

Can cause discoloration due to the release of the ferrous ions
Long setting time
Short working time of less than 4 minutes
Inadequate compressive strength
Improper handling characteristics
No known solvent is available

calcium and hydroxyl ions from the set sealer liquid,

producing hydroxyapatite, which aids in the formation

of a physical bond between sealer and MTA.

Endo CPM Sealer (EGEO SRL)
Endo CPM Sealer was developed in 2004 in an attempt

to combine the sealing and physiochemical properties

of root canal sealer with the biological characteristics of

MTA. The powder consists of fine hydrophilic particles

that form a gel in the presence of moisture. The main

constituents are tricalcium silicate, tricalcium oxide, and

tricalcium aluminate. The liquid part contains saline

solution and calcium chloride. Research has shown that

addition of calcium chloride to MTA reduces setting

time, improves its sealing ability, and facilitates insertion

into cavities. The material solidifies and forms a hard

sealer in 1 hour. It is manufactured as a white modified

Portland cement.

The most significant difference is the presence of

large amounts of calcium carbonate, which is intended

to increase the release of the calcium ions and improve

the adhesion to the dentinal walls with adequate flow

and biocompatibility. It has been reported that Endo

CPM sealer has an alkaline pH. Addition of the calcium

carbonate reduces the pH from 12.5 to 10 after setting.

This allows better action of alkaline phosphatase. But

CPM sealer showed higher ratio of leakage as compared

to AH Plus and Sealapex.

Fillapex (Angelus Odonto)
Fillapex is a recent introduction; it is made of two

pastes. The first paste contains MTA-based salicylate

resin, bismuth trioxide, and fumed silica. This is ver-

satile for every obturation technique. It delivers easily

and exhibits excellent handling characteristics and

an improved setting time. The other half of the MTA

Fillapex paste contains fumed silica, titanium dioxide,

MTA (40%), and base resin. Salicylate resin is tissue

friendly and therefore a better choice over epoxy-based

resins.

The setting reaction relies upon the salicylate react-

ing with calcium hydroxide. Because there is no calcium

hydroxide in the pastes, MTA within the mixture reacts

with water from the dentinal fluid. The two pastes com-

bine in a homogeneous mix to form a rigid but semiper-

meable structure. It exhibits an alkaline pH, has a good

flow rate, has an ideal working time of 35 minutes, is

antimicrobial, and has a low film thickness to easily pen-

etrate into the accessory canals.

However, there are some concerns. It is reportedly

very soluble and has not met the ANSI/ADA require-

ments on solubility. The greater solubility can result in
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higher cytotoxicity as the material continues to leak

and irritate the neighboring tissue [30–33].

MTA Obtura (Angelus Odonto)
MTA Obtura was developed by replacing saline with

liquid resin as the cure inhibitor. The composition is a

mixture of white MTA with a proprietary viscous liquid

consisting of Portland cement and bismuth oxide. This

sealer demonstrated stable leakage values at 15 and 30

days and good sealing ability. However, at 60 days, the

material exhibited a considerable increase in leakage

and low flow rate.

Fluoride-doped MTA cements
In fluoride-doped MTA cements, the powder consists of

white Portland cement, bismuth oxide, anhydrite, and

sodium fluoride (NaF). The liquid component contains

alphacaine SP solution. NaF was added as an expansive

and retarding agent. This helped in increasing the sealing

ability of the sealer due to greater expansion achieved.

Fluoride ions can penetrate into the dentin and enhance

the mineralization of the dentin.

The setting reaction involves the continuous forma-

tion of hydration products that contribute in reducing

the microchannels in the sealer. The pH is increased

up to 12 and may play a protective role in preventing

bacterial recontamination of a filled root canal. It has

been shown that the cytotoxicity of MTA-F is decreased

and the sealer presents suitable bioactivity to stimulate

hydroxyapatite crystal nucleation [34].

Methacrylate resin–based sealers

Methacrylate resin–based sealers (MRBSs) have gained

popularity due to their hydrophilic properties, which

enable them to wet the canal walls and penetrate denti-

nal tubules. Their bondability to the radicular dentin

and root canal materials is also superior compared to

other cements.

Four generations have been introduced. However, the

monoblock concept is explained first for better under-

standing of their setting reaction.

Monoblock concept
The term monoblock, meaning a single unit, has been

employed in dentistry since the turn of the century. A

monoblock obturation system is the unit in which the

core material, sealing agent, and the root canal dentin

form a single cohesive unit. There are two prerequisites

for the monoblock to function as a mechanically homo-

geneous unit. First, the materials that constitute the

monoblock should have the ability to bond strongly and

mutually to each other, as well as to the substrate that

the monoblock is intended to reinforce. Second, these

materials should have a modulus of elasticity that is

similar to that of the substrate. Monoblocks in the root

canal spaces may be classified as primary, secondary, or

tertiary depending on the number of interfaces present

between the bonding substrate and the bulk material

core. (Figure 5.1)

Primary monoblock
Primary monoblock has a single interface that extends

circumferentially between the material and the root

canal wall. Hydron MTA is an example. Orthograde

obturation with MTA (ProRoot MTA, Dentsply Tulsa) as

an apexification material represents a contemporary ver-

sion of the primary monoblock in attempts to strengthen

immature tooth roots. A classic example of primary

monoblock would be obturating the root canals with

gutta-percha without using the sealer. The lack of suf-

ficient strength and stiffness is the major drawback, and

this led to the development of secondary monoblocks.

Secondary monoblock
Conventional sealers do not bond strongly to dentin

and gutta-percha; therefore, gutta-percha does not form

a monoblock, even with the use of a resin-based sealer.

Although glass ionomer cements and resin-modified

glass ionomer cements bond to root dentin and have

been marketed as root canal sealers, they do not bond to

gutta-percha [35, 36]. The combined use of a sealer and

a core material introduces additional interfaces into a

monoblock during obturations. Secondary monoblocks

have two circumferential interfaces, one between

the cement and dentin and another between cement

and the core material. This is of great importance in

restorative and endodontic practice. A classic example is

the use of sealer for obturation, wherein one interface

is between the gutta-percha point and sealer and the

second one is between the sealer and the root canal

wall. Examples are Resilon and iRoot SP.

Reinforcing the root canals with bondable filling

materials was reintroduced in 2004 as the Resilon/Epi-

phany system (Epiphany, Pentron Clinical Technologies,
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Root dentin
Root filling
material

SecondaryPrimary Tertiary

Resin cement or
root canal sealer

Fiber post or
root filling material

Bondable
coating on
fiber post or
root filling
material

Cementum

Figure 5.1 The monoblock concept.

Wallingford, CT). The concept was to create a root canal

monoblock to achieve a total bond and a total seal

of the root canal space, which prevented by the lack

of chemical union between the gutta-percha and the

resin-based or glass ionomer–based sealer.

Tertiary monoblock
A third circumferential interface is introduced between

the bonding substrate and the abutment material by

coating the nonbondable gutta-percha with materials

that make them bondable to the sealers, thus creating

tertiary monoblocks. Because the tertiary interface

exists as an external coating on the surface of the

gutta-percha, such systems are designed to be used

with either a single-cone technique or placement of

accessory cones without lateral compaction, to avoid

disrupting the external coatings. Fiber posts that contain

an external silicate coating or nonpolymerized resin

composite for lining root canals that are oval or not

perfectly round or wide so that the fiber post can be

fitted properly are considered a tertiary monoblock.

Examples of tertiary monoblock are ActiveGP and

Endorez (Ultradent, South Jordan, UT).

Challenges with monoblocks
Although the idea of creating a mechanically homo-

geneous unit with root dentin is excellent in theory,

accomplishing these ideal monoblocks in the root

canal space is challenging, because bonding to dentin

is compromised by volumetric changes that occur in

resin-based materials during polymerization.

There appears to be no adhesive root canal material

that can perfectly obturate the canal space with a tight

seal that consists of different interfaces, simultaneously

improving the fracture resistance of the tooth. Even

when the effect of dentin permeability in endodontically

treated teeth is minimal, entrapment of residual mois-

ture within the root canal can result in the permeation

of this unbound water through hydrophilic adhesive

layers [37, 38]. This can work as stress raisers and

promote crack growth and propagation during loading

along the interface. The highly unfavorable and com-

plex geometry of the substrate, namely root canal space,

also proves to be detrimental to the polymerization

of the resin cements or sealers. However, continued

research and development is carried out and is likely to

result in improvements.
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Monoblocks aim at achieving a single unit that would

reinforce the tooth structure. However, all the root

canal filling materials available today have a modulus

of elasticity that is far less as compared to dentin (i.e.,

14,000 MPa), which questions the effectiveness of this

concept.

First-generation methacrylate resin–based
sealers
Hydron (Hydron technologies,Inc. Pompano Beach, FL,

USA) is is an example of a primary monoblock used

to fill the root canals extensively in the late 1970s.

It consists of 2-hydroxy ethyl methacrylate (HEMA).

But it was not stiff enough to strengthen the canal

surfaces. Though it demonstrated ease of application,

antibacterial properties, and adaptability to the canal

wall, adverse inflammatory reactions and leakage issues

were also observed [39, 40].

Second-generation methacrylate
resin–based sealers
Second-generation MRBS materials do not depend on

separate dentin conditioning. The generation of an

endodontic seal is dependent on the penetration of

the hydrophilic sealer into the dentinal tubules and

lateral canals following removal of the smear layer.

This forms a hybrid layer by creating resin tags with

the collagen network [41–43]. Although both the

tensile bond strength and apical seal to intraradic-

ular dentin may be improved using a dual-cured

self-etching primer/adhesive, there is still a potential

problem of rapid polymerization of the adhesive in

an environment with reduced oxygen concentration

[44, 45].

EndoReZ Sealer (Ultradent Products, South
Jordan UT)
EndoReZ was introduced by coating butta-percha cones

with a polybutadiene diisocyanate–methacrylate adhe-

sive [45]. The sealer can be used with gutta-percha or

with resin-coated gutta-percha, the latter with the objec-

tive of forming a monoblock.

It is a two-component system in a double-barrel

automix syringe containing the base, which constitutes

of diurethane dimethacrylate monomer (UDMA),

triethylene glycol dimethacrylate, bismuth compounds,

and barium sulfate as fillers, peroxide initiators, and

photo initiators. The catalyst also contains diurethane

dimethacrylate, triethylene glycol dimethacrylate,

bismuth compounds, and some amount of other ingre-

dients as radiopaque fillers. The sealer has hydrophilic

qualities and hence can be used in root canals that

pose a challenge of moist environment. In this system,

no dentin adhesive is employed and an accelerator is

used along with the resin-coated gutta-percha cones to

provide rapid cure process and also to promote better

bonding between the gutta-percha cone and the sealer,

which in turn bonds well to the canal wall to establish

a complete monoblock seal [46].

This adhesive resin includes a hydrophobic portion

that chemically binds with a hydrophobic polyisoprene

substrate and a hydrophilic portion that is chemically

compatible with a hydrophilic dentinal wall. With the

use of this adhesive resin coating, a strong chemical

union may be achieved between the gutta-percha and

the MRBS. This type of resin-coated cone is recom-

mended for use with the EndoReZ system (explained

later). However, it is still unrealistic to expect a mechan-

ically homogeneous unit with the root canal with the

EndoRez system, because the bulk of the material

inside the root canal still consists of thermoplastic

gutta-percha, an elastomeric polymer that flows when

stressed.

Third-generation methacrylate resin–based
sealers
As the resin era improved, a third generation of

self-etching sealers was introduced, which contained

self-etching primer along with dual-cured resin sealer

for root canal obturation procedures. This introduces

the concept of incorporating the smear layer in the

sealer–dentin interface.

Fibrefill Resin Sealer (Pentron Clinical Technologies)
Fibrefill is a radiopaque dual-cured methacrylate resin

sealer based on urethane dimethacrylate (UDMA) used

in combination with a self-curing, self-etching primer

system (Fibrefill Primer A and B). This system consists

of fiber-reinforced obturators. The apical part of the

obturator is gutta-percha, and the coronal two-thirds

consists of a resin and a glass fiber post for adhesive

bonding. Studies have shown the Fibrefill root canal

sealer possesses good sealing ability and adhesive prop-

erties to the radicular dentin. MTAD is recommended

as the final rinse to enhance the bond strength of the

material.
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Epiphany (Pentron Clinical Technologies)
Epiphany is a third generation dual-cure resin-based

sealer (Figure 5.2). This system uses a self-etching

primer and comprises a Resilon cone. Resilon (Resilon

Research LLC, Madison, CT) is a dimthacrylate-

containing, polyaprolactone-based thermoplastic root-

filling material that contains bioactive glass, bismuth

oxychloride, and barium sulfate [47].

The sealer is a dual-cure sealer composed of ure-

thane dimethacrylate (UDMA), poly dimethacrylate

(PEGDMA), ethoxylated bisphenol A dimethacry-

late (EBPADMA), bisphenol A glycidyl methacrylate

(BIS-GMA), barium borosilicate, barium sulfate

(BaSO4), bismuth oxychloride, calcium hydroxide,

photo initiators, and a resinuous solvent (thinning

resin). The thinning resin increases the bond strength

of the Epiphany sealer to dentin walls when followed

by photoactivation. The Epiphany sealer, being dual

cure, takes about 45 minutes to completely self-cure in

the canal, and hence presents ease of handling. It can

be light cured to achieve a hard coronal seal immedi-

ately to prevent any contamination issues. Epiphany

primer is a self-etch primer, which contains sulfonic

acid–terminated functional monomer, HEMA, water,

and polymerization initiator. The Primer is applied to

the dentin walls of the root canals that are to be filled

with Resilon obturating material. The preparation of

the dentin through these chemical agents may prevent

shrinkage of the resin filling away from the dentin wall

and aid in sealing the roots with the Resilon material.

The self-etching primers are further reduced from

a two-bottle system to a single-bottle system. In the

single-bottle self-etching primer, the functional acidic

monomers, solvents, water that is necessary for ioniza-

tion of the acidic monomers, and self-cured catalysts are

incorporated into one component in the single bottle.

The premise behind the material is the formation of

a monoblock, that is, the primer forms a hybrid layer

with dentin, which bonds to sealer and then bonds to the

Resilon core. This results in low apical leakage and good

resistance to bacterial infiltration (Figure 5.3). The abil-

ity of Resilon to bond to methacrylate-based root canal

sealers has been questioned. Unpolymerized resin was

found to be available between the core material and the

resin sealer. This led to the conclusion that the amount

of dimethacrylate in the thermoplastic composite might

not be optimum for chemical coupling. Hence, although

the sealer had low viscosity, keeping all the above factors

in mind, the sealing ability of thin films inside the canal

remained questionable [48, 49].

RealSeal (SybronEndo, Orange, CA, USA)
By combining self-etching adhesives and methacrylate

resin–based sealers with Resilon, the manufacturer

introduced a new era in root canal obturation (4,49,50).

Resilon/Epiphany sealer was then introduced again

as RealSeal by adding a thinning solvent ethoxylated

bisphenol-A-dimethacrylate to adjust the viscosity but

did not include photoactivation. However, addition of

Figure 5.2 Epiphany root canal primer and sealant.
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Figure 5.3 Scanning electron microscope images of Resilon Epiphany System. (Image courtesy of Dr. Mohan Sakri.)

the thinning solvent to the sealer without photoactiva-

tion did not increase adhesion to dentin [50].

Fourth-generation methacrylate
resin–based sealers
Fourth-generation MRBSs are functionally similar and

comparable to self-adhesive resin luting composites

in that they have further eliminated the separate

etching/bonding step [51]. Dentin adhesive primers are

now incorporated into the resin-based sealer/composite

to render them self-adhesive to dentin substrates. The

combination of an etchant, a primer, and a sealer

into an all-in-one self-etching, self-adhesive sealer is

advantageous in that it reduces the application time as

well as errors that might occur during each bonding

step. Therefore, in theory, the bonding mechanism of

self-adhesive sealers is similar to self-adhesive resin

materials. These materials are relatively new, and

detailed information and research is limited.

MetaSEAL (Parkell)
MetaSEAL is the first commercially available fourth-

generation self-adhesive dual-cured sealer [52, 53]. The

inclusion of an acidic resin monomer, 4-methacryloyl

oxyethyl trimellitate anhydride (4-META), makes the

sealer self-etching and hydrophilic, and it promotes

monomer diffusion into the underlying intact dentin

to produce a hybrid layer after polymerization. It is

recommended for use exclusively with cold-compaction

or single-cone techniques. The sealer purportedly

bonds to thermoplastic root-filling materials as well as

radicular dentin via the creation of hybrid layers in both

substrates. MetaSEAL is also marketed as Hybrid Bond

SEAL (Sun Medical Co Ltd, Shiga, Japan) in Japan and

had been reported to produce similar or slightly inferior

sealing properties to conventional nonbonding epoxy

resin–based sealers [54, 55].

RealSeal SE and RealSeal 1(SybronEndo)
RealSeal SE is the simplified dual-cured version of

RealSeal and uses a polymerizable methacrylate car-

boxylic acid anhydride (i.e., 4-META) as the acidic

resin monomer leading to the elimination of the sep-

arate etching/bonding step [56, 57]. The acidic resin

monomers in the self-etching primer are incorporated

in the RealSeal SE sealer, thus making the technique an

all-in-one step. The sealer is claimed to bond to both

the Resilon core and radicular dentin via hybrid layers

in both substrates, leading to a monoblock unit.

It may be used with Resilon cones or pellets by

using cold lateral or warm vertical techniques or with

RealSeal 1, a carrier-based Resilon obturator system

[58]. This combines adhesive bonding technology with

a carrier product and provides benefits of an efficient

obturation technique combined with optimal leakage

resistance (explained later).

Problems associated with resin-based
sealers
Bonding within a deep and narrow root canal is a

challenge due to the complex geometry of the root

canal. The resin penetrates into the dentinal tubules,
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whereas the filler particles remain at the interface. This

can result in low bond strength. In addition, penetration

with a curing light is limited in a root canal system.

Proper and uniform application of the adhesive and

primer is critical, but it is difficult to achieve this in the

apical third of the canal. Polymerization shrinkage is

inherent to methacrylate resin–based sealers, which

tend to produce debonding at the resin–dentin interface.

Modern root canal filling core
materials

Gutta-percha
Since its introduction in 1914 by Callahan, gutta-percha

is the standard material of choice as a solid core-filling

material for root canal filling (Box 5.2). It is a

trans-isomer of polyisoprene and exists in two crys-

talline forms (alpha and beta) with differing properties.

The use of alpha phase gutta-percha has increased as

thermoplastic techniques have become more popular.

Gutta-percha cones consist of approximately 20%

gutta-percha, 65% zinc oxide, 10% radiopacifiers, and

5% plasticizers. Alpha phase gutta-percha is brittle

at room temperature and is runny, tacky, and sticky

(low viscosity), whereas beta phase gutta-percha is

stable and flexible at room temperature and is solid and

compactible (high viscosity). Beta phase gutta-percha is

available as standardized and nonstandardized points.

Although gutta-percha has many desirable properties,

such as chemical stability, biocompatibility, nonporosity,

radiopacity, and the ability to be manipulated and

removed, it does not always bond to the internal tooth

structure, resulting in the absence of a hermetic seal

[59] (Box 5.2). This produces a poor barrier to bacteria

microleakage. Many attempts have been made to

resolve the problem through variations in obturation

techniques such as vertical and lateral condensation,

the use of reverse-fill or touch and heat systems. These

methods have reduced microleakage to a certain degree

but not completely.

The disadvantages of gutta-percha in endodontic

therapy have led to the development of a new material

known as the Resilon/Epiphany (R/E) system.

Resilon (Pentron Clinical Technologies)
Resilon is a core obturation material alternative to gutta-

percha and requires a sealer to complete obturation

of the canal system. Resilon, a synthetic resin-based

polycaprolactone polymer, is used with Ephiphany,

(Pentron Clinical Technologies), a resin sealer, in an

attempt to form an adhesive bond at the interface of the

synthetic polymer-based core material, the canal wall,

and the sealer. These have gutta-percha–like handling

properties and the ability to bond to the sealer, which

in turn bonds to dentin within the root canal. This

eliminates the probability of microleakage between the

core material–sealer interface and the sealer–dentin

interface. In 2003, Resilon Research introduced Resilon

obturating points and Epiphany sealer into the com-

mercial market. SybronEndo licensed the material

as RealSeal. The system consists of Epiphany primer,

Epiphany sealer, and Resilon core material (Box 5.3).

Based on polymers of polyester, Resilon Material

contains bioactive glass and radiopaque fillers. It is

a high-performance industrial polyurethane adapted

for endodontic use and resembles gutta-percha in

color, texture, radiopacity, and handling properties. It

consists of a resin core material, available in conven-

tional/standardized cones or pellets, and a resin sealer.

The filler content within Resilon is approximately 65%

by weight. It is obturated with RealSeal sealer, formerly

known as Epiphany, which incorporates self-etching

primers.

Resilon is nontoxic, nonmutagenic, and biocom-

patible. The manufacturer claims that this system

creates a monoblock effect with the canal wall. Such a

monoblock eliminates the gaps associated with the core

material and sealer, resists shrinkage, and strengthens

the root [60–62]. Because the Resilon/Epiphany root

filling material is a composite resin-based system, it

does not have a deleterious effect on the subsequent

resin-bonding procedures often used for coronal

restorations.

Any obturation technique may be used with the

Resilon system, although it works effectively with ver-

tical and lateral condensation techniques. The Resilon

points melt at a lower temperature than gutta-percha:

about 70∘C to 80∘C. Research on apical seal of

Resilon-based systems has shown that irrespective of

the technique used for obturation—lateral condensa-

tion or vertical compaction using thermoplasticized

materials—the Resilon-based systems have shown

less apical leakage as compared to gutta-percha points

used with various sealer combinations or gutta-percha

thermoplasticized systems. Advantages of Resilon are:

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

122 Current therapy in endodontics

Box 5.2 Characteristics of gutta-percha

Advantages

Biocompatibility
Flexibility of technique
Easily removed
Thermoplastic

Disadvantages

Does not provide a good hermetic seal
Cannot bond to dentin
Potential for voids
Shrinks upon cooling

Box 5.3 Composition of resilon system

Resilon Primer

The primer is a self-etching system that is cured by the sealer.
The primer penetrates all the dentinal tubules.
Ingredients: Sulfonic acid terminated functional monomer, HEMA, Water, Polymerization initiator

Resilon Sealer

The sealer bonds to the primer, thereby eliminating potential for microleakage.
Organic part: BisGMA, ethoxylated BisGMA, UDMA, hydrophilic difunctional methacrylates
Inorganic part: calcium hydroxide, barium sulfate, barium glass, silica, bismuth oxychloride

Resilon Core Material(Obturator)

The Resilon obturator is a thermoplastic polyester that bonds to the surface of the sealer, which in turn bonds to the primer that
has hybridized with the tubular

surfaces
Organic component: thermoplastic synthetic polymer-polycaprolactone
Inorganic component: bioactive glass, bismuth oxychloride, barium sulfate

Thinning Resin

Most systems include a thinning resin, which may be added to thin the sealer to the desired viscosity

BisGMA- bisphenol A-glycidyl methacrylate, UDMA- Urethane dimethacrylate

• Decreased incidence of root fracture

• Better radiopacity than gutta-percha

• Dual cure capabilities for immediate coronal seal

• Less irritation than epoxy or ZOE sealers

Coated cones
Coated gutta-percha is also available to inhibit leak-

age between the solid core and sealer. Currently,

alternatives to Resilon available on the market consist

of resin-coated gutta-percha cones (EndoRez cones).

A bond is formed when the resin sealer contacts the

resin-coated gutta-percha cone. Resilon is also available

as a terminus on a fiber obturator that allows one to

obturate the canal and place a fiber post simultaneously

with a methacrylate sealer. Another example is coating
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gutta-percha cones with glass ionomer. This system is

called Active GP Plus (Brasseler USA).

Obturation with gutta-percha

Several obturation techniques are available for root

canal treatment (Table 5.2). The choice depends on the

canal anatomy and the unique objectives of treatment

in each case. Lateral condensation and warm vertical

condensation of gutta-percha are techniques that have

stood the test of time. Newer methods include the use

of injectable, thermoplasticized gutta-percha systems;

carriers coated with an alpha-phase gutta-percha;

cold, flowable obturation materials that combine

Table 5.2 Techniques for obturating root canal systems.

Obturation with gutta-percha

Technique Explanation Available Systems

Lateral

condensation

A master cone corresponding to the final instrumentation size

and length of the canal is coated with sealer, inserted into the

canal, laterally compacted with spreaders, and filled with

additional accessory cones.

Warm vertical

condensation

A master cone corresponding to the final instrumentation size

and length of the canal is fitted, coated with sealer, heated, and

compacted vertically with pluggers.

Continuous wave

obturating

technique (CWOT)

Continuous wave is essentially a variation of warm vertical

compaction (downpacking) of core material and sealer in the

apical portion of the root canal using commercially available

heating devices and then backfilling the remaining portion of

the root canal with thermoplasticized core material using

injection devices.

Downpacking Devices: System B (SybronEndo,

Orange, CA) and Elements Obturation Unit

(SybronEndo, Orange, CA)

Backfilling devices: Obtura (Obtura Spartan,

Earth City, MO), Elements Obturation Unit

(SybronEndo)

Warm lateral A master cone corresponding to the final instrumentation size of

the canal is coated with sealer, inserted into the canal, heated

with a warm spreader, laterally compacted with spreaders, and

filled with additional accessory cones. Some devices use

vibration in addition to the warm spreader.

Injection techniques A preheated, thermoplasticized, injectable core material is

injected directly into the root canal. A master cone is not used,

but sealer is placed in the canal before injection.

Obtura (Obtura Spartan, Earth City, MO), or

Ultrafil (Coltene Whaledent) or Calamus

(Dentsply Tulsa Dental Specialties)

Cold, flowable matrix that is triturated and consists of gutta-

percha added to a resin sealer. The technique involves injecting

the material into the canal and placing a single master cone.

GuttaFlow (Coltene Whaledent)

Thermomechanical A cone coated with sealer is placed in the root canal and

engaged with a rotary instrument that frictionally warms,

plasticizes, and compacts it into the root canal.

Carrier-Based Carrier-Based Thermoplasticized: Warm gutta-percha, on a

plastic carrier, is delivered directly into the canal as a root canal

filling

ThermaFil (Dentsply Tulsa Dental Specialties),

Realseal 1 (Sybron), Densfil (Dentsply Maillefer,

Tulsa, OK)

Carrier-Based Sectional:

A sized and fitted section of gutta-percha with sealer is inserted

into the apical 4 mm of the root canal. The remaining portion of

the root canal is filled with injectable, thermoplasticized

gutta-percha using an injection gun.

SimpliFill (Discus Dental)
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gutta-percha and sealer in one product; and glass

ionomer embedded in gutta-percha cones.

Temperature-controlled devices
for delivering gutta-percha
The DownPak Cordless device (EI, a Hu-Friedy Com-

pany, Chicago, IL), System B, and Touch ’n Heat (Sybro-

nEndo) are devices available as alternatives to applying

heat with a flame-heated instrument because they per-

mit temperature control (Figure 5.4).

Downpak (Hu-Freidy)
An alternative to cold lateral compaction is ultrasonics

and, more recently, a combination of vibration and

heat using the DownPak Obturation Device. Lateral

condensation can be employed by alternating heat after

the placement of each accessory gutta-percha cone;

heat can be transferred to the canal to soften the cones

for better condensation and homogeneity of both the

sealer and the gutta-percha. It is used in Europe under

the name EndoTwinn.

The Downpak, introduced in 2007, is cordlessand

has a multifunctional endodontic heating and vibrating

spreader device; it can be used for both vertical and

lateral obturation. It uses a combination of controlled

heat application and sonic vibrations to plasticize the

gutta-percha. While the temperature can be graduated

and controlled in intensity during the procedure, it also

allows the vibrations to be turned off when required.

This allows Downpak to be used with different materials

like gutta-percha, Resilon and hybrid resin filling mate-

rials having variable softening temperatures, making it

a versatile system.

The heat-carrying tips are designed in nickel–titanium

and Ultrasoft stainless steel for use in tapered root canals.

The technique involves adapting a master cone in the

same manner as with lateral compaction. A master

gutta-percha cone that reaches to the working end is

selected. This is followed by selecting an appropriate

spreader of the system, reaching 2.0 mm short of the

working length. The system is activated and heated in

the temperature cum vibration mode for 2 seconds and

subsequently inserted till it reaches the predetermined

binding point. A spreader is then used to condense

the filling material. This is followed by the insertion of

accessory cones, and the procedure is repeated till the

spreader can insert for no more than 2.0 mm into the

canal.

The heat-carrying tips are designed in nickel–titanium

and Ultrasoft stainless steel for use in tapered root canals.

(a) (b)

(c)

Figure 5.4 a, Downpak Obturation System (now marketed as Rootbuddy) (Nikinc Dental, Eindhoven, Netherlands). b, Touch ’N Heat
System (SybronEndo, Orange, CA, USA). c, Endotec II (Medidenta International Inc.).
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The combined use of heat and vibration by this system

has been proven to provide denser, more compact

fillings than heat alone. The system is no longer under

Hu-Freidy and is now directed under Nikinc Dental

with the name Root Buddy.

Endotec II (Medidenta International, Woodside,
NY, USA)
Developed by Dr. Harvard Martin, this is a battery-

powered, heat-controlled spreader/plugger used for

warm lateral compaction of gutta-percha. It combines

the simplicity and accurate length control of the lateral

compaction technique with the clinical advantages of

warm vertical compaction to attain superior obturations

where the gutta-percha is made to coalesce and fuse into

a dense, homogeneous mass with better adaptability

to the root canal [63]. Investigators have found that

warm lateral compaction with the Endotec II increased

the weight of the gutta-percha mass when compared

with traditional cold lateral compaction The Endotec

II thermal endodontic condenser reportedly can be

used with any curved canal preparation technique and

provides calibrated heating with a 3D fill [64].

The instrument consists of a cordless battery-operated

handpiece with a heat depressor button for a precise

temperature control and with a quick-change top

that is used to deliver heat and to thermo-soften the

gutta-percha using a specially designed and shaped

instrument tip. These tips contain a microheating

element. The tips are autoclavable and can be angulated

to adjust to any access.

Once the master cone is placed, the Endotec tip is fit-

ted and canal length is marked to 2 to 4 mm short of the

apex. The tip is then heat activated outside the canal for

3 to 4 seconds and inserted to the marked length in a

circumferential rotation manner for 5 to 8 seconds and

removed cold while laterally spreading on withdrawal.

The procedure is repeated till the entire canal is com-

pletely filled [65].

Touch ’n Heat system (Sybron Endo)
The Touch ’n Heat system was designed by Dr. Herbert

Schilder and provides an excellent source of heat for

searing off excess gutta-percha during any obturation

technique. The Touch ’n Heat eliminates the need for

open flame in the operatory, resulting in added safety

and controlled heat delivery to the working site. It has

the added advantages of adjustable heat intensity and

single touch activation, and it allows multiple tip styles

to be accommodated. Studies have shown Touch ’n Heat

to produce lesser voids in the root filling than other

temperature-control devices, such as System B [66].

System B Heat Source (Sybron Endo)
System B is a new generation of portable obturation

devices. This cordless obturation system permits fill and

pack units for use with any warm vertical technique.

System B uses a continuous wave compaction tech-

nique, which is a variation of warm vertical compaction.

Tapered stainless steel pluggers are used with the System

B for this technique. The gutta-percha cones mimic the

tapered preparation, permitting application of greater

hydraulic force during compaction. After fitting the

master cone, a plugger is sized to fit within 5 to 7 mm of

the canal length.

The System B unit is set to 200∘C in touch mode.

The plugger is inserted into the canal to remove the

excess coronal material. Compaction is done by placing

the cold plugger against the gutta-percha in the canal

orifice. Firm pressure is applied, along with heat. The

plugger is moved rapidly (for 1 to 2 seconds) to within

3 mm of the binding point. The heat is inactivated while

firm pressure is being maintained on the plugger for 5

to 10 seconds. After the gutta-percha has cooled, the

plugger is removed. In ovoid canals when the canal

configuration may prevent the generation of hydraulic

forces, an accessory cone can be placed alongside the

master cone before compaction. Filling the remaining

space left by the plugger can be accomplished with

a thermoplastic-injection technique or by fitting an

accessory cone into the space with sealer, heating it,

and compacting it with short applications of heat and

vertical pressure [67].

Injection techniques for gutta-percha
Obtura (Obtura Spartan, Earth City, MO, USA)
The Obtura II system consists of a hand-held “gun”

with a chamber into which pellets of gutta-percha are

loaded, along with silver needles of varying gauges of

20, 23, and 25, used to deliver the thermoplasticized

material to the canal. This allows control of the viscosity

of the gutta-percha through a control on the chamber

temperature. A hybrid filling technique is recommended

by filling the canal to approximately 4 to 5 mm from

the apex, using the lateral compaction technique before
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gradually filling the coronal portion with thermoplas-

ticized gutta-percha [68]. The needle backs out of the

canal as it is filled, and pluggers may be then used

to compact the gutta-percha. This compaction should

continue until the gutta-percha cools and solidifies.

The Obtura III Max is an update that offers better

tactile sensing and ergonomics. It has a redesigned hand-

piece and a unit that thermoplastisizes gutta-percha.

The unit takes up less counter space than Obtura

(Figure 5.5).

Calamus 3D Obturation system (Dentsply, Tulsa
Dental Speciality)
This system uses a method of warm vertical condensa-

tion for filling the root canal. Ever since Schilder intro-

duced the vertical condensation technique more than 40

years ago there have been various advancements in the

warm gutta-percha methods, and these advancements

help in filling the accessory canals. This quest has led

to the development of the Calamus 3D obturation sys-

tem, which progressively and continuously carries more

of the gutta-percha along the master cone, starting from

the coronal portion of the canal to the apical foramen.

The Calamus Dual 3D Obturation System consists

of the Calamus Pack handpiece for downpacking and

the Flow handpiece for backpacking (Figure 5.6).

The Calamus Pack handpiece is the heat source that,

in conjunction with an appropriately sized Electric

Heat Plugger, is used to thermosoften and condense

gutta-percha during the downpacking phase of obtura-

tion. There are three variably sized EHPs, and they are

selected based on the apical size, taper, and curvature

of the finished preparation.

Figure 5.5 Obtura III (Obtura Spartan).

Figure 5.6 Calamus Obturation System (Dentsply) with two
hand pieces for downpacking and backpacking.

The Calamus Flow handpiece is used with a gutta-

percha cartridge and integrated cannula to dispense

warm gutta-percha into the preparation during the

backpacking phase of obturation. The cartridges are

available in 20- and 23-gauge sizes. The Calamus Dual

3D Obturation System provides a bending tool that may

be used to place a smooth curvature on the cannula. The

choice of gutta-percha cannula depends on the desired

consistency and whether or not the gutta-percha will be

condensed. The temperature of the thermoplasticized

gutta-percha as it is extruded through the needle tip

ranges from 38∘C to 44∘C. The gutta-percha remains

able to flow for 45 to 60 seconds, depending on the

viscosity.

The downpacking phase consists of selecting the

appropriate Electric Heat Plugger, which is used to sear

off the gutta-percha at the orifice of the canal after

selecting the master cone. The working end of the plug-

ger is used to vertically condense the warm gutta-percha

for 5 seconds, which serves in filling the root canal

multidimensionally. This is termed the wave of condensa-

tion. This wave of condensation provides a piston effect

on the sealer and produces proper hydraulics, which
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helps in compacting the gutta-percha laterally as well

as vertically. The plugger is then deactivated, is allowed

to cool, and is removed. Then the second wave of

condensation is carried out. Three or four heating cycles

are required depending on the length of the canal to

place the Electric Heat Plugger within 5 mm of the apex.

The backpacking phase involves the back filling or

reverse filling of the gutta-percha in the remaining

coronal portion of the root canal. The thermosoftened

gutta-percha cartridge is placed into the canal with

the help of the warm cannula and dispensed on the

downpacked gutta-percha. The Calamus handpiece is

activated and 2 to 3 mm of gutta-percha is dispensed

into the apical portion of the canal. The handpiece helps

in the backout from the canal. The backfilling technique

is continued till the entire canal has been filled [69].

The Elements Obturation Unit (Sybron Endo)
The Elements system combines a System B device and

a gutta-percha extruder in a motorized handpiece to

make obturation efficient, predictable, and accurate

(Figures 5.7 and 5.8). From downpack to backfill, the

Elements Obturation Unit puts the continuous wave

of condensation technique into one simple-to-operate

device that takes up only one third of the space of two

separate machines. The extruder tips are sized 20-, 23-,

and 25-gauge and are prebent.

System B forms the right portion of the system, with

functions preset for temperature and duration. The tip

temperature is continuously maintained and displayed,

and the system has a time-out feature that prevents

overheating. Extruder forms the left portion of the sys-

tem, which is a handpiece for gutta-percha delivery. It

consists of a precise temperature control in a motorized

handpiece that eliminates hand fatigue and precludes

voids. Both the handpieces have a silicon booting that

serves as an insulator to avoid heat conduction to the

clinician’s hands during its operation [70].

GuttaFlow Obturation System
(Coltène/Whaledent, Altstätten, Switzerland)
The GuttaFlow was introduced in pursuit of complete

3D sealing of root canal walls. It uses silicone polymer

technology consisting of finely ground gutta-percha

(Roekoseal) and nanosilver (Inside Dentistry). This

is a cold fluid obturation system that combines poly-

dimethylsiloxane sealer (explained earlier), powdered

gutta-percha with a particle size of less than 30 μm,

and nanosilver particles (Figures 5.9 and 5.10). The

manufacturer claims GuttaFlow does not shrink, but it

expands minimally (0.2%) to seal the root canals, is and

it is thixotrophic, which decreases the viscosity under

pressure and allows it to flow in the lateral canals.

GuttaFlow has very promising properties because of its

insolubility, biocompatibility, post-setting expansion,

great fluidity, and ability for providing a thin film of

sealer, and hence greater adhesion with the dentinal

wall [7] and the gutta- percha master cone [13].

GuttaFlow consists of nanosilver in its composition.

Nanosilver is metallic silver that is distributed uniformly

on the surface of the filling. The nanosilver particles

found in GuttaFlow provide better protection against

reinfection, are highly compatible, and prevent any

corrosion or discoloration [14].

The apical preparation should be as small as pos-

sible to prevent extrusion. The viscosity diminishes

under pressure, enabling flow into the smallest canals.

GuttaFlow can be applied directly into the canal. After

thorough debridement and cleaning and shaping of

the root canals with copious amount of irrigation, the

canals are dried and the master cone is selected. The

GuttaFlow is dispensed in capsule from, which can be

mixed in a triturator. The canal tip is placed on the

capsule, which is fitted on the dispensing gun. It is

always better to dispense some amount of the mixed

GuttaFlow onto the pad to confirm the color is pink,

the sign of a complete mix. The obturation begins by

applying a small amount of GuttaFlow into the root

canal with the help of a master cone or master apical

file or by directly dispensing the GuttaFlow into the

canal with the help of canal tip. The master cone is

then coated with additional GuttaFlow and inserted to

the working length. The GuttaFlow dispenser is used

to backfill the root of the canal and is seared off at the

orifice of the canal. The working time is 15 minutes,

and GuttaFlow sets in 25 to 30 minutes [71, 72].

Ultrafil System (Hygienic-Coltene-Whaledent,
Akron, OH, USA)
The Ultrafil system is based on the technique of

low-temperature (70∘C) injection of thermoplasticized

gutta-percha. The cannula that contains gutta-percha

is preheated and inserted into the root canal with an

injection syringe. The system comes with a portable

heating unit and sets regardless of the temperature or

moisture. It has low solubility as well.
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(a) (b)

(c) (d)

Figure 5.7 a, Elements Free Obturation System. b, Downpack with the Downpack Unit. c, Buchanan hand pluggers with one end
stainless steel and the other end nickel titanium. d, Backfill unit.

Carrier-based obturation (CBO)
An endodontic obturator is a plastic rod with an attached

handle (which in combination is known as a carrier),

that has either gutta-percha or Resilon attached to it.

Carrier-based obturation is one of the most popular

techniques of root canal filling worldwide. This simple

and effective procedure significantly reduces dentists’

working time while ensuring high-quality obturation,

especially in narrow root canals and anatomically

complex canals.
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Figure 5.8 Case treated using Elements Obturation Unit. (Image
courtesy of Dr. Shilpa V. Shettigar.)

Figure 5.9 Gutta flow system including capsules, ISO-sized canal
tips, and dispenser. (Image courtesy of Dr. Ruchika Roongta.)

Carrier-based obturation was first described in 1978

and involved the coating of endodontic files with ther-

moplasticized gutta-percha, with the carrier remaining

in the canal as an integral part of the obturating mate-

rial. Carriers for core-based techniques can be fabricated

using different materials. Thermafil small obturators

(up to size 40) (Dentsply Tulsa Dental, Tulsa, OK, USA)

are made of Vectra, which is a liquid crystal polymer,

and larger sizes are made of polysulfone, whereas

GuttaCore carriers (Dentsply Tulsa Dental) are made of

cross-linked gutta-percha. These materials are coated

with alpha-phase gutta-percha.

Thermafil (Dentsply Tulsa Dental, Tulsa, OK, USA)
Thermafil was first introduced in the United States

with a metal carrier coated with gutta-percha. The

current version uses specialized plastic carriers coated

with gutta-percha, which are thermoplasticized in a

special oven before they are inserted into the canal

(Figure 5.11). They are known as Thermafil Plus. Both

the old and the new system have been found to be

biocompatible.

SimpliFill (Discus Dental, Culver City, CA, USA)
The SimpliFill device is a cold carrier-based obturation

system that features a removable carrier, leaving nothing

in the canal except for the obturation material. Only the

apical portion of the carrier has a coating of gutta-percha

or Resilon. This technique may be used with the con-

ventional sealers or the resin-based sealers. The carrier

has an apical plug attached with 5 mm of gutta-percha.

With the plug at the corrected working length, the han-

dle is quickly rotated counterclockwise a minimum of

four complete turns. The coronal space can then be filled

with gutta-percha.

Other systems
Successfil (Coltene-Whaledent) uses gutta-percha in a

syringe. Carriers may be either titanium or radiopaque

plastic. This technique offers flexibility with regard to

shape and the amount of gutta-percha extruded onto

the carrier.

The JS Quick-Fill (JS Manufacturing) is an obturation

system with alpha-phase gutta-percha on a specially

designed titanium carrier.

The Microseal endodontic obturation system (Sybron

Endo) associates a master gutta-percha cone with ther-

moplasticized gutta-percha, which is inserted into the

root canal with a compactor.

Other examples of carrier-based obturation sys-

tems currently available are ProSystem GT Obturators

(Dentsply), Soft Core (Axis Dental, Coppell, TX, USA),

and Densfil (Dentsply).

Limitations of carrier-based obturation
The combination of thermoplasticized gutta-percha and

a plastic carrier acting as a compactor inserted close

to working length seems to minimize the presence of
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(a) (b) (c)

Figure 5.10 a, GuttaFlow powder. b, GuttaFlow sealer. c, Mixed Gutta Flow powder and sealer. (Image courtesy of Dr. Ruchika
Roongta.)

Figure 5.11 Thermafil obturation.

voids when compared to lateral compaction. One of the

critiques of any carrier-based obturation technique is

the risk of extruding sealer and gutta-percha from the

apical foramen, although there are conflicting results in

the literature.

A potential disadvantage of a carrier-based root-filling

system is denudation of the core with stripping of the

gutta-percha coating [73]. Stripping of gutta-percha

from the carrier might happen during the insertion of

the carriers into the root canal space, particularly in
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narrow or severely curved canals. This would result

in voids and inadequate filling of the root canal space

[74]. Studies have shown that the most common cause

of stripping of the gutta-percha coating are twisting the

carrier during insertion into the root canal space [75,

76]. Adhesion between the carrier and gutta-percha

coating is an important aspect in the choice of a

core-based obturation system and would help avoid

stripping of the gutta-percha coating, creating a root

canal filling with fewer voids.

Another potential disadvantage of currently available

carrier-based obturation systems is that the volume of

gutta-percha is not uniformly distributed around the

carrier. This might cause stripping of the gutta-percha

from the carrier material when the obturator is inserted

into the root canal space, leading to possible voids [73].

The frictional forces present between the gutta-percha

and the root canal walls can create an extrusion effect,

whereby the filling material is retained at the orifice of

the canal [77].

There are a number of myths surrounding the use

of carrier-based obturation. Some researchers believe

that application of obturators causes periodontal tissue

damage, manifested by postoperative sensitivity. This

can occur due to the extrusion of the air from the root

canal space into the periapical tissues during insertion of

the obturator. Such sensitivity resolves spontaneously,

without subsequent development of any complications.

In addition, some clinicians believe that it is hard to

remove obturators from the canal for retreatment, but

literature suggests that removing an obturator filling

from a canal takes even less time than retreatment of a

canal filled with gutta-percha [78, 79]. Dentists also find

it difficult to prepare a post space when a carrier-based

technique has been used.

GuttaCore System (Dentsply Tulsa Dental
Specialties)
The main concern of dentists using carrier-based sys-

tems is the presence of the plastic carrier in them. The

GuttaCore system demonstrates a new application in

the concept of carrier-based gutta-percha. The obtu-

rator carriers are not made from plastic, but from a

gutta-percha elastomer with intermolecular cross links

(cross-linked gutta-percha). Thus, the obturator is made

entirely of gutta-percha in two different forms and does

not have the polysulfone carrier. It has an internal core

of cross-linked gutta-percha, which means the outer

surface of the cross-linked gutta-percha will have alpha

gutta-percha. This gives a sandwich of gutta-percha

(Figure 5.12).

This accounts for not only rapid and high-quality

three-dimensional root canal obturation but also for an

easy post space preparation and root filling removal, in

case retreatment is required. The carrier can be removed

from the root canal just as easily as gutta-percha can,

since it also is gutta-percha. The same instruments

Figure 5.12 GuttaCore obturator structure. (Image courtesy of Dentsply MEA.)
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used in lateral or vertical condensation techniques may

be used.

Technique
The root canal must be properly shaped and disinfected.

It is recommended that when using the GuttaCore

system, the root canal must be widened to at least size

20/.06 or 25/.04. Select the right GuttaCore obturator

diameter. If .06 or larger instruments were used to

prepare the root canal, then select an obturator of

the same size as the final nickel–titanium file. If .04

instruments were employed, then select an obturator

one size smaller. Under no circumstances should any

gutta-percha be cut off from the obturator, because this

can damage the carrier.

Gauging the root canal is a very important stage. This

can be done with a verifier that is passively inserted to

the working length of the root canal. If the verifier does

not passively fit to working length, it can be used as a

finishing file for apical enlargement.

A thin layer of sealer is then applied to the coronal

or, in case of long root canals, the coronal and middle

thirds of the canal. The working length is set on the

oburator, after which it is placed into a holder of one

of the ThermaPrep 2 (Dentsply Tulsa Dental Specialties)

oven’s heating elements. Unlike obturators with a plas-

tic carrier, a minimum heating level of 20∘C to 25∘C is

required, regardless of the obturator size with the Gut-

taCore system. The distinguishing characteristics of the

ThermaPrep 2 oven are rapid three-dimensional heat-

ing of obturators while maintaining the properties of the

gutta-percha carrier, as well as the option of having both

heating elements operating simultaneously.

The obturator is inserted into the root canal to the

working length slowly, without rotation. The heated

gutta-percha can be condensed with a plugger in the

coronal part of the root canal. This generates additional

hydrodynamic pressure, enabling the gutta-percha to

fill the ramifications of the main canal. The carrier can

then be cut off at the orifice using a regular round bur.

Adhesive obturation

With the development of the new material, Resilon,

a number of manufacturers have introduced newer

Resilon-based obturation systems.

Epiphany System (Pentron Clinical
Technologies)
Epiphany is available as standardized points or pel-

lets to be used with conventional thermoplasticized

gutta-percha systems. The Epiphany sealer is rec-

ommended to be used with the Epiphany self-etch

primer.

RealSeal/RealSeal SE (SybronEndo)
RealSeal points are identical to Resilon obturating

points composed of polyester polymers, methacrylate

resins, bioactive glass, and radiopaque fillers. The

points look, feel, and handle clinically almost identi-

cally to gutta-percha. The material can be re-treated

with gutta-percha solvents. RealSeal sealer contains

UDMA, PEGDMA, EBPADMA and BisGMA resins,

silane-treated barium borosilicate glasses, barium sul-

fate, silica, calcium hydroxide, bismuth oxychloride

with amines, peroxide, photo initiator, stabilizers, and

pigment, as described earlier. RealSeal Primer is an

acidic monomer solution in water.

The RealSeal system is quite similar to the Epiphany

system: It includes standardized and nonstandardized

points and pellets. The system is available in two

variants: the RealSeal system and the RealSeal Self-Etch

(SE) system. The Self-Etch system eliminates the prim-

ing step. The RealSeal Hi Flow pellets available with the

RealSeal system are used with the Elements obturation

unit. The reduction of coronal microleakage occurs as a

function of RealSeal’s ability to be bonded to the canal

wall through the creation of a hybrid layer. This requires

the removal of the smear layer by rinsing with EDTA.

This opens the tubules, and the dentin wall is then

covered with the self-etching primer. A hybrid layer is

created on top of this with the placement of the sealer.

This bonding helps to decrease the amount of bacteria

that might be able to migrate in a coronal-to-apical

direction. The root canals are then obturated with either

a lateral or vertical condensation technique. RealSeal

can be compacted, and can also be used in an Obtura

gun as injectable filling material.

Carrier-based adhesive obturation

RealSeal One (SybronEndo)
Real Seal One is carrier-based bonded obturating mate-

rial containing a radiopaque core of polysulfone coated
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with RealSeal. Like the original RealSeal obturation sys-

tem, RealSeal One uses Resilon as the filling material.

It coats the outside of the core and is thermoplasticized

by a proprietary oven. The current carrier-based obtu-

ration systems use gutta-percha. Due to the nature of

gutta-percha, it cannot be injection molded. Rather, it

must be applied to the carrier by dipping. This process

can lead to an uneven distribution of gutta-percha on

the carrier. When these carriers encounter a constriction

in the canal, the gutta-percha coating can be stripped off

rather easily, as explained earlier.

On the other hand, the RealSeal One obturator

is formed and covered with Resilon using injection

molding, making a consistent covering of the core. The

compatibility of the resin-based Resilon and the resin

core material allows the adhesion of the Resilon to

the core. Therefore, when the obturator encounters a

constriction in the canal, only the surface portion of

the Resilon is stripped away. A thin layer of Resilon still

remains adhered to the carrier, which is sufficient to the

allow adhesion of the resin-based sealer to the core.

For post space preparation and re-treatment pur-

poses, the removal of the Resilon filling material and

the core of the RealSeal One obturators is relatively

easy to accomplish. For re-treatment, solvent will soften

both the Resilon and the obturator core in just a few

minutes.

Because The RS One is one injection-molded unit,

the core is always centered in the obturating point.

This helps the placement with the core centered and

an even layer of RealSeal available around it to bond

to the sealer. Only methacrylate-based sealer can be

used with this. All other sealers are contraindicated.

RealSeal One is recommended for use with RealSeal

SE self-etching dual cure resin primer. Since Resilon

is hydrophilic, a slightly moist canal is required for

optimal bond strength. This provides the same benefit

as RealSeal and Resilon, with the potential for reduced

microleakage, and a monoblock bonded obturation of

the root canal.

Resinate (Obtura Spartan)
The Resinate system is similar to the Epiphany system

in that it includes standardized and nonstandardized

points and pellets. The sealer is delivered from an

automix syringe. The Resinate pellets are designed to

be used with the Obtura thermoplasticized obturation

system.

Structural obturators: fiber resin post
obturation systems
In 2001, Pentron Clinical Technologies introduced

the first obturator, FibreFill, with a precisely-sized

gutta-percha cone on the end of its highly successful

resin fiber post, allowing the simultaneous placement of

the obturator and a post. In 2005, Heraeus Kulzer intro-

duced a similar system, InnoEndo, that used Resilon

instead of gutta-percha as the obturation material.

Both systems make use of an adhesive bonding

agent, a light-curable Ca(OH)2-based resin sealer and a

fiber post with an apical terminus of Resilon. A primer

included in the system is a self-etching two-bottle liquid

that allows the sealer to chemically bond to the canal

dentin. The primer is a self-curing adhesive. The root

canal sealer is a radiopaque dual-cure resin sealer that

contains UDMA, PEGDMA, HDDMA, and BISGMA

resins with silane-treated barium borosilcate glasses,

barium sulfate, and calcium hydroxide together with

polymerization initiators. The material is supplied in a

two-barrel automix syringe.

These systems offer several advantages to the clini-

cian. Research has shown that they provide a bonded

resin apical and coronal seal, which is superior to

gutta-percha, and AH-26 placed either laterally or as

a warm vertical compaction [80–82]. The obturator

and sealer strengthen the root against fracture [83]

and help in the retention of the core. Because the

obturators are placed passively, it eliminates any possi-

bility of root strain, which could result in root fracture.

The sealers are biocompatible, noninflammatory, and

nonmutagenic [84].

The InnoEndo system contains drill-less posts (the

same size and taper as .04 files), which eliminates the

need to remove additional structure from the root,

shortening the length of the procedure and safeguard-

ing the root against fracture. The bond of the post to

the radicular dentin is maximized, because there is no

opportunity for obturation material to be burnished into

the walls of the dentin that would minimize bonding

sites [85].

Fiberfill offers a parallel-sided fiber post with either a

5- or 8-mm gutta-percha terminal portion or a tapered

obturator with Resilon terminus. The taper obturator

has a continuous taper and is available in either .02 or

.04 tapers with a 12-mm Resilon terminus. This permits

retreatment of the canal should it become necessary.

The gutta-percha comes in lengths of 5 mm or 8 mm.
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The diameter of the post includes sizes 30, 40, 50, 60,

70, and 80.

The Next endodontic obturating system was intro-

duced initially, followed by the InnoEndo endodontic

obturating system. The system uses a two-bottle bond-

ing system followed by the use of either an InnoEndo

obturator (for straight single canals) or the tapered

obturator designed with a resin fiber carrier (for poste-

rior teeth) bonded using a dual-cured root canal sealant.

The advantage is that the system provides a post and

core in a single appointment.

After the cleaning and shaping procedures are

completed, an appropriate-sized obturator is selected

according to the diameter of the canal. The yellow

Peeso-reamer (available in the kit) is inserted, which is

either set at 5 mm or 8 mm from the apical terminus,

followed by the introduction of the blue Peeso-reamer

to a similar depth. The canal is then finally rinsed,

irrigated, and dried. This is followed by the application

of primer. The primer is applied to the depth made by

the Peeso-reamer. The sealer is then introduced into

the canal. The obturator is gently placed to the working

length so that it allows excess sealer to be coronally

expressed. The Fiberfill RCS is then cured to stabilize

the coronal portion. This is followed by resin core

buildup over the obturator, and the material is light

cured.

SmartSeal (Prosmart-DRFP Ltd., Stamford,
UK)
Materials used in dentistry can be classified as bio-inert

(passive), bioactive, and bioresponsive or smart mate-

rials based on their interactions with the environment.

Smart materials can be defined as designed materials

that have one or more properties that can be signif-

icantly changed in a controlled fashion by external

stimuli, such as stress, temperature, moisture, pH, and

electric or magnetic fields [86]. These materials are also

referred to as responsive materials.

SmartSeal is a root canal obturating system based

on polymer technology. Its principle is based on the

hydrophilic nature of the obturating points, which can

absorb surrounding moisture and expand, resulting in

filling of voids and spaces. This is known as ProSmart

outside the United Kingdom. This is considered to

exhibit smart behavior and incorporates developments

in hydrophilic polymer plastics. SmartSeal is a two-part

system consisting of Propoint and Smart paste/Smart

paste Bio.

Propoint
Propoint is also known as C Point. The C Point system

(EndoTechnologies, LLC, Shrewsbury, MA, USA) is

a point-and-paste root canal filling technique that

consists of premade hydrophilic endodontic points and

an accompanying sealer. It consists of two parts. The

inner core of C Point is a mix of two proprietary nylon

polymers: Trogamid T and Trogamid CX. This provides

the point with the flexibility to allow it to easily pass

around any curves in the canal space, while being rigid

enough to pass easily to length in narrower canals.

The outer polymer layer is a cross-linked copolymer

of acrylonitrile and vinylpyrrolidone, which has been

polymerized and cross-linked using allyl methacrylate

and a thermal initiator. This hydrophilic hydrogel

layer allows the point to swell laterally by absorbing

residual water from the instrumented canal space and

from naturally occurring intraradicular moisture. It

does not swell axially, so there is no length change,

and radial swelling stops once a seal is created. This

lateral expansion of C Point is dependent on the extent

to which the hydrophilic polymer is prestressed (i.e.,

contact with a canal wall reduces the rate or extent

of polymer expansion) [87]. The points can expand

up to around 17% and will still give the same x-ray

appearance as with conventional root-filling materials

[88]. The expansion is minuscule and is claimed by the

manufacturer to be within the reported tensile strength

of dentin. The expansion occurs within the first 4 hours

after placing the point into the canal. This allows the

sealer and the polymer to penetrate into the dentinal

tubules and produce a seal that is highly impermeable

to bacterial microleakage.

The clinical steps include selection of a Propoint that

matches the last file used to prepare the canal. It is tried,

inserted into the canal up to the working length, and

confirmed by the use of radiographs. Then the premixed

sealer is introduced into the canal using syringe tips. The

Propoint is then introduced into the canal, with the help

of tweezers, using slow, uniform pressure. Care should

be taken that the sealer is applied evenly on the canal

walls and that the Propoint is trimmed at the canal ori-

fice using a high-speed handpiece with a diamond bur

and ultimately restored using any conventional material

[88, 89].
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Smartpaste
Smartpaste is a resin-based sealer containing an active

polymer that swells to fill any voids or cavities in the

root canal. The degree of swelling is controlled by the

amount of active polymer used. The polymer can also

swell at a later date to fill any voids that might develop.

Smartpaste Bio is a resin-based sealant with the

addition of bioceramics. The manufacturer claims

that this gives the sealer exceptional dimensional

stability and makes it nonresorbable inside the root

canal. Smartpaste Bio produces calcium hydroxide and

hydroxyapatite as byproducts of the setting reaction,

making the material antibacterial and biocompatible.

The setting time is delayed (4–10 hours), thus, allowing

the Propoint to hydrate and swell to fill any voids. The

sealant is delivered in a premixed syringe and does

not require mixing, so it can be applied directly into

the canal using an intracanal tip, minimizing wastage

of material. The cement absorbs water from within

the canal, and once set Smartpaste Bio produces a

radiopaque biocompatible cement.

Activ GP Precision Obturation System
(single cone technique) (Endosequence
and Brasseler USA)
Activ GP is the second tertiary monoblock material that

uses conventional gutta-percha cones that are surface

coated with glass ionomer fillers using a proprietary

technique [1]. The first is EndoREZ, already explained

earlier. Both systems require the use of either a

single-cone technique or a technique that involves the

passive placement of accessory cones without lateral

compaction (harpooning technique), to avoid the

disruption of these external coatings.

The Activ GP Precision Obturation System uses glass

ionomer technology, extending the working time of the

glass ionomer sealer by modifying its particle size to the

nanoparticle level (Figure 5.13). The gutta-percha cones

are coated with glass ionomer particles at a thickness

of 2 μm. By coating the cones, a stiffer gutta-percha

cone is achieved that transforms it into a gutta-percha

core/cone, enabling the latter to function as both the

tapered filling cone and as its own carrier core, thus

avoiding the need for a separate interior carrier of

plastic or metal [90]. This also allows it to be bonded to

the root dentin via a glass ionomer sealer [91]. Because

this system is new, limited information is available.

The cones are available in ISO sizes 15 to 60 in either

a .04 or .06 taper in traditional-style cones. The sealer is

provided in a liquid–powder formulation with a working

time of 12 minutes. Heated downpack techniques are

not advised because heat accelerates the setting of the

sealer. The Activ GP system cones are available in two

designs: the traditional design and the newer enhanced

version Activ GP Plus. The Activ GP Plus has calibration

rings for easy depth measurement and a unique barrel

Figure 5.13 ActiV GP.
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Figure 5.14 Relative leakage behavior of endodontic obturation techniques. (From Von Fraunofer JA. Dental materials at a glance.
Oxford: Wiley-Blackwell; 2009).

handle for easier insertion into the canal when used with

a transporter. The Activ GP cones are verified by laser

measurement to match the preparation made by .04 or

.06 tapered EndoSequence file system.

The clinical steps comprise completion of the prepa-

ration followed by verification of the fit of the Activ GP

cone. Sodium hypochlorite can be used as the final irri-

gant. A file is coated with the Activ GP sealer and is

applied on the canal walls. The Activ GP cone is also

coated with the sealer and slowly inserted into the canal

to the working length. This allows the excess sealer to

extrude coronally, if present. After the Activ GP cone has

been seated, the GP is seared off at the orifice and the

coronal 2 mm of GP is removed and filled with GP sealer

on top. Both the sealer and the Activ GP cone provide a

dense radiopaque fill.

The cones can be bent up to 180 degrees and are

matched in size to the preparations created by the files.

Matching of the primary cone to the preparation is very

important with any single-cone technique, because the

accurate fit of the cone to the preparation minimizes the

amount of sealer used, as well as minimizing any poten-

tial shrinkage. However, studies have demonstrated

that because it is a single-cone technique, coronal

leakage of the Activ GP system was probably due to the

increase in the volume of the glass ionomer cement

sealer [92]. Therefore, it is also unlikely that the use of

the Activ GP system will improve the fracture resistance

of endodontically treated teeth.

Conclusion

The art and science of endodontic therapy has changed

drastically with the introduction of evidence-based

protocols (Figure 5.14). Although gutta-percha and the

traditional sealers might not meet all the criteria for an

ideal root canal filling material, they have withstood

the test of time. The obturation material selected,

whether a traditional or a more modern one, must

be consistent with the principles of clinical practice,

namely, to provide the best treatment for patients. A

seal of the root canal system is desirable and essential

for the success of the treatment, but modern materials

and methods available for obturation do not always

achieve this physical and biological goal. The clinician

must make the appropriate use of the selected material

and method. The advent of new devices and techniques

are revolutionizing the science of endodontics and

making root filling procedures more predictable.
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Questions

1 The rationale for obturation of the root canal system

states that

i. The seal at the apex is more important than the seal in

the coronal part of the canal.

ii. The primary aims of obturation are to prevent

reinfection of the root canal and entomb any residual

microorganisms.

iii. A root canal filling material should be, among other

properties, bacteriostatic, sterilizable, and radiopaque.

a. All are true.

b. Both ii and iii are true.

c. Both i and ii are true.

d. All are false.
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2 Which of these has not been used as a sealer?

A Zinc oxide eugenol

B Calcium hydroxide

C Calcium silicate

D Amalgam

3 Root canal sealer is necessary

A To seal the space between the dentinal wall and the

obturating core interface

B To provide a hermetic seal

C For all techniques

D Both a and c

4 Alpha-phase gutta-percha is

A Not flowable

B Pliable

C Able to flow under pressure

D Both b and c

5 Temperature control during warm condensation

techniques can be achieved using the device

A DownPak

B System B

C Endotec II

D All of the above

6 Plastic injection techniques have the potential for

significant overfilling of the canal.

A True

B False

7 The carrier-based technique

A Can enable movement of gutta-percha into lateral and

accessory canals.

B Can be used with or without heat depending upon the

specific product used.

C Both a and b are true.

D Both a and b are false.

8 GuttaFlow is a

A Cold flowable technique

B Injection-based technique

C Carrier-based system

D Both a and b

9 Monoblock can be achieved with

A Gutta-percha

B Resilon

C Both a and b

D Neither a nor b
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CHAPTER 6

Treatment planning of pulpless teeth
Faysal Succaria1 and Sami M. Chogle2

1Private practice, Dubai, UAE
2Boston University, Henry M. Goldman School of Dental Medicine, Boston, Massachusetts, USA

When planning restoration of pulpless teeth, it is

important to take into account structural differences

that exist between them and vital teeth. Weakening is

initially because of the loss of tooth structure to dental

caries. This weakening continues with consecutive

restorative procedures. Finally, more tissue loss results

from endodontic access and canal shaping. The result is

a structure that exhibits lower resistance to fracture [1].

Thus, much of the planning is to ensure maximumal

structural integrity and, as a result, longevity.

The main mechanism of fracture is attributed to

cuspal flexure [2–6]. Although some dentists believe in

the brittle theory of dentin associated with decreased

water content and collagen fiber changes [7], contra-

dictory evidence [8] suggests that no changes occur in

dentin brittleness. Tooth position in the arch has an

effect on amount and directions of loads subjected to it

(Figure 6.1). That, in addition to different root anatomy,

necessitates some differentiation in approaches to

treatment planning for anterior and posterior teeth.

Treatment options

Treatment options for pulpless teeth can vary from a

simple composite resin restoration up to full-coverage

restoration. In certain cases, it is necessary to use a post,

whereas in others, adding a post can have negative con-

sequences. Treatment options are influenced by many

factors such as amount of tooth structure loss and posi-

tion of the tooth in the arch.

Studies have shown that endodontically treated

posterior teeth are prone to fracture at higher rates

than vital teeth [9]. A 20-year retrospective study on

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

posterior teeth restored with silver amalgam without

cuspal coverage had up to 73% failure for premolars

[9]. Another in vivo study followed patients with

endodontically treated molars restored without cuspal

coverage. The result showed that after 5 years the

survival rate was a mere 36% [10].

Off-axis loading in anterior teeth has been shown

to cause more structural damage than axial loading

[11]. This fact, in addition to the relatively narrower

dimensions of anterior teeth, makes tissue conservation

paramount. In cases with a conservative access cavity

and minimal tooth loss, a composite resin restora-

tion can suffice. Crowns are only necessary in cases

where there is extensive tooth loss or need for esthetic

enhancement. A post can be used in case the remaining

tooth structure is not sufficient for crown retention.

However, residual tooth thickness height and position

are necessary so the tooth can resist fracture. Treatment

options are summarized in Table 6.1.

Ferrule

Ferrule is defined as a ring or a cap that is placed

around a structure to strengthen it against fracture.

In dentistry, Eissman and Radke [12] introduced

the term ferrule, although the concept was described

earlier. The ferrule effect has been studied exten-

sively in the literature, showing positive impact on

strength of restored endodontically treated teeth [13].

Rosen in 1961 described the “hugging action,” which

strengthens the crown–tooth complex. The ferrule

effect is a function of ferrule height, thickness, and

continuity.
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Figure 6.1 Force vectors on anterior and posterior teeth. Anterior teeth undergo off-axis loading, and posterior teeth undergo axial
and some off-axis loading.

Table 6.1 Restorative treatment plans for anterior and
posterior teeth.

Location Amount of Recommended

tissue loss restoration type

Posterior

teeth

Moderate to severe

tooth loss

Cuspal coverage (crown)

Moderate tooth loss Cuspal coverage (onlay)

Extremely minimal

amount of tooth

loss limited to

access opening

Noncuspal coverage

Anterior

teeth

Moderate to severe

tooth loss

Post and crown

Moderate tooth loss Either composite resin

restoration or ceramic

partial or full coverage

depending on esthetic need

Minimal amount of

tooth loss limited to

access opening

Composite resin restoration

The effect of height has also been studied. A height of

1 mm doubled the fracture resistance when compared

with teeth with no ferrule [14]. Some authors suggest at

least 2 mm [15, 16], whereas 3 mm of vertical height is

recommended others [17] (Figure 6.2).

Although there is some consensus on ferrule height,

there are contradictory results on width (thickness).

Some studies suggest a positive effect on fracture resis-

tance [18, 19], but others did not find a significant effect

[20]. There is not enough evidence to lead to exact

clinical recommendations on width. Nevertheless, max-

imumal conservation of the axial thickness is advised.

Theoretically it is more advantageous to have a

360-degree ferrule [21]; however, this is not always the

case clinically. A number of studies explored the effect

of decreased number of walls on fracture resistance.

One study showed that four walls of remaining tooth

structure exhibited significantly higher fracture strength

than three [11].

Both in vivo and in vitro studies have demonstrated

that the amount of remaining tooth structure, and in

return the ferrule, has more impact on strength than

other factors such as post and core system or luting

agent used [13, 22, 23]. Advantages of the ferrule

include decreased incidence of root and post fracture,

decreased post dislodgement, and decreased leakage

and failure of the cement seal.
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0 mm 1-2 mm > 3 mm

Fracture

resistance

Figure 6.2 Fracture resistance.

Treatment options in cases of insufficient
ferrule
Crown lengthening
Crown lengthening is a surgical procedure designed

to increase the extent of supragingival tooth structure

by apically positioning the gingival margin, removing

supporting bone, or both [24]. Indications can be func-

tional or esthetic or both. Although crown-lengthening

surgery can be used across the dentition, it has certain

limitations. Short roots can be a limiting factor because

the surgery increases the crown-to-root ratio. Other

anatomical limitations such as molar furcation and min-

imal keratinized tissue can limit the extent of surgery.

Tapering roots present an esthetic limitation anteriorly

due to interdental triangular spaces appearing after

healing. Lastly, in the esthetic zone, crown lengthening

increases the crown-to-root ratio (Figure 6.3). In vitro

studies [25, 26] tested crown-lengthened extracted

teeth for fracture resistance. The results showed that

after simulated crown lengthening, the resistance to

fracture had decreased. Therefore, benefits of expos-

ing more of the root should be weighed against the

possibility of weakening.

Orthodontic extrusion
Extrusion of roots is accomplished by applying vertical

traction forces. With moderate force, the root pulls the

periodontium along, and the gingiva migrates with the

tooth coronally. This result would be counterproductive

for exposing the coronal parts of the root. To achieve

extrusion without tissue migration, stronger traction is

needed. After the necessary extrusion is accomplished,

it is advised to provide long-term retention to limit

relapse [27]. Limitations of extrusion are short teeth,

shallow furcation, and unfavorable root anatomy for

multirooted teeth. When compared with surgical crown

lengthening, the crown-to-root ratio is not increased

as much as is shown in Figure 6.3. Thus, studies have

established higher fracture resistance of this technique

[26, 27].

Esthetic considerations in deeply
discolored pulpless teeth

Endodontic therapy should not only focus on bio-

logical and functional aspects, but it should also take

esthetic considerations into account. To reduce the

risk of posttreatment tooth discoloration, all mate-

rials should be applied carefully. Especially in the

esthetic zone, tooth discoloration can have a neg-

ative impact on appearance. Discoloration can be

caused by pulpal hemorrhage, remnants of pulpal

tissue, endodontic obturating materials, intracanal

medicaments, or restorative materials [28]. Endodontic

materials such as mineral trioxide aggregate (MTA)
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Original tooth After crown lengthening After orthodontic extrusion
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Figure 6.3 Crown-to-root ratio changes after crown lengthening and orthodontic extrusion. The ratio is more favorable with
orthodontic extrusion.

and bioceramics can contribute to discoloration as

well.

Causes of discoloration
Discoloration from pulpal hemorrhage is often a con-

sequence of trauma to the tooth. The resulting extrava-

sation from the coronal blood vessels into the dentinal

tubules leads to release of iron from the red blood cells.

In the presence of hydrogen sulfide from microbial

origin, iron sulfide is formed, giving the tooth a grayish

to blackish hue. The tooth may also show discoloration

due to pulpal remnants in the chamber from inadequate

pulpotomy or pulpectomy. The onset and degree of

discoloration usually depends on the interval between

pulpal hemorrhage and/or necrosis and the start of

endodontic therapy. The longer this interval, the greater

the degree of discoloration and the greater the difficulty

in regaining normal color through bleaching [29].

Endodontic obturating materials are probably the

most common cause of single-tooth discoloration.

Presence of gutta-percha and sealer in the pulpal

chamber on completion of treatment often results in

dark discoloration. Sealers, whether zinc oxide–eugenol

(ZOE) based or resins, are the main offenders, which

themselves discolor [30] and can cause progressive coro-

nal discoloration with time [31]. However, gutta-percha

contains staining pigments as well that can pigment the

tooth. Therefore, especially in anterior teeth, obturation

should end at or below the buccal cementoenamel

junction to prevent coronal discoloration. The prognosis

of bleaching in such discoloration cases depends on the

composition of the obturating materials. Sealers with

metallic components do not bleach well and can even

regress with time.

Phenolic and iodoform-based medicaments have the

potential to cause internal discoloration as well [32].

Such intracanal medications when in direct contact with

dentin for long periods could allow penetration and

oxidization. Fortunately, these types of discoloration

are readily and permanently corrected by bleaching,

although iodoform-induced discolorations tend to be

more severe.
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Coronal restorations are generally either metallic or

composite. Silver amalgam has been the worst offender,

giving the dentin a dark gray or even blackish hue. Such

discoloration is difficult to correct with bleaching and

is unsatisfactory [33, 34]. In fact, Goldstein and Fein-

man [35] believe that discoloration from silver amalgam

is a contraindication to bleaching, which might necessi-

tate restoration with full-coverage crowns. Zerbinati and

Pirero [36] recommend that teeth pigmented by amal-

gam require prosthetic treatment. Discoloration can also

occur from metal posts and pins or thinner tooth struc-

ture, yielding a metallic hue due to the increased translu-

cency. In such cases, replacement with resin–composite

restorations may suffice.

With composite resin restorations, microleakage is

more of a concern regarding discoloration that allows

other pigmenting chemicals to penetrate and discolor

dentin. The composite itself can also discolor with time.

Replacement with a proper sealed composite resin

restoration may suffice. If required, internal bleaching

provides good results for the dentin before replacing the

restoration.

A number of new formulations of MTA, such as white

and gray MTA (ProRoot Dentsply, York, PA), MTA Plus,

Neo MTA Plus (Avalon Biomed Inc, Bradenton, FL),

and bioceramics such as EndoSequence root repair

material putty and paste (Brasseler, Savannah, GA), and

Biodentine (Septodont, France), have been introduced.

These materials are being used coronally in cases of

cervical or furcal perforations, revascularization, and

pulp-capping procedures with acceptable results. How-

ever, most studies have reported that all forms of MTA

tested have shown a light yellow to dark brown coronal

discoloration [37–40] and can undermine an otherwise

successful procedure. Although the discoloration is not

as severe as with the use of ZOE-based sealers [41],

it might be enough to present a significant clinical

complication in esthetic zones [42]. The reason seems

to be the bismuth oxide content in combination with

irrigant fluids used [43, 44], and these teeth are not

responsive to bleaching with the material in place

[45]. It is crucial to place these materials below the

cementoenamel junction whenever possible to avoid

coronal discoloration. In situations that necessitate the

coronal use of such materials, full-coverage restoration

is suggested.

Another option suggested in pulp-capping procedures

may be to remove the material after confirming a

dentinal bridge formation under the MTA and then

possibly internal bleaching [45, 46]. In such cases, pulp

vitality may be concern, and a follow-up visit may be

needed to demonstrate pulp vitality and the absence of

signs and symptoms.

Management of discolored pulpless teeth
Internal bleaching
Internal bleaching is particularly effective in endodon-

tically treated anterior teeth that discolored due to

long-standing necrosis or residual sealer that had

disintegrated internally (Figure 6.4). This method was

initially described in the 1960s using hydrogen peroxide

and sodium perborate [47]. Later, sodium perborate

with water came into use.

Internal bleaching relies primarily on oxidizing gels

that release nascent oxygen. These can be in the form

of hydrogen peroxide, carbamide peroxide, or sodium

perborate. The gel is placed into the pulpal chamber after

carefully cleaning and sealing the canal with a suitable

base such as glass ionomer cement [47–51].

Caution must be exercised to avert leakage of the gel

through cementum to alveolar bone, causing external

resorption. The literature recommends staying within

Figure 6.4 Left, Preoperative tooth #9 showing severe discoloration. Right, After internal bleaching.
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1 mm of the cementoenamel junction, ensuring the

base is well adapted [49, 51, 52], and using sodium

perborate instead of hydrogen peroxide.

This method is the most conservative and is indicated

for discolored teeth with minimal restorations and/or

need for reconstruction. If this method fails, ceramic

coverage is indicated.

Partial and full-coverage restorations
Generalized discoloration, generalized discoloration

accompanied by a failing restoration, or loss of sound

tooth structure necessitate a treatment modality that will

improve esthetics and extend longevity. Depending on

severity, treatment can range from minimal-preparation

veneers up to full-coverage crowns. This masking ability

is a function of the type of ceramic material used [53],

thickness [53, 54], and cement used [55] (Figure 6.5).

Masking ability of all-ceramic materials

Lithium disilicate and zirconia-based restorations con-

stitute the two main all-ceramic materials currently

used. The dental technician can use the appropriate

core and veneering material to attain the desired final

shade [56].

It is the dentist’s responsibility to provide the techni-

cian with dental photographs and stump shade estima-

tion so the technician can make an accurate decision on

the type of ceramic to be used [57].

c

b

a

Discolored tooth

Figure 6.5 Masking ability is a function of ceramic thickness (a),
ceramic type (b), and cement opacity (c).

Effect of thickness

Thicker ceramic restorations can mask underlying dis-

coloration better. Thus, in those cases, more preparation

is required to create more room for ceramic [57, 58].

Effect of cement

Early cements came with specific shades and opacities.

At present, resin cements are supplied with a wide range

of shades and opacities. In cases where restorations are

being bonded to severely discolored teeth, it is advised

to use cements with higher opacity [58].

Posts

Posts serve as retaining structures for core buildups and

ultimately the final restoration. The earliest form of post

was cast metal, but since then, various other designs and

materials have become available.

Some controversy exists pertaining to the strength-

ening effect of posts on teeth. While some clinicians

believe that posts strengthen teeth, studies have shown

that posts do not have a positive effect on strength

[57–62]. Moreover, some studies suggest that in the

presence of enough sound tooth structure, the process

of creating post space and the presence of the post

can decrease the strength of the tooth [63–65]. Hence,

clinicians should avoid using posts when other anatomic

features are available to retain the core. Molars might

not require posts because a core can usually be retained

by the pulpal chamber and canals.

When a post is necessary, it is recommended to be

placed in a distal canal in mandibular molars and in

the palatal canal in maxillary molars, because the other

canals usually tend to be thinner and more curved. In

bicuspids with more than one canal, the straighter canal

should be used. Multiple posts are seldom indicated.

Posts may be prefabricated (metal, carbon fiber, glass

fiber, quartz fiber, or zirconia) or custom made.

Factors influencing post design
Root length
The length and shape of the remaining root deter-

mine the length of the post. It has been demonstrated

that the greater the post length, the better the retention

and stress distribution. Post retention is directly propor-

tional to its length. Because the most common causes
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of post failure is post dislodgment [66], it is important

to maximize the length of the post without disturbing

the apical seal. 3 to 5 mm of apical gutta-percha has

been shown to maintain the apical seal [62, 67]. It is

not always possible to use a long post, especially when

the remaining root is short or curved. In such cases,

the benefit of added length has to be weighed against

possible perforation or weakening of the apical seal.

When the root length is short, the clinician must

decide whether to use a longer post or maintain the rec-

ommended apical seal and use a parallel-sided threaded

post. Lack of sufficient length is not only detrimental

to retention; data on shorter posts was associated with

higher root fractures [60, 68].

Post width (diameter)
Preserving tooth structure, reducing the chances of per-

foration, and permitting the restored tooth to resist frac-

tures are criteria in selecting the post width. There have

been different approaches regarding the selection of post

diameter. One approach suggests the post width should

not be greater than one third of the root width at its nar-

rowest dimension, whereas another proposes that the

post should be surrounded by a minimum of 1 mm of

sound dentin.

Conversely to post length, an increase in diameter is

not beneficial to retention [68]. Furthermore, increasing

post diameter is undesirable and can lead to higher fail-

ure rates associated with root fractures. This is because

the resistance to fracture is directly related to the thick-

ness of remaining dentin, especially in the buccolingual

direction [69].

The post diameter should be as small as possible while

providing the necessary rigidity; it is always important to

leave as much tooth structure as possible in all phases of

treatment. Hence in prefabricated post systems, the nar-

rowest possible post that will fit the canal space should

be used. In custom cast posts and cores, minimal flar-

ing to remove undercuts is recommended to preserve as

much tooth structure as possible.

Post design
Posts are available in several designs: parallel, tapered,

or a combination of both. Parallel posts can provide

more retention. However, tapered posts, especially

custom-made posts and cores, do not require more

intracanal preparation and so are more conservative to

tooth structure. Another difference is stress distribution.

With tapered posts, stress is concentrated at the cervical

area, whereas with parallel posts, the stress is at

the apex.

The surface topography can be smooth, serrated

passive, or self-threading. Retention is higher for ser-

rated posts. However, it is not recommended to use the

self-threaded type because it engages in dentin and can

lead to increased undesirable stresses within the root.

Prefabricated posts versus custom posts-and-cores
Canal configuration, esthetics, chairside time, and

strength are factors that dictate the type of system to

be used. It has been suggested that if a canal requires

extensive preparation, a well-adapted cast post and core

restoration is more indicated. An example is mandibul

anterior teeth with narrow canals. The opposite is true

for molars. In molars, the existing walls will interfere

with the path of insertion of the post. Removing the

interferences would further weaken the tooth. Thus, a

prefabricated post is recommended.

Nonmetallic tooth-colored prefabricated posts offer

an esthetic advantage over metal posts and carbon

fiber posts. Although some techniques exist to apply

opaque ceramic to cast metal cores or to use yellow

gold, nonmetallic posts with composite cores offer more

flexibility with stump shade. The clear advantage of

prefabricated posts is with the number of visits and

chairside time. Whereas cast post and cores require two

appointments, prefabricated posts can be completed

in one visit. An additional obvious advantage to the

patient is that the canal is sealed without the possibility

of leakage between the two appointments.

When comparing fracture resistance, evidence sug-

gests that in general, teeth restored with cast posts-

and-cores exhibited higher fracture resistance than

fiber posts and metal prefabricated posts. This refutes

earlier claims that flexure of posts increases resistance

to fractures.

Post materials
When restoring teeth with posts, it is important to

carefully choose the material to be used. Histori-

cally, all posts were metal based. Alloys ranged from

chrome–cobalt to semiprecious silver-based to precious

gold-based alloys. Silver- and gold-based alloys offer

easier adjustment. In addition, yellow gold alloys offer

a warmer nongray stump shade that can be used with

all-ceramic crowns.
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In the 1990s, earlier carbon fiber posts were intro-

duced. The initial products were black. The color of

these posts gave them no advantage over metal post.

Furthermore, they were radiolucent and difficult to

remove from inside the canal. Later modifications

added a coating to make them more esthetic. With the

increased use of all-ceramic restorations comes a greater

demand for tooth-colored posts and cores. Several sys-

tems were introduced over the years including zirconia,

glass fiber, and quartz fiber posts.

Zirconia posts are made of fine-grained, dense tetrag-

onal zirconium polycrystals (TZP). These posts are rigid,

with a modulus of elasticity higher than stainless steel.

The main disadvantages of using zirconia posts is that if

fractures happen, the posts are not retrievable, and that

bonding of the core to the post can also be a problem

with the zirconium posts.

Glass and quartz fiber posts are less rigid than zirconia

and offer similar modulus of elasticity to dentin. It

makes them a good substitute for carbon fiber posts.

They bond easily to composite cores and are easy to

handle (Figure 6.6). Nevertheless, compared to metal

posts, retrievability is still an issue.

Nonmetallic posts (tooth-colored posts)
Cementation of posts
Cementation relies on both the cement’s physical prop-

erties and the techniques used. Cement should have

high tensile and compressive strength, bond to dentin,

have low solubility in oral fluids, and be easy to handle.

As for the technique, regardless of the system used, it

is recommended to have maximal spread of cement on

the post surface with the least voids. Numerous cement

types are available for post and core cementation.

These cements differ in mechanical properties, clinical

handling, and indication.

Zinc phosphate is one of the earliest cements used in

dentistry. It possesses favorable physical properties, is

inexpensive, is easy to use, and remains an excellent

choice for post cementation. Glass ionomer has ade-

quate physical properties; however, it is a slow-setting

material that requires many hours to achieve adequate

strength and has high initial solubility in oral fluids.

Resin-modified glass ionomer cement, as originally

formulated, had significant delayed expansion that

could lead to root fracture. The current generation of

resin ionomer cement has overcome this setback.

(a)

(e) (f) (g) (h) (i)

(b) (c) (d)

Figure 6.6 Technique for manufacturing a direct fiber-reinforced composite post and composite core. a, Initial preparation. b, Mea-
suring the required length of the final post. c, Using the initial drill to clear the endodontic filing material. d, Based on the size of the
canal, the final drill is used. e, The fiber-reinforced composite post is tried in, making sure it is completely seating. f, The excess length
of post is sectioned. g and h, Dual-polymerizing resin cement is applied both into the canal (g) and onto the post (h). i, Incremental
buildup and final preparation of composite.
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Table 6.2 Dental cements.

Cement Advantages Disadvantages Indications

Zinc phosphate Inexpensive

Long working time

Rapid initial set

Can snap set if the mixing protocol

is not followed

Mechanical bond only

Metal posts

Glass ionomer Can bond to dentin

Easy to mix and apply

Soluble in oral fluids

Prolonged final set

Metal posts

Resin-modified

glass ionomer

Can bond to dentin

Easy to mix and apply

Earlier formulations were prone to

expansion, leading to root fracture

Metal posts

Nonmetal posts

Resin cement Bonds to tooth and to silanated

glass fiber posts

Controlled set (dual polymerizing)

Relatively expensive Metal posts

Nonmetal posts

There is greater interest now in the use of resin

cement to bond posts. These cements offer an immedi-

ate set and promise higher retention through bonding.

Because eugenol interferes with the setting of resin

cements, some caution must be exercised in the use

of resin cements in conjunction with ZOE-containing

sealers. Controversially, others found no decrease in

bond strength of posts in similar conditions (Table 6.2).

Surface treatment
To achieve optimal luting and bonding results, the

dentin surface should be carefully cleaned of rem-

nants of endodontic sealer and gutta-percha. Retained

remnants can decrease the effectiveness of cement

irrespective of type of sealer and choice of cement. The

post surface should also undergo treatment. For cast

post and cores, sandblasting with 50-μm aluminum

oxide particles increases micro roughness and increases

the effectiveness of the cement. For glass fiber posts, the

surface should be cleaned with ethyl alcohol if a post

was tried in. Silane should be then applied to improve

bond strength between the resin cement and the post.

Cement application
For zinc phosphate, glass ionomer, and resin-modified

glass ionomer cements, apply the cement to the post and

inside the canal using a lentulo spiral. This procedure

limits air voids and as a result increases bond strength.

For resin cements, apply cement to the post and inside

the canal using thin cement-mixing tips designed for this

purpose. The use of lentulo spirals is not recommended

because it can cause undesirably rapid set of some resin

cements.

Conclusion

Success is a function of the structural integrity of

the tooth-restoration system. Hence it is paramount

to preserve coronal and radicular dentin. Posts are

only required when it is necessary to retain a core

buildup. The choice of post system is not as integral as

planning restorations based on principles of hard tissue

conservation.
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Questions

1 For post and core fabrication in multirooted teeth

A It is essential to make posts for each canal.

B Posts should be made in the larger canal irrespective of

the canal length.

C Both statements are false.

D Both statements are true.

2 Which of the following cement are not preferred for

cementing posts?

A Zinc oxide eugenol

B Zinc phosphate

C Resin modified glass ionomer

D Resin cements

3 Ferrule effect means

A Tooth preparation must extend 2 mm beyond the

cervical margin of the tooth.

B Treatment provides marginal and tooth integration.

C Both statements are true.

D Both statements are false.

4 The length of the post in cast posts should be

A Equal to the root length

B Equal to the height of the anatomic crown
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C 1 mm short of apical seal

D None of the above

5 Regarding the restoration of endodontically treated teeth,

all of the following are generally believed to be true except

A A post weakens the tooth.

B All post designs are predisposed to leakage.

C A minimum of 4 mm of gutta-percha is needed to

preserve the apical seal.

D Threaded screw posts are preferred over parallel-sided

or tapered posts.

6 Post and core is indicated for

A A vital tooth with proximal caries

B A badly damaged endodontically treated tooth

C A badly damaged vital tooth

D A tooth with fractured incisal third

7 Why is it important to retain as much coronal dentin as

possible when preparing a post for a crown?

A To resist crown rotation

B To resist post rotation

C To provide a ferrule effect

D All of the above

8 The cast post should be sandblasted by the lab before it is

returned for fitting.

A True

B False

9 Tapered posts are less retentive than parallel-sided posts.

A True

B False

10 When cementing a post

A Cement should be placed on the post only.

B Cement should be placed in the canal only.

C Cement should be applied on the post and in to the

canal.

D The crown must be cemented immediately with the

same mix of cement.
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CHAPTER 7

Dental traumatic injuries
Zuhair Al Khatib1 and Edward Besner2

1Formerly, Head of Endodontic Department, Dental Center, Dubai Health Authority, Dubai, UAE
2Formerly, Associate Professor, Department of Endodontics, Georgetown University School of Dentistry, Washington, DC, USA

The history of treating dental trauma goes back to

1965, when the guidelines were first developed [1].

Dentoalveolar traumatic injury is one of the most

commonly encountered dental emergencies; it occurs

quite often in preschool- and school-age children and

in young adults. Dental trauma can result in fractured,

displaced, or lost teeth, which can have functional or

esthetic effects on the individual. It can affect or involve

the dental pulp (directly or indirectly), and it can cause

extensive damage to the surrounding tissues. This

chapter talks about various traumatic dental injuries

and their current protocols of management. Root

resorption is also described.

Traumatic dental injury (TDI) may be defined as

an injury that results from an external force and that

involves the teeth, the alveolar portion of the maxilla

or mandible, and the adjacent soft tissues [2, 3]. It is

imperative to rule out any neurological involvement

or any other systemic injuries. Primary dentition is

more affected during the period when the child’s motor

coordination is developing. Most injuries to permanent

teeth occur secondary to falls, violence, and sports. The

extent of injury can be related to the direction of force

against the teeth, which can affect soft tissue as well as

hard tissue (Figure 7.1). Object speed, size, and shape

also plays a role in how much damage occurs to the

teeth and surrounding supporting structure. A sharp

object can cause more soft tissue damage than a larger

blunt object such as football or fist punch during a fight

or an elbow hit during basketball game. Children with

an overjet exceeding 4 mm and with incompetent lips

and a mouth-breathing habit are more prone to such

injuries.

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

Preventive measures are essential during sports activ-

ities such as mouth guards, helmets. Occlusal relation-

ship is a risk factor for traumatic injuries. The best mea-

sure for preventing dental and oral injuries is educa-

tion on both how to avoid them and what to do if an

injury occurs, which should include students, teachers,

and parents.

General considerations

When faced with a traumatic injury, the biggest chal-

lenge for the clinician is to calm the patient and the

parents in their panic and confused state. The dental

practitioner should be able to reassure them and guide

them on what to do if they call the dental office over the

phone. A study by Porritt and colleagues investigates

how a variety of biopsychosocial variables contribute to

parents’ adjustments to their children’s dentoalveolar

trauma [4].

It is critical to obtain standardized data from the

patient or accompanying person [5]. This should

include a complete history of when, where, and how

the injury occurred, including the time elapsed between

the incident and the patient’s presence in the den-

tal office. If the injury happened on dirty ground,

antitetanus shots should be considered. Check for any

previous dental injury, and obtain a medical history for

allergies or any serious illness. This will have an impact

on the outcome and prognosis of the treatment and

even on the treatment plan. The type of occlusion and

any disturbances in the bite should be determined at

this stage.
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Figure 7.1 Dental trauma involving soft and hard tissues; the
trauma was due to fall on the ground during school games.

Additional information, including if the patient vom-

ited or lost conscious, had bleeding from the nose or

ears after the injury, was in a state of confusion, or had

blurred vision can help the treating dentist in deciding

whether or not to pursue medical consultation [6].

Instructions to the patient or guardian calling from

the site of the injury should include specific information

relating to the type of injury. Tell the parent or patient

to stay calm and try not to panic. If the tooth has dis-

placed (moved from original position in the socket) but

is still in the socket, the patient should rush to the den-

tist. If the tooth crown is fractured, the patient should

find the fractured piece and bring it along. If the tooth

is knocked out (avulsed), the patient should try to find

it. The patient should hold the tooth from its crown and

either put it back in its socket and bite gently on it or else

store it in a glass of cold milk and bring it immediately

to the dentist.

A proper diagnosis, treatment planning, and follow-

up are critical to ensure a favorable outcome. Recom-

mended guidelines by the International Association

of Dental Traumatology (IADT) should assist the den-

tist and other healthcare professionals in making an

informed decision. The primary goal is to delineate

an approach for the immediate and urgent care of

traumatic dental injuries. The patient’s compliance

contributes greatly to the outcome of the treatment and

to better healing.

Trauma cases need long-term follow-up and evalua-

tion at intervals for at least five years. This is significant

for a long-term effective outcome.

Clinical examination
Check for any fractures of the bone or the dentoalveolar

complex, any abnormal tooth mobility or tooth displace-

ment, and any tenderness to touch and/or percussion.

The adjacent soft tissue should also be examined for any

lacerations. A pulp sensibility test, usually at the time of

trauma, will give negative results.

Radiographic examination
Radiographs are essential for detecting root fractures,

intrusions, extent of root development, periapical

damage, degree of tooth displacement, position of

unerupted teeth, fractures of the mandible or maxilla,

the presence of tooth fragments, and foreign bodies

in soft tissue. They also provide information about

the patient’s age and anticipated tooth maturation.

Although some radiographs show negative findings at

the initial appointment, they are important as baseline

comparisons with subsequent radiographs.

Intraoral views are usually sufficient in assessing

most dentoalveolar injuries. Several projections and

angulations are routinely recommended, but the clin-

ician should decide which radiographs are required

for the patient. Recommended views are periapical

view with 90-degree horizontal angle with central

beam through the tooth in question, occlusal view,

periapical view with lateral angulations from mesial

or distal aspects, and soft tissue radiographs in case

of soft tissue lacerations. Current imaging modalities

like cone-beam computed tomography (CBCT) are not

essential but can help in diagnosis and can give specific
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information about the traumatized teeth [7, 8]. They

provide enhanced visualization, particularly in cases of

root fractures and lateral luxation.

Initial treatment
Once the diagnosis is established and the local anesthetic

is given, the tooth should be examined. If any contam-

ination is visible, the tooth surface should be cleaned

with saline and chlorhexidine 0.1%. Suture any lacer-

ations, if required. Fractured tooth structure should be

restored using composite resin. In cases of displacement

or root or bone fracture, use digital pressure to replace

the tooth in its normal position before splinting. Radio-

graphs should be taken to confirm the accuracy of the

repositioned tooth.

A short-term, flexible, nonrigid splint is recom-

mended for tooth and bone fractures and for luxated or

avulsed teeth. In cases of root fractures in the middle

and cervical third of the tooth and alveolar fractures,

rigid splinting is recommended. Splinting maintains the

repositioned tooth in its correct position and provides

patient comfort and improved function. A flexible splint

for 2 weeks is generally used for subluxation and extru-

sive luxation. Lateral luxation (flexible splint), root

fractures (rigid), and alveolar fractures (rigid), usually

require 4 weeks of splinting [9]. In avulsion cases,

where the teeth are not present, fixation is obtained by

using firm pressure to realign the bone fragments and

stabilize the area by suturing the gingival tissues. This is

kept in place for 4 weeks.

Every effort should be made to preserve the pulp

vitality in cases of immature permanent teeth to ensure

continuous root development. Vitality tests (hot, cold,

and electric) may be performed to determine the status

of the pulp. At the time of injury, these are not very

reliable diagnostic tools because they can give a false

positive response or no response. Diagnosing necrotic

pulp requires additional signs and symptoms. Emerging

therapies have been under research and have demon-

strated the ability to regenerate vital pulp tissue. This

is discussed later in this chapter and in this book. In

immature teeth, it is best not to initiate a root canal

unless there are signs of necrotic pulp or radiographic

changes. In mature permanent teeth that sustain TDIs,

pulpal necrosis is amenable to preventive pulpectomy

because root development is substantially completed.

Root canal treatment can be initiated 7 to 10 days after

trauma just before removing the splint.

Use of adjunctive systemic antibiotics
There is not sufficient evidence to support the use of

antibiotics for TDIs. Antibiotics should be limited to

certain cases of avulsion: if the tooth is contaminated

with soil or debris, if there is a soft tissue laceration,

or in cases where surgical intervention is needed and

is at the discretion of the treating dentist [9–11]. The

patient’s medical condition or history necessitates

the use of antibiotics in some situations. The first

choice of antibiotics is usually tetracycline, and the

dose should be adjusted according to the patient’s

age and weight. There is a growing concern amongst

healthcare professionals regarding tooth discoloration

with tetracycline, especially in children whose teeth are

not completely developed or erupted. An alternative is

phenoxymethylpenicillin (penicillin V) or amoxicillin.

Patient instructions and follow-up
Both patient and parents should be advised and given

instructions regarding the care of injured teeth for

optimal healing and prevention of any further injury.

Instructions should include consumption of soft diet

for one week, avoidance of participation in contact

sports, maintenance of good oral hygiene by using a

soft tooth brush and rinsing with an antibacterial like

chlorhexidine 0.1% twice a day for one week, and

keeping pressure off the injured tooth.

The splint should be removed after two to four

weeks, depending on the type of TDI. The tooth and

the surrounding tissues should be checked for healing.

Follow-up radiographs should be taken and compared

with initial images. The patient should be recalled for

follow-up after 2 weeks, 6 to 8 weeks, 6 months, 1 year,

and yearly for 5 years.

A favorable outcome of the TDI is achieved when on

follow-up and recall the tooth is asymptomatic, the sen-

sibility test is positive, and radiographs show intact peri-

odontal space, no changes at the periapical tissues, and

no signs of root resorption or root canal calcification or

obliteration. Immature teeth should show continuous

root development.

An unfavorable outcome of the TDI is when there

are signs of external and internal root resorption,

pulp necrosis, periapical rarefaction, and radiolucency

developing along the fracture line of a fractured root.

The tooth is in an infrabony position and is ankylosed.
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Classification of traumatic injuries

Dental trauma may be classified according to the types

of trauma (Box 7.1). The classification has been mod-

ified and updated by Andreasen and colleagues [12].

Since then, the IADT [13] and other researchers have

put together all data available to develop classifications

and treatment modalities of TDIs [14–16]. The man-

agement of these injuries is categorized individually for

explanatory purposes.

Management of injuries to the
periodontal tissues

Concussion
Concussion is defined as an injury to the tooth sup-

porting structures without abnormal loosening or

displacement of the tooth. This is the simplest form of

trauma that can affect the teeth. There may be bleeding

around the gingiva as a result of injury to the tooth

supporting structures. Concussed teeth are tender to

touch and percussion and slightly mobile due to an

inflamed and injured periodontal ligament. Pulp sensi-

bility testing usually gives positive results. Radiographic

examination reveals the tooth is in its normal position

within the socket. Treatment objectives are to optimize

healing of the periodontal ligament and maintain pulp

vitality. This is accomplished by relieving the tooth

from occlusion and having the patient avoid using the

concussed teeth for a week to reduce any pressure,

which in turn reduces the stress on the periodontium.

Splinting is usually not indicated. The patient should

be placed on a soft diet for two weeks. These cases just

need monitoring for about one year at three-month

intervals. Radiographs should be taken at recall visits.

Vitality should be tested as well at recall visits because

there is a risk of pulp necrosis mainly with mature

teeth [17]. In immature teeth, due to continuous root

development, the risk of pulpal necrosis is much less.

Subluxation
Subluxation is defined as a modest injury to the teeth

that affects the supporting structure of the affected

tooth with abnormal loosening but without tooth dis-

placement. Diagnostic signs and treatment are similar

to those for concussion injury except for managing the

mobility of the traumatized tooth. Sensibility testing at

the time of the trauma is negative, indicating a transient

pulpal damage that is usually reversible. Primary teeth

Box 7.1 Classification of Traumatic Dental Injuries

Injuries to the Periodontal Tissues

Concussion
Luxation
• Subluxation
• Extrusion
• Lateral luxation
• Intrusion

Injuries to the Hard Dental Tissues and the Pulp

Avulsion
Infarction
Enamel fracture
Enamel–dentin fracture
Enamel–dentin–pulp fracture
Crown–root fracture
• Uncomplicated
• Complicated
Root fracture
Alveolar bone fracture
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do not require treatment for minor mobility. The prog-

nosis is usually favorable, and the affected tooth returns

to its normal condition within two weeks. Follow-up

treatment is recommended at one week and six to eight

weeks.

Mobile permanent teeth may need to be stabilized

and occlusal interferences relieved. A flexible splint

may be placed for two weeks if the patient feels pain

and discomfort. Mature permanent teeth with closed

apices may undergo pulpal necrosis due to associated

injuries to the blood vessels at the apex. Therefore, until

a definitive pulpal diagnosis is reached, monitoring and

testing the affected teeth is important at one week, six

to eight weeks, and one year.

Extrusion or extrusive luxation
Extrusion is defined as a partial displacement of the

tooth axially from its socket (Figure 7.2A). In such

cases the periodontal ligament is usually torn and the

tooth appears to be elongated or protruding and mobile

(Figure 7.2B). The bony socket usually stays intact.

Radiographs reveal an increase in the periodontal space

at the apical level. The tooth is tender to touch and

percussion, with little or no response to a sensibility

test. This is dependent on the degree of displacement of

the tooth and its stage of development.

In primary immature teeth, treatment depends on the

degree of displacement, occlusal interference, and time

to exfoliation. If the injury is not severe (less than 3 mm

of extrusion) the tooth may be repositioned or allowed

to spontaneously align. In immature teeth, revascular-

ization has a high occurrence rate. Positive reading of the

pulp tester is a good indication of revascularization. But

when the injury is severe or the tooth is nearing exfoli-

ation or the patient is uncooperative, extraction should

be considered as the treatment of choice.

In a permanent mature tooth with a closed root apex,

there is increased risk of pulpal necrosis and periapical

rarefaction. The tooth crown might discolor. Active

repositioning of the tooth with digital pressure into

its anatomically correct position should be initiated

as soon as possible. Steady and firm finger pressure

should be applied in an apical direction to displace the

clot formed between the floor of the socket and the

tooth apex. Stabilize the tooth for two weeks using

a flexible splint. If the tooth is displaced greater than

5 mm and pulp necrosis is anticipated, the pulp should

be extirpated within 48 hours and the canal filled with

calcium hydroxide, followed by final obturation after

three months. Treatment follow-up is two weeks when

the splint is removed, and recall visits are scheduled

at four weeks, eight weeks, six months, and one year

(Figure 7.2C). Patient instructions and follow-ups are

essential for good long-term prognosis.

Lateral luxation
Lateral luxation is defined as displacement of the tooth

in a direction other than axial, usually in palatal/lingual,

labial, or lateral direction (Figure 7.3A). This is accom-

panied by damage to the periodontal ligament, with

fracture of the supporting alveolar bone (Figure 7.3B).

The tooth is not mobile and is locked into the new

position, giving a metallic sound, resembling an anky-

losed tooth, during percussion. The tooth usually is

not tender to touch, and pulp sensibility testing yields

negative results. In immature teeth, pulpal revascular-

ization usually occurs. Radiographic findings show an

increase in the periodontal ligament space, rupture of

the periodontal ligament, and displacement of the apex

toward or through the labial bone plate. This is most

evident on an occlusal radiograph.

Treatment in mature teeth consists of repositioning the

tooth using firm and gentle digital pressure. Forceps

may be used to disengage the tooth from its bony locked

position and then repositioned. Such injuries are always

accompanied by a dentoalveolar fracture component.

The alveolar bone is also repositioned into its correct

position to maintain alveolar integrity. The tooth may

be stabilized with a flexible splint for four weeks. Pulp

condition needs to be monitored. If pulpal necrosis is

anticipated or if the tooth is displaced more than 5 mm,

pulp should be extirpated within 48 hours to prevent

root resorption. Follow-up is every two weeks while

the splint is in place and then six to eight weeks, six

months, and annually up to five years.

In primary immature teeth, continuous development

of the root can be confirmed by radiographs indicating

revascularization. The teeth may be allowed to passively

reposition if this does not interfere with occlusion. If

interferences are present, the tooth should be reposi-

tioned and splinted to the adjacent teeth for one to two

weeks to allow healing. Such teeth have an increased

risk of developing pulp necrosis compared to teeth that

are left to spontaneously reposition. Follow-up is at two

to three weeks and clinical observation and radiographs

at six to eight weeks and one year. If there are no signs
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(a)

(b) (c)

Figure 7.2 Extrusion. A, Extrusion of the upper left central incisor of a 9-year-old boy. B, A radiograph showing an open apex
and chipped crown of upper right central tooth. C, Two years after trauma with apical closure and pulp canal calcification. Apical
maturation and resorption of upper left lateral incisor.

of root development after three months, root canal

therapy should be initiated using nonsetting calcium

hydroxide to create an apical seal.

Intrusion or intrusive luxation
Intrusion is defined as the apical displacement of the

tooth into the alveolar bone (Figure 7.4). This is due

to trauma along the long axis of the tooth. In severe

injuries, the tooth becomes intruded and locked in the

alveolar bone, causing compression of the periodon-

tal ligament and fracture of the alveolar socket. The

intruded tooth is immobile, and on percussion it gives a

high metallic sound. Clinically, the tooth appears to be

short or even missing. the sensibility test yields negative
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(a) (b)

Figure 7.3 Palatal luxation. A, Patient under orthodontic treatment due to trauma to teeth displaced labially. B, CBCT showing labial
bone fracture with displacement of upper central incisors.

results. The tooth apex is usually displaced labially

toward or through the labial bone plate when the

affected tooth is of a primary dentition. In permanent

teeth the displacement is into the alveolar bone. The

position of the primary tooth in relationship to the

developing permanent may be determined by a lateral

radiograph.

Radiographic findings reveal that the tooth is dis-

placed apically and the periodontal ligament space is not

continuous or may be absent from all of the root. The

cementoenamel junction is also located more apically in

the intruded tooth in comparison to its adjacent tooth.

There are three treatment modalities recommended to

reposition the intruded tooth.

If the intrusion is less than 3 mm, allow for spontaneous

eruption in case of immature teeth with incomplete root

formation, and monitor the self-eruption over 6 weeks.

If there is no movement within a few weeks, initiate

an orthodontic repositioning procedure. In mature, fully

developed roots, spontaneous eruption is less likely to

occur. Intervention may be essential to prevent ankylo-

sis. In either event, initiate orthodontic forced eruption

or surgical repositioning if the tooth does not erupt spon-

taneously.

If the intrusion is between 3 and 7 mm, orthodontic repo-

sitioning should be performed over a few weeks to allow

the periapical tissues to heal. The pulling force should be

very minimal to help healing of the periodontal ligament

and alveolar bone over time. Teeth should be splinted

with a soft splint to allow physiologic tooth movement

up to 4 weeks. This will stop the tooth from reintruding

in the alveolar bone once again.

If the intrusion is more than 7 mm, surgical repositioning

may be necessary. The pulp is likely to become necrotic

in teeth with complete root formation. Root canal ther-

apy should be initiated with calcium hydroxide 2 to 3

weeks after surgery. The tooth is then stabilized with a

flexible splint for 4 to 8 weeks.

Management of injuries to the hard
dental tissues and pulp

Avulsion
Avulsion is defined as the complete displacement

of a tooth out of its socket. Exfoliated, avulsed, or

knocked-out teeth are synonyms for the most serious

and critical situation that can happen to adolescents.

In young people, most avulsions occur during contact

sports like football, basketball, handball, rugby, and

boxing. Fights among students at school and assaults

can be contributing causes as well. Slipping in bath-

rooms or other wet floors, car accidents, and bicycling

are contributing factors and are common among elderly

persons and adolescents. Avulsion of permanent teeth

is observed in 0.5% to 3% of all dental injuries [12].
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(a) (b)

(c) (d)

Figure 7.4 Intrusion (upper left lateral incisor). A, Occlusal radiograph. B, Periapical radiograph. C, Tooth erupted and MTA placed in
both the central incisors; secondary midroot fracture. (D) Eleven years later, implant was placed.
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The most important element for the treating dentist in

dealing with traumatic injuries is the awareness of dif-

ferent modalities of treatment for both immature and

mature teeth. Avulsion injuries may be accompanied by

fracture of the alveolus. Radiographs are necessary to

rule out intrusion if the avulsed tooth is not found.

The viability of the periodontal cells depends on

the length of time the tooth was out of the mouth,

the storage medium used before reaching the den-

tist, and the stage of development of the tooth. All

these influence the treatment planning and prognosis.

Immediate treatment is essential for better prognosis.

Long-term prognosis also depends on the viable cells

of the periodontal ligaments and the extent of damage

to the cementum and pulpal tissues. Inflammatory

resorption, replacement resorption, and ankylosis are

the most significant and common complications after

replantation of the avulsed teeth.

Instructions can be given to the parent or guardian or

patient over the phone about what they can do at the

site of the accident until they reach the dentist’s office.

The best first aid is to wash the tooth under running

cold water for a few seconds, if possible, and immedi-

ately replant the tooth in its socket at the site of the

accident by holding the tooth by its crown part and let

the patient bite on a piece of gauze. Another option is

to place the tooth in a storage medium, the most read-

ily available and suitable being cold milk. Alternatively,

place the tooth inside the mouth between the teeth and

the cheek (buccal vestibule), and tell the patient to be

careful not to swallow it. The most detrimental to the

cells of the periodontal ligament is if the avulsed tooth is

stored in a dry place before it is reimplanted. This affects

the vitality of the periodontal cells, which in turn can

cause resorption and prevent reattachment.

Success of replantation was initially thought to

depend mainly on shorter extraalveolar time. However,

researchers have demonstrated that storage medium is

one of the most important factors in determining the

prognosis of avulsed teeth. A storage medium may be

defined as a physiological solution that closely replicates

the oral environment with adequate osmolality, pH, and

nutritional metabolites and thus create the best possible

conditions for storage to help preserve the vitality of

periodontal ligament cells following avulsion [18]. The

ideal storage medium should maintain the vitality of the

periodontal fibroblast cells to help them proliferate to

reattach to the alveolar bone and root surface [19–21)

and simulate the biological conditions of periodontal

ligament cells, such as osmolality of 320 mOsm/kg and

pH of 7.2 [22–27].

Types of storage media
Types of storage media, with their characteristics and

efficacy, are shown in Table 7.1.

Hank’s Balanced Salt Solution

Hank’s balanced salt solution (HBSS) (Biological Indus-

tries, Beit Haemek, Israel) is a pH balanced solution

having an osmolality of 320 mOsm/kg and pH of 7.2

[19, 28]. The main ingredients are 8 g/L sodium chlo-

ride, 0.4 g/L of D-glucose (dextrose), 0.4 g/L potassium

chloride, 0.35 g/L sodium bicarbonate, 0.09 g/L sodium

phosphate, 0.14 g/L potassium phosphate, 0.14 g/L cal-

cium chloride, 0.1 g/L magnesium chloride, and 0.1 g/L

magnesium sulfate [19, 26, 27]. These constituents can

sustain and reconstitute the depleted cellular compo-

nents of the periodontal ligament cells. This solution is

the best available storage medium according to Krasner

[27] and Ashkenazi and colleagues [19] because of its

composition of glucose and calcium and magnesium

ions, which can preserve periodontal ligament cells for

up to 24 hours at 4∘C. This solution does not require

refrigeration and can be kept on the shelf for two years.

Hank’s balanced salt solution is commercially avail-

able as Save-A-Tooth (Save-A-Tooth, Inc., Pottstown,

PA, USA). Save-A-Tooth showed inferior results as com-

pared to the original product. This could be due to the

fact that HBBS is prepared for immediate use for better

performance. However, it is not readily available at the

accident site, thus making it a bit impractical for use.

Culture medium

Eagle’s minimal essential medium consists of 4 ml of

L-glutamine, 105 IU/L of penicillin, 100 μg/mL of strep-

tomycin, 10 μg/mL of nystatin, and calf serum (10% v/v)

[22]. It can maintain the viability of cells and clonogenic

capacity for up to 8 hours of storage at 4∘C [19].

Eagle’s medium supplemented with growth factor has

the same contents as Eagle’s minimal essential medium.

In addition, growth factors of 15% fetal calf serum and

antibiotic solution consisting of 100 UI/mL penicillin,

50 μg/mL gentamicin, and 0.3 μg/mL amphotericin

B (Fungizone) are added to the solution. According

to Ashkenazi and colleagues [21], this is the second

best medium after Hank’s balanced salt solution in
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Table 7.1 Different types of storage media.

Storage Medium Characteristics Efficacy

Hank’s balanced salt solution Neutral pH, osmolality, nutrients ++
Viaspan Neutral pH, osmolality, favors cell growth ++
Minimal essential medium Nutrients, antimicrobial, growth factors ++
Saline Neutral pH, osmolality –

Water Bacterial contamination, hypotonic, nonphysiological pH, osmolality – –

Saliva Bacterial contamination, hypotonic, nonphysiological pH, osmolality – –

Propolis and green tea Antiinflammatory, antibacterial, antioxidant ++
Milk Isotonic, neutral pH, osmolality, nutrients, growth factors, high availability ++
Patient’s own serum Neutral pH, osmolality, essential metabolites +
Gatorade Low pH, hypertonic –

Probiotic lens solution pH and osmolality not established, basic nutrients +
Egg white Low bacterial contamination, nutrients, water +
Contact lens solution Antibacterial, preservatives –

++= Excellent, + = Good, – = poor, – – = Very poor

preserving the viability, mitogenicity, and clonogenic

capacity after 24 hours at room temperature of 24∘C,

which make this medium a better cell preserver than

Eagle’s medium without growth factor supplement.

ViaSpan

ViaSpan (Belzer VW-CSS, Du Pont Pharmaceuticals,

Wilmington, DE, USA) is a new storage medium used

for transporting organs. It has been very effective for

storing avulsed teeth as well [19, 20]. It has osmolality

of 320 mOsm and pH of 7.4 at room temperature,

which is ideal for cell growth [19–21]. It also contains

adenosine, which is necessary for cell division. It is

considered close to an ideal medium, but it has to be

refrigerated, is not readily available, and is expensive,

thus making it difficult to use [20].

Egg white

Egg white has a pH of 8.6 to 9.3 and an osmolality of 251

to 298 mOsm/kg. Khademi and colleagues compared

milk and egg white as solutions for storing avulsed

teeth, and the results have shown that teeth stored in

egg white for 6 to 10 hours had a better incidence of

repair than those stored in milk for the same amount

of time [29]. This result was similar to that obtained

by Sousa and colleagues, who demonstrated that milk

and egg white had similar properties concerning the

organization of collagen fibers and the number of cells,

which makes egg white a perfect storing media [30].

Milk and milk formulas

Cow’s milk has favorable properties for acting as a

storage medium for avulsed teeth. It is an isotonic liquid

with a neutral pH of 6.5 to 6.7 and physiological osmo-

lality of 273 mOsm/kg. Krasner stated that milk can

maintain the viability of human cellular periodontal lig-

ament [27]. The American Association of Endodontists

(AAE) indicates milk as a transport solution for avulsed

teeth [22, 27, 28, 31]. Milk is significantly better than

other solutions because it is easy to obtain, has low or no

bacterial content, and contains essential nutrients such

as amino acids, carbohydrates, and vitamins [22, 27,

31–35]. It is important that it be used in the first 20 min-

utes after avulsion [34]. Milk only prevents cell death

and does not help in mitosis. Blomlöf and colleagues

recommended milk as an excellent medium for 6 hours

when it was cold and fresh [24]. Gamsen and colleagues

demonstrated that milk is able to maintain the osmotic

pressure for periodontal ligament cells but it does

not have the ability to restore viability of the already

depleted or degenerated cells [33]. Cooler temperatures

reduce cell swelling, increase cell viability, and improve

the cell recovery. Cold milk maintains cell function for

almost twice as long as milk at room temperature.

Long shelf-life milk is an effective storage medium.

Pearson and colleagues compared the efficiency of

several milk substitutes, which included reconstituted

powdered milk, evaporated milk, and baby formulas

like Similac or Enfamil, as compared to whole milk [32].
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Their findings revealed that Enfamil does not require

special storage, has a shelf-life of 18 months, and is

a more effective storage medium than pasteurized or

whole milk for at least 4 hours [32]. There is no signif-

icant difference between regular pasteurized milk and

long shelf-life milk; the only advantage of long-life milk

is that it does not require refrigeration [35]. Regular

pasteurized milk has a shorter shelf life and requires

refrigeration, which makes it less readily available at the

site of accident. Harkacz and colleagues suggested that

milk with lower fat content may be more appropriate

than milk with higher fat content [36].

Tap water

Tap water has been shown to be the least desirable stor-

age medium. It causes rapid cellular lysis of the peri-

odontal ligament cells, and it has bacterial contamina-

tion, low osmotic pressure (is hypotonic), and nonphys-

iological pH and osmolality [19, 20, 22–24].

Saliva/buccal vestibule

The buccal vestibule can be used for a short time due to

its availability. It has nonphysiological pH and osmolality

of 60 to 70 mOsm/kg. Other unfavorable characteristics

are high bacterial content and hypotonicity. Storage for

more than 2 to 3 hours will result in membrane damage

of the cells. However, it is preferred to use saliva rather

than keep the tooth in a dry environment when no other

storage medium is available.

Gatorade

Gatorade is a sports drink used for rehydration. It is not

very suitable for use as a storage medium due to its low

acidic pH and hypertonicity, making it impossible for the

cell to grow. It can only serve as a short-term storage

medium if no other option is available because it pre-

serves more cells than tap water.

Contact lens solution

Contact lens solution contains a fatty acid monoester

and a cationic antimicrobial component. It is worse than

saline [37]. The presence of preservatives in its formula

is harmful to the cells of the periodontal ligament. Con-

tact lens solutions are not generally recommended [38].

Propolis

Propolis is a natural substance produced by honeybees

with antiinflammatory, antioxidant, antimicrobial, and

tissue-regenerative properties [28]. It has approximately

50 constituents, primarily resins and vegetable balsams

50%, waxes 30%, essential oils 10%, and pollen 5%.

Mori and colleagues found that this can be a promis-

ing transport medium [39]. The antibacterial and antiin-

flammatory actions inhibit prostaglandin synthesis, thus

promoting healing of the epithelial tissues. Propolis also

contains iron and zinc, which are important for colla-

gen synthesis, and bioflavonoids, which help in the con-

tention of hemorrhage of the periodontal ligament tis-

sue. The major drawback is that it is not readily available

to the public.

Saline solution

Normal saline provides physiological pH and osmolality

of 280 mOsm/kg, which is compatible with the cells of

the PDL. However, it lacks essential nutrients needed for

cell metabolism, such as magnesium, calcium, and glu-

cose [22, 27]. It has been suggested to use this as an

interim storage medium for 2 hours [22, 31].

Recommendation

Although HBSS, ViaSpan, and Eagle’s medium have

great potential to maintain the PDL cells in a viable

state after avulsion, the practicalities of using these

solutions, the cost, and the lack of ready availability

to the general public make them less than ideal. Milk

remains the most convenient, cheapest, and most

readily available solution in most situations while also

being capable of keeping PDL cells alive. Hence, milk

remains the storage medium of choice for avulsed teeth

that cannot be replanted immediately or very soon

after the avulsion because its pH and osmolality remain

within the acceptable biological range.

Current developments in storage media
Antibiotic solution

Limited tooth storage in a cell-compatible medium prior

to replantation has been researched and studied. Antibi-

otic solution has proven antiresorptive properties, thus

promoting healing. It also promotes fibroblasts and con-

nective tissue attachment, thereby enhancing regenera-

tion of PDL cells.

Emdogain

Emdogain (Straumann Holding AG, Basel, Switzerland)

is an enamel matrix protein shown to promote peri-

odontal cell proliferation. It is composed of a number
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of proteins that self-assemble to create a matrix. The

dominant protein in this matrix is amelogenin, which

has been remarkably well conserved throughout evo-

lution and is functionally consistent in many species.

Therefore, although the matrix proteins in Emdogain

are of porcine origin, they are considered “self” when

encountered by the human body. Ashkenazi and Shaked

found that it diminishes the percentage of fibroblasts

of the periodontal ligament and is capable of forming

colonies, which lowers the ability of the fibroblasts to

repopulate the radicular surface after tooth avulsion

[40]. It can delay, but not stop, the development of

replacement resorption and by itself is not efficient in

the regeneration of injured periodontal tissues of the

avulsed tooth [40, 41].

Alendronate

Alendronate is a third-generation bisphosphonate

currently used to inhibit pathologic osteoclast-mediated

resorption of hard tissue. Studies have demonstrated

that soaking avulsed teeth in alendronate results in

significantly less loss in root mass due to resorption, as

compared to other storage media.

Fluoride

Pre-replantation treatment of the root surface with flu-

oride helps eliminate inflammatory root resorption and

increases the resistance of the root to replacement root

resorption through the formation of fluorapatite on the

root surface. This is done in cases when root cells cannot

be resurrected by rehydrating in HBBS or milk. Results

for this are proved only in in vitro studies [42].

Treatment of avulsed teeth
The guidelines for the treatment of avulsed permanent

teeth vary, but the ideal treatment for an avulsed

tooth is immediate replantation (Figures 7.5 and 7.6)

[15, 43]. However, it cannot always be carried out

immediately.

The treatment decision and long-term prognosis of

avulsed teeth is related to the maturity of the root

apex (open or closed) and the condition of the PDL

cells. The condition of PDL cells depends on the storage

medium and the time the tooth has been out of the

mouth [44–48]. After a dry time of 60 minutes or

more, all PDL cells are nonviable [15, 43]. In patients

with a prolonged extraoral time, when replantation is

being considered, the tooth should be maintained in a

suitable medium until it is replanted by a dentist [49,

50]. Replanted teeth must be monitored carefully, and

clinical and radiographic findings should be recorded

because in children and adolescents, ankylosis is com-

monly associated with infraposition of the replanted

tooth.

There are no guideline for the replantation of primary

teeth due to the potential of subsequent damage to the

developing permanent tooth. However, replantation of

a permanent tooth should be preferably done at the site

of trauma.

Avulsed immature teeth (open apex): new
treatment regimen and rationale
Tooth is replanted before arrival (immediate
replantation)
Immediate replantation has the best long-term prog-

nosis. In such cases, the revascularization rate is high,

causing growth continuation of the root apex until it

closes completely. The less developed the root at the

time of injury, the greater the potential for revascu-

larization. Leave the tooth in place. Ensure that the

examination of traumatized teeth and initial treatment

mentioned at the beginning of this chapter are per-

formed. Stabilize the teeth with a flexible physiologic

splint for two weeks. Prescribe an antibiotic. Avoid root

canal treatment unless there is clinical or radiographic

evidence of pulp necrosis. In the case of pulp necrosis,

the pulp should be extirpated and calcium hydroxide

placed immediately, to stimulate apexification and

halt the inflammatory response. Patient instructions

and follow-up should be followed as mentioned at the

beginning of this chapter.

Preserving the periodontal ligament attachment
(teeth with less than 60 minutes outside
the mouth): enhancing revascularization with the
use of topical antibiotics
The decision and management differs for immature and

mature teeth. Because the patient’s age is not a clear

indication of a tooth’s maturity, the clinician should

rely upon the apical closure as an indication for the

stage of development. An immature tooth (open apex)

can establish revascularization, but a mature tooth

cannot.

If immediate replantation is not possible, the avulsed

tooth is transported to the dentist’s office in an appro-

priate storage medium. Detrimental effects occur to the
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Immediate
replantation

< 60 minutes
replantation

> 60 minutes
replantation

Transport to HBSS if not
available, place the
tooth in cold milk

Debride with soft guaze
or 3% citric acid for 3
minutes and rinse well

to remove PDL

Soak in doxycyanide for
5 minutes

Place in 2% sodium
fluoride for 20 minutes

Replant/reposition.

Take Periapical radiograph to determine tooth position.

Place a flexible splint for 2 weeks ( 4 weeks if bone
fracture)

Prescribe antibiotics

Assess tetanus vaccine

Give post-operative instructions

Follow up in 7-10 days

Monitor every 4 weeks, pulp test, radiographs

In 12-18 week, ideally revascularisation/apexogenesis
occurs

Consider apexifocation with MTA or Ca (OH)2 if
clinical/radiological pathology present.

If tooth is infrapositioned, or ankylosed, consider
decoronation procedure

Follow up: 1 week, 1 month, 3 months, 6 months, 12
months , and annually for 5 years

Figure 7.5 Treatment of avulsed immature teeth.

periodontal ligament cells especially if the tooth has

been kept dry. Upon the patient’s arrival, assess the

extraalveolar time and storage medium, because the

risk of ankylosis increases significantly with an extraoral

dry time of more than 15 minutes. In such a situation,

replantation is questionable because the increased risk

of ankylosis can have an unaesthetic result. Such teeth,

if replanted, should be monitored closely.
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Immediate
replantation

< 60 minutes
replantation

> 60 minutes
replantation

Debride with soft guaze
or 3% citric acid for 3
minutes and rinse well

to remove PDL

Transport  to HBSS if
not available, place the

tooth in cold milk

Place in 2% sodium
fluoride for 20 minutes

Replant/reposition.

Take Periapical radiograph to determine tooth position.

Place a flexible splint for 2 weeks ( 4 weeks if bone
fracture)

Prescribe antibiotics

Assess tetanus vaccine

Give post-operative instructions

Follow up in 7-10 days

If root canal therapy was initiated, complete within 1 month,
OR

If patient does not present until > 2 weeks after trauma
and/or radiographic resorption is present:

Pulpectomy/debridement as soon as possible.

Long-term Ca (OH)2.

Complete RCT when PDL/lamina dura is observed / healthy

Follow up: 1 week, 1 month, 3 months, 6 months, 12 months,
and annually for 5 years

Figure 7.6 Treatment of avulsed mature teeth.
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Clean the root surface with saline solution without

touching the coronal part. Flush the socket with saline.

Soak the tooth in minocycline or 1% doxycycline

solution (1 mg doxycycline solution in 20 mL saline or

50-mg doxycycline capsule in 1000 mL saline) for 5

minutes [47, 51, 52]. Cvek and colleagues [47] found

that topical application of doxycycline increased the

probability of complete pulp revascularization and

decreased the probability of microorganisms in the

pulpal lumen. The risk of inflammatory root resorption

was also decreased. Ritter and colleagues concluded

that minocycline facilitates pulp revascularization in

immature teeth after replantation [53].

Replant the tooth slowly and gently with firm digi-

tal pressure without exerting any force. If resistance is

met, check for any bony fractures. Verify the position of

the tooth in the socket clinically and radiographically.

Prescribe systemic antibiotic. Do not initiate endodon-

tic treatment unless there are signs of pulpal necrosis

or radiographic changes. If root canal therapy has to be

initiated, it should be performed just before the splint

is removed to minimize any pressure. Calcium hydrox-

ide can be used as intracanal medicament for up to one

month, followed by root canal filling with a biocompat-

ible material. Bryso and colleagues demonstrated that

roots treated with Ledermix Paste roots had statistically

significantly more healing and less resorption than the

roots treated with calcium hydroxide [54].

Patient instructions and follow-up are the same.

Recall visits should be at two weeks (when the splint

is removed), four weeks, eight weeks, six months, and

one year and annually thereafter. If the tooth exhibits

symptoms, mobility, or ankylosis, surgical treatment

should be considered.

Teeth with more than 60 minutes outside
the mouth
Delayed replantation has a poor long-term prognosis.

The periodontal ligament will be necrotic and not

expected to heal. Osseous replacement resorption or

ankylosis is likely to occur [48, 55]. There is controversy

regarding whether such teeth should not be replanted.

Recent guidelines recommend replantation, though,

to maintain the alveolar bone contour esthetically

and psychologically. Ankylosis is often associated with

infraposition of the replanted tooth. Decoronation

may be necessary when the degree of infraposi-

tion increases more than 1 mm [56, 57]. Despite an

extended extraalveolar dry storage time, teeth with

delayed replantation might be retained in a stable and

functional position in the dental arch. In patients for

whom growth has not ceased, the replanted tooth can

maintain the periodontium and the surrounding bone

for a few years until other replacement options, such as

implant, can be considered.

Treatment of these cases starts with the removal of

attached periodontal ligament from the root surface,

using gentle scrubbing with gauze or 3% citric acid

for 3 minutes [52, 58] followed by soaking the tooth

in 2% sodium fluoride for 20 minutes. Selvig stated

that fluoroapatite makes the tooth more resistant to

ankylosis than hydroxyapatite [59]. This procedure

makes the root surface more resistant to osteoclastic

activity, thus reducing the possibility of resorption and

ankylosis. After replanting the tooth, splint the tooth in

place for four weeks.

Root canal therapy is usually performed extraorally

by irrigating the canal and placing an apical plug of

about 4 mm thick, using mineral trioxide aggregate

(MTA) (ProRoot Endo Sealer, Dentsply Maillefer,

Ballaigues, Switzerland) [60–63] or TotalFill BC RRM

Putty (Peter Brasseler Holdings, Savannah, GA, USA)

[64, 65]. Ghoneim and colleagues [65] concluded that

bioceramic root canal filling can strengthen the residual

root and increase the in vitro fracture resistance of

endodontically treated teeth. This is a very significant

finding, particularly for the long-term retention of an

immature tooth that has thin root canal walls and is

susceptible to fracture if any future trauma happens.

Avulsed Mature Permanent Teeth
(Closed Apex)

Mature teeth with immediate replantation
The treatment for a mature tooth does not differ from

that for an immature avulsed tooth when it is replanted

immediately. Follow the same steps and monitor the

outcome clinically and radiographically. Initiate root

canal therapy 7 to 10 days after replantation and just

before removing the splint. The chance of revascular-

ization is minimal in a mature avulsed tooth. Place non-

setting calcium hydroxide for one month until the root

canal is permanently filled. This can help in reducing

any further non-favorable outcome. Fill the canal with

biocompatible filling material and follow up the case.
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Mature teeth with less than 60 minutes
outside the mouth
An avulsed tooth that has been kept outside the mouth

will have some necrotic periodontal ligament cells

(Figure 7.7). If the avulsed tooth is left dry, wash the

root surface with saline and soak it in an appropriate

medium, such as HBBS. Treat the surrounding tissues,

if they are lacerated. Flush the alveolar socket with a

stream of saline to get rid of any coagulum. Replant the

tooth back in its socket with gentle pressure, without

exerting any force [66]. Osseous inflammatory resorp-

tion (ankylosis) is one of the unfavorable potential

outcomes [55]. Patient instructions and follow-up are

essential, and intervention is done at the first sign of

inflammation.

Mature teeth with more than 60 minutes outside
the mouth
Extraoral time longer than 60 minutes has a poor

long-term prognosis (Figure 7.8). The goal of delayed

replantation is to promote alveolar bone growth to

encapsulate the replanted tooth and to maintain the

integrity of the alveolar bony socket (Figure 7.9). Treat-

ment starts with cleaning the root surface with gentle

scrubbing. Soak the tooth in 3% citric acid for 3 min-

utes. Rinse it with saline and immerse it in 2% sodium

fluoride solution for 20 minutes. Root canal therapy

can be performed prior to replantation. Otherwise,

root canal therapy can be performed two weeks after

replantation and the splint can be removed that day.

An unfavorable outcome is ankylosis or inflammatory

root resorption without osseous replacement, which

will eventually lead to tooth loss (Figure 7.10). If the

infrabony position is more than 1 mm, decoronation

may be necessary [56, 57]. Lin and colleagues and

Malmgren agreed that decoronation of ankylosed

young permanent incisors resulted in a decrease in the

buccopalatal dimension with time [67, 68]. It did not

prevent additional alveolar growth that occurs with

age in a developing child and thus may help maintain

the alveolar bone ridge width, height, and continuity

and assist in future rehabilitation with less-invasive

ridge-augmentation procedures required for implant

placement. Currently, there is an emphasis on the

(a) (b)

Figure 7.7 Avulsion with extraoral time less than 60 minutes. A, Upper right central incisor replanted. B, Follow-up after 4 years.
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(a) (b)

(c) (d)

(e)

Figure 7.8 A, Avulsion with extraoral time of two hours. B, Three months after replantation. C, Inflammatory root resorption noticed
after two and a half years. Left central canal obliterated. D, Five and half years later, with the tooth still holding its position in the
alveolar bone, with the gutta-percha filling and free gingiva. E, Tooth removed and implant placed without bone augmentation.
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(a) (b)

(c)

Figure 7.9 Avulsion with extraoral time more than 60 minutes. A, Upper right central incisor kept dry for four hours. B, Mesial and
distal resorption after five years. C, Nine years after trauma.
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(c)

(a) (b)

Figure 7.10 A, Inflammatory root resorption. B, Two years after avulsion and replantation. C, CBCT image showing that most of the
root is resorbed.
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regenerative procedures in managing avulsed teeth

with pulpal necrosis.

Pulp revascularization
Regeneration in immature permanent teeth that have

necrotic but uninfected pulps following trauma helps

to reduce the risk of fracture. Regenerative endodon-

tic procedures can be defined as biologically based

procedures designed to predictably replace damaged,

diseased, or missing structures, including dentin and

root structures as well as cells of the pulp–dentin

complex, with live viable tissues, preferably of the same

origin, that restore the normal physiologic functions of

the pulp–dentin complex [69]. These include direct pulp

capping, revascularization, apexogenesis, apexification,

stem cell therapy, and tissue engineering [69]. Most

therapies use the host’s own vascular cells for these

procedures, but stem cell therapies are also currently

under research and development. (Figure 7.11).

Bioactive substances like Emdogain, an enamel

matrix derivative substance, is currently under research

for facilitating regeneration of the periodontal ligament

Traumatised Tooth
(Avulsed &

Reimplanted)

If Primary

Regenerative
Endodontic

procedures not
recommended`

If Mature with a
closed Apex

If immature
Permanent

Attempt
Regenerative
Endodontic

Proceedures

Vitality Testing

Non Vital with
Necrotic Pulp

Non Surgical Root
Canal MTA

Apexification

Root Canal
Vascularisation

Endodontic
Regeneration

Vital with some
healthy pulp

Root Canal
Apexogenesis

Figure 7.11 When to perform regenerative procedures.
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and inhibiting the development of replacement and

inflammatory root resorption. It is still in the early stages

of evaluation for use. Researchers argue that coating

the root surface of avulsed teeth with Emdogain could

promote migration, proliferation, and differentiation of

periodontal ligament fibroblasts. The topic is dealt in

detail in Chapter 11.

Enamel infraction (crack)
Infarction is defined as an incomplete fracture of the

enamel without loss of the tooth structure. This is the

simplest form of trauma that can occur. Tiny craze lines

in the enamel can be seen visually or with transillumi-

nation. A periapical radiograph should be taken to rule

out any root fractures. A sensibility test may give a neg-

ative reading initially, indicating transient pulpal dam-

age. Treatment is aimed at maintaining the structural

integrity of the tooth. It can range from plain observa-

tion to placement of composite resin, depending on the

extent and the aesthetics. No follow-up is needed for

these cases [14].

Enamel fracture
Enamel fracture is confined to tooth crown enamel and

is visible clinically with rough enamel surface. Regard-

less of its simplicity, treatment procedure should be fol-

lowed with pulp testing, mobility, and radiographs. If

a tooth fragment is available, it can be replaced after

smoothing sharp enamel edges and bonding the frag-

ment to the tooth using composite resin [14]. Follow-up

is scheduled for 6 to 8 weeks and then one year.

Enamel–dentin fracture without
involvement of the pulp (uncomplicated
crown fracture)
Enamel–dentin fracture involves only enamel and or

enamel–dentin structure without the involvement of

the pulp. This is clinically detectable. Lips, tongue,

and gingiva should also be examined for embedded

tooth fragments and debris. Pulp sensibility testing is

essential to monitor pulpal changes. Initial testing may

be negative, indicating transient pulpal damage. Soft

tissue radiographs should also be taken, especially when

the patient presents with soft tissue lacerations, because

sometimes the tooth fragment is embedded in one of

the lips (Figure 7.12).

Treatment objectives are to maintain pulp vitality

and restore normal esthetics and function. For small

fractures, rough edges may be smoothed. For larger

fractures, lost tooth structure may be restored with

calcium hydroxide (if the fracture is close to the pulp),

glass ionomer cement, and composite. The prognosis of

uncomplicated crown fractures depends primarily upon

the extent of dentin exposed. Follow-up clinically and

radiographically at 6 to 8 weeks and one year [14, 70].

Enamel–dentin fracture involving the pulp
(complicated crown fracture)
A complicated crown fracture is defined as an enamel–

dentin fracture with pulp exposure. As with the uncom-

plicated tooth fracture, the lips, tongue, and gingiva

should be examined for tooth fragments and debris.

The routine radiographs should include soft tissue

(a) (b) (c)

Figure 7.12 Enamel dentin fracture. A, Arrow indicates fractured crown fragment. B, Arrow indicates the displacement of the frag-
ment. C, Soft tissue radiograph of the upper lip showing the fractured fragment.
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radiograph in addition to periapical and occlusal radio-

graphs. A sensibility test is not indicated because pulpal

exposure and involvement is evident clinically by sight.

For primary teeth, pulpal treatment options are

pulpotomy, pulpectomy, or extraction, but it is advan-

tageous to preserve the pulp’s vitality. In permanent

teeth, pulp treatment options are direct pulp capping or

partial pulpotomy with calcium hydroxide or MTA or

pulpectomy, depending on the extent of the exposure

and the time elapsed since injury [71]. The tooth should

be isolated and decontaminated with chlorhexidine.

The tooth is then restored with composite resin [14].

These procedures will maintain the viability of pulpal

tissue cells, thus helping in continuous root maturation

in immature teeth. Mature teeth will maintain their

viability to prevent any further pulp complications.

Follow-up is in 6 to 8 weeks and one year.

Crown–root fracture without pulp
involvement
This type of crown–root fracture is a result of an enamel,

dentin, and cementum fracture with or without expos-

ing the pulp. A mobile coronal fragment attached to

the gingiva with or without a pulp exposure is clinically

evident. The fracture line extends palatally below the

gingival margin or sometimes even below the bone

crest, making the fracture line invisible. Anteriorly, the

fractured coronal portion extends in an incisal direction,

resulting in pain upon occlusion. In the posterior region

the fracture is usually confined to the buccal cusps.

Root fractures can only be diagnosed radiographically.

Radiographic findings reveal a radiolucent oblique

area usually perpendicular to the central radiographic

beam. If definitive treatment cannot be performed at the

initial visit, the emergency treatment should be carried

out to reposition the coronal fragment and temporarily

splint it to the adjacent teeth with composite for up to

four weeks to reduce the patient’s discomfort.

Treatment modalities depending on the position

of the fractured fragment (according to DiAngelis

and colleagues [14]) include fragment removal only,

fragment removal and gingivoplasty and/or osteoplasty,

orthodontic extrusion, surgical extrusion, decoronation,

or extraction.

Fragment removal only
If the fractured fragment is at the level of the free gin-

giva, it is removed. Dentin is protected and the tooth

is restored with composite resin. Long-term prognosis is

not assured.

Fragment removal and gingivoplasty and/or
osteoplasty
If the fracture is subgingival—it is at the level of or

under the bone crest—surgical exposure of the fractured

surface by gingival apical repositioning or osteoplasty

should be performed to convert the fracture to a

supragingival level. This should be limited to the palatal

aspect so as not to compromise the aesthetics. Root canal

therapy is carried out before the crown-lengthening

procedure.

Orthodontic extrusion
Orthodontic extrusion of the apical fragment to expose

the subgingival fracture site is used if pulp vitality needs

to be preserved in cases of uncomplicated crown–root

fractures (Figure 7.13). Upon removal of the separated

fragment, root canal therapy should be performed.

Using the space of the canal, a temporary post is

cemented. This is attached with orthodontic brackets to

the neighboring teeth to permit extrusion of the tooth

along its long axis. If there is sufficient tooth structure,

the orthodontic bracket may be placed on the labial

surface of the injured tooth. Once the desired length

and results achieved, stabilize to prevent prolapse of the

tooth. Casted post and crown can be placed later. This

procedure is time consuming and causes discomfort for

elderly patients.

Surgical extrusion
Surgical extrusion is performed when there is com-

plete root development and the apical fragment is

long enough to retain a post and crown. Once the

fractured segment is removed, surgically reposition

the tooth coronally, using forceps, to its new position

with minimal luxation. Stabilize with a flexible splint.

A rotation of the tooth to 90 or 180 degrees can offer

a better position for periodontal ligament healing.

As the fracture site becomes exposed labially, more

periodontal ligament can be saved [72]. There is a risk

of root resorption with this procedure and marginal

breakdown of the periodontium.

Decoronation
Decoronation is indicated in young patients as an alter-

native to extraction when the above-mentioned options
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(a)

(c) (d) (e)

(b)

Figure 7.13 A, Cervical crown root fracture as presented with the wire splint. B, After removing the fractured part and preparing for
orthodontic extrusion. C, Placing a hook wire in the root canal, with orthodontic wire labially on the adjacent teeth and force erupting
over two months. D, Cast post and crown placed after four months. E, CBCT image showing the cemented crown in position.

cannot be carried out and implant is the treatment of

choice in the future. Submerging the root will maintain

the alveolar bone contour and prevent alveolar bone

resorption.

Extraction
The prognosis of teeth with crown–root fractures

depends on the location of the fracture and the extent

of enamel, dentin, cementum, and pulp involvement.

Fractures extending significantly below the gingival

margin might not be restorable. The splint is removed

at 4 weeks. Patient instructions should be the same.

Follow-up is at 6 to 8 weeks and one year. For patient

assurance, it can be every 3 months.

Crown–root fracture with pulp involvement
A crown–root fracture involving enamel, dentin, and

cementum with pulp exposure can affect immature

and even mature teeth. Every attempt should be

made to ensure root development in immature teeth
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and prevent resorption in mature teeth. Treatment

modalities are the same as described for crown–root

fracture without pulp exposure, excluding the first

point of fragment removal only, which is not applicable

here. Patient instructions and follow-up should be the

same.

Root Fracture
A root fracture is restricted to the root of the tooth and

involves cementum, dentin, and pulp. It can result in

a vertical or transverse root fracture. It is uncommon,

occurring in less than 3% of dental injuries [73].

The direction and location of the fracture determine

the long-term prognosis of the tooth. Because the

crown of the tooth is often intact, diagnosis of a root

fracture can only be made radiographically and can

require multiple radiographic exposures at different

horizontal and vertical angulations to arrive at an

accurate diagnosis. Root fractures in primary teeth

may be obscured by superposition of an erupting

tooth.

The more cervical the position of the fracture, the

worse the prognosis. The apical fragment usually

remains in its original position while the coronal

fragment is displaced. If a transverse fracture is close

to the root apex, the success rate is considered high

(Figure 7.14). However, the closer the fracture is to the

vicinity of the gingival line and the more vertical it is,

the poorer the long-term success rate. Immature teeth

with vital pulp rarely sustain root fracture [73]. Severity

of root fracture and its location along the root depends

on the speed and direction of the object. Depending

on the distance of displacement between the coronal

and apical segment, the neurovascular supply can be

severed at the fracture line and the periodontal ligament

separation.

Transverse root fracture can be categorized as three

types according to the location of the fracture line:

apical one third (Figure 7.15), middle one third, or

coronal one third (Figure 7.16). Diagnosing such cases

is easy; it resembles diagnosis of luxation injuries. The

coronal segment may be mobile and tender to touch or

percussion. If the coronal part is displaced, the teeth will

be disturbed on occlusion. Radiographs are an essential

diagnostic tool and should include a periapical bisecting

exposure for locating a root fracture in the cervical

(a) (b)

Figure 7.14 A, Middle root fracture of an immature tooth without displacement. B, Five years after the injury without treatment, all
anterior teeth matured and the fracture line healed with hard tissue.

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

Chapter 7: Dental traumatic injuries 177

Figure 7.15 Apical third root fracture of lower anterior teeth.

third of the root and occlusal exposure for locating root

fractures in the apical and middle third. A permanent

tooth with root fracture and positive pulp sensitivity

may be repositioned and stabilized with a flexible splint

for 4 weeks to permit pulpal healing and hard tissue

repair of the fracture. If the root fracture is near the

cervical area, stabilization may be required for a longer

period, up to 4 months.

The tooth is splinted for four months if the fracture

is in the in the cervical third. Apical and middle one

third transverse root fracture treatments are almost

the same. If coronal fragments are mobile, reposition

and stabilize the fragment with flexible splinting of

composite resin and wire or orthodontic appliances for

4 weeks

Do not initiate endodontic treatment unless there is

an indication to do so. If root canal treatment has to

be carried out, the root canal should be instrumented

to the fracture line only and filled with nonsetting

calcium hydroxide for up 3 months to initiate a fracture

line stop and prevent resorption. Follow-up is 6 to 8

weeksand then every 3 months for 1 year (Figure 7.17).

Patient instructions are the same as for other root

fractures.

Treatment of coronal one third root fractures is the

most troublesome and technically sensitive. It has a

poor long-term prognosis because of the proximity of

the fracture line to the gingival sulcus. The tooth is

Figure 7.16 Multiple fractures of the cervical margin of a lateral
incisor.

splinted for 4 months if the fracture is in the in the

cervical third. Maintaining excellent oral hygiene is

absolutely critical. Poor oral hygiene can cause gingival

inflammation and apical migration of the base of the

gingival crevice, leading to exposure of the fracture

line and its communication with the oral cavity, thus

resulting in the loss of the coronal segment.

Fracture line healing patterns
Different healing modalities after root fracture have

been described in the literature by several authors

[74–77] radiographically and histologically. Four more

commonly described are healing with hard tissue forma-

tion, healing with fibrous connective tissue formation,

healing with bone and connective tissue formation, and

granulation tissue formation.

Healing with hard tissue formation
In this type of a healing pattern, the fracture line is

visible radiographically (Figure 18A). According to

Andreasen [77], healing can be diagnosed from the

radiographs after follow-up. If the root canal anatomy
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(a) (b)

(c) (d)

Figure 7.17 A, Middle root fracture without displacement of the fractured segments. B, Four years with displacement of the apical
segment endodontic therapy has been performed. C, Nine years after trauma, extracted tooth showing the two separated fragments.
D, Implant placed after extraction.

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

Chapter 7: Dental traumatic injuries 179

of the coronal fragment remains unchanged, healing is

usually by hard tissue formation.

Healing with fibrous connective tissue formation

In this type of a healing pattern, there is an ingrowth

of connective tissue between the two fragments. The

fragments are displaced radiographically and have

rounded fractured edges, and the coronal root canal

becomes obliterated with time.

Healing with bone and connective tissue formation

The apical and coronal fractured segments are separated,

and radiographically a bony ridge can be seen in the frac-

ture line (Figure 7.18B).

Granulation tissue formation

No signs of healing or obvious radiolucency can be

seen radiographically of the fracture line due to the

inflammation and necrosis of the coronal segment. If

the coronal segment has been treated endodontically,

healing may be with connective tissue formation with a

good long-term prognosis [75].

Alveolar Bone Fracture

Alveolar bone fracture is common in situations when

there is trauma to several teeth together causing the

alveolar process to fracture. This does not necessarily

involve the alveolar socket. On clinical examination, the

fractured process will move several teeth at the same

time during the mobility test. Neurovascular supply is

affected negatively by cutoff. The periodontal ligament

is compressed and the root apex is wedged in the buccal

bone [14]. The fractured alveolar displacement causes

occlusion disturbance, pain, and tenderness to touch

and percussion. Tooth root fracture may or may not

occur with alveolar fracture.

Treatment consists of reduction and splinting, using

firm and gentle digital pressure to replace the alveolar

bone and teeth to their original position, in a down-

ward (axial) and backward (buccal) movement to help

to release the teeth from the bone. Physiologic splint-

ing for 4 weeks, with radiographs and monitoring over 1

year, is recommended. Endodontic intervention is essen-

tial on any sign of periapical rarefaction.

(a) (b)

Figure 7.18 A, Healing with bone and connective tissue. B, Healing with hard tissue and connective tissue without endodontic
treatment.
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Root Resorption

One of the common sequelae after a traumatic injury is

root resorption. Root resorption is either a physiological

or pathological process. It can occur when there is

damage to the periodontal ligament, cementum, or

dentin and may be self-limiting or progressive. The

extent of the resorption depends on the surface area

that was damaged and the presence of persisting stim-

ulation. If the trauma is self-limiting and the injury to

the periodontal ligament is mild, then repair with new

cementum to the root will take place [78]. Because

pain is so infrequently associated with resorption,

routine follow-up is imperative after trauma. The

process of root resorption is initiated either outside of

the tooth, giving rise to external resorption, or from

within the canal, where it is termed internal resorption

(Figure 7.19).

Types of Resoprtion
Internal resorption
Internal resorption is the result of osteoclastic activity

nourished by a highly vascularized granulation tissue

that has replaced normal pulp. It is a progressive

Figure 7.19 Differential diagnosis of internal and external resorption. A, Internal resorption. Radiographically, the canal appears
interrupted. B, External resorption. The canal appears irregular, and a radiolucent area appears overlying the canal.
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(a) (b)

Figure 7.20 Internal resorption. A, Resorption that is confined
within the root canal. B, The resorption has progressed to extend
beyond the root, perforating the root.

dissolution of dentin, enamel, and cementum and can

be halted only by removing pulp. Internal resorption

may be rapid, decimating the tooth in months; in other

cases, the process can take years. Because there is no

way of predicting the rate of devastation, it is imperative

to remove the altered pulp tissue when the pathosis is

first discovered [79]. If the resorption process goes on for

too long, the root can be perforated (Figure 7.20). The

Figure 7.21 Internal resorption with irregular shape can present
challenges on treatment.

enlarged, unevenly shaped resorption cavities, which

extend in all directions, present additional problems in

treatment. In these situations, access cavities must be

enlarged sufficiently to provide all adequate approach

to the irregular metaplastic tissue (Figures 7.21 and

7.22). Internal resorption has been categorized into

internal replacement and internal inflammatory

resorption [80].

External resorption
External resorption is another form of root resorption,

which is characterized by small excavations in cemen-

tum on the root (Figure 7.23). This can be much more

complicated to diagnose and treat. Such resorptive

process is diagnosed radiographically as an irregular

radiolucent area overlying the root canal. The canal out-

line remains intact (Figure 7.1B). In internal resorption,

the outline of the canal is interrupted (Figure 7.19A).

Figure 7.22 Internal resorption after endodontic therapy was
performed.
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Figure 7.23 The extent of external resorption radiographically usually appears less extensive than it actually is in reality. A, Radiograph
showing resorption. B, Resorption in the extracted tooth.

Figure 7.24 Using CBTC scan for diagnosing internal and external resorption.

The use of a cone beam can be helpful in diagnos-

ing internal and external resorption (Figure 7.24). A

shift/angle radiograph can also help in differentiating

internal versus external resorption. External resorption

can be transient or pathologic. Transient resorption

can be in the form of surface or pressure resorption

(Figure 7.25).

Surface resorption
Surface resorption is a self-limiting superficial process

that occurs on the root surface and is followed by

spontaneous repair (Figure 7.25A and B). Large areas of

denuded root surfaces are subjected to excessive osteo-

clastic action and subsequent osseous replacement.

After some weeks, this resorptive cavity is repaired by
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(a) (b) (c) (d) (e)

Figure 7.25 External resorption. A, Transient resorption. B, Surface pressure (orthodontic). C, Surface pressure (impaction). D, Patho-
logic resorption (ankylosis). E, Pathologic resorption (inflammatory).

new cementum and Sharpey’s fibers [80]. Table 7.2 lists

the classifications of root resorptions.

Pressure resorption
Pressure resorption is due to erupting or impacted teeth,

orthodontic movement, or trauma from occlusion. The

resorptive process will discontinue when the pressure is

no longer present. No root canal treatment is necessary

in surface or pressure resorption [81]. Pathological

resorption occurs when there is no periodontal liga-

ment space at the resorptive site. This is where the

initial resorption cavity has penetrated cementum and

reached the dentinal tubules. This event leads to a

continuation of the osteoclastic process and progressive

resorption of the root surface, ultimately perforating to

the root canal. If the infection in the root canal and the

dentinal tubules is eliminated by endodontic therapy,

osteoclastic activity will be arrested, and healing with

new cementum and Sharpey’s fibers will take place

(Figure 7.25D and E).

When the periodontal ligament has been extensively

damaged, ankylosis will be permanent. This will lead

to progressive external inflammatory root resorption.

In inflammatory resorption, the root resorption is a

direct response to the inflammatory process. Elimi-

nation of the inflammation by endodontic therapy

is essential in order to abate the process. Periodontal

therapy is necessary if the resorption is of periodontal

origin.

Invasive cervical root resorption
Invasive cervical root resorption is an aggressive form of

external root resorption that is characterized by its

cervical location and invasive nature and is progressive

(Figure 7.26). Predisposing factors can be intracoronal

bleaching, trauma, orthodontic treatment, and peri-

odontal surgery. Nonsurgical treatment of invasive

cervical resorption involves the topical application

of a 90% aqueous solution of trichloracetic acid to

the resorptive tissue, curettage, endodontic treatment

where necessary, and restoration with a biocompatible

cement. When the cervical resorption communi-

cates with the oral cavity, a surgical approach is

necessary.

Access to the resorptive area is key to treatment to

this condition. Treatment is aimed at inactivating all

resorbing tissue and repairing the resorptive defect

by placing a biocompatible nonsoluble cement. A

flap is reflected, and the resorptive crater on the root

surface is cleaned and repaired with a restorative

material.

A good restorative material to use is BC sealer (Bras-

seler USA, Savannah, GA, USA), which is premixed.

It chemically bonds to dentin and is extremely bio-

compatible, with no shrinkage (Figure 7.27). ProRoot

mineral trioxide aggregate (MTA; Dentsply Tulsa Dental

Specialties, Tulsa, OK, USA) is another highly bio-

compatible material with excellent long-term results.

A powder component is mixed with water to create

a paste. The MTA is placed in the preparation and
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Table 7.2 Classification of root resorption.

Type Differential Diagnosis Treatment Prognosis

External Resorption

Transient

Surface Small excavations are separated from bone by

periodontal ligament

No treatment is

necessary

Excellent

Pulp is responsive

Pressure Pulp is responsive Correction and

discontinuance of

pressure

Excellent when etiologic

pressure is discontinued

Resorption stops when pressure is

discontinued

No root canal therapy

Pathologic

Ankylosis (replacement) There is no periodontal space at the

resorptive site

Margins of defect are irregular

Canal maintains original form

Root canal therapy Poor

Inflammatory There is a radiolucency next to the resorption

Margin of resorption varies from smooth to

ragged but is not comparable to the irregular

defects of ankylosis

Multiple angulated x-ray films will shift lesion

when superimposed over pulp

Canal maintains original form

Tissue may be fluctuant or a fistula may be

present owing to non-responsive pulp

Root canal therapy Unpredictable

Cervical Invasive Resorption

There is an irregular radiolucency within the

tooth, often superimposed over the pulp canal

Radiolucency becomes more regular in

advanced stage

Canal maintains original form

Pulp remains responsive

Root canal therapy

Debridement of the

defect through the

coronal access opening

with a slow-speed

round bur or surgical

procedure

Filling of the defect with

glass ionomer cement

Poor to good

depending on the

ability to debride the

defect and the quality

of the filling

Internal Resorption

Intracanal resorption

with no extended

perforation

Bulbous enlargement of pulp chamber or

canal

Responsive pulp during active phase

Root canal therapy Excellent

Intracanal resorption

with extraosseous

perforation

Bulbous enlargement exists to or near the oral

environment

Radiolucency at the site of perforation

Pulp is unresponsive

Tissue may demonstrate fluctuance or fistula

Root canal therapy

Well-condensed filling

of the root canal and

resorptive defect

Fair to excellent

depending on the

quality of obliteration

of the canal space and

resorptive defect

Intracanal resorption

with supraosseous

perforation

Bulbous enlargement to or near the oral

environment

Periodontal breakdown extends to perforation

Pulp is unresponsive

Tissue may demonstrate fluctuance

Root canal therapy and

surgical repair

Depends on location,

surgical access, and the

periodontal defect that

will remain
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(a) (b)

Figure 7.26 Invasive cervical root resorption. A, root resorption without penetrating the crest. B, Root resorption with penetration of
crestal bone.

Figure 7.27 EndoSequence bioceramic root repair material to fill a resorption crater.
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Class 1 Class 2

Class 3 Class 4

Figure 7.28 Clinical classification of invasive cervical resorption. Class 1: Small invasive resorptive lesion near the cervical area with
penetration into dentin. Class 2: Well-defined invasive resorptive lesion that has penetrated close to the coronal pulp chamber. Class
3: Deeper invasion of dentin by resorbing tissue;. Class 4: Large invasive resorptive process extending beyond the coronal third of
the root.
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compacted. It is then allowed to set and create a seal

[82]. Biodentine (Septodont, Saint Maurdes Fossés,

France) is a fast-setting calcium silicate–based restora-

tive material with biocompatibility similar to that of

MTA. Compared to MTA, Biodentine has a considerably

shorter setting time and is easier to handle, making it a

material worth considering when repairing resorptive

defects [83].

Heithersay [84] classified invasive cervical resorption

into four classes: Class I denotes a small invasive resorp-

tive lesion near the cervical area with shallow penetra-

tion into dentin. Class 2 denotes a well-defined invasive

resorptive lesion that has penetrated close to the coro-

nal pulp chamber but shows little or no extension into

the radicular dentin. Class 3 denotes a deeper invasion of

dentin by resorbing tissue, not only involving the coro-

nal dentin but also extending into the coronal third of

the root. Class 4 denotes a large invasive resorptive pro-

cess that has extended beyond the coronal third of the

root [84] (Figure 7.28).

Classification according to stimulation factors is

listed in Box 7.2. Figure 7.29 demonstrates the pro-

gression of root resorption. Figure 7.30 demonstrates

ankylosis-related root resorption.

Box 7.2 Classification of resorption listed according to stimulation factors

Injury alone: only stimulus for the resorption is the injury itself,; self-limiting

Surface resorption
Replacement resorption

Injury plus additional inflammatory stimulus; progressive

Internal inflammatory root resorption
External inflammatory root resorption
Pressure resorption
Invasive cervical resorption

Damage of
protective

layer

Inflammatory
Stimulus

Intrapulpal
Infection

Internal
inflammatory

resorption

External
inflammatory

resorption

Pressure

Pressure 
resorption

Infection from
the sulcus

Invasive 
cervical

resorption

Figure 7.29 Progression of root resorption.
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Damage of
protective layer
alone without

further stimulation

Mild Injury

Surface resorptiion

Cemental healing

Severe injury > 20%
of the root surface

Dentoalveolar
ankylosis

Replacement
resorption

Ankylosis 
related 

resorption

Repair
related 

resorption

Figure 7.30 Ankylosis related root resorption.

Future

Successful management of dental trauma involves

four major areas of consideration: type of trauma,

management of changes to the pulp vitality, control

of inflammatory periodontal disease, and continuous

evaluation and management with restoration of the

dentition. Clinicians should always follow current

guidelines and evidence-based recommendations. If a

revascularization procedure is attempted, care must be

taken.
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Questions

1 Which of the following is the commonest type of injury in

the orofacial region?

A Laceration

B Contusion

C Abrasion

D Avulsion

2 In vertical root fractures, chances of success are

A Poor

B Good

C Fair

3 An avulsed tooth must be replanted into the socket

A Within 20 minutes

B Within 10 minutes

C As early as possible

D Within 40 minutes

4 The tooth most commonly involved in a traumatic

accident is

A Maxillary lateral incisor

B Maxillary central incisor

C Mandibular central incisor

D Mandibular lateral incisor

5 Chances of rapid root resorption and pulpal necrosis are

higher in cases with intrusion of permanent teeth. To

prevent this, pulp tissue is extirpated and calcium

hydroxide is placed inside the root canal as an interim

dressing. This is done

A Within 2 weeks of the injury

B Within 6 weeks of the injury

C Immediately after the injury

D Within 8 weeks of the injury

6 In root fractures, the best prognosis is with

A Coronal third fracture

B Middle third fracture

C Apical third fracture

7 Which is the least-favorable form of repair after root

fracture?

A Healing with calcified tissue

B Healing with interposition of connective tissue

C Healing with interposition of bone and connective

tissue

D Healing with interposition of granulation tissue

8 Internal resorption may follow

A Trauma

B Root fracture

C Successful root canal filling

D Enamel fracture

9 External root resorption may be attributed to which of the

following?

i. Tumors and cysts

ii. Impacted teeth

iii. Excessive mechanical or occlusal forces

iv. Periapical inflammation

a. i and ii

b. ii and iii

c. i, ii, and iii

d. ii, iii, and iv

e. All of the above

10 Cells responsible for root resorption are

A Fibroblasts

B Cementoblasts

C Osteoblasts

D Osteoclasts

E Odontoblasts
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CHAPTER 8

Visualization in endodontics
Carla Cabral dos Santos Accioly Lins1, Diógenes Ferreira Alves2, and Angelo Barbosa de Resende3

1Department of Anatomy, Federal University of Pernambuco, Recife, Brazil
2Department of Endodontics, University of Pernambuco, Recife, Brazil
3Faculty of Dentistry, Recife, Brazil

Endodontics is a specialty that has evolved with the

use of new materials and technologies developed by

engineering, computer science, and medicine, which

has provided more precise treatments and more pre-

dictable prognosis in procedures that were performed

in the darkness and dependent on the experience and

skill of the operator [1]. The optical science through

the use of endoscopes, orascopes, magnifying glasses,

and microscopes has contributed to the precision of

procedures in places deemed inaccessible to human

vision, both in conventional and in surgical endodontics

[2, 3].

Visualization devices in endodontics

Endoscopes are devices formed by a set of tubular lenses,

coupled to a camera, light source, and a display [4].

They are widely used in medicine and were introduced

into endodontics in 1979 to diagnose root fractures [5].

The term endoscopy is derived from Greek endon, “in-

side,” and skopion, “to see,” hence the meaning “to

see inside.” Endoscopes may be rigid, semiflexible, or

flexible. The flexible endoscope has a coating of Nitinol,

and its optical part is 0.9 mm in diameter, allowing

a magnification of 20×. In nonsurgical endodontics,

a 4-mm lens diameter, an angle of 30 degrees, and

4-cm length rod-lenses are recommended. In surgical

endodontics, a lens of 2.7 mm in diameter, 70-degree

angle, and 3 cm in length rod-lenses are recommended

[3, 6, 7].

Orascopes began to be used in endodontics from

1990 onwards. Orascopes differ from endoscopes by

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

being made of optical fiber (glass or plastic) and are

recommended for root canal visualization. They have

a diameter of 0.8 mm at the tip, a 0-degree lens, and a

working portion that is 15 mm long. Like endoscopes,

orascopes also work with a camera, a light source, and

a monitor. These devices are used for visualization in

conventional and surgical endodontics and are small,

lightweight, and very flexible, thus allowing visual-

ization of the treatment field at various angles and

distances without losing focus and depth. Before the

orascopes can be used, the root canal must have 15 mm

of the cervical third prepared with a file #90 and then

dried to better capture the image [3, 8, 9].

For decades, magnifying glasses were used by dentists

to expand their visual capacity [10]. Although mag-

nifying glasses improve visualization and are easy to

use and handle, they have many limitations, including

weight, image distortion, small depth of focus, limited

and fixed magnification, and need for auxiliary light

source. Using a magnifying glass causes eye and muscle

fatigue as the view is converged when used for long

periods, and it encourages incorrect posture as the

professional attempts to improve the focus [11].

Operating microscope

Listed among the great inventions of medicine, the

microscope, created in the early seventeenth century,

made it possible to study the progress of biology and

a new perception of medical science. The invention of

the microscope, attributed to Galileo, was the result

of an improvement by the Dutch naturalist Antonie
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van Leeuwenhoek in 1674, who used it to observe

living organisms. Equipped with only a glass lens,

this primitive microscope increased visual perception

by 300 times, with reasonable clarity, achieving the

observation of bacteria only 1 to 2 μm in diameter.

Years later, Robert Hooke improved the primitive

microscope of Leeuwenhoek, giving even greater image

magnification [12].

From this date, the magnification systems have

evolved and increasingly sophisticated optical assem-

blies continue to be developed. In dentistry, the use

of the clinical microscope was first proposed in 1977

by Baumann, a German specialist in the microsurgery

of ear [13]. However, only later, when the operating

microscope models began to prioritize the posture of the

operator, it was greatly spread in endodontics. In 1992,

Gary Carr [14] made the first publication in the dental

literature featuring some of the various applications of

the operating microscope in endodontics, and this study

was the basis for several other authors to deepen the

research on its use [15–18]. The biggest development,

however, took place in early 1998 when the American

Dental Association established the obligation of teaching

their use in all graduate courses in endodontics in the

United States [19].

The operating microscope is considered one of

the most significant influences on the growth of the

specialty, because its use revolutionized dental clinical

practice [14, 20]. The operating microscope introduces

more advantages than disadvantages (Box 8.1), and

the dental professional benefits from the advantages of

magnification, thus obtaining a very bright operative

field. This occurs because the coaxial lighting system is

on the same axis view. Thus, there is no shade on the

displayed area. In addition, lighting systems produce

a uniform light with high power and the possibility to

intensity adjustment for different clinical situations.

To use the magnification, the professional needs to

understand two basic optical principles: depth of field

(focus) and field of view. The depth of field is defined

as the distance between the closest and the farthest

points that appear with acceptable sharpness in a certain

scene [21]. Field of view is the total area that can be

visualized through an optical instrument. The higher

the magnification used, the smaller the depth of focus

and the lower the visual field obtained.

Key concepts and applications of
the operating microscope
The operating microscope is used in endodontic treat-

ment of all teeth, especially in situations where direct

visualization of the internal anatomy is limited. It is a

working tool that allows excellent illumination of the

operative field and magnification of images. Its routine

Box 8.1 Advantages and disadvantages of the operating microscope

Advantages

It has higher magnification.
It has better lighting.
It gives a three-dimensional view of the work area.
It has good ergonomics.
It does not lead to eyestrain.
It provides adequate working distance.
It has a documentation system.

Disadvantages

The equipment takes up a lot of space when it is movable on the floor.
It must be used in a single room when it is fixed on the ceiling or wall.
It is difficult to transport.
At higher magnification, the field of view and focal depth are reduced.
The equipment is expensive, and it requires proper and regular maintenance.
It has a steep learning curve.
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use allows a great improvement in the quality and

documentation of clinical trials. It consists of the base,

the optical head, the light source, the engine, and the

light splitter.

The base is the structure that supports the microscope.

The base can be attached to the ceiling, wall, floor, or cas-

tors, which permits movement of the equipment accord-

ing to the clinical need.

The optical head comprises the objective lens, the

magnification nosepiece, and the binocular, which

takes images to the eyes of the operator (Figure 8.1).

The lenses are responsible for different magnification

(2.5× to 24×), which can magnify an object 3 to 40

times, depending on the model and configuration of the

microscope. The binoculars are tilting, and through the

height adjustments they allow ergonomic, functional,

and comfortable postures, adapting to the needs of the

operator.

The focal distance is measured between the objective

lens and the object to be focused. The objective lens can

be 200, 250, or 300 mm (Figure 8.2), and the choice of

lens is related to the operator’s structure. The shorter the

distance, the more limited will be the exchange of instru-

ments between operator and assistant. Therefore, one

should opt for the longest focal length that the height

of the operator permits because this distance provides

an excellent ergonomic working position with increased

biosafety.

The light source is generated by a halogen lamp,

light-emitting diode (LED), xenon, or metal halide. The

light is directed to the head of the surgical microscope,

usually through an optical fiber. Ideally, the light source

supports two lamps (one in use and one reserve) and

should be easy to replace.

The engine makes it possible to control increases

(zoom) and microfocalization with adjustments in the

motorized pedal.

The light splitter is a system for capturing images

(photo and/or video). It is adapted through the device,

allowing the dentist to document the case and also

to transmit the image in real time to a monitor, also

enabling the incorporation of a second binocular for the

assistant.

Uses
The microscope is a valuable auxiliary tool in con-

ventional endodontic techniques, allowing it to be

used at various stages of treatment, such as surgery

requiring access to root canals, the diagnosis of

fractures and cracks, the observation of floor and

location of root canals, in treating the perforations in

endodontic retreatment, in periradicular surgery, and

Figure 8.1 Operating microscope showing the binocular, objective, and the nosepiece.
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Figure 8.2 Vario Focus da JC-Optik, It Allows focus between 200
and 300 mm.

in removing fractured instruments and intraradicular

nuclei [22].

This instrument is very helpful (Figure 8.3) in the

diagnosis of root fractures. When the professional sus-

pects a vertical fracture, the diagnosis can be made by

observing the inner wall of the root canal, eliminating

the need for exploratory surgery to examine the outer

surface of the root [1]. To have good visibility, it is

important to control the drying of the dentin: if it is

too dry, the texture appears as white as chalk, and

the fracture is not visible. If the dentin is too moist,

reflection of the irrigating fluid can mask the fracture

line [23].

Root perforation is a condition that can be caused by

reabsorption of internal or external cavities or accidents

arising from intraoperative procedures, resulting in

communication of the root space with the outer tooth

surface [24]. In such a scenario, there is always a

doubtful prognosis that could significantly compromise

the endodontic treatment. The treatment in the floor of

the pulp or in the root canal chamber is performed with

Figure 8.3 Line of coronal fracture located during the access to
pulp chamber.

greater success by visualizing through the operating

microscope, which allows better magnification and

lighting with control of procedures, favoring a better

seal [25, 26].

During the cleaning and shaping of the root canal

system, overloading the instruments, or bad handling

can lead to fracture of files within the channel. In such

cases, the operating microscope is very useful because

it allows the professional to visualize the fragment

within the channel (Figure 8.4), where one can observe

the presence of the space between the instrument

and the walls of the conduit and the mobile fragment

[26, 27]. Thus, the instrument can be removed, min-

imizing damage to the surrounding dentin [28, 29]

and also preventing root perforations, steps, zips, and

even root fractures. Among the various techniques

for removal, ultrasound used in association with the

surgical microscope has a high profile. In these cases,

ultrasound is used in thin-gauge nondiamond inserts

that penetrate into the root canal and touch only the

fractured fragment of the instrument. The vibration

transferred to the instrument causes it to release from

the walls and be removed by irrigation and aspiration

[27, 30].

The operating microscope and ultrasound has been

fundamental to the development of conventional

endodontics, as well as for paraendodontic micro-

surgery. The traditional surgical technique has a success

rate of below 60%, but the current technique using

both microscope and ultrasound yields success rates
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Figure 8.4 Endodontic instrument fractured within root canal.

above 90% [31–33]. This difference in success rates

between the techniques makes the use of ultrasound

and surgical microscope fundamental and essential in

paraendodontic surgical procedures. The coupled use of

these devices is especially useful for smaller osteotomies,

better visualization of the apical region and its foramina,

apicectomy with a cutting angle always perpendicular

(a)

(d) (e)
(f)

(b) (c)

Figure 8.5 Periapical surgery with magnification, allowing the clinician to view: A, Gutta-percha cone exhibition. B, Apical retro-
preparation with ultrasonic tip. C, Retrograde retrofilling image with MTA. D, Initial radiography. E, Postoperative radiography. F,
Radiography of the control after eight months showing the repair process.

to the long axis of the tooth, retro repairs with suitable

dimensions and inclinations, preparation of an isthmus

of the apical or middle third, and in filling cavities [12]

(Figure 8.5).

Several explanations for the failure of endodontic

treatment have been reported in the literature. Techni-

cal failures include apical percolation, root perforations,

canals with no sealing, periodontal lesions, incomplete

obturations or superobturations, and coronal leakage

due to loss of a restoration or recurrent decay [34–36].

In an attempt to eliminate these causes, nonsurgical

endodontic treatment is the standard of practice [37].

Within this context, the microscope becomes a great

ally for implementing the reintervention, because with

the microscope we can observe the remaining filling

material still not removed by solvent or by canal instru-

mentation (Figure 8.6). Thus, when the filling material

is completely removed and the walls of the channel are

cleaned, many causes of failure can be identified, such

as the presence of a vertical fracture, extra channels,

or root perforations that may be treated with a higher

success rate.

Another aspect of dental practice that has been

enhanced by use of the surgical microscope is the

documentation. The microscope has a unit that can be

adapted to a photo camera, a video camera and a video
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Figure 8.6 View of remaining obturation material during treat-
ment of the root canal system.

printer. The recordings not only help the dentist legally

but also can be used to educate patients, who often

better understand visual communication [38]. At the

end of the treatment, a printed image from the video

can be a complement of the final radiograph. It is also

possible to scan different images during surgery and

then print a single copy. Copies can be used for patient

education, legal documentation, insurance, teaching, or

exchange between professionals [10, 11].

Resources to locate root canals

Current features and techniques
The surgical microscope has helped endodontists make

detailed observations of morphological characteristics of

the various dental structures, allowing better results in

various stages of endodontic treatment. The bright light-

ing allows better visualization of the input ports of the

root canals [39–43], assists in the removal maneuvers

of dentin projections, and facilitates the differentiation

of colors between the dentin and the floor of the pulp

chamber [44].

In cases with calcifications or obstructions within

the root canal, or where the anatomy of the pulp floor

was changed, this equipment is very important to

the successful treatment of these difficulties. By using

the microscope more commonly, more conservative

treatments with respect to the internal anatomy of the

teeth are now possible, reducing the chance of accidents

that can occur during endodontic therapy [45, 46].

To find the root canals, the most useful magnifications

are 8× and 12.5×, because with higher magnification,

images of the pulpal floor can be distorted, and depth of

field can be lost. The operator must control the amount

of light so as to be able to discern the variable color-

ing and texture differences of the dentin [11, 14]. In

addition to magnification and illumination, the opera-

tor can use the physical and chemical properties of some

substances such as sodium hypochlorite and disclosing

agents that will serve as a guide to finding atresic canals

[47] and increase the chance of detecting additional root

canals on the floor of the pulp chamber [48].

The action of sodium hypochlorite on organic matter

promotes effervescence, which helps in locating the

canal hole [49]. The effervescence time and the amount

of irrigating solution influences the ease of locating the

canals. It is recommended to leave a minimum amount

of pulp in the floor cavity for observation, in order

to highlight differences between the coloring dentine

present in the pulp cavity and floor [11].

The holes of the canal entrance can also be identi-

fied by disclosing agents such as 1% methylene blue

[47–49], 1% sodium fluorescein [50, 51] and Sable

Seek (Ultradent Products, Inc. South Jordan, Utah,

USA) [47]. Sodium fluorescein 1% is an orange eye

drop solution that dyes organic structures on the floor

of the pulp chamber. A cobalt blue light filter is attached

inside or outside the optical head of the operating

microscope, and the sodium fluorescein appears as

fluorescent green in the canal entrance and blue in the

rest of dentin [52].

Modifications to access surgery have been suggested

to increase the amount of localized canals, mainly on

the upper molars, on which the conventional triangular

shape is modified to trapezoidal, rectangular, or rhom-

boidal using ultrasound and the spherical long-stem

insert drills [43]. Stropko’s study [53] on the location

of the additional canals in the upper molars using the

operating microscope revealed the presence of a thin

neck, similar to a red or white line, between the first

mesiobuccal (MB1) and second mesiobuccal (MB2)

canal, except in cases of calcification on this site.

The growing disclosure of additional canals, such

as the fourth canal (second mesiobuccal, MB2) in
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(a) (b)

(c) (d)

Figure 8.7 A, Entrance of five canals after instrumentation. B and C, Identification of the gutta-percha after obturation. D, Final
radiograph.

the first and second molars (Figure 8.7) and the fifth

canal (mesiomedial) in the mesial root of mandibular

molars, have become the most predictable endodon-

tic treatment and with a greater chance of success

[51, 54–56]. The most common configuration of

the mandibular first molar is the presence of two or

three root canals. Martins and Anderson [57] have

reported two rare anatomical configurations with

six canals in two left molars. Dental surgical micro-

scope and ultrasound probes (Troughing Ultrasonic)

were used in the furrows between the mesial and

distal canals to successfully locate the middle root

canals.

The surgical microscope has caused major changes in

endodontics. To use it in the daily routine, it is necessary

to promote training courses where professionals can get

hands-on experience with this working tool, enabling

them to work with the instruments and equipment,

seeking to have a new conception of the workplace.

Early in training, the microscope can impede the work

because the learning curve is long, so training on

extracted teeth is highly recommended. However, once

the dentist becomes proficient with the microscope, its

use gives the dentist a more comfortable and ergonomic

working position, reducing fatigue and stress, increasing

work efficiency [58].

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

Chapter 8: Visualization in endodontics 199

Conclusion

The technological advances developed over the past few

years have allowed endodontists to achieve high levels

of excellence, and the visual magnification has become a

powerful tool that is providing greater precision in treat-

ment, better quality, and a higher success rate in many

cases.
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Questions

1 Which of the following equipment is considered the

biggest advancement in endodontics?

A Dental loupe

B Endoscope

C Orascope

D Operating microscope

2 Which of the following statements is false regarding the

use of surgical microscope?

A It facilitates the visualization of cracks and dental

fractures.

B To clearly visualize the dentin, it has to be dry.

C Its expansion and lighting aids in locating additional

canals.

3 The higher the magnification, the smaller the depth of

focus.

A True

B False

4 Which of these are types of light sources is/are used in

surgical microscopes?

A Halogen lamp

B LED

C Xenon

D All of the above
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5 What is the magnification used for endoscopes?

A 5×
B 15×
C 20×
D 25×

6 The operating microscope was first used by

A Ophthalmologists

B Endodontists

C Otologists

D Dermatologists

7 Binoculars of the microscope are available with which of

the following tube types?

A Straight

B Inclined

C Inclinable

D All of the above

8 With the operating microscope, use of the mirror

A Remains essential

B Is optional

C Is unnecessary

D None of the above

9 Using the operating microscope has rendered which of the

following procedures more reliable:

A Removing a broken instrument

B Repairing a perforation

C Passing a ledge

D All of the above

10 What are the main advantages of the operating

microscope in clinical practice?

A Better visualization

B Improved treatment quality

C Ideal treatment ergonomics

D All of the above
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Endodontic microsurgery has become a valuable choice

for patients who desire to retain their natural dentition.

With new techniques and technology, endodontic

microsurgeons can offer their patients a predictable

positive outcome for teeth that otherwise would be lost.

Endodontic surgery has experienced many advances

in recent years. The use of the dental operating micro-

scope has made surgical procedures, and all endodontic

procedures, more precise. Microsurgical instruments,

soft tissue management principles and procedures,

ultrasonic root end preparations, improved root-end

filling materials, guided tissue-regeneration techniques,

and improved radiographic three-dimensional imaging

with cone beam computed tomography have led to

these advances.

Today, endodontic microsurgery relies on techniques

and materials from other disciplines in dentistry and

medicine, as well as techniques and materials unique in

endodontics. Materials and techniques from restorative

dentistry and prosthodontics can repair dental struc-

tures in surgical and nonsurgical endodontic treatment.

Surgical principles from the oral maxillofacial surgeon

and the periodontist must also be incorporated into

endodontic microsurgery where appropriate. The

endodontic microsurgeon of today must be adept at

managing and manipulating soft tissues to achieve an

esthetic and functional result. With this in mind, it is

incumbent upon the endodontic microsurgeon to be

an expert in all techniques and materials enhancing

microsurgical outcomes. One must be acutely aware

of methods and materials to support a state-of-the-art

practice that renders predictable results for patients.

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

Advances in endodontic microsurgery
and improved armamentarium

Dental Operating microscope

The dental operating microscope revolutionized

endodontic surgery. With increased magnification and

illumination, the dental operating microscope allows

visualization of the delicate structures in the endodontic

surgical field, and it allows precise microinstrumentation

needed for successful surgical techniques.

The dental operating microscope is described in detail

in another chapter and detailed in references for this

chapter [1, 2].

Microinstrumentation
With magnification, smaller instruments can be used.

Micro blades, micro mirrors, micropluggers, micro

explorers, smaller suture materials, micro curettage

instruments, smaller retractors, micro syringes for air

and water (Stropko irrigator), micro scissors, Castro-

viejo needle holders, and ultrasonic instrumentation

are required for endodontic microsurgery.

Ultrasonic instrumentation
Ultrasonic piezoelectric units transfer energy to ultra-

sonic tips that are used to prepare the root end [2]. Dr.

Gary Carr designed the first ultrasonic tips that were

stainless steel. Ultrasonic tips now come in many sizes

and materials, including the Kim Surgical (KiS) tips

(Obtura Spartan Endodontics. Algonquin, IL), which

are made of zirconium nitride [2]. Ultrasonic tips allow

small root-end preparations, which can be made in

202
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the long axis of the root to a depth of 3 mm. Newer 6-

and 9-mm ultrasonic tips are also available for deeper

root-end preparations. Ultrasonic tips also come with

different angles, so that any canal on any tooth may be

prepared for a root-end filling.

Cone beam computed tomography
Cone beam computed tomography (CBCT) has made it

possible to view the surgical site in three dimensions and

to accurately visualize anatomical structures, including

roots, periapical lesions, the inferior alveolar canal, the

mental foramen, and the maxillary sinus, to name a few.

The microsurgeon now knows exactly what is in the

surgical area. This prevents encroachment on neurovas-

cular bundles, lessens the amount of bone that needs to

be removed, and provides a better path to the area that

will be treated surgically. It is possible to use data from

the CBCT images to create a three-dimensional model

that is an exact replica of the structures that were imaged

on the CBCT.

Figure 9.1 demonstrates a two-dimensional radio-

graphic image that has limitations. Figure 9.2 is a

three-dimensional CBCT scan demonstrating the value

of a CBCT image that provides information that is

necessary for the planned surgical procedure.

Root-end filling materials
Root-end filling materials that seal the root-end prepa-

ration well and that are extremely biocompatible are

now available. These include Super EBA (Harry J.

Bosworth Co, Skokie, IL), mineral trioxide aggregate

(MTA), and the newer bioceramics. These materials

have improved outcomes when compared to older

root-end filling materials such as amalgam, or cold

burnished gutta-percha.

Guided tissue-regenerative techniques
Guided tissue-regenerative techniques that are used in

other areas of medicine and other areas of dentistry,

especially periodontics, have made it possible to treat

conditions such as through-and-through lesions, peri-

apical defects that communicate with the marginal

crestal bone, furcation defects from perforation, and

large periapical lesions, and have led to an increase in

successful outcomes for these types of cases.

Figure 9.1 Periapical radiograph of a large periapical lesion. The
extent of the lesion cannot be determined on a periapical radio-
graph. (Image courtesy of Dr. Ben Studebaker.)

Indications and contraindications
for endodontic surgery

Most common indications and contraindications for sur-

gical intervention are listed in Box 9.1 and Box 9.2 [2–5].

Presurgical considerations
Several factors must be considered when planning

treatment for endodontic surgery. These include the

indications and contraindications previously listed.

The endodontic microsurgeon must also consider

the patient’s medical and dental histories and the

overall treatment plan. The overall treatment plan

for the patient must be known and planned with

all specialists concerned. The patient’s motivation to

undergo endodontic microsurgery and any degree of

apprehension must be taken into account. In esthetic

zones, mucoperiosteal flap design is critical and should

be considered to prevent gingival recession and pos-

sible scarring. Esthetic areas must have soft tissue
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Figure 9.2 In this CBCT image of the large periapical lesions, sealer is evident. The facial–palatal width of the root canal filling is
visualized. The bony margins of the lesion are intact on the palatal and nasal floor, but the facial bone is not intact and is expanded.
(Image courtesy of Dr. Ben Studebaker.)

management strategies to avoid exposure of crown

margins.

Clinical considerations involving the dentition

include caries, deficiencies of restorations, cracks, and

pulpal vitality of teeth in the surgical area. Soft tissues

must be carefully evaluated, and muscle and frenum

attachments must be noted. The presence of sinus tracts

and preexisting scar tissue are additional factors that

can affect the surgical treatment plan and flap design.

The patient’s periodontal status must be considered.

Periodontal probing depths and areas of bleeding on

probing must be charted. Areas of gingival recession

and width of attached keratinized gingiva must be

evaluated. The amount of gingival and periodontal

inflammation should be evaluated to determine the

need for a dental prophylaxis prior to surgery to reduce

inflammation. The amount of bone loss and furcation

involvement should be identified because they can

influence flap design. Endodontic–periodontal lesions

must also be considered in order to determine the

sequence of treatment.

Anatomical considerations in treatment planning

include height and depth of buccal vestibule, height and

depth of the palate, size of the oral cavity, the patient’s

interocclusal distance, prominence of the mental protu-

berance, presence of exostoses, and the prominence of

the buccal oblique ridge. Root length and the presence,

location, and size of periapical lesions are essential in

treatment planning and mucoperiosteal flap design.

Location of key anatomic structures such as the mental

foramen, inferior alveolar canal, and maxillary sinus is

critical.
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Box 9.1 Indications for endodontic surgical intervention

The following conditions present the most common indications for surgical intervention [1–4]:

Need for surgical drainage
⚬ Fluctuant: releases fluid build-up and provides rapid relief
⚬ Nonfluctuant: releases pressure; may be only blood or serous fluid, but decreases irritants and increases circulation to the area

Pulp canal obliteration and other calcifications
Procedural errors
⚬ Instrument separation
⚬ Nonnegotiable ledging
⚬ Root perforation
⚬ Symptomatic overfilling
⚬ Gross overfills

Anatomic variation
⚬ Root dilacerations
⚬ Apical root fenestration

Biopsy
⚬ Suspicious or nonhealing lesions
⚬ Uncharacteristic signs and symptoms, which require exploratory surgery and biopsy for microscopic evaluation

Corrective surgery
⚬ Repair of resorptive defects
⚬ Root caries
⚬ Root resection
⚬ Hemisection
⚬ Bicuspidization

Replacement surgery
⚬ Intentional replantation (extraction followed by replantation)
⚬ Posttraumatic replantation
⚬ Transplantation of teeth
⚬ Ridge preservation when teeth must be extracted after exploratory surgery reveals an unfavorable prognosis

Box 9.2 Contraindications for endodontic surgery [1–4]

Unidentified cause of treatment failure (identify the cause before surgery)
Medical or systemic complications (may be absolute or relative)
⚬ Blood or bleeding disorders (medical consult, lab work needed)
⚬ Terminal disease
⚬ Uncontrolled diabetes
⚬ Severe heart disease or uncontrolled hypertension
⚬ Immunocompromised state (caution)
⚬ Recent myocardial infarction (within 7–30 days, or longer if unstable angina is present) [5]
⚬ Psychological problems
⚬ Kidney disease requiring dialysis (caution)
⚬ Osteoradionecrosis
⚬ History of bisphosphonate medications

Anatomic factors
⚬ Lack of surgical access
⚬ Root lengths that are too short (precluding root-end resection or making restoration with a post and core inadvisable)
⚬ Severe periodontal disease
⚬ Nonrestorable teeth

Indiscriminate use of surgery: surgery is not indicated if a nonsurgical method presents an equal or better chance of success
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The presence of crowns, fixed bridges, posts, and type

of post affect treatment planning decisions.

Treatment planning
The medical condition of the patient may or may not

affect whether the patient can undergo endodontic

microsurgery. Most medical conditions are relative, and

most, if well controlled, are not a contraindication to

surgery. Consultation with the patient’s physician and

medical staff is required when dealing with complex

medical issues. Monitoring vital signs is important for

all patients, and laboratory tests and values may also be

required for many medical conditions prior to surgery.

Patients with bleeding disorders, or patients being

treated with anticoagulants, should be carefully eval-

uated and managed. A thorough knowledge and

investigation into any possible adverse reactions with

local anesthetics and medications the patient may be

taking is critical. Patients require premedication with

antibiotics for some heart conditions and for some joint

replacement conditions. Immunocompromised patients

may require antibiotic coverage. It may be necessary

to supplement corticosteroid medications in some

patients who are taking corticosteroid medications.

Many patients require oral sedation or nitrous oxide to

reduce anxiety. Other patients require deeper sedation

involving intravenous sedation, and still others need

to have their endodontic microsurgery procedure in a

hospital operating room.

The patient’s motivation to save the tooth by means

of endodontic surgery can be determined by reviewing

their history and discussing their dental goals. Reviewing

the patient’s medical and dental history is a great oppor-

tunity to develop rapport with the patient, which will be

an asset during the surgical treatment.

The patient’s ability or inability to lie flat or to turn

on their side during the endodontic microsurgery may

be limited by medical conditions, including arthritis and

other conditions. It is beyond the scope of this chapter to

outline all of the medical conditions that need to be man-

aged when considering endodontic microsurgery. There

are some absolute contraindications for surgery, which

were listed above. A medical consultation is always in

the best interest of the patient.

The patient’s dental history is valuable when formu-

lating an endodontic treatment plan, and the overall

dental treatment plan for the patient’s dental needs

should be understood. This allows the endodontist

to know how the specific tooth in question will be

restored and used in the restorative plan. The his-

tory of the specific tooth or teeth that may require

endodontic treatment will give the endodontist the

background to know if the tooth should be treated

nonsurgically, re-treated nonsurgically, or treated with

surgical endodontics. Nonsurgical endodontics has a

very high success rate and usually should be the first

line of treatment. If initial root canal therapy was not

successful, retreatment to correct any deficiencies is

indicated prior to surgical intervention, if possible.

Nonsurgical retreatment has a very good outcome.

Surgical endodontic outcomes with modern techniques

is as successful as nonsurgical retreatment, and in

some situations is better. Some nonsurgical retreatment

involves potential risk, such as removing a large post or

requiring removal of additional dentin. These potential

risks would make surgical endodontics a better option

for these patients.

The extraoral and intraoral examination, pulp sensi-

bility testing, and radiographic examination of periapical

images and CBCT images of the patient will further lead

the endodontic microsurgeon to a treatment plan.

Clinical considerations
The presence of teeth with nonvital pulps in the sur-

gical field may require nonsurgical endodontics to be

performed before surgical endodontics on the tooth in

question is completed.

Anatomical structures
Patients who are unable to open their mouth adequately

or who have limited movement of the temporo-

mandibular joint (TMJ) may not be good candidates

for endodontic surgery. A thick buccal cortical plate

with a prominent external oblique ridge may preclude

root-end surgery on a mandibular second molar. The

same may true for a palatal approach to a maxillary

molar palatal root, if there is a shallow palatal vault

with thick palatal bone. An extremely shallow facial

vestibule can contraindicate root-end surgery, or it can

at least be an indication to extend the mucoperiosteal

flap in a horizontal direction. Palpation over the root

eminences can reveal areas of dehiscence or concavities

between roots, thus indicating where vertical incisions

may be placed. Care must also be exercised to not place

a vertical incision where it could intersect the mental

nerve as it exits from the mental foramen. When CBCT
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imaging and tenderness to palpation over the apex of

roots may indicate that the apical ends of roots are

outside of the bony housing, root-end surgery should

reduce the apical extent of the roots to insure they are

within the bony architecture and are not out of the

facial cortical bone.

Periodontal considerations
Periodontal probing depths will indicate bone level

and dictate a flap design that would allow inspection

of the crestal bone in some cases and would detect

a periodontal pocket in other cases. Teeth with a

poor periodontal prognosis should not be considered

for root-end surgery. Teeth with gingival recession,

furcation defects, horizontal or vertical bone loss, and

endo–perio lesions can affect the decision to treat the

tooth with endodontic surgery, and will determine flap

design if a tooth will be treated surgically.

Soft tissue considerations
The width of the attached and keratinized gingiva and

the periodontal tissue type also influence flap design.

The presence of a sinus tract influences the reflection

of the mucoperiosteal flap. Muscle attachments and

frenums may dictate where vertical releasing incisions

are placed. Preexisting scar tissue and exostosis call for

careful reflection of the mucogingival flap.

Radiographical considerations
If cracks, vertical root fractures, or cervical resorptive

areas are present, an intrasulcular flap may be required

to view and examine these areas. The size of the peri-

apical lesion will determine the horizontal component

of the mucogingival flap. A large lesion requires a longer

horizontal component to the flap as opposed to no lesion

or a small periapical lesion. The placement of a vertical

incision must be at least one tooth away from the extent

of the periapical lesion.

Prosthodontic considerations
Teeth that are not restorable should not be considered

for root-end surgery. The presence of crowns in the

esthetic zone might lead the endodontic microsurgeon

to consider a submarginal flap design or a papilla base

incision. The presence of a fixed bridge can influence

the location of the incision in the area of the pontic.

In some cases, with enough tissue present, the incision

can be placed 3 to 4 mm from the pontic so that the flap

may be elevated, allowing enough tissue for suturing.

In other cases, the incision can be extended to the

lingual or palatal side of the pontic and reflected from

beneath the pontic as part of the mucoperiosteal flap.

The length and type of material of the post in teeth

that have been restored with a post must be evaluated,

because it can affect the ability to perform root-end

preparation.

Presurgical preparations

Before initiating the procedure, the risks and benefits

should be explained to the patient. A consent form

for endodontic microsurgery should be discussed and

signed by the patient. Prior to the procedure, the oral

and written postoperative instructions should be given

to the patient. Prescriptions for medications should be

discussed and provided to the patient.

On the day of the surgery, the patient should be

given 400 to 600 mg of ibuprofen to limit the inflam-

matory response from the surgical procedure. The

patient should also rinse for one minute with chlorhex-

idine mouth rinse. The patient’s preoperative vital

signs should be recorded. A pulse oximeter should

be placed on the patient’s finger to monitor their

oxygen saturation and heart rate. The patient is then

draped with sterile covers or towels, and the endodon-

tic microsurgical team proceeds with their surgical

scrub, donning surgical and personal infection-control

gear. The patient’s lips should be scrubbed with

povidone–iodine solution (Betadine) if they are not

allergic to iodine.

Anesthesia and hemostasis
Hemostasis during surgical procedures is important to

enhance visibility, instrumentation, and placement of

root-end filling materials and to maximize the physical

properties of the root-end filling materials. Achieving

hemostasis starts preoperatively with a thorough exam-

ination of the patient’s medical history. It is essential

to ascertain if the patient is taking any medications

that might increase bleeding or if the patient has any

bleeding disorders.

Medical conditions that can affect bleeding and

clotting include hereditary hemorrhagic telangiectasia,

von Willebrand’s disease, thrombocytopenic purpura,

hemophilia A and B, and lack of some coagulation
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factors including factors I, II, VII, VIII, IX, X, and

XI. Liver disease, including vitamin K deficiency,

and alcoholism can increase bleeding. All of these

conditions require a medical consultation with a

physician [6, 7].

Medications that can increase bleeding including

those that alter platelet function are aspirin and other

nonsteroidal antiinflammatory drugs (NSAIDs). Other

platelet-altering drugs, such as clopidogrel (Plavix),

alcohol, and 𝛽-lactam antibiotics can effect bleeding.

Drugs that alter coagulation include heparin, war-

farin (Coumadin), and direct thrombin inhibitors

[6, 7].

It is now thought that for relatively minor oral surgi-

cal procedures, including root-end surgery, it is better to

have the patient who is on anticoagulant therapy, such

as aspirin, clopidogrel, or warfarin, to continue these

medications rather than risking thromboembolisms.

The patient’s international normalized ratio (INR)

should be monitored on the day of surgery to confirm

an acceptable level that is in the range of 1 to 4 [8–12].

Local measures to control bleeding may be used and are

usually adequate. Local hemostatic agents are discussed

later in this chapter.

Some patients do not consider herbal medications and

other dietary supplements to be drugs, but several of

these medications can cause bleeding problems. Supple-

ments such as echinacea, gingko biloba, and fish oil can

prolong bleeding time. Ginseng can cause hypertension

and tachycardia. St. John’s wort can prolong the effects

of narcotics or anesthetic agents [13–18].

There are two purposes for delivering local anesthetics

before surgery. One is the obvious need for anesthesia in

the surgical site. The other is for hemostasis due to the

epinephrine in local anesthetics.

In general, if the endodontic microsurgeon can use

blocks rather than local supraperiosteal infiltrations,

a wider area will be anesthetized with fewer injec-

tions. Regional blocks can then be supplemented, if

needed, with infiltrations. For hemostasis, lidocaine

with 1:50,000 epinephrine is infiltrated in the surgical

area near root apices, carefully avoiding the skeletal

muscle at the depth of the mucobuccal fold. One does

not want to activate the 𝛽2-adrenergic receptors in

skeletal muscle, which will lead to vasodilation and

increased bleeding instead of the desired vasoconstric-

tion. Activation of the 𝛼1-adrenergic receptors in the

alveolar mucosa and gingival tissues will lead to the

desired vasoconstriction to aid in hemostasis in the

surgical field. Lidocaine with 1:50,000 epinephrine

has been demonstrated to be an effective means of

controlling bleeding during surgical procedures in the

oral cavity [19]. The delivery of anesthetic solution

should be at a relatively slow rate, perhaps taking one

to two minutes to support patient comfort, adequate

surgical anesthesia, and effective hemostasis.

A long-acting local anesthetic such as bupivacaine is

useful in postoperative pain control by providing anes-

thesia to the surgical area for 4 to 9 hours [20].

Patient positioning and microscope
alignment
Patient positioning is extremely important in endodon-

tic microsurgery. Because the surgeon is required to

retract tissues with one hand and use the dominant

hand for instrumentation, direct vision through the

microscope is necessary, as the microsurgeon does not

have a free hand with which to hold a mirror. The

exceptions to this rule are surgeries performed on

palatal roots, where the palatal flap can be sutured to

the other side of the mouth to reflect it, or surgeries on

lingual surfaces of mandibular teeth for procedures to

repair resorptive defects. On the lingual surface a mirror

may be used as a retractor. Different patient positioning

schemes have been devised by various authors. One

that simplifies patient positioning, microscope align-

ment, and surgeon position has been developed by Dr.

Stephen Niemczyk [21].

The endodontic microsurgeon needs direct visualiza-

tion through the microscope. The correct positioning of

the patient and the microscope allows this to occur. The

patient must be positioned in the dental chair so that the

long axis of the tooth undergoing the surgical procedure

is parallel to the floor. For anterior teeth, the adjustment

is to move the patient’s head up or down relative to the

long axis of the tooth, such that the long axis of the tooth

is parallel to the floor. In the case of posterior teeth, the

patient should be positioned on their side. This allows

direct vision through the microscope and also places the

long axis of the tooth parallel to the floor.

The microscope should be aligned so that it is parallel

to the long axis of the tooth upon which the procedure is

being performed. This is accomplished more easily if the

microsurgeon is seated in the 12 o’clock position relative

to the patient’s head. To clarify, the surgeon is positioned

directly behind the patient’s head in the middle of the
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chair as the patient lies in the dental chair. With the long

axis of the patient’s tooth parallel to the floor, and the

long axis of the microscope aligned with the long axis of

the tooth, resections and root-end preparations will be

at right angles to each other and also the natural influ-

ence of gravity will help produce resections that are at

right angles to the long axis of the tooth. Once the resec-

tion is completed, the root-end preparation will easily be

accomplished at a right angle to the root-end resection

and in the long axis of the tooth (Figure 9.3).

To prevent neck strain, the patient should be posi-

tioned completely on their side, rather than simply

turning their neck. This facilitates looking directly

down on the tooth at a right angle to the long axis of

the tooth. It is absolutely critical that the surgeon be

in a comfortable and ergonomically correct position

during the crucial phase of the procedure, even if the

patient must hold a difficult position for just a short

time, in order to obtain the best surgical outcome

(Figures 9.4–9.7).

The microscope may be tilted slightly, or the patient

may tilt their head up or down once the resection has

been completed, so that the resected root end face may

be inspected. This inspection will confirm the comple-

tion of the resection and identify the location of canals

and isthmus, which may be enhanced with methylene

blue dye.

With the correct positioning and alignment of the

patient, the microscope, and the surgeon, the surgery

can be more accurately carried out using the increased

magnification and illumination provided by the surgical

operating microscope.

Other patient-positioning schemes and microscope

alignments have been proposed by Rubinstein [22], by

Merino [1], and by Kim [2]. Many of the principles

are the same; however, in some of these positions the

surgeon is not at the 12 o’clock position of the chair but

Parallel alignment Angled alignment

TLA TLAMA MA

Figure 9.3 The microscope should be positioned so that the long axis of the microscope is parallel to the long axis of the tooth on
which the surgical procedure is to be performed. This requires the surgeon to sit at the 12 o’clock position at the head of the dental
chair, so that the long axis of the tooth points directly at the surgeon’s midsection. This will ensure that the resection cuts are at 90
degrees to the long axis of the tooth. The diagram on the left demonstrates a parallel alignment where the microscope axis is parallel to
the long axis of the tooth, which leads to a resection of 90 degrees to the long axis of the tooth. The diagram on the right demonstrates
an angled alignment where the microscope axis does not match the long axis of the tooth, which can result in an angled resection.
(from Niemczyk SP. Essentials of endodontic microsurgery. Dent Clin North Am. 2010;54:375–399.)
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(a)
B A

(b)

Figure 9.4 Alignment for maxillary anterior teeth. The long axis of the tooth should be parallel to the floor. For ostectomy, curettage,
and resection, the microscope can be at a 90-degree angle to the long axis of the root. For root-end preparation, the micro-
scope can be angled to view the resected root end. (from Niemczyk SP. Essentials of endodontic microsurgery. Dent Clin North Am.
2010;54:375–399.)

is to the side of the chair. The surgeon is not aligned in

the long axis of the tooth in some of these positions. The

surgeon in these other schemes needs to be able to move

freely between the 10 o’clock and 2 o’clock positions.

The patient’s position, the microscope’s alignment, and

the surgeon’s position can vary and may be a matter

of personal preference of the surgeon and dependent

upon certain patient factors.

The use of a surgeon’s stool or chair that has arm

rests will help support and steady the surgeon’s arms

and hands to ensure precise movements and lessen

fatigue. Memory foam may be customized and fitted to

the dental chair to make it more comfortable for the

patient, especially when the patient must lie completely

on their side during the surgical procedure.

Mucogingival flap designs and soft
tissue management

The selection of the most favorable mucoperiosteal

flap design affects access during surgery and healing

outcomes. The choice of flap design should be based on

many factors to ensure maximum access and visibility of

the surgical site, favorable hard and soft tissue response,

minimal gingival recession, and good healing with little

or no morbidity.

The mucogingival flap designs used in endodontic

microsurgery include the envelope flap, the intrasulcu-

lar flaps (triangular and rectangular), the submarginal

flap (Ochsenbein–Luebke), the palatal flap, and the

papilla base flap. The semilunar flap design is an out-

dated design and, for the most part, has no place in
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(a)

(b)

A B

Figure 9.5 Alignment for mandibular anterior teeth. The long axis of the tooth should be parallel to the floor. For ostectomy,
curettage, and resection, the microscope can be at a 90-degree angle to the long axis of the root. For root-end preparation, the
microscope can be angled to view the resected root end. (from Niemczyk SP. Essentials of endodontic microsurgery. Dent Clin North
Am. 2010;54:375–399.)

modern endodontic microsurgery. The semilunar flap

has many disadvantages and minimal advantages or

indications in endodontic microsurgery. Some of the

disadvantages include limited access and disruption of

blood supply to unflapped tissues, which can result in

delayed healing and scarring.

Envelope flap
The envelope flap is an intrasulcular incision without a

vertical releasing incision. It is not used for surgery in the

apical area. It may be used for repair of cervical defects

such as resorption repairs, submarginal caries removal,

or other corrective surgery in the cervical areas of teeth

or crestal bone areas.

Intrasulcular flaps
There are two types of intrasulcular flaps. The triangu-

lar flap design has a horizontal intrasulcular incision and

one vertical releasing incision (Figure 9.8) [23]. The rect-

angular flap design has a horizontal intrasulcular inci-

sion with two vertical releasing incisions, one on each

end of the horizontal incision (Figure 9.9) [23]. The dif-

ference in the triangular and rectangular flap design is

that the rectangular flap has two vertical releasing inci-

sions, whereas the triangular flap has only one.

The horizontal incision for the triangular and the rect-

angular intrasulcular mucogingival flaps is made in the

gingival sulcus and extends to the crestal bone, cutting

through the gingival attachment and the periodontal
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(a)
B A

(b)

Figure 9.6 Alignment for maxillary posterior teeth. The long axis of the tooth should be parallel to the floor. For ostectomy,
curettage, and resection, the microscope can be at a 90-degree angle to the long axis of the root. For root-end preparation, the
microscope can be angled to view the resected root end. (from Niemczyk SP. Essentials of endodontic microsurgery. Dent Clin North
Am. 2010;54:375–399.)

ligament fibers. It includes the dental papilla and frees

the entire dental papilla [24].

The vertical incision should be parallel to the suprape-

riosteal blood vessels, which run in a vertical direction

from superior to inferior parallel to the long axis of

the tooth roots [3]. Creating an incision with this in

mind greatly reduces the number of vessels that will

be severed, thus providing better blood supply to the

reflected flap. By avoiding the trapezoidal flap design,

fewer vessels are severed by the vertical incision, and

a better blood supply is maintained to the unflapped

tissues (Figure 9.10). The vertical incisions should

be over sound bone, avoiding periapical lesions and

frenum or muscle attachments [24]. Ideally, the vertical

incision should be in the concavities between the bony

eminences covering the roots. This follows a plastic

surgery principle that states incisions should be placed

in shadows or creases to help hide the incision line

when the incision is healed.

The vertical incision should start at the line angle of

the tooth at the marginal gingiva and should meet the

marginal gingiva at a 90-degree angle. This gives the

vertical incision a shape similar to a hockey stick, with

the blade portion of the hockey stick extending at right

angles from the marginal gingiva to the longer vertical

portion of the incision, which could be viewed as the

handle of the hockey stick. It is critical that this portion

of the vertical incision be at right angles to the marginal

gingiva to prevent a pointed tip to the flap, which will

be difficult to reapproximate and suture and can result

in healing with a double papilla. Also, when the incision

meets the marginal gingiva in the apical third of the

papilla, it reduces the distance for blood profusion to

the rest of the papilla. This results in better healing

[25, 26]. The vertical portion of the incision can be

slightly beveled toward the flap and not extend into the

mucobuccal fold. This allows better re-approximation,

suturing, and healing (Figure 9.11).
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(a)

BA

(b)

Figure 9.7 Alignment for mandibular posterior teeth. The long axis of the tooth should be parallel to the floor. For ostectomy,
curettage, and resection, the microscope can be at a 90-degree angle to the long axis of the root. For root-end preparation, the
microscope can be angled to view the resected root end. (from Niemczyk SP. Essentials of endodontic microsurgery. Dent Clin North
Am. 2010;54:375–399)

The advantages of the intrasulcular incisions include

minimal loss of blood supply to flapped tissues and

unflapped tissues. Intrasulcular flaps provide a good

view of crestal bone, periodontal defects, and vertical

root fractures, if present. The triangular flap is easy to

extend, if needed. It is relatively easier to reapproximate

the triangular and rectangular flaps, and they are easier

to suture.

The disadvantages of the intrasulcular flaps are the

amount of gingival recession and possible alteration of

the gingival papilla.

Submarginal flap
The submarginal flap, or the Ochsenbein–Luebke flap,

is a flap design used primarily in the anterior maxilla,

particularly where there are full crowns in the area [27].

It is reported to cause less recession around crowns, thus

preventing the unesthetic exposure of crown margins.

The flap consists of two vertical releasing incisions

and a horizontal incision, which is in the attached

keratinized gingiva. There must be a minimum of 3 mm

of attached gingiva to perform this procedure. The

horizontal incision should be scalloped to match the

contour of the gingival margin of the anterior teeth,

and it should be beveled toward the flap, so the incision

line is more coronal on the exterior surface of the

keratinized gingiva and more apical at the alveolar bone

surface (Figures 9.12–9.15).

It is extremely important to perform periodontal prob-

ing in the area where the flap will be prepared to ensure

that there is at least 3 mm of attached keratinized gin-

giva apical to the probing depths. One method of doing

this is with a pocket marking instrument that has one

beak inserted into the sulcus and the other beak at a

right angle to the tip. When they are closed together, a

bleeding point will mark the depth of the sulcus [21]. If
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Figure 9.8 Triangular flap design with a sulcular horizontal inci-
sion and a vertical releasing incision in the concavity between
the canine and the lateral incisor. (Courtesy of Dr. Stephen
Niemczyk, adapted from Grandi C, Pacifici L. The ratio in choos-
ing access flap for surgical endodontics: a review. Oral & Implan-
tol. 2009;2(1):37–52. Epub 2009 Dec 10.) [23]

Figure 9.9 Rectangular flap design with two vertical releasing
incisions. Both vertical releasing incisions should be in the con-
cavities between the bony eminences over teeth and meet the
marginal gingiva at right angles at the junction of the middle and
apical third of the interdental papilla. The horizontal incision is
in the sulcus. (Courtesy of Dr. Stephen Niemczyk, adapted from
Grandi C, Pacifici L. The ratio in choosing access flap for surgi-
cal endodontics: a review. Oral & Implantol. 2009;2(1):37–52.
Epub 2009 Dec 10.) [23]

there are periodontal pockets deeper than the attached

gingiva, the submarginal flap should not be used, and an

intrasulcular flap should be considered.

Once the patient has been anesthetized, a sharp

endodontic explorer is used to sound bone through the

gingiva to determine the height of the crestal bone.

Figure 9.10 Supraperiosteal blood vessels deep in the reticular
layer of the lamina propria of attached gingiva. The arrow indi-
cates a vessel passing into the papillary layer to form a capillary
plexus next to epithelium. (From Gutmann JL, Harrison JW.
Surgical endodontics. Boston: Blackwell Scientific Publications;
1991.)

The height of the crestal bone is marked from bleeding

points created with the explorer. An indelible pencil

or gentian violet stick can be used to delineate this

marking as well [21].

The vertical incision should also be beveled toward

the flap, just as with the vertical incisions in intrasulcu-

lar flaps. The corners where the vertical incision reaches

the horizontal incision should be rounded slightly to pre-

vent a sharp tip, which is difficult to reattach and suture

(Figure 9.16).

The submarginal flap requires attention when

approximating the wound edges. All wounds tend to

retract once the tissue is separated due to elastic fibers

in connective tissue. Because the submarginal incision
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Figure 9.11 The vertical releasing incision starts by visually
dividing the interdental papilla into coronal, middle, and api-
cal thirds. At the junction of the middle and apical thirds
the vertical releasing incision should begin at the line angle of
the tooth and at a 90-degree angle to the marginal gingiva. The
vertical releasing incision forms a hockey stick shape, with the
horizontal portion of the releasing incision as the blade and
the vertical portion of the releasing incision forming the han-
dle of the hockey stick. Placing the incision at the junction of
the middle and apical third of the papilla allows short profu-
sion of blood supply to the flap. This ensures a better blood
supply to the rest of the papilla. (Courtesy of Dr. Stephen Niem-
czyk, adapted from Grandi C, Pacifici L. The ratio in choosing
access flap for surgical endodontics: a review. Oral & Implantol.
2009;2(1):37–52. Epub 2009 Dec 10.) [23]

Figure 9.12 The submarginal incision will have a scalloped hor-
izontal portion that will match the marginal gingival contour. It
must be placed in the attached keratinized gingiva. There should
be at least 3 mm of attached keratinized gingiva present for this
incision. (Courtesy of Dr. Stephen Niemczyk, adapted from
Grandi C, Pacifici L. The ratio in choosing access flap for sur-
gical endodontics: a review. Oral & Implantol. 2009;2(1):37–52.
Epub 2009 Dec 10.) [23]

Figure 9.13 Submarginal flap design demonstrating the scal-
loped incision in the attached keratinized gingiva corresponding
to the contour of the marginal gingiva, and the crestal bone.
(Image courtesy of Dr. Brandon Yamamura.)

Figure 9.14 Submarginal incision. The dark blue line represents
the marginal gingiva. The green line represents the mucogingi-
val junction. The black vertical lines represent the periodontal
probing depths. The yellow line represents the depth of the gin-
gival sulcus as determined by periodontal probing. The red line
represents the level of the crestal bone as determined by sound-
ing for the crestal bone through the gingiva, which is depicted
by the red vertical lines. The turquoise line represents the loca-
tion of the incision line in the horizontal component of the flap.
(Courtesy of Dr. Stephen Niemczyk, adapted from Grandi C,
Pacifici L. The ratio in choosing access flap for surgical endodon-
tics: a review. Oral & Implantol. 2009;2(1):37–52. Epub 2009
Dec 10.) [23]

has two edges instead of one, both edges of the incision

pull away from each other. To insure closure of the

submarginal incision, firm pressure should be applied to

approximate the wound edges for 4 to 5 minutes before

suturing. As the microsurgeon sutures the submarginal

flap, gaps should be identified along the incision line.
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Figure 9.15 Submarginal incision. Note the scalloped incision
in the keratinized attached gingiva that corresponds to the con-
tour of the marginal gingiva. Also apparent is the rounded tip
where the vertical releasing incision meets the horizontal scal-
loped incision. The beveling of the horizontal portion of the
submarginal flap with a microblade provides the bevel toward
the flap, which enhances repositioning and adaption of the flap
into its original position and will promote better healing by pri-
mary intention. (Image courtesy of Dr. Brandon Yamamura.)

Figure 9.16 Vertical releasing incision of a submarginal inci-
sion demonstrating beveling of the incision into the flap, and
the rounding off of the flap where the vertical incision meets
the horizontal incision to avoid a pointed edge at the corner of
the flap. (Image courtesy of Dr. Brandon Yamamura.)

Placing additional sutures appropriately along the

incision ensures primary closure with minimal scarring.

Papilla base flap
The papilla base flap was popularized by Velvart [28]. It

reportedly results in better surgical outcomes in terms

of soft tissue healing, decreased recession, and healthier

dental papillae [29, 30].

Although soft tissue outcomes are improved with the

papilla base flap design, the procedure is more technique

sensitive. It requires two incisions in a split-thickness

design, and suturing is more difficult and precise because

very small sutures (7–0) are required for closure.

However, once the endodontic microsurgeon gains

experience in this procedure, it offers excellent results.

The vertical incisions for the papilla base flap is the

same as the vertical incisions for the intrasulcular flap.

The vertical incision starts at the junction of the middle

and apical third of the interdental papilla and meets the

marginal gingiva at right angles. It then extends verti-

cally in the concavity between the root eminences. This

vertical incision resembles a hockey stick. The vertical

portion of the incision should be beveled toward the flap.

The horizontal component of the papilla base flap

extends from the vertical incision into the gingival

sulcus of each tooth included in the flap and at the

apical and middle third junction of the interdental

papilla. An incision that arches apically is made that

meets the adjacent tooth at right angles to the marginal

gingiva at the junction of the apical and middle third of

the interdental papilla. The first incision into the papilla

should be 1.5 mm in depth and at right angles to the

surface of the gingiva. A second incision is made by

placing the micro blade to the depth of the first incision

and then beveling the second incision apically to reach

the crestal bone margin. This second incision produces

Figure 9.17 Papilla base incision outline with split-thickness
incisions of the papillae. (Courtesy of Dr. Stephen Niemczyk,
adapted from Grandi C, Pacifici L. The ratio in choosing access
flap for surgical endodontics: a review. Oral & Implantol.
2009;2(1):37–52. Epub 2009 Dec 10.) [23]
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1

2

3

4

5

6

Figure 9.18 Papilla base incision. The interdental papilla is
divided into thirds (numbers 1–2, 2–3, 3–6). The initial inci-
sion (#4) is 1.5 mm in depth, and it meets the marginal gingiva
at the junction of the middle and apical thirds of the papilla.
This incision meets the tooth at a right angle to the marginal
gingiva, arches apically, and is at a right angle to the surface
of the papilla. The second incision (#5) is from the base of the
first incision, and it extends to alveolar bone. (Courtesy of Dr.
Stephen Niemczyk, adapted from Grandi C, Pacifici L. The ratio
in choosing access flap for surgical endodontics: a review. Oral
& Implantol. 2009;2(1):37–52. Epub 2009 Dec 10.) [23]

a small split-thickness flap that is beveled to the crest of

the alveolar bone. Here onward, the flap is reflected as

a full-thickness flap [28–30] (Figures 9.17–9.21).

1

2

3

4

Figure 9.19 Papilla base incision. The image on the left demonstrates the first incision, which is perpendicular to the interdental
papilla surface and 1.5 mm in depth. The second incision is depicted in the middle image, and it extends from the base of the first
incision to the crest of alveolar bone, creating a split-thickness flap in this area. The image on the right demonstrates the complete
incision, with #1 representing the cul of the interdental tissue, #2 the first incision, #3 the second incision to alveolar bone, and #4
the alveolar bone. (Courtesy of Dr. Stephen Niemczyk, adapted from Grandi C, Pacifici L. The ratio in choosing access flap for surgical
endodontics: a review. Oral & Implantol. 2009;2(1):37–52. Epub 2009 Dec 10.) [23]

Figure 9.20 Papilla base incision. (Image courtesy of Dr. Susan
Roberts.)

Palatal flap
The palatal flap may be used for access to the palatal

root of maxillary molars when root-end resection and

root-fill procedures are indicated. Palatal flap designs can

be either horizontal or triangular. The horizontal portion

of the flap consists of an intrasulcular incision. When

a vertical incision is required for greater access, as in

root-end surgery, the same principles of other vertical
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Figure 9.21 Papilla base incision at 3 days. Note the 7–0 suture
across the incision line. Good healing is observed for this early
postoperative period. (Image courtesy of Dr. Susan Roberts.)

incisions apply. It should meet the tooth at right angles to

the marginal gingiva. In the case of palatal flaps, the ver-

tical releasing incision should be at the mesial side of the

maxillary first premolar. This will ensure that the inci-

sion is in the area of the terminal branches of both the

greater palatine vessels and the nasopalatine vessels. By

placing the incision at the terminal ends of these vessels,

hemorrhage will be reduced in the area, because these

vessels are smaller. The vertical releasing incision for a

palatal flap should extend to the midline of the palate.

If possible, the incision should be placed in the valleys

between the palatal rugae. This will be more comfort-

able for the patient and lead to less scarring. If needed

for better access, a mini vertical incision can be placed

distal to the second molar. This incision should only be a

few millimeters so as to avoid the greater palatine vessels

and nerve (Figures 9.22 and 9.23).

Palatal surgery is the one area where direct vision of

the surgical field through the microscope is not possible.

This challenge can be overcome by suturing the reflected

palatal flap to the maxillary teeth on the opposite of the

mouth. This reflects the flap out of the field, allowing the

surgeon to use a mirror and complete the surgery using

indirect vision through the microscope.

If possible, the suture knots for the horizontal por-

tion of the palatal flap should be on the facial gingiva to

prevent the patient from feeling them with the tongue.

Sutures along the vertical releasing incision are on the

palate.

A palatal stent should be fabricated prior to the

surgery appointment, and inserted after flap closure

to hold the palatal mucosa against the palatal bone to

Figure 9.22 Sinus tract on the palate from the palatal root of the
maxillary first molar that had been re-treated and did not heal.
(Image courtesy of Dr. James Johnson.)

ensure close reapproximation and reduce the chance of

hematoma formation (Figure 9.24).

Incisions

Incisions should be made with a firm continuous stroke,

rather than small short strokes. The incision line should

not be over bony defects, periapical lesions, or frenum

attachments, and it should terminate at the line angles of

teeth, meeting the marginal gingiva at 90 degrees. They

should be in the concavities between bony eminences

that cover the roots of teeth. Vertical incisions should

not extend into the mucobuccal fold.

Most incisions in endodontic microsurgery should be

made with a mini blade #69 or #64. The papilla base

incisions should be made with the half radius mini or

micro blade #64 (Salvin Dental Specialties, Charlotte,

NC) (Figures 9.25–9.27). Incisions for incision and

drainage of abscess may be made with a #15 or #15C

blade. Some lingual flaps require a #12 blade.

Flap reflection and elevation

Flap reflection and elevation should begin in the vertical

releasing incision at the level of the attached keratinized
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Figure 9.23 Palatal flap reflected, exposing the palatal root apex
of the maxillary first molar. The vertical incision meets the
marginal gingiva of the maxillary first premolar at right angles
and extends to the midline of the palate, staying in the valleys
between the rugae. The flap is tied to the teeth on the oppo-
site side of the arch by a wide bracket made by broad loop of
the suture rather than a small point. This provides better con-
trol of the reflected flap and prevents the suture from pulling
out. Suturing the flap to the maxillary teeth on the other side of
the arch reflects the flap and allows the surgeon to use indirect
vision through the microscope using a mirror. (Image courtesy
of Dr. James Johnson.)

Figure 9.25 Angled microsurgical blades. (Image courtesy of Dr. Scott McClanahan.)

Figure 9.24 Palatal stent in place to adapt the flap to the palatal
bone and to prevent hematoma formation between the flap and
the palatal bone. (Image courtesy of Dr. James Johnson.)

gingiva and not in the intrasulcular incision. This pre-

vents damage to the root-attached tissues, including the

epithelium and connective tissue, and avoids damage to

the delicate marginal gingiva [3].

By undermining the mucoperiosteal tissues starting

in the vertical releasing incision at the attached ker-

atinized gingival level, the mucoperiosteal tissues are

separated from the cortical plate of bone. Left and right

Ruddle curettes, as well as sharp periosteal elevators

and the Molt #3 instrument, are particularly useful for

undermining elevation. As the tissues become separated
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Figure 9.26 From top to bottom, #15 blade, #64 minisurgical
blade (half radius), and #64 microsurgical blade (half radius).
(Image courtesy of Dr. Stephen Niemczyk.)

from bone, the elevator is directed coronally and the

flap is lifted away from crestal bone, in the case of

an intrasulcular incision. This undermining elevation

allows passive elevation of the supracrestal attached

gingiva, marginal gingival, and interdental gingiva

[3]. When the gingival tissues are released, elevation

continues in an apical direction until there is adequate

reflection of the mucoperiosteum to have sufficient

access to the periapical areas (Figure 9.28).

Although a clean cortical bone surface is useful for

hemostasis and visualization of the surgical area without

bleeding, the bleeding tissue tags can help with the reat-

tachment of the flap after the procedure, so they do not

all have to be scraped off of the cortical bone.

There are other anatomical considerations when

reflecting mucoperiosteal flaps. In the area of the

anterior nasal spine, the elevator should be directed in a

superior vertical direction, not in a horizontal direction,

to prevent possible fracture of this delicate structure.

In the area of the mental foramen, careful reflection

is required. As the reflection in the posterior mandible

proceeds in an apical direction, the separation of the

periosteum from bone is evident. As the mental foramen

is reached, the bone drops off into a depression where

the mental nerve and accompanying vascular supply

becomes visible. Once identified, it can be protected by

placing a groove in the bone where a retractor may be

placed to protect the neurovascular bundle exiting the

mental foramen [3].

If a sinus tract is present and extends from the periapi-

cal lesion to the mucogingival surface, the surgeon must

use care when reflecting the mucoperiosteal flap. The

periosteum around the sinus tract should be elevated so

that the sinus tract is the only attachment binding the

flap down. Once this is accomplished, tension can be

placed so the sinus tract is extended with the flap. The

sinus tract is then incised with the micro blade, stay-

ing close to the cortical bone. This releases the entire

mucoperiosteal flap and provides access to the surgical

site. Care must be taken during this procedure to avoid

creating a large tear through the flap.

Once the flap is reflected, a groove can be cut with

a #6 or #8 round bur in an area apical to where you

will perform the ostectomy, avoiding critical structures.

This groove should be in a horizontal direction or in a

direction to provide the best flap retraction. The retractor

is placed in this groove and left there throughout the

procedure. This prevents the retractor from impinging

on soft tissue, which can cause severe tissue damage and

delayed healing (Figure 9.29).

When cortical bone is exposed, it is critical to fre-

quently irrigate with normal saline to ensure the

cortical bone and reflected tissue stay moist. The heat

from the microscope light can quickly desiccate bone

and mucoperiosteal tissues if they are not repeatedly

bathed in normal saline solution. Another method for

keeping tissues moist is to invert the reflected flap back

underneath itself, keeping the surfaces moist.

Ostectomy

An ostectomy is a procedure involving the removal

of bone. Dental applications of ostectomy are to

specifically remove bone surrounding a tooth in an
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Scalpel Blades

Mini/Micro Types

Mini Blade #69/64

Full vs. Half Radius
Half Radius Mini Blade #64
vs Half Radius Micro Blade

#64

Figure 9.27 Mini and microsurgical blades. They come in half-radius or full-radius designs. The full-radius blade cuts in either direc-
tion. The half-radius blade cuts only in one direction. (Images courtesy of Dr. Stephen Niemczyk)

Figure 9.28 Flap elevation should begin in the vertical releasing
incision in the attached keratinized gingiva, avoiding placing the
elevator on the marginal gingiva. Elevation of the flap should
tunnel under the tissue to free the attached gingiva and papilla.
Once these tissues are lifted off of the alveolar bone, reflection
proceeds in an apical direction. (Image courtesy of Dr. Dwight
Moss.)

attempt to eliminate an adjacent periodontal defect or a

periapical lesion.

Sterile surgical high-speed handpieces with rear

exhaust should be used with adequate coolant. This

prevents air from entering the surgical site. Sterile

saline may be used to keep the bur cooled via separate

Figure 9.29 KimTrac retractor. (B&L Biotech, Fairfax, VA,
USA>). Standard retractors are often too large for endodon-
tic microsurgery, as the operating field is very small. Retractors
designed for endodontic microsurgery are available; however,
the surgeon might need to customize a retractor.

irrigation. A second option is to have sterile water

running through the water lines from a reservoir to

the handpiece. It is critical to keep the bone cool while

removing bone. Bone that has been anesthetized has a

reduced blood supply, which increases its sensitivity to

excessive heat that is generated without proper cooling

of the bur. Bone should be removed with light pressure

utilizing a brush stroke. Larger round burs should
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Figure 9.30 After ostectomy and apical curettage, the apical 3
to 4 mm of the root should be “suspended in space” to facilitate
root-end resection. (Image courtesy of Dr. Kathleen McNally.)

initially be used [2]. For more precise cuts around the

root ends, smaller round burs should be used [3]. The

goal for exposure of the apical 3 or 4 mm of the root is

to isolate the root end so as to have it appear suspended

in space. This allows adequate access for apical curettage

and root-end resection (Figure 9.30).

If the cortical bone is intact and there is no apical

lesion, the removal of bone must be more exact. By

recording the length of the root from radiographs, the

site of the ostectomy can be calculated or measured. A

preoperative CBCT is useful in demonstrating where

and how much bone should be removed.

The osteotomy begins approximately 3 mm coronal

to the estimated length of the apex of the root. The

bur is used to shave away the cortical bone using slight

pressure, and with the aid of the microscope the subtle

difference in color between bone and the tooth root can

be appreciated. Once the root is identified, the surgeon

proceeds to remove bone from around the apical 3 or

4 mm of the root, including bone on the mesial and

distal surfaces of the root, so the root appears suspended

in space. Bone on the lingual or palatal side of the root

does not need to be removed. The cuts should be deep

enough to allow a straight fissure bur or an all-purpose

bur to pass through to the lingual or palatal surface

of the root, allowing root-end resection. If locating

the root end becomes difficult, a piece of disinfected

gutta-percha may be placed on the bone and a radio-

graph may be exposed to orient the surgeon to which

direction to proceed in order to locate the root [3].

When a periapical lesion is present, and the cortical

bone is intact over the lesion, the remaining bone may

be quite thin. The bone may be sounded or penetrated by

a sharp instrument to locate the lesion. This thin cortical

bone may be scraped away with a curette or a periosteal

elevator, exposing the lesion and root. From this point,

the bone may be dissected from around the root end

with the surgical high-speed handpiece to expose the

apical 3 or 4 mm of the root and curette the lesion out of

the bony crypt. The goal is to have the apical 3 or 4 mm

of the root suspended in space to facilitate the root-end

resection.

If the periapical lesion has resorbed the cortical bone,

the lesion is easily located. However, some additional

bone may need to be removed to allow adequate access

to the lesion for curettage and to expose enough of the

root in the apical area to perform root-end resection. In

general, if the lesion extends more than 3 mm beyond

the margin of cortical bone, it becomes difficult to curette

the lesion out of the bony crypt, so additional bone may

need to be removed to facilitate complete removal of the

apical pathosis.

Piezoelectric devices are available for ostectomy pro-

cedures. These devices allow removal of cortical bone to

create a window into bone and then replacing the piece

of cortical bone back into its original place when the pro-

cedure is completed. More studies are needed; however,

it appears to be a promising technique to go along with

the other uses of ultrasonics in endodontic microsurgery

[31].

Curettage

Curettage of the periapical lesion is an important

step during surgery. Removal of a longstanding lesion

enhances healing and may be the only way to resolve

apical pathosis, particularly if the lesion is a true cyst.

Any tissue curetted out of the lesion should be submit-

ted for histologic examination by an oral pathologist.

In infected cases, there may be a purulent exudate that

can be drained during the curettage of the periapical

tissues. In many instances, periapical tissues contain the

remnants of extruded endodontic filling materials that

may have provoked a foreign-body reaction [3]. From a
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purely operational perspective, the removal of this gran-

ulomatous tissue improves hemostasis and enhances

visibility in the surgical field. Although not all of the

tissues present in the periapical lesion must be removed

to achieve a favorable outcome [32], the more tissue

removed, the better hemostasis and visibility will be.

Microsurgical techniques support small ostectomy

sites, the opening must be large enough to allow instru-

mentation so tissues can be adequately curetted from

the bony crypt. This can require enlarging the opening

in bone to provide access. An alternative is to first do

the root-end resection, and then curette the lesion out

of bone.

Curettes and periodontal scalers are typically used to

curette the periapical tissues from bone. Curettes should

initially be used by cleaving the soft tissue away from

the walls of the bony crypt using the concave surface

of the curette against osseous wall. After the tissues

comprising the lesion have been separated from bone,

the convex surface of the curette is used to scoop the

detached soft tissue away from the bony wall and out

of the lesion [3]. Tissue forceps can be used to grasp

the periapical lesion to enhance removal from the bony

crypt. Removing the lesion in one piece is ideal, because

this reduces the amount of bleeding in the area and

enhances the accuracy of the histopathological exam-

ination. Small soft tissue pieces removed in segments

tend to increase bleeding and give a fragmented picture

when the tissue is prepared and stained for microscopic

examination.

The periapical inflamed tissue may be painful when it

is being removed. It has been demonstrated that periapi-

cal lesions have innervation that accounts for this pain

during curettage [33]. This scenario requires subsequent

local anesthetic to be injected into the periapical lesion

to provide anesthesia in this area.

Once the bulk of the periapical lesion has been

removed from the bone and placed in 10% formalin

solution, an ultrasonic scaler may be used to remove

the small tissue tags left in the bony crypt. This removes

the remaining soft tissue that is attached to the root and

the bony walls that surrounded the lesion. This step

reduces bleeding and enhances hemorrhage control and

visualization of the surgical field. Control of bleeding,

in turn, facilitates root-end resection and root-end

preparation (Figure 9.31).

Figure 9.31 Ultrasonic scaler used after curettage of the periapi-
cal lesion to remove the remaining small tissue tags left behind
in the bony crypt. (Image courtesy of Dr. Dean Whiting.)

Biopsy and microscopic
histopathological examination

It is a surgical principle that tissue that warrants removal

warrants histological examination to confirm the actual

microscopic diagnosis. Whereas most periapical lesions

are the result of inflammatory processes arising from

infection of the root canal system, in some instances

the periapical lesion, when examined histologically has

an etiology of nonendodontic origin. Cyst and dental

granulomas account for more than 90% of periapi-

cal radiolucencies [34–37]. Other noninflammatory

conditions such as keratocystic odontogenic tumors

(odontogenic keratocysts) [38], central giant cell granu-

lomas [39], metastatic lesions [40, 41], ameloblastomas

[44], central odontogenic fibromas [45], nasopalatine

duct cysts [46–48], traumatic bone cysts (simple bone

cysts) [49, 50], non-Hodgkin’s lymphomas [51, 52],

and chronic lymphoblastic leukemia [53] have all been

reported in the literature. To rule out these uncommon

but potentially serious diseases, every periapical lesion

that is removed during root-end surgery should be

sent for histopathological examination by an oral

maxillofacial pathologist.

Root-end resection

Root-end resection involves removing 3 to 3.6 mm of

the apical end of the root. The resection should be at a
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right angle to the long axis of the root. In some instances

a slight 10- to 20-degree bevel of the root-end resection

is necessary. By resecting 3 mm of the root end, most

of the lateral and accessory canals will be resected, as

well as the isthmuses that are found running between

two canals in roots with multiple canals [54, 55]. In the

case of the mesiobuccal root of the maxillary first molar,

Degerness and Bowles [56] found that a 3.6-mm resec-

tion would adequately expose the isthmus between

the mesiobuccal 1 canal and the mesiobuccal 2 canal,

as well as placing the resection at a level where there

was adequate thickness of dentin to resist vertical root

fractures.

Historically, before the use of microscopes, the root

end was resected at a 45-degree angle to the long axis

of the root to facilitate visualizing the root end and to

make the root-end preparation easier. With the magnifi-

cation and illumination provided by the dental operating

microscope, the root can be resected at right angles to the

long axis of the root.

As Gilheany and colleagues [57] demonstrated, with

a flat 0-degree bevel provided by a root-end resection

that is at 90 degrees to the long axis of the root, the

apical preparation does not have to be as deep to ensure

a good apical seal, and there will be less leakage through

cut dentinal tubules. A 45-degree bevel or a 30-degree

bevel cuts through more dentinal tubules in the apical

portion of the root than does a 0-degree bevel. Because

more dentinal tubules are cut with a steeper bevel, more

tubules will leak bacteria and bacterial toxins into the

Labial view

1

1

2

x + y

y

x

2

45°

Proximal view

Apical view

Proximal view

Figure 9.32 The angle of the root-end resection can affect leakage from the canal and around the root-end filling. Leakage occurs
from the canal through dentinal tubules that are cut, as illustrated in the panels on the left. Leakage can occur around the root-end
filling with a more-severe bevel, as the root-end filling is not deep enough on the facial surface to seal the canal. (From Gilheany
PA, Figdor D, Tyas MJ. Apical dentin permeability and microleakage associated with root end resection and retrograde filling. J Endod
1994;20(1):22–26.)
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periapical tissues, initiating a periapical inflammatory

response. A 45-degree bevel requires the root-end

preparation to be 2.5 mm in depth, and a 30-degree

bevel requires the root-end preparation to be 2.1 mm

in depth to prevent apical leakage [57]. With a flat

0-degree bevel, the depth of the root-end preparation

of 1.0 mm in depth will prevent apical leakage [57]

(Figure 9.32).

The root-end resection can be made with a #56

or #57 straight fissure bur or with a multipurpose

bur (Dentsply Maillefer, Ballaigues, Switzerland) in a

surgical high-speed handpiece. The multipurpose bur

has been found to provide a smoother surface on the

resected root end [58]. There are basically two methods

for resecting the root end. One is to visualize where

the resected point is on the root (3–3.6 mm) and then

begin the resection slightly apical to that point so that

if adjustments are needed with the bevel, this may be

refined without sacrificing too much of the root. With

this method, the surgeon must account for the width

of the bur to ensure the bur width is not added to the

depth of the resection (Figure 9.33).

The second method is to picture the point where the

ideal resection should be, and reduce the root length to

that point by gradually shaving down the root end. With

either method, care should be exercised to ensure that

the resection is close to right angles to the long axis of

the root in both a buccolingual (palatal) direction and

a mesiodistal direction. In some cases, to preserve root

length, the resection may be less than 3 mm. In other

cases it may be necessary to have a bevel of 10 degrees

or more to visualize the root end for the root-end prepa-

ration and fill.

Figure 9.33 Surgical handpiece with straight fissure bur resect-
ing apical 3 mm of the root at right angles to the long axis of the
root. (Image courtesy of Dr. Dean Whiting.)

The endodontic microsurgeon should avoid placing a

reverse bevel on the root end. A reverse bevel makes

it extremely difficult to visualize the root end through

the microscope, reducing the visualization required for

root-end preparation and subsequent root-end fill. In

some instances when trying to observe the site for the

root-end resection through the microscope, the head of

the handpiece blocks the view of the bur. It is essential

that the bur be visualized while making the resection.

To overcome this problem, the patient can be reposi-

tioned, or the handpiece can be rotated slightly while

still keeping the bur in the proper orientation to the root

end. If the granulomatous tissue is curetted from the

periapical area, and the osseous tissue has been carefully

removed from around the root end, the root-end resec-

tion is made easier, and the proper bevel of the root end

is produced.

After the root-end resection is completed, the micro-

scope can be slightly repositioned in order to view the

root face created by the root-end resection. This may also

be accomplished, at times, by having the patient slightly

move their head, allowing the cut root face to be visible

through the microscope.

The root-end resection may be better visualized by

using methylene blue dye and then rinsing it away. The

methylene blue dye will leave a blue stain on soft tis-

sue such as the periodontal ligament. The stained peri-

odontal ligament should resemble a target, where the

outer circle of the periodontal ligament is the outside

of the target, and the debris or unprepared canal and

gutta-percha forms the inner portion of the target. The

methylene blue will also stain any vertical fractures or

cracks that may be present. Close microscopic visualiza-

tion of the cut root face, in conjunction with the methy-

lene blue staining, shows if the resection is smooth and

flat and confirms that all of the root has been resected.

Any discrepancies in the root-end resection can be cor-

rected at this time.

Impregnated epinephrine pellets may now be placed

into the bony crypt to allow time for them to help

achieve hemostasis before it is time to place a root-end

filling (Figures 9.34 and 9.35).

Root-end preparation

The root-end preparation is accomplished with

ultrasonic surgical tips in the ultrasonic handpiece
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Figure 9.34 Methylene blue dye is used to stain the periodontal
ligament to confirm that the entire root-end has been resected.
It can also be used to verify the existence other canals, an isth-
mus, or cracks. (Image courtesy of Dr. Stephen Niemczyk)

Figure 9.35 Methylene blue dye will stain remaining debris
around the root canal filling, indicating leakage.

(Figures 9.36–9.38). The setting must be low enough to

decrease the chances of creating cracks or causing the

tip to break. Irrigation is necessary to ensure dissipation

of heat and to prevent tissue damage.

The root-end preparation should be a class I prepa-

ration 3 mm in depth, centered in the canal, and in the

long axis of the root. All canals in the root, as well as the

isthmus areas between the canals, should be prepared.

The instrument should be allowed to do the cutting

without using heavy hand pressure. The ultrasonic

tip is allowed to vibrate, permitting the gutta-percha

to flow out of the canal. The preparation should be

as small as possible while adequately cleaning the

canal space. Enough dentin should remain to leave the

walls of the canal thick enough to resist fracture. Spe-

cial attention should be paid to the buccal wall of the

canal, because gutta-percha often remains on this por-

tion of the canal. When all the gutta-percha is removed,

a microplugger is used to tamp down the gutta-percha

to create a flat surface against which the root-end filling

may be condensed.

Ultrasonic tips are available in various angles to

facilitate preparing different roots in different areas

of the mouth. In some instances, an empty or poorly

obturated canal requires a deeper root-end preparation

and root-end fill. Acteon North America (Mount Laurel,

NJ, USA) manufactures Satelec ultrasonic tips, which

are 6 mm and 9 mm in length.

To ensure the root-end preparation is in the long

axis of the root, an ultrasonic tip can be used to place a

groove on the cortical bone; the groove lines up with the

long axis of the root to allow easy visualization through

the microscope while doing the root-end preparation

(Figure 9.39). When the root-end preparation is com-

plete, the root-end can be conditioned and acid etched

with 50% solution of citric acid. This removes the

smear layer from the root-end resection, opens dentinal

tubules to allow attachment of Sharpey’s fibers to the

resected dentin during healing, and improves healing

and reattachment [59].

Hemostatic agents and hemostasis

Salem and El Deeb [60] determined that the average

amount of blood loss during root-end surgery was

9.5 mL. This is not a great amount of blood loss in

comparison to other surgeries in the oral cavity; blood

loss can be greater if the procedure is longer. How-

ever, even a small amount of bleeding in the surgical

area during endodontic microsurgery can complicate

techniques, making the surgery more difficult and

negatively affecting the outcomes.

Hemostasis
Proper hemostasis gives the microsurgeon control of the

surgical field by enhancing visualization through the

microscope and ensuring the field is free of excessive

moisture, which can effect root-end filling materials.

Hemostasis begins with the review of the medical history

to identify conditions and medications that can cause
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Figure 9.36 The KiS microsurgical ultrasonic tips are coated with zirconium nitride for a more-active cutting surface. They come in
different sizes and angles to work on any roots in the mouth.

Figure 9.37 Stainless steel ultrasonic tips with varying angles.
(Images courtesy of Dr. Scott McClanahan)

increased bleeding during endodontic microsurgery, as

noted earlier in the chapter.

The next phase of hemostasis involves using local

anesthetics with vasoconstrictors, as discussed earlier in

the chapter. The debridement of vascular granuloma-

tous tissue present in periapical lesions greatly reduces

bleeding that otherwise would arise from these tissues.

The third phase of hemostasis is accomplished with

local hemostatic agents. These agents are important

in providing the amount of hemostasis needed when

attempting to complete root-end preparation and

root-end filling.

The mechanism of hemostasis after an injury or

cutting of a blood vessel has three stages [61]. The first

stage is contraction of the severed vessel, which will

limit blood flow. The second stage is formation of a

platelet plug when circulating platelets come in contact

with the collagen in the wall of the injured blood vessel.

This causes the platelets to swell and become tacky and

Figure 9.38 Smaller “Slim Jim” tips for preparing narrow canals
and isthmuses. (Image courtesy of Dr. Scott McClanahan)

attract more platelets by means of chemoattraction. The

third stage of the mechanism is the activation of clotting

factors and initiation of the clotting cascade, which ulti-

mately converts prothrombin into thrombin, which, in

turn, converts fibrinogen into fibrin fibers, forming a clot

that contains platelets, blood cells, and plasma [61, 62].

Hemostatic agents
Controlling bleeding after incisions are made and the

tissue is reflected during endodontic microsurgery will

rely on local hemostatic agents to produce adequate

hemostasis allowing minute manipulations required
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Figure 9.39 A groove can be placed in bone with the ultrasonic
tip to correspond to the long axis of the root. This groove can
be a reference point to follow to keep the root-end prepara-
tion in the long axis of the root. (Image courtesy of Dr. Stephen
Niemczyk.)

during microsurgery. A number of local hemostatic

agents are available to achieve local hemostasis in

endodontic microsurgery.

Bone wax provides a tamponade effect by occluding

vessels in bone. Bone wax should not be used in

endodontic microsurgery as a foreign body reaction will

ensue if the bone wax is not completely removed.

Ferric sulfate (15.5%–20%) causes coagulation of pro-

teinaceous material. Ferric sulfate provides good local

hemostasis; however, it produces a dark reddish-brown

color in the surgical field, which hampers visualization.

Most of the coagulation produced should be removed

to improve access and visualization of the surgical site.

It has a very low pH [62]. It must only be placed in the

bony crypt, and it must be carefully and completely

removed. Otherwise, it can delay healing and give rise

to a foreign-body reaction [63, 64]. Cut-Trol (Kisco,

Witchita, KS) is a very concentrated solution of ferric

sulfate, and its high acidity makes it caustic to bony

tissues, and it should be avoided, despite its good

hemostatic properties.

Aluminum chloride has been used in various products,

including Hemodette (DUX Dental, Oxnard, CA), which

is a 20% buffered aluminum chloride gel. It is blue, pro-

viding better visibility for placement and removal. Alu-

minum chloride acts by hemagglutination and will cause

necrosis, so it must be removed completely when the

procedure is finished, and the area must be thoroughly

irrigated with normal saline [21].

Collagen-based products include Avitene (Medline

Industries, Inc., Mundelein, IL) and CollaPlug, Col-

laTape, and CollaCote (Zimmer Dental, Carlsbad, CA).

Collagen-based products cause platelet adhesion, aggre-

gation, and a release reaction that also activates factor

XII. They may also have a mechanical tamponade effect

and cause a release of serotonin [62]. Avitene is a fluffy

white material that is difficult to apply when wet, and it

is very sticky. It will adhere to instruments, gloves, and

areas of bone where it is not needed, but it is effective

and biocompatible [61].

Gelfoam (Pharmacia and Upjohn Company, Kalama-

zoo, MI) is a gelatin-based sponge-type material that

stimulates the clotting cascade. It may initially cause

inflammation in a wound, but studies suggest that with

time there is no effect [61, 62].

Oxygenated regenerated cellulose products include Surgi-

cel (Ethicon, Johnson & Johnson, Somerset County, NJ),

and Oxycel (Oxycel, Worthington, UK). These are made

by oxygenation of regenerated alpha cellulose products.

The product becomes sticky and then physically occludes

vessels; it does not enhance the clotting cascade by the

adhesion and aggregation of platelets as do the colla-

gen local hemostatic agents [62]. Bony healing may be

impaired by these products, and the manufacturer does

not recommend leaving them in a bony defect [61].

Thrombogen (ZymoGenetics, Inc., Seattle, WA) and

like products are topical thrombin-containing materials.

The thrombin acts to initiate the intrinsic and extrinsic

pathways. It is somewhat difficult to handle and place

[61, 62].

Calcium sulfate has been used as a local hemostatic

agent. It acts by a mechanical tamponade effect that

plugs blood vessels. It is placed into the bony crypt, and

then the outer layer is removed to allow visualization

and manipulation of the root end. It may be left in the

bony defect because it will not cause an increase in the

inflammatory response. It is also relatively inexpensive

[61, 62].

Epinephrine pellets (Racellets, Pascal Co., Bellevue,

WA) are racemic epinephrine–impregnated pellets that

cause vasoconstriction by affecting the 𝛼-adrenergic

receptors on the smooth muscle in the walls of small

arterioles and precapillary sphincters. The amount of

racemic epinephrine in the pellets can vary; however,

because they are used topically there is little systemic

absorption [61]. Epinephrine pellets (Racelett pellets) or

CollaCote strips impregnated with epinephrine produce
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a dry field for root-end surgery due to efficient hemosta-

sis, and studies indicate there are no cardiovascular

effects or increase in heart rate or blood pressure [65,

66]. In a patient with significant cardiovascular disease,

caution should be exercised when using epinephrine

pellets. If there is concern about cotton fibers from

epinephrine pellets being left behind after the pellets

are removed, racemic epinephrine may be placed on

nonstick (Teflon) pads (3M Nexcare, St. Paul, MN) and

used for hemostasis in place of the epinephrine pellets

in the surgical area.

It is critical to count the number of epinephrine pellets

that are inserted into the bony lesion, to ensure all the

pellets are removed at the end of the procedure. In cases

of large periapical defects, a CollaPlug (Zimmer Dental,

Carlsbad, CA) can be placed before the epinephrine

pellets to fill in the defect, rather than placing too many

epinephrine pellets, which can subject the patient to

more systemic epinephrine than desirable.

The endodontic microsurgeon should be aware of the

“epi clock.” In this condition, the initial vasoconstriction

produced by epinephrine in local anesthetic is lost over

time, and a rebound phenomenon causes a vasodilation

effect. This phenomenon is termed reactive hyperemia

rebound [61], and it causes increased hemorrhage

in the area. Once this occurs, it is difficult to regain

hemostasis. In patients who have no contraindications

to an increased amount of epinephrine and local

anesthetic, a block may be given with local anesthetic

containing 1:50,000 epinephrine. This will, after a few

minutes, restore some of the vasoconstriction previ-

ously obtained. Again, caution must be exercised, and

aspiration, as always, must verify that the anesthetic

solution is not being deposited into a vessel.

Besides racemic epinephrine pellets, other local

hemostatic agents that have few undesirable properties

are calcium sulfate and Avitene.

For small “bleeders” in bone, burnishing the bone

and applying pressure to the site of the bleeding is often

enough to stop the seepage of blood.

In summary, the strategy for hemostasis involves the

first phases of hemostasis, medical history, and local

anesthetics with a vasoconstrictor. The next step is

thorough curettage of the periapical lesion and use of

ultrasonics, if needed, to remove tags of granulation

tissue. Epinephrine pellets are the suggested material

for a local hemostatic agent. In most cases, a few

epinephrine pellets can be placed into the bleeding

crypt with some pressure to achieve hemostasis. Ideally,

the epinephrine pellets should be applied before the

root-end preparation to allow time for hemostasis to

occur before placing the root-end filling.

Stopping arterial bleeding
During any surgical procedure, one should be prepared

to tie off a bleeding artery that may have been severed.

This technique is termed a stick tie, and it can prevent

an emergency bleeding problem. If significant bleeding

ensues or if blood squirts from an artery, direct pressure

should be applied over the vessel. If this is not successful

in stopping the arterial bleeding, the surgical assistant

should again apply pressure. A stick tie is performed by

clamping the artery with hemostats. The artery is then

tied off with 2–0 or 4–0 suture, which is preferably a

resorbable suture.

The stick-tie procedure is performed by passing a

needle proximal to where the hemostat has clamped

the vessel. The needle is passed deep to the vessel, and

then the suture is tied with just one throw. The assistant

releases the pressure on the vessel, and the hemostat

that is clamping the vessel is released. If the arterial

bleeding has stopped, then the suture knot is secured

with a second and third throw. If bleeding has not

stopped after the first throw and release of pressure and

the hemostat, then the surgical assistant again applies

pressure to the vessel, and the vessel tissue is clamped

to close off the artery. The needle and suture are passed

deeper and more proximal to tie off the artery. Check

again by releasing pressure. This can be repeated until

the bleeding has been stopped [67].

Root-End Filling Materials
and Placement of Root-End Filling
Materials

Endodontic materials are described in detail in the

chapter covering materials used in the practice of

endodontics and will not be described here. Various

materials have been used over the years as a root-end

filling material. Many of these materials have been

replaced by materials that are more biocompatible and

provide a better seal. The requirements of an ideal

root-end filling material are listed in Box 9.3 [68–72].

In the past, many materials have been used for

root-end fillings, including amalgam, cold-burnished
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Box 9.3 Requirements for an ideal root-end filling material

The requirements for an ideal root-end filling material were compiled by Chong and Pitt Ford [69] from other articles [70–73]. The
ideal root-end filling material should
• Adhere or bond to tooth tissue and seal the root-end three dimensionally
• Not promote, and preferably inhibit, the growth of pathogenic microorganisms
• Be dimensionally stable and unaffected by moisture in either the set or unset state
• Be well tolerated by periradicular tissues with no inflammatory reactions
• Stimulate the regeneration of a normal periodontium
• Be nontoxic both locally and systemically
• Not corrode or be electrochemically active
• Not stain the tooth or the periradicular tissues
• Be easily distinguishable on radiographs
• Have a long shelf life
• Be easy to handle

gutta-percha, Cavit (3M), zinc oxide eugenol (ZOE),

glass ionomer cement, resin-bonding agents, intermedi-

ate restorative material (IRM), and super ethoxybenzoic

acid (Super EBA). Newer the choices are mineral

trioxide aggregate (MTA) and the newer bioceramics

materials.

Amalgam fell out of favor as a root-end filling mate-

rial due to poor sealing ability, corrosion, dimensional

changes, amalgam tattoos, poor biocompatibility, cyto-

toxicity, and poor outcomes [68, 70, 73]. To fill the void

left with the abandonment of amalgam as a root-end

filling material, several materials were developed,

most notably Super EBA [70]. MTA and the newer

bioceramics have largely replaced Super EBA and IRM

as the root-end filling materials in greatest use.

The best choices today for a root-end filling material,

and ones that satisfy many of the requirements for an

ideal root-end filling material include MTA, the newer

bioceramics, and occasionally IRM or Super EBA. On

rare occasions a composite resin–glass ionomer might be

indicated.

Intermediate restorative material
IRM (LD Caulk Company, Milford, DE, USA) is a

polymer-resin reinforced zinc oxide eugenol material

[74]. IRM demonstrated good healing outcomes when

compared to amalgam as a root-end filling material

[70]. In two clinical trials IRM has been demonstrated

to have a high success rate and comparable to MTA [75,

76].

IRM is easy to mix and place. A thick mix can be pre-

pared and then rolled out in a long, thin rope. An instru-

ment is used to cut off a small portion and carry it to

the root-end preparation. The IRM is condensed into

the preparation using micro condensers. The excess is

removed flush with the edge of the root-end prepara-

tion [2].

Super ethoxybenzoic acid
Super EBA (Harry J. Bosworth Co., Skokie, IL, USA) is

a modified ZOE cement. The powder component con-

tains 60% zinc oxide, 34% alumina, and 6% natural

resin [2]. The liquid contains 62.5% ortho-ethoxy ben-

zoic acid and 37.5% eugenol. Oynick and Oynick [77]

confirmed collagen fibers growing on Super EBA. It has

a short setting time, seals well, is well tolerated by tis-

sues, and is dimensionally stable. Successful outcomes

with Super EBA and microsurgical techniques have been

reported in several studies [70, 78–81].

Super EBA is more difficult to mix than IRM. When

enough powder has been incorporated into the mix, the

shine is lost. The mix is then rolled out in a long, thin

rope. An instrument is used to cut off a small portion and

carry it to the dried root-end preparation. It is then con-

densed into the preparation using micro condensers [2].

The excess Super EBA is removed from the margins of

the root-end preparation before it sets. Once the Super

EBA begins to set, there should be no more manipula-

tion of the material until it completely sets. The set Super

EBA can now be trimmed and polished with a 30 fluted
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composite resin finishing bur. Citric acid (50%) can be

applied to the root end for one minute [59].

Mineral Trioxide Aggregate
MTA is considered the gold standard against which other

materials are compared because it satisfies many of

the requirements for an ideal root-end filling material.

The composition of MTA is described in the chapter on

endodontic materials and the references for this chapter

[74]. Desirable properties include good sealing ability

[82–88], biocompatibility [89, 90], low solubility [91],

high pH [91, 92], calcium release [91], antibacterial

activity [93], and acceptable radiopacity. Cementoblasts

can deposit cementum on MTA [94], which is an

obvious benefit to healing in the periapical area.

The main drawbacks of MTA are its long setting

time of 4 hours and its difficult handling properties.

With experience, the clinician can overcome the

less-desirable handling properties. MTA is marketed as

ProRoot MTA (Dentsply Tulsa Dental Specialties, Tulsa,

OK, USA). Once mixed, MTA can be carried to the

preparation by different methods.

The first method is the utilization of the Lee MTA

Forming Block (G. Hartzell & Son, Concord, CA, USA).

The Lee block is a four-sided block with grooves of

varying lengths which can be filled with MTA. The MTA

mix is carried to the Lee block with the mixing spatula

and spread across the surface and into the grooves. A

sterile 2 × 2 gauge or a gloved finger is used to wipe

off the excess MTA, leaving MTA in the grooves. A half

Hollenbeck carver or similar instrument removes the

MTA from the groove in the block. The MTA is in the

form of a cylinder and is carried to the root-end prepa-

ration. With the Lee Block, the powder-to-liquid ratio

in the MTA mix is important. If the mix is too wet, it will

slump, and there will not be a well-formed cylinder of

MTA to place into the root-end preparation. If the mix

is too dry, it will crumble when the clinician attempts

to take it out of the groove in the Lee block, or it will

fall off of the instrument before reaching the root-end

preparation. The mix can be manipulated to the desired

consistency by absorbing water from the mix with a

cotton roll or by adding additional water (Figures 9.40

and 9.41).

The second method employs a carrier to take the MTA

to the root-end preparation. Several MTA carriers are

on the market, including the Retrofill Amalgam Carrier

(Miltex, York, PA, USA), the Messing Root Canal Gun

Figure 9.40 MTA cylinder formed in the Lee block and placed
on an instrument to carry it to the root-end preparation.

Figure 9.41 MTA that was formed in the Lee block being placed
into a root-end preparation. (Image courtesy of Dr. Dean Whit-
ing.)

(Miltex, York, PA), the Dovgan MTA Carrier (Quality

Aspirators, Duncanville, TX), and the MAP System (Pro-

duits Dentaires, Vevey, Switzerland) [95].

The Messing Gun and the Retrofill Amalgam Carrier

are older instruments and were not specifically designed

to carry MTA to the root-end preparation. The Dovgan

MTA carrier is a syringe device that comes in three differ-

ent tip diameters. The diameters are 1.6 mm, 0.99 mm,

and 0.8 mm [68]. The MTA is loaded into the tip and car-

ried to the root-end preparation, where it is deposited.

The MAP System has a syringe with a ringed handle

and a Teflon plunger that pushes the MTA forward and
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Figure 9.42 MAP System (PD, Vevey, Switzerland) comes with
syringe tips of different diameters and angles for placement of
MTA.

out of the tip. The system has six tips with two differ-

ent diameters and three different tip curvatures. The tip

is loaded with MTA and carried to the root-end prepa-

ration. The handle should not be twisted relative to the

tip, because that twists the Teflon plunger and distorts

it, preventing it from reaching the tip, and it will need

to be replaced. Nickel–titanium tips are also available for

the MAP System (Figures 9.42 and 9.43). The carrier tips

must be thoroughly cleaned before the MTA sets inside.

Once the MTA sets inside the tip, it cannot be removed

and the tip must be discarded.

The ProRoot MTA manual carrier (Dentsply Tulsa

Dental Specialties, Tulsa, OK) comes with a plastic sleeve

that can be cut to the appropriate length. The carrier

resembles a plugger. The sleeve is placed over the end of

the Manual Carrier and resembles an amalgam carrier.

MTA is loaded into the sleeve on the end of the carrier

and then inserted into the root-end preparation. The

first load is difficult to express out of the carrier because

the sleeve is very stiff initially. As the plastic sleeve is

stretched with repeated loads, it becomes easier to place

the MTA into the root-end preparation (Figure 9.44).

Figure 9.43 MTA being placed with the MAP System into a
root-end preparation. (Image courtesy of Dr. Stephen Niem-
czyk.)

Figure 9.44 ProRoot MTA (Tulsa Dentsply, Tulsa, OK, USA)
being placed into a root-end preparation with the ProRoot MTA
Manual Carrier. (Image courtesy of Dr. Brandon Seto.)

Once the MTA is placed into the root-end preparation,

it is condensed. MTA does not condense like amalgam

or other dental materials [68]. A microplugger that has

been prefitted is used to compact the MTA. The MTA

must be manipulated into place and not condensed with

hard pressure to avoid having the MTA move up the

sides of the root-end preparation. Once the preparation

is slightly overfilled, the MTA can be carved back to

the margins of the root-end preparation by first using a

carver and then a microbrush. Care should be taken that

a divot is not left in the MTA. If the root-end preparation
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is deeper than 3 mm, the MTA can be condensed by

placing a microplugger over the MTA and placing the

noncutting side of an ultrasonic tip on the microplugger.

The ultrasonic tip is then activated, moving the MTA

to the depth of the preparation [68, 69]. MTA can be

made to set up to a degree, so that it will not wash out,

by blowing a gentle stream of air across the MTA with

the Stropko irrigator tip.

Newer bioceramic root-end filling materials
Bioceramic materials have been developed with proper-

ties that overcome the shortcomings of MTA, including

difficult handling and long setting time. Bioceramic

materials have calcium silicates as the major ingredient.

They are very biocompatible [96–101], have better

handling properties [99], are antimicrobial [102],

have shorter setting times, have cementogenic [101]

and osteogenic properties [101], and have acceptable

radiopacity and sealing ability [103, 104].

EndoSequence Root Repair Material (Brasseler USA,

Savannah, GA, USA), Biodentine (Septodont, Saint

Maurdes Fossés, France), and BioAggreate Root Repair

Material (Innovative BioCeramix, Vancouver, BC,

Canada) are some of the newer bioceramic root-end

filling materials and are described in detail in the

chapter on endodontic materials (Figure 9.45). One

Figure 9.45 EndoSequence Root Repair Material (Brasseler
USA, Savanah, GA, USA) being placed into a root-end prepa-
ration. (Image courtesy of Dr. Joao Barbizam.)

study evaluated the outcome of root-end surgeries that

used EndoSequence Root Repair Material. At one year,

the overall success rate was 92% [124].

Bioceramic root-end filling materials are biocompati-

ble, have shorter setting times, and have better handling

characteristics. Bioceramics are very promising, but

more long-term outcome studies are needed.

After the placement of the root-end filling is com-

plete, the epi-pellets may be removed and counted to

be sure that all have been removed. If another material

was used to aid with hemostasis, that material should

also be removed. The bony crypt may now be rinsed

with sterile saline. The root-end filling material should

be protected with a broad instrument to ensure that

any unset root-end filling material is not washed out of

the root-end preparation.

Flap closure and suturing techniques

After the root-end procedure is completed, the reflected

tissue is ready to be re-approximated and closed with

sutures. The mucoperiosteal flap should be repositioned

and held in place with pressure for up to five minutes.

Because the mucoperiosteal flap tends to retract during

the procedure, it often needs to be stretched so that it

can be positioned to its original position and then held

in place. Once the flap is repositioned and will stay in

that position, suturing may begin. Depending on circum-

stances, different sutures and types of sutures are needed

to provide wound closure. Circumstances that dictate

the size and type of suture materials are location of the

incision, the thickness of the flap, and the suturing tech-

nique to be used [1].

Needles
The choice of needle is an important criterion for the sur-

gical procedure as different needles have different char-

acteristics. The chord length is the straight-line distance

from the tip of a curved needle to the swage of the needle

where it is attached to the suture material. The needle

length is the distance measured along the needle from

point to the swaged end. The radius of the needle is the

distance from the center of the circle of a curved needle

to the body of the needle [1]. Needles come in differ-

ent shapes for penetration of tissue. These needle shapes

include taper points, conventional cutting, reverse cut-

ting, and taper cutting tips.
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A needle with a shorter chord length is better for

microsurgical techniques. For closure of most endodon-

tic microsurgical flaps, a 3/8 circle needle is the most

appropriate. The triangular cross-shaped reverse cutting

needles are generally preferred for endodontic micro-

surgery. A needle length of 16 to 20 mm is needed to

suture a buccal flap with a sulcular incision, including

triangular and rectangular flaps. For closing horizontal

incisions in submarginal incisions or papilla base inci-

sions, a length of 8 mm or shorter is best [1]. Needles of

other lengths may be required for certain situations.

Suture
The 4–0 silk sutures have been replaced by monofila-

ment 5–0, 6–0, and 7–0 suture sizes. Silk sutures wick

bacteria and quickly become contaminated in the oral

environment; whereas the monofilament sutures are

not as easily contaminated by oral bacteria. Contami-

nated suture leads to more inflammation at the suture

site [105, 106].

Sutures are also classified as absorbable and nonab-

sorbable. Absorbable sutures include catgut, polyglycolic

acid, and glycolide and e-caprolactone materials. Non-

absorbable sutures include silk, braded polyester, nylon,

polyviolene, and polypropylene.

Suturing should start in the unattached reflected flap

and go to the attached unreflected tissue. A surgeon’s

knot is used to close the incision. The surgeon’s knot

lies flat on the tissue and is locked, which keeps it from

unraveling. A surgeon’s knot is a modified square knot

with two overhand knots that are completed in an oppo-

site direction. The first knot is a double overhand knot,

the second can be a single knot [1]. A second single knot

can be added, if needed. The knot should lie on tissue,

and not in the incision line.

In the case of papilla base incisions, using a smaller

7–0 suture, a single overhand knot is used first because

the tightness of a first overhand double throw will cut

through the tissue. This first single overhand knot is then

followed with a double overhand knot in the papilla base

incision closure.

When suturing with the aid of the microscope, it is

useful to gather the extra suture material in the oppo-

site hand, to ensure the surgeon has control of the extra

suture, preventing it from hanging down into the surgi-

cal field. The surgical assistant should keep the free end

of the suture away from the needle end. This allows the

microsurgeon to stay focused through the microscope

and maintain efficiency.

Single interrupted suture
The most elemental suturing technique to close wounds

in endodontic microsurgery is the single interrupted

suture. This is ideal for closing the vertical releasing

incisions. It starts in the unattached reflected tissue and

then continues into the attached tissue. A surgeon’s

knot is then tied off of the incision line.

This type of suture can also be used to suture the

reflected papilla portion of an intrasulcular incision; it

is used with 7–0 suture to close the horizontal portion

of the papilla base incision. To close the papilla base

incision, the papilla is divided into thirds horizontally.

An interrupted suture is placed at the junction of each

of the thirds using 7–0 suture. Then, if a gap exists in

the middle third of the papilla, it can be closed with

another interrupted suture in the middle third of the

papilla.

The submarginal flap can be closed with interrupted

sutures along the scalloped horizontal incision by

suturing the points of the scalloped margin first, and

then closing any gaps that exist in the areas between

the points. It is important to check for gaps by placing a

finger on either side of the incision and gently trying to

separate the wound edges. If needed, more interrupted

sutures may be placed. Mucoperiosteal flaps tend to

shrink away from the incision line, and this is especially

pronounced where there are two soft tissue edges to

the incision. This is the case in the submarginal incision.

Because of this shrinkage, it is important to stretch the

and reposition the flap before suturing and to make

sure that the sutures hold the reapproximated incision

margins together so that healing can occur by primary

intention

Modified vertical mattress suture
The modified vertical mattress suture is indicated when

reattaching the free papilla of an intrasulcular flap, or

when both the facial and palatal or lingual papillae have

been reflected. The initial penetration of the needle is in

the apical third of the interdental papilla on the facial

side. The needle then goes through to the apical third of

the lingual or palatal papilla. The needle is reinserted on

the lingual or palatal papilla coronal to where it emerged

and will be in the middle one third of the papilla. The

needle is passed through the interdental space until the
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reflected side of the facial papilla is encountered, and

then the needle is inserted and comes out coronal to

the initial point of penetration on the facial papilla. The

suture forms a bracket, and the two ends of the suture

can be tightened so that the papilla lies in its original

position. A surgeon’s knot is then tied. In relation to the

interdental papilla and the tooth structure, the insertion

points of the needle are low-low (base of the papilla in

the apical one third) and then high-high (more coronal

in the middle one third of the papilla).

Sling suture
In cases when it is not possible to engage tissue on the

lingual or palatal side of the tooth, a regular sling suture

can be employed. After passing the needle through the

mesial facial papilla and through the embrasure, the

suture is brought around the lingual or palatal aspect

of the tooth without engaging the tissue. On the distal

aspect of the lingual or palatal side, the needle and

suture is passed through to the distal embrasure to

penetrate the distal facial papilla on the reflected side.

It is then passed back through the distal facial papilla

and back through the distal embrasure to the lingual or

palatal side and brought around the lingual or palatal

side near the gingival tissues to the mesial lingual

or palatal side. The needle and suture is then passed

through the mesial embrasure to the underside of the

mesial facial papilla, to pierce the papilla. A surgeon’s

knot is then tied. The surgeon has the choice of either

penetrating tissue on the lingual or palatal side or using

the undercuts on the crown structure on the lingual or

palatal side near the gingiva. The later method may be

used, providing there is enough of an undercut to hold

the suture below the height of contour on the lingual

or palatal aspect of the tooth.

The sling suture, or modifications of it, is an excellent

way to close intrasulcular incisions, especially around

the tooth that was treated with a root-end resection,

because it wraps around the tooth and holds the papilla

in place on both the mesial and the distal side of the

tooth.

A modification of the sling suture with elements of

the vertical mattress suture is known as the modified bas-

ket suture. The initial needle insertions are low (apical)

in all areas first, followed by high (coronal) insertions

the last time through. Starting on the mesial facial side

of the tooth to be included in the sling suture, the nee-

dle is inserted in the base of the interdental papilla and

passed through the tissue and into the lingual or palatal

papilla, much like an interrupted suture. The needle is

then moved to the distal lingual or distal palatal side

of the tooth and is inserted at the base of the papilla,

through to the distal facial side of the tooth, entering the

distal facial papilla on the reflected side of the flap and

through to the facial side of the papilla. This should be

at the apical third or base of the distal facial papilla. The

needle is then reinserted coronally in the middle third of

the distal facial papilla and passed through to the distal

lingual or distal palatal papilla.

The needle should penetrate the distal lingual or

distal palatal papilla and exit coronal to the previous

needle insertion. From the distal lingual or distal palatal

side, the needle is brought to the mesial lingual or

mesial palatal side of the tooth, and the papilla is pen-

etrated coronal to the previous site where the needle

and suture penetrated the mesial lingual or mesial

palatal papilla. The needle is then passed through the

interdental tissues to the mesial facial papilla coronal to

the first insertion point. The suture is secured with a

surgeon’s knot.

Figure-of-eight suture

A suture that is used after extraction and site preserva-

tion is an X, or a figure-of-eight suture, which holds a

membrane in place in the socket. The suture begins at

the mesial facial papilla of a socket to the distal lingual or

distal palatal papilla of the socket, then is directed to the

distal facial papilla of the socket. The suture completes

the X over the socket by traversing to the mesial lingual

or mesial palatal papilla. To complete the figure-of-eight,

the suture goes from the mesial lingual or mesial palatal

papilla to the mesial facial papilla, where a surgeon’s

knot is tied. Care must be taken to not catch the mem-

brane with the needle and displace it out of the socket.

The suture should hold the membrane in place.

Suture Removal

Sutures should be removed between 2 and 4 days after

they are placed, because this allows sufficient reattach-

ment of tissues and will not cause undue inflammation.

In guided tissue-regenerative procedures, sutures may

be needed for a longer period for membrane stabilization

and to ensure the membrane is not exposed.
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Postoperative Management
and Instructions

The following procedures and instructions should be

provided after suturing is completed. The tissue should

again be held in place with firm finger pressure through

a 2 × 2 moist gauze for 5 minutes to ensure good tissue

readaptation. Postoperative vital signs should be taken

to confirm stability of the patient. If needed, an angled

radiograph or image can be exposed, if one was not

previously taken.

Block anesthesia should be given with 0.5% (9 mg)

bupivacaine with 1:200,000 epinephrine to provide

long-acting anesthesia, so that the pain medications will

have time to take effect. Oral and written postoperative

instructions should be given to the patient. These should

include postoperative expectations, the use of an ice

pack, the gauze pack, oral hygiene instructions, and

how to take the prescribed medications.

An ice pack should be provided to the patient, and

should be applied before the patient leaves the office.

The ice will constrict blood flow to the area, which

reduces swelling and pain. It is applied by alternating

15 to 20 minutes on, and then 15 to 20 minutes off for

the first 8 to 12 hours. Ice is applied alternately because

continuous application of ice will cause vasodilation and

increased blood flow to the area [107]. The patient may

use bags of frozen vegetables, such as peas or corn, once

the initial ice pack is no longer cold. The skin should be

protected with a washcloth from the cold plastic. After

8 hours, the application of ice is discontinued

The patient should expect some swelling and possible

ecchymosis in the first 48 hours; however, pain is

usually well controlled with ibuprofen or other non-

steroidal antiinflammatory drugs (NSAIDs). Narcotics

and acetaminophen, such as codeine or hydrocodone

with acetaminophen, should be prescribed in the event

of more-severe pain. Instructions should be given to fol-

low a flexible pain strategy of NSAIDs used alternately

with acetaminophen for moderate pain, and nar-

cotics (codeine or hydrocodone) with acetaminophen

alternated with NSAIDs for more-severe pain.

In the event of bleeding, instructions are given

to apply pressure with the extra gauze packs for 30

minutes or more. Alternatively, pressure can be applied

with a tea bag for 30 minutes or more; tannic acid in the

tea promotes hemostasis. In the event of uncontrolled

bleeding, the patient should be seen immediately,

because sutures and other measures may need to be

employed to stop bleeding.

Generally, antibiotics are not required for surgeries.

Exceptions are for existing swelling or in the case of

guided tissue regeneration. If swelling occurs after the

initial postoperative swelling, then antibiotics may be

warranted, and incision and drainage may be required,

or even reflection of the flap again for drainage. If

antibiotics are required, the choices should be penicillin

V, amoxicillin, or clindamycin.

Chlorhexidine gluconate, 0.12%, without alcohol,

should be prescribed as a mouth rinse postoperatively.

Patients should be instructed to carry out their normal

oral hygiene regimen, being careful not to disturb the

surgical area, and may use a soft wash cloth to clean

the teeth in the area where the surgery was performed.

After the first 24 hours, use of warm moist heat in the

area may be permitted if there is little or no swelling.

Tsesis and colleagues [108] found that one day post-

operatively, 76.4% of the patients were completely pain

free, less than 4% had moderate pain, and 64.7% did not

report any swelling. The preoperative symptoms signifi-

cantly influenced the pain experience after surgery. Ide-

ally, the patient should be contacted the evening of the

surgery to confirm stability and assess pain level. Postop-

erative instructions can be reinforced, questions can be

answered, and concern for the patient’s well-being can

be reinforced.

Surgical Wound Healing
Surgical wound healing in periapical surgery was

investigated in classic research by Harrison and Jurosky

[109–111]. Wound healing depends upon the type of

tissue that is wounded and the type of wound or injury

that the tissue receives [3, 112].

The tissues that are involved in the surgical wound

include alveolar mucosa, palatal mucosa, marginal gin-

giva, attached keratinized gingiva, gingival fibers, peri-

odontal ligament, periosteum, cementum, dentin, blood

vessels, and cortical and cancellous bone.

Wound healing can occur either by primary or

secondary intention. Primary-intention healing occurs

when the wound edges are closely approximated and

separated only by a thin clot. Regeneration is the end

result of this mechanism, and wounded tissues are

ultimately restored to their normal anatomy.

Secondary-intention healing occurs when the wound

edges are not closely approximated, leading to an
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accumulation of granulation tissue between the wound

edges. Repair is the end result of this mechanism,

the wounded tissues do not preserve their normal

anatomy, and scar tissue forms [112]. Intentional

wounding during surgery initiates a series of vascu-

lar, cellular, and biochemical mechanisms leading to

regeneration (primary-intention healing) or repair

(secondary-intention healing) [112].

Healing was studied in an animal model in three dis-

tinct phases, which included the incisional wound, the

dissectional wound, and the osseous excisional wound

[109–111].

Incisional wound healing
The mechanisms of incisional wound healing can

be described in four phases: clotting and inflamma-

tion, epithelial healing, connective tissue healing,

and maturation and remodeling. Healing cannot be

separated into distinct “phases” because considerable

overlapping occurs and several phases can occur

simultaneously [109]. Incisional wounds studied were

vertical releasing incisions, intrasulcular horizontal

incisions, and submarginal incisions. All incision lines

healed similarly, but the submarginal incisions were less

predictable.

Clotting occurs immediately in an incisional wound

to stop bleeding, and it is followed by fibrin strands that

run parallel to the wound. A surface coagulum forms

over the wound. Inflammation due to tissue injury is

imitated with inflammatory mediators and a cellular

response. Initially, polymorphonuclear neutrophils

(PMNs) respond, followed by macrophages [109].

Epithelial healing occurs in the incisional wound

as epithelial cells elongate and migrate across the

fibrin scaffolding. Once this occurs, an epithelial seal is

formed. The seal forms a barrier that increases wound

strength, prevents loss of fluids, and keeps the wound

edges together. An epithelial seal was found to form

within 2 days [109].

The connective tissue healing in the incisional wound

begins when the epithelial seal is formed. This com-

plex phase has fibroblast becoming the dominant cell.

The fibroblasts secrete type I and type III collagen to

form a connective tissue matrix. Angiogenesis and

revascularization also occur in the connective tissue.

There is a transition from granulomatous tissue to

granulation tissue, signifying connective tissue healing

[109].

As maturation and remodeling occurs, reorganization

and realignment of collagen produces an organized

pattern resembling a normal appearance [109]. This is

usually evident by day 28.

Dissectional wound healing
The dissectional wound occurs with the elevation of the

mucoperiosteal flap, and healing is similar for both trian-

gular and submarginal flaps. Initially, the periosteum is

lost, but it reforms by 14 days. The lamina propria of the

attached gingiva shows little inflammation, whereas the

lamina propria of the alveolar mucosa is usually highly

inflamed on the first day after surgery. However, by the

14th day after surgery there is no inflammation. PMNs

are the initial inflammatory cells to respond, followed

by macrophages and fibroblasts. Angiogenesis and for-

mation of type I collagen are noted on the 4th day after

surgery. By the 28th day, the tissues in the dissectional

wound are normal [110].

Excisional wound healing
The excisional wound is the wound produced in bone

from the ostectomy. The osseous excisional wound fills

with a disorganized coagulum and widely spaced fibrin

strands. There is evidence of devitalized bone around

the wound edges in cortical and cancellous bone for the

first three days after surgery. Inflammatory cells and

undifferentiated ectomesenchymal cells and fibroblast

appear by day 3. Endosteal tissues proliferate from

medullary spaces between trabeculae into the coagulum

in the bony cavity on the fourth day. By the 14th day

after surgery, 80% of the excisional wound is occupied

by endosteal tissue and woven bone.

The woven bone is seen as appositional growth on

the surface of cortical and cancellous devitalized bone

around the excisional wound edges. A thick band of

highly cellular tissue and dense fibrous connective tis-

sue forming the periosteum is evident by the 14th day.

This newly formed periosteum subsequently functions

to repair the cortical plate destroyed in the excisional

wound. By day 28, there is maturing of new trabecular

bone arising from the endosteal side of the wound

because these trabeculae had coalesced to occupy more

of the osseous defect than endosteal tissue. Osteoid-like

tissue is also deposited on the endosteal surfaces of

the trabeculae. A fibrous periosteum forms with an

architectural pattern similar to a mature periosteum,
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forming cortical bone over the newly formed trabeculae

[111].

Clinical importance
Understanding the different aspects of wound healing

will help the endodontic microsurgeon perform surgery.

In the case of the incisional wound, clean incision lines

that go completely to bone on the first pass will make

reapproximation of the wound edges more predictable

and lead to more-rapid epithelial healing. Compression

of the flap both before and after suturing will prevent

accumulation of a large surface coagulum or a collection

of blood and fibrin between the replaced flap and the

bone. Both of these can lead to delayed healing. Also,

removing the surface coagulum of dried blood on the

wound edges with a moistened cotton-tipped applicator

will lead to better reapproximation of the wound edges.

The loss of soft tissue attachment due to apical epithe-

lial downgrowth can be prevented following intrasulcu-

lar incisions by maintaining the vitality of root-attached

tissues. This can be accomplished by initiating flap reflec-

tion and elevation in the vertical incision rather than

in the gingival sulcus against the marginal gingiva, by

avoiding curettage or planing of the root surface, and by

frequent irrigation of the root surface to prevent dehy-

dration. Because an epithelial seal is formed by the sec-

ond postoperative day, sutures can be removed as early

as 2 or 3 days after the surgery [109]. The early removal

of sutures reduces the risk of inflammation from bacteria

wicking onto the sutures.

Outcomes

When evaluating microsurgical outcomes, only studies

of modern microsurgical techniques and materials

should be included. Studies have documented that

the outcomes using newer endodontic microsurgery

techniques tend to be significantly better than with

the historical methods that were used in prior studies

[76–78, 113–120]. After four years, very few changes in

outcome are recorded [118]. The nonoperated roots of

mandibular molars developed signs of apical pathosis in

8.1% of the cases [120]. Meta-analyses from different

groups have concluded that successful outcomes with

modern endodontic microsurgical techniques is in the

91% to 94% range [113–116].

Factors affecting the prognosis of root-end
resection
Effect of type of filling material
In 1999, Rubinstein and Kim [78] reported initial

healing of 96.8% of cases one year after performing

root-end microsurgery with Super EBA root-end fills. In

a follow-up study five to seven years after the one-year

study, they reported 91.5% of the cases remained

healed, but 8.5% of the cases showed apical breakdown

[79].

Maddalone and Gagliani [80] in 2003, using modern

endodontic microsurgical procedures with Super EBA

as a root-end filling material, reported a 92.5% success

rate of cases over three years. Chong and colleagues

[75] in 2003 reported that a success rate for MTA was

84% at twelve months and 92% at twenty-four months,

whereas filling with IRM only had a success rate of 76%

at twelve months, and 87% at twenty-four months;

however, the difference was not statistically significant.

Von Arx and colleagues [121] in 2010 compared the

outcomes of MTA versus composite resin. MTA-treated

teeth demonstrated a significantly higher rate of heal-

ing (91.3% of cases) compared with Retroplast-treated

teeth (79.5%). In 2010 Tang and colleagues [122] did

a systematic review to evaluate outcomes when MTA is

used as a root-end filling material. From the five stud-

ies that met their criteria, they concluded that MTA as

a root-end filling material is better than amalgam and

gutta-percha and is similar to IRM.

Song and Kim 81] in 2012 did a prospective random-

ized controlled study of MTA and super EBA as root-end

filling materials in endodontic microsurgery. The overall

success rate was 94.3%, with a success rate of 95.6% for

MTA and 93.1% for super EBA. There was no statisti-

cally significant difference between the groups.

Li and colleagues ([123] in a two-year retrospective

study in 2014 evaluated the results of microsurgery with

super EBA. The overall healing rate was 93.1%. Shin-

bori and colleagues [124] in 2015 did a retrospective

study on the outcome of root-end surgery with EndoSe-

quence BC Root Repair material used as a root-end fill-

ing material. At the one-year follow-up, the overall suc-

cess rate was 92%. Rud and colleagues [125] reported

a 97% success rate with an eight-year follow-up using

a dentin-bonded composite resin (Retroplast). In a later

study, they reported complete healing in 92% of cases

using the same composite resin material [126].
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Effect of preoperative pain
Von Arx and colleagues [127] in 2010 performed a

meta-analysis of the factors that affect the prognosis

of apical surgery with root-end filling. They cited a

shortage of evidence-based information regarding

healing determinants. They found the following factors

were significantly associated with higher healed rates:

patients without preoperative pain or signs, patients

with good density of the root canal filling, and patients

with no or a very small periapical lesion (less than

5 mm). They also [128] studied the influence of various

predictors on healing outcome after one year. The

only factor that reached statistical significance was the

presence of pain at the initial presentation. Factors that

nearly reached significance were lesion size, root-end

filling material, and postoperative healing course.

Effect of prior surgery (resurgery)
Peterson and Gutmann [129] in 2001 did a systematic

review of initial apical surgery versus apical resurgery.

Most of the articles included were from the 1970s. This

meant that the methods in most of the studies were not

those used in endodontic microsurgery today. Although

success rates were much higher for initial surgeries, the

success and uncertain healing categories for resurgeries

were close to success rates for initial surgeries.

In 2005 Gagliani and colleagues [130] showed that

five years after surgery, 86% of the roots that received

a first periapical surgery showed complete healing, and

59% of the roots receiving a resurgery (second periapi-

cal surgery) showed complete healing. They still recom-

mended surgical retreatment of teeth previously treated

with surgery as a valid alternative to extraction.

Song and colleagues [131] performed a retrospec-

tive clinical study on the outcomes of endodontic

micro-resurgery. They found an overall success rate

of 92.9%. The most common possible causes of fail-

ure were no root-end filling and incorrect root-end

preparation. The use of microsurgical techniques

and biocompatible materials such as MTA and super

EBA resulted in a high clinical success rate, even in

endodontic resurgery.

Effect of longer-term versus shorter-term recall
Song and colleagues [132] in 2014 compared the

clinical outcomes of endodontic microsurgery at one

year versus long-term follow-up. They found the

overall success rate of cases with four or more years of

follow-up was 87.8%, compared with 91.3% at one

year of follow-up, which was not statistically significant.

Song and colleagues [133] in 2012 found 93.3% of

endodontic microsurgery cases that were considered

healed in a prior five-year study remained healed after

more than six years.

Effect of interproximal bone height
Von Arx and colleagues [133] performed a five-year lon-

gitudinal assessment of the prognosis of apical micro-

surgery. They found the healing rate at five years after

apical microsurgery was eight percentage points poorer

than when it was assessed at one year (from 83.8% to

75.9%). The prognosis was significantly affected by the

interproximal bone levels around the treated tooth. If

interproximal bone level was greater than 3 mm from

the cementoenamel junction, it healed less often than

if it was 3 mm or less. Cases with root-end fillings of

ProRoot MTA healed more often than those filled with

super EBA.

Effect of the size of the apical lesion
Wang and colleagues [135], as part of the Toronto

outcome studies in 2004, reported an overall healed

rate of 74%. The healed rate was significantly higher

for teeth with small lesions (5 mm or less) and with

preoperative root canal fillings that were inadequate in

length, either long or short, rather than at an adequate

length. Thus, preoperative lesion size and root canal

filling length were significant predictors of outcomes

for root-end surgery. Not all of the surgeries were

completed with modern microsurgical techniques. The

effect of lesion size on outcome was also observed in a

later Toronto study [136].

Effect of age
Most studies show no effect of the patient’s age on the

outcome or root-end surgery; however, Barone and

colleagues [136], as part of the Toronto outcome studies,

found that age did affect endodontic surgical outcomes.

Three significant outcome predictors were identified:

age, preoperative root-filling length, and the size of the

apical crypt. Patients older than 45 years healed 84%

of the time, whereas those 45 years of age or younger

healed 68% of the time. If the preoperative root canal

filling was inadequate, healing was seen in 84% of the

cases, whereas those with adequate preoperative filling

length healed in 68% of the cases. If the surgical crypt
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was 10 mm or less, the healing rate was 80%, but if it

greater than 10 mm, the healing rate was 53%.

Effect of the length of the access window into
the bony crypt
Von Arx and colleagues [137] in 2007 did a prospective

study to evaluate how the dimensions of the bone defect

affect healing outcomes one year after apical surgery.

The only parameter that was found to be significantly

related to healing outcome was the length of the access

window to the bony crypt.

Summary
In summary, most studies evaluating modern microsur-

gical techniques have found a healing rate of greater

than 90%. A high success rate was observed when mod-

ern root-end fillings were placed. The high success rate

for endodontic microsurgery makes it a viable treatment

option for patients.

Guided tissue regeneration
in endodontic surgery

Pecora and colleagues [138] listed the following indi-

cations for guided tissue regeneration applications in

endodontic surgery:

• Through-and-through periapical lesion

• Large periapical lesion

• Endo-perio lesion

• Periapical lesion communicating with the alveolar

crest

• Furcation involvement as a result of a perforation

• Root perforation with bone loss to alveolar crest

Rankow and Krasner [139] listed conditions encoun-

tered in endodontic surgery that could require the use

of guided tissue regenerative procedures:

• Apical pathosis without communication to the alveo-

lar crest

• Apical pathosis with communication to the alveolar

crest (dehiscence, proximal bone loss, developmental

grooves)

• Root or furcation bone loss due to perforation

• Cervical root resorption

• Oblique root fractures

• Ridge augmentation

The conditions that most often require guided tissue

regeneration in endodontic surgery are apical–marginal

bone defects where there is no bone over the root

surface from apex to crestal bone; through-and-through

defects where the lesion perforates both the facial

cortical bone as well as the lingual or palatal cortical

plate of bone; and furcation defects from perforations,

some large bony defects, and ridge preservation. These

conditions are encountered during endodontic surgical

therapy, not as independent surgeries that fall within

the scope of periodontal practice.

Guided tissue regeneration is based on the principle

that specific cells contribute to the formation of specific

tissues. It consists of placing barriers of different types

to cover the bone and periodontal ligament, thus tem-

porarily separating them from the gingival epithelium.

Excluding the epithelium and the gingival connective

tissue from the root surface during the postsurgical heal-

ing phase not only prevents epithelial migration into the

wound but also favors repopulation of the area by cells

from the periodontal ligament and the bone.

Guided bone regeneration employs the same prin-

ciples of specific tissue exclusion as guided tissue

regeneration uses. However, because the objective

of guided bone regeneration is to regenerate a single

tissue, namely bone, it is theoretically easier to accom-

plish than guided tissue regeneration, which strives to

regenerate multiple tissues in a complex relationship.

Barriers, or membranes, used to exclude the

faster-growing epithelium from the underlying

connective tissue are classified as either resorbable

or nonresorbable. Resorbable membranes do not

require a second surgery to remove them; nonre-

sorbable membranes do require a second surgery to

remove them.

Resorbable membranes may be made from collagen,

polylactic acid, polyglycolic acid, or calcium sulfate

[138, 139]. Nonresorbable membranes that have been

used include polytetrafluorethylene (PTFE or Gore-Tex)

membranes [138, 139]. The amount of cross-linking

in the membrane structure can affect how rapidly the

membrane is turned over and resorbs.

Gortex membranes are no longer available, but the

suture still can be purchased. dPTFE membranes (with

and without titanium struts for reinforcement) have

replaced the Gortex membranes in the marketplace.

Bone grafts
Bone or osseous grafts may be classified by their action

on new bone formation. Grafts that act as a template
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or scaffold to assist in bone formation are classified as

osteoconductive grafts. Grafts that act to stimulate or induce

new bone formation are classified as osteoinductive grafts.

Grafts that have cells that actually produce new bone are

classified as osteogenic grafts.

Bone-grafting materials are further classified by their

origin. Autogenous grafts are the patient’s own bone from

another site in their body. Autogenous bone is consid-

ered the gold standard. Autogenous bone uses osteocon-

duction, osteoinduction, and osteogenesis in the forma-

tion of new bone. Bone can be harvested from iliac crest

or from intraoral sites.

Allografts are grafts from another member of the

same species; in the case of humans, it is bone from

another human. Allografts may be frozen bone,

freeze-dried (lyophilized) bone (FDB), demineralized

freeze-dried bone (DFDBA), or irradiated bone. It may

be ordered as cortical or cancellous bone. Allografts are

osteoconductive and osteoinductive. Demineralization

removes the mineral phase and exposes the underlying

bone collagen and growth factors, particularly bone

morphogenetic proteins (BMPs), which induce new

bone formation. Combination allografts have recently

entered the market place that combine mineralized

(70%) and demineralized (30%) bone and have done

well in a human ridge preservation study [140].

Xenografts are bone grafts from a different species. Cur-

rently, there are two available sources of xenografts used

as bone substitutes in clinical practice: bovine bone and

natural coral. Both provide products that are biocompat-

ible and structurally similar to human bone. Xenografts

are osteoconductive, and their advantage is that they are

readily available and almost entirely free of the risk of

disease transmission. Materials marketed in the United

States are certified that they are derived from animals

approved by the US Department of Agriculture (USDA)

and should not carry disease.

Alloplasts are grafts from natural or synthetic bone

substitutes. They are biocompatible space fillers. Most

bone substitutes are osteoconductive, inert filling mate-

rials and integrate with new bone; histologically, they

produce only limited periodontal regeneration. Included

in alloplast graft materials are bioceramics, such as trical-

cium phosphate and hydroxyapatite, bioactive glasses,

polymers, and calcium sulfate (plaster of Paris).

Bone-grafting materials should only be ordered from

a reputable licensed certified tissue bank [141].

Technique
With an apical–marginal defect, the membrane is

trimmed so that it extends 2 to 3 mm beyond the mar-

gins of the bony defect. The membrane should be at least

2 to 3 mm from the cementoenamel junction [138], so

there is no interference with epithelial reattachment.

The membrane should be completely covered and not

exposed to oral fluids, which would increase the risk of

infection [138, 139]. The membrane should be stable

and not move when the flap is reapproximated and

sutured in place. Once the membrane is trimmed and

hydrated in normal saline, it will adapt better because

it will be more pliable. This can be accomplished while

the bone-grafting material is being placed in the bony

defect. Exposed root surfaces that will be contacted

with the bone-grafting material should be etched with

either 50% citric acid or tetracycline (100 mg/mL) for 3

minutes [138].

The bone-grafting material should be hydrated prior

to placing it into the defect. The grafting material is then

placed into the bony defect. The roots must be covered

with the grafting material to provide space between the

root surface and the membrane. It is important to pro-

vide this space so that the membrane does not rest upon

the root surface, because, if it does, there will be no

regeneration of periodontal ligament or bone. The bony

defect should be very slightly overfilled (Figure 9.46).

Figure 9.46 Bone-grafting material placed into large periapical
defect and over root structure. (Image courtesy of Dr. Dwight
Moss.)
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Figure 9.47 A resorbable membrane is placed over the bony
defect, which has been filled with a bone-grafting material. The
flap is replaced, held in place, and then sutured in place. (Image
courtesy of Dr. Dwight Moss.)

The hydrated membrane is now placed over the graft

material with the membrane edges covering the edges

of the bony defect by at least 2 mm and not encroaching

on the cementoenamel junction or the biological width

[138, 139]. The membrane should be stable as the flap

is repositioned and sutured, so that it will not move

during suturing or the healing phase. This ensures that

the membrane will be in place and exclude epithelium

from areas where connective tissue needs to re-form

(Figure 9.47).

Regeneration of through-and-through bony defects

is similar to apical–marginal bone defects, except an

additional membrane is required on the palatal or

lingual aspect of the bony defect. Radiographic evidence

or CBCT imaging may indicate a through-and-through

lesion. The radiographic image will show a lesion

within a lesion if there is a through-and-through

lesion. The CBCT will show a loss of cortical bone or

a break in the cortical bone on both sides of lesion.

When a through-and-through defect is suspected from

periapical radiographs or CBCT, after completion of the

root-end resection, preparation, and fill, the palatal

(or lingual) bone in the bony crypt should be sounded

with a sharp instrument to determine the size of the

perforation of the bone. This can also be confirmed by

going through the perforation of the cortical plate and

having the sharp instrument penetrate the palatal (or

lingual) mucosa.

Once the size of the perforation is determined, a

membrane can be trimmed to cover the opening in the

palatal (or lingual) bone. The membrane should extend

over the margins of the defect by at least 2 mm. Addi-

tionally, a membrane must be trimmed for the opening

of the defect on the facial side. The exposed root surfaces

should be etched with either citric acid or tetracycline

solution. Both membranes are hydrated. The palatal (or

lingual) opening in the cortical bone is covered with

the membrane. The hydrated bone-grafting material is

then placed into the defect and built up to the facial

cortical plate. The membrane for the facial opening

of the bony defect is placed after that, covering the

lesion by at least 2 mm and resting on solid cortical

bone. The flap is replaced and sutured back into place.

Pecora and colleagues [142] found improved outcomes

of root-end surgeries with the use of calcium sulfate for

bone regeneration.

Calcium sulfate can be used as a bone-grafting mate-

rial, as well as a membrane. It may also be used in

combination with bone allograft material. If the two

materials are mixed, the ratio is usually 80% bone

grafting material and 20% calcium sulfate [139]. If cal-

cium sulfate is used as both the bone-grafting material

and the membrane, the procedure is similar to other

grafting procedures. The exposed root surface is scaled

and root planed, and all granulation tissue is removed

from the bony crypt. The roots are etched with 50%

citric acid, ethylenediamenetetraacetic acid (EDTA),

or tetracycline solution. The bony defect is filled with

calcium sulfate or a combination of calcium sulfate and

bone. The material is then pressed into the defect with

gauze. A second layer of pure calcium sulfate is then

placed over the previous layer to very slightly overfill

the defect. This second layer of calcium sulfate serves as

a membrane. The flap is replaced and sutured in place.

It is best to not manipulate the flap too much because

the calcium sulfate is somewhat brittle, and it could frac-

ture and then move under the flap. The patient should

also be instructed, during postoperative instructions, to

not touch the flap with any pressure because this could

also fracture the calcium sulfate.

The benefit of using guided tissue regeneration

techniques in large periapical lesions is not fully decided
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because of conflicting evidence. Murashima and col-

leagues [143] found that calcium sulfate was effective

in bone regeneration on large osseous defects and

on through-and-through osseous defects. It was less

effective in osseous defects communicating with the

gingival sulcus. Tobon and colleagues [144] found the

use of regenerative materials, such as nonbioresorbable

membranes and resorbable hydroxyapatite improved

the predictability of clinical, radiographic, and histologi-

cal healing in cases of regenerative techniques following

periapical surgery. Garret and colleagues [145], how-

ever, found that the use of a resorbable guided tissue

regeneration membrane with a four-walled osseous

defect confined to the apical region did not improve

healing.

Ridge preservation
Ridge preservation or site preservation after an extrac-

tion can be a valuable service for a patient who has to

lose a tooth. For the endodontist, this can occur after

an exploratory surgery determines there is a vertical

root fracture or when an endodontically treated tooth

is deemed unsalvageablei during a root-end surgery.

Tooth extraction will lead to loss of alveolar bone, which

will affect prosthodontic restoration of either a fixed or

removable partial denture or of a dental implant. The

tooth should be extracted as atraumatically as possible

to preserve cortical plates of bone. A membrane is then

trimmed to cover the extraction site. The size of the

membrane depends on the amount of bone lost prior

to the extraction or as a result of the extraction. It may

only need to cover the socket, if it has been a flapless

extraction, or it might need to cover the socket, as well

as the missing cortical plate of bone. It may be necessary

to undermine the gingival attachments in order to get

the membrane to lie down over the socket.

The bone-grafting material of choice is hydrated and

placed in the socket. It is often better to place the bone

graft in a tuberculin syringe with an end cut off, so it

can be compacted tighter than other grafting sites are

packed. Collagen products (CollaPlug, Zimmer Biomet,

Warsaw, IN, USA) may be placed in the socket before

the grafting material in some cases to occupy space and

promote healing. The membrane is placed over the

bone-grafting material and sutured in place to cover

the grafting material. The suturing may need to cross the

membrane in a figure-of-eight or X shape to hold the

membrane in place.

As another option, calcium sulfate can be mixed

with the grafting bone in an 80% bone and 20%

calcium sulfate mix. The mixture is then placed into

the socket. Calcium sulfate without the bone can then

be placed as a membrane over the grafting material

mix. The choice of grafting material—FDB, DFDBA,

bovine bone, or synthetic graft material—depends on

the preference of the patient and the surgeon, whether

the surgeon wishes to have more rapid bone turnover

or slower bone turnover, and the type of bone being

regenerated.

Often during guided tissue regeneration procedures,

a periosteal releasing incision is required to free the

mucoperiosteal flap enough so that there can be ade-

quate coverage of the membrane and bone graft. The

procedure is to stretch the mucoperiosteal flap in an

apical direction to put tension on the flap. The extent of

the reflection and length of vertical releasing incisions

should be noted. Only the periosteal tissue is incised.

The alveolar mucosa is not incised, and great care must

be taken to avoid cutting or perforating the entire

mucoperiosteal flap. Once the periosteum is cut, the

flap can be extended enough to cover the membrane

and graft. This is a technically difficult procedure, but

it is one that should be mastered to avoid exposing the

membrane.

Extraction–Replantation

Extraction–replantation, intentional replantation, or

replantation are all terms for treating a tooth that can-

not be treated by other means. It is generally reserved

for teeth where surgical access would be difficult,

non-healing lesions, or patient limitations that prevent

conventional root-end surgery. The procedure calls for

atraumatic extraction of a tooth, and then submer-

gence into Hank’s balanced salt solution (HBSS) where

root-end resection, root-end preparation, and root-end

filling is completed. The tooth is then replanted back

into the socket.

Kratchman [146] listed several indications for

extraction–replantation procedures. They include

difficult access, anatomic limitations, inaccessible per-

forations, patients’ limitations, failure to heal, and

chronic pain.
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Teeth with difficult access include mandibular second

molars because the apices of these roots are more lin-

gual in the mandible. Thick buccal bone and the exter-

nal oblique ridge also interfere with access. Access to

the apices of this tooth is extremely challenging because

locating and instrumenting through a deep tunnel in

bone is very demanding.

Anatomic limitations include a mandibular premolar

that is in very close proximity to the mental foramen

and mandibular molars that are in very close proximity

to the inferior alveolar canal [146].

Perforations in areas not accessible surgically include the

proximal surface of tooth in the interdental area or in a

furcation [146].

Patient management and limitations can prevent dis-

abled patients from being able to undergo endodontic

microsurgical procedures or to maintain the posi-

tion required for the surgeon to use the microscope.

Extraction–replantation is a much shorter proce-

dure than endodontic microscopic root-end surgery

[2, 146].

Failure to heal after endodontic therapy, nonsurgical retreat-

ment, or surgical endodontic procedures is another reason for

extraction–replantation. Any evidence of persistent dis-

ease, such as pain, sinus tract, swelling, or radiographic

evidence that the lesion is not healing would be an indi-

cation for extraction–replantation if the tooth could not

be treated by the more conventional methods [2, 146].

Persistent chronic pain can be an indication for

extraction–replantation, if other treatment methods

have been unsuccessful, and there is a good reason to

believe that there is an endodontic cause that cannot be

addressed in any other manner [146].

Contraindications for extraction–replantation include

preexisting moderate to severe periodontal disease,

curved or flared roots, nonrestorable teeth, and cases

where there is missing interseptal bone [147].

It is important to explain the procedure to the patient

and to present the risks and benefits of the procedure.

The risk of fracture and resorption should be explained,

as well as the understanding that if the procedure is

not performed the tooth would probably have to be

extracted.

Procedure
One of the critical steps in the extraction–replantation

procedure is atraumatically extracting the tooth and

avoiding damage to the cementum or fracturing the

tooth. Evaluation of the root form of the tooth is

important. Teeth with fused roots are generally good

candidates, unless they have interseptal bone. Teeth

with straight roots and a furcation where bone is present

are good candidates. Teeth with wide and/or dilacerated

roots are poor candidates for extraction–replantation

because it is difficult to extract without fracturing them.

Extraction–replantation procedures have been refined

to follow many of the principles in the dental trau-

matology literature for the avulsed tooth. Historically,

extraction–replantation procedures had to be completed

as rapidly as possible to avoid extended extraoral dry

time, which would increase the chances of replacement

resorption. Antibiotics are used to reduce the likelihood

of inflammatory resorption in both management of the

avulsed tooth and in extraction–replantation.

Before the extraction–replantation procedure, it is

important to make sure the crown of the tooth is solid

and restored, to reduce the susceptibility to fracture

during extraction. The occlusal surface of the tooth

should be relieved, so the tooth has little or no occlusal

contact.

It is necessary to be organized before and during

extraction–replantation procedures to limit extraoral

time. Instruments and materials required for the proce-

dure should be in order, and the HBSS should be placed

in two emesis basins. If a stainless steel emesis basin is

used, 2 × 2 gauze should be placed on the bottom of

the basin to prevent reflection of light back through the

microscope, which would be too bright for the surgeon’s

eyes. A sterilized rubber band is placed over the handle

of the extraction forceps, ensuring the forceps beaks will

stay closed once the tooth is extracted. This allows the

tooth to be held in the forceps for the entire procedure

while the tooth is out of the mouth [146].

The extraction should be a slow, deliberate procedure.

The gingival attachment must be severed with a surgical

blade. Elevators and periotomes should not be used

to elevate against the root of the tooth. Likewise, the

beaks of the forceps should be kept off of the cementum

on the root above the cementoenamel junction. This

increases the chance of fracture of the crown during

extraction, but it decreases the chance of resorption

developing later. It is important to be patient during

the extraction, because expanding the cortical plates of

bone is a slow and deliberate process. The procedure

can take 20 to 30 minutes [146]. Once the tooth is

extracted, it should immediately be transferred to one
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of the basins containing the HBSS. The root surface

should never be touched.

If there is a cyst or granuloma attached to the root and

it comes out with the tooth, the socket does not need to

be curetted. Even if granulation tissue remains in the

socket, nothing should be curetted from the socket. It

will heal once the etiology is removed from the canal of

the tooth [2]. The socket should be gently irrigated with

HBSS or normal saline to keep the periodontal ligament

cells moist and nourished.

Under the surgical operating microscope, the root-end

procedures should be completed while keeping the tooth

root moist with HBSS. If the extraction–replantation is

to correct another problem, such as repairing a perfora-

tion, that procedure should be completed while the root

surface is kept moist with the HBSS.

When the root-end procedure is completed, the

tooth can be rinsed with HBSS from the “clean” basin.

The tooth is then replanted back into its socket. Due

to the root-end resection and the expansion of the

cortical plates of bone, it is generally easy to replant

the tooth. Once the tooth is back in the socket, the

facial and lingual (or palatal) cortical plates of bone are

compressed and the patient is asked to bite on a cotton

roll or a wooden stick to insure the tooth is seated

properly and stabilized [146]. Splinting is often not

required because the tooth usually snaps into place. The

tooth should be in minimal or no occlusion; however,

slight occlusal function will speed healing. If splinting is

required, it should be minimal, such as sutures crossed

over the occlusal surface, or a periodontal pack [146].

If a splint is used, it should be flexible and removed

within one week [148]. Borrowing from the dental

traumatology literature, a flexible splint produces

the best outcome [149]. To be consistent with dental

traumatology guidelines [149], tetracycline, penicillin,

or amoxicillin for one week should be prescribed to help

prevent inflammatory resorption, although definitive

human studies are lacking on their benefit. The patient

should follow a soft dental diet for one to two weeks

and should be instructed in home oral hygiene care to

keep the area clean.

The most common reason for a poor outcome of

extraction–replantation procedures is resorption, either

replacement or inflammatory in nature. Other negative

outcomes include periapical rarefaction due to periapi-

cal inflammation, chronic pain, or fracture of the crown

or root [146].

Most failures occur during the first year [150]. For-

tunately, there is a favorable outcome in most studies,

although the success rates and techniques are varied.

There have not been studies using the techniques

recommended by Kratchman [146]. The success rate

for extraction–replantation using older studies range

from 80% to 95% [151–153]. These outcomes make

extraction–replantation a viable option in carefully

selected cases.

Root amputations and hemisection
techniques in endodontics

Although the topic for root amputations and hemisec-

tions of molars are now less common due to the success

of osteointegrated implants, there are still cases when

these techniques are the best option for a patient. This is

especially true in teeth with endodontic involvement.

Root amputation is the removal of one or more roots

of a multirooted tooth. The involved root is separated

at the junction of the root and the crown. In general,

this procedure is performed in maxillary molars. Hemi-

section is the surgical division of a multirooted tooth. The

defective or periodontally involved root and that part of

the crown are then removed. Bicuspidization is the surgi-

cal division of a mandibular molar (as in a hemisection),

but the crown and root of both halves of the tooth are

retained.

Teeth requiring root resections, should have adequate

endodontic treatment before the root resection. The

root canal in the root to be resected should be filled with

either amalgam or a composite resin to the level where

the resection will be made. Gutta-percha does not

provide an adequate seal in the resected root because it

will be exposed to oral fluids. It is essential that there is

a restorative plan for the proper coronal restoration of

teeth undergoing respective procedures.

Indications [154–157] and contraindications

[155–158] for root resection are listed in Box 9.4.

Indications [154–156] and contraindications [154, 155]

for bicuspidization are listed in Box 9.5.

Mandibular molars that require resective treatment

should almost always only be treated by hemisection

or bicuspidization, because a root amputation leaves an

unfavorable leverage situation on the remaining root

and will lead to fracture of the tooth [156].
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Box 9.4 Indications and contraindications for root resection

Indications for root resection [154–157]

• There is a severe osseous defect around one root that is not amenable to traditional or regenerative therapy, but there is adequate
bone support on the adjacent root or roots.

• There is grade II or III horizontal furcation involvement with minimal bone loss on roots to be retained.
• There is close root proximity to a root on an adjacent tooth.
• A root cannot be treated with restoration owing to severe caries, perforation, or resorption.
• There is a vertical root fracture.
• There is an endodontically untreatable root due to obstructed canal or separated instrument.
• A strategically important root (or roots) and crown can be preserved.

Contraindications to root resection [155–158]

• The tooth is not restorable or not strategic.
• There is unfavorable anatomy, such as fused roots or a tall root trunk.
• There is excessive mobility that did not improve after initial therapy.
• There is a poor crown-to-root ratio on the remaining root(s).
• The adjacent teeth mesial and distal to the affected tooth have large restorations that might warrant a three-unit fixed bridge.
• Nonsurgical root canal therapy cannot be completed on the remaining root(s).
• There are patient risk factors such as poor plaque control, or the patient is a smoker.
• An implant or a three-unit bridge is a better option for the patient.

Box 9.5 Indications and contraindications for bicuspidization

Indications for bicuspidization [154–157]

• There is a furcation perforation.
• There is a furcation defect from periodontal disease.
• There is a fracture into the furcation.

Contraindications for bicuspidization [154, 155]

The mesial or the distal segment is not restorable or has a poor periodontal prognosis.
Root canal treatment cannot be completed on either half of the tooth.
The roots are fused or the furcation is too far apical.

The type of flap that should be reflected depends on

how difficult it will be to section and remove the root to

be resected, how much access is needed, and how much

bone loss is present. Often, bone has to be removed in

order to deliver the resected root. This requires more

access than an envelope flap would allow.

Root amputations
Amputation of a root of a maxillary molar may be

accomplished by one of two techniques. If a new crown

is to be placed, a vertical root amputation can be used.

This has the advantage of having a crown placed that

will more closely match the support from the remaining

roots, and it will have a more favorable contour for

cleansing. The vertical root amputation can require less

removal of bone if the resected root can be removed by

forceps. This procedure has also been called a trisection

[157] (Figure 9.48). A second technique used for root

amputations is a horizontal resection, where the root is

resected at the furcation level apical to the crown. This

technique is employed when the coronal restoration

will be left in place. Buccal and palatal mucoperiosteal
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Tylman’s

PalatalMesiobuccalDistobuccal

Vertical Root Amputation
Trisection

Figure 9.48 The occlusal view of crown shapes after vertical root amputations. The crown shape will resemble the remaining root
structure after root amputation of the other root. (Adapted from Newell DH, Morgano SM, Baima RF. Fixed prosthodontics with
periodontally compromised dentitions. In: Malone WFP, Koch DL, editors. Tylman’s theory and practice of fixed prosthodontics. 8th ed. St
Louis: Ishiyaky EuroAmerica;1989 pp 80–1.) [158]

flaps are reflected, which provides access to the involved

tooth and the osseous structures as well [157].

Vertical Root Amputation
In vertical root amputation, a buccal and palatal

mucoperiosteal flap is elevated to improve access to the

involved tooth and osseous structures [157]. A silver

point or stainless steel wire can be threaded through the

furcation area, if possible, to outline the affected root

to be resected. If not, marker cuts can be placed at the

furcation entrances and extended coronally. A rubber

dam is placed, and coronal cuts are made to connect the

silver point furcation exits. Most of the root-amputation

procedure should be accomplished with rubber dam

isolation to prevent debris from contaminating the

wound site. The cuts with a surgical-length fissure

bur, or an Endo Z bur, are made more on the portion

of the tooth to be removed and are gradually moved

toward the furcation. The cuts are on the portion of the

crown over the root to be removed. From the occlusal

view, the cut will resemble a C shape extending from

the buccal furcation to the interproximal furcation

[157, 158].

Once the bur cuts into the furcation, the root is

separated from the rest of the tooth. Care must be taken

when approaching the furcation. A non–end-cutting

bur, such as an Endo Z bur (Dentsply International,

York, PA), may be used to avoid cutting too deep. The

root can now be removed with a periosteal elevator or

extraction forceps [157].

The tooth is contoured and refined to ensure that

there is not a spur left in the furcation area from the

incomplete resection of the root in the furcation area.

This should be confirmed with a radiograph. The bone

should be recontoured so the bony contours match

the tooth contours, which allows reattachment of the

supracrestal attachment apparatus and 3 mm of biologic

width [157]. The reflected flaps are then sutured into
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place, and postoperative instructions are given, along

with any prescription for pain control. It is important

to have a definite restorative commitment to place a

crown to match the root structure left after the vertical

root amputation, before attempting a vertical root

amputation.

Horizontal Root Amputation
A full-thickness flap should be elevated on both the

facial and palatal surfaces to provide access to the root.

All visible granulomatous tissue is removed from the

area. Some cortical bone might need to be removed to

facilitate root delivery. A silver point or stainless steel

wire can be threaded through the furcation area, if

possible, to outline the affected root to be resected. If

not, marker cuts can be placed at the furcation entrances

and extended coronally. Threading of a silver point or

a stainless steel wire through the furcation entrances

is not possible in teeth with normal periodontal

support.

A tapered or straight small fissure bur is used to sepa-

rate the root in the furcal area with copious sterile saline

irrigation. A horizontal cut is made from the proximal

side of the root to the furcation, apical to the crown. As

the cut approaches the furcation, especially in the palatal

areas, a non–end-cutting bur, such as an Endo Z bur, can

be used to avoid unwanted cuts in bone or other roots.

The root is delivered with elevators.

Sometimes additional bone needs to be removed in

order to extract the root. Ensure there are no furcal

overhangs or spurs and that proper crown shape is

achieved [154, 156, 157]. This should be verified radio-

graphically (Figure 9.49). There should be no sharp

edges, and all surfaces should be rounded and shaped

to enhance cleansing. This is very important for oral

hygiene and final prosthodontic restoration. The flaps

are repositioned and sutured to provide closure.

Hemisection
Hemisection involves sectioning and removing either

the mesial or the distal root of a mandibular molar.

In most cases, a buccal and a lingual flap should be

elevated. The lingual flap can be an envelope flap.

The buccal flap in some instances can be an envelope

flap; however, a triangular or rectangular flap will be

required if the root cannot be extracted with forceps.

The two buccal grooves and the lingual groove on

the crown do not conform to the underlying root

Tylman’s

Figure 9.49 Hemisection of a mandibular molar. The arrow on the right diagram is pointing to a spur left after resection in the
furcation. It is important to remove this overhang in all root resections, because it can be a site for plaque accumulation and makes
it difficult for the patient to clean the area.
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structure; therefore, a silver point or stainless steel

wire is placed through the furcation from the lingual

to the buccal side, which indicates correct vertical cut

positions. Extend the vertical cuts apically through the

furcation, cheating toward the root to be extracted. An

orientation radiograph may be required before complete

hemisection. After separation, the silver point may be

withdrawn occlusally. Forceps can be used to deliver

the root. It the root cannot be easily removed, the

buccal cortical bone is removed to facilitate extraction

of the root. Once the root is removed, the edges of the

resection are smoothed, and overhangs or a spur at

the furcation is removed. If bone had to be removed

to extract the root, the bony edges are rounded and

smoothed.

Bicuspidization
The technique for bicuspidization is very similar to

the technique used for hemisection of a tooth, but

neither root is removed. They are merely separated

through the furcation. It requires skill because neither

root can be encroached upon, as they both will receive

crowns. Hence, enough tooth structure needs to remain.

Indications are more limited for bicuspidization.

The outcome for resection of roots depends upon

how the tooth is used, how it will be loaded, and

the maintenance of periodontal health around the

tooth. A more negative outcome can be expected if

a tooth with a resected root is expected to serve as

an abutment. Outcome studies show a wide percent-

age of successful outcomes for teeth with resected

roots.

Blomlof and colleagues [159] found that at ten years,

68% of root-resected molars and 77% of root-filled

single-rooted teeth remained in the mouth. Root

resection appears to have a similar prognosis to single

rooted teeth that are equally susceptible to periodon-

titis. Langer and colleagues [160] found that 38% of

molar root resections failed during a ten-year period

(2:1 ratio of mandibular-to-maxillary failures). Bas-

ten and collegues [161] found that the prognosis for

root-resected molars may be better than previously

thought, because this retrospective study showed 49

root-resected molars had a 92% survival rate over 12

years. Fugazzoto [162] found that root-resected molars

showed a 96.8% success rate for up to 15 years of

follow-up, and implants yielded a success rate of 97%

in up to 13 years of follow-up. These therapies are not

interchangeable and must be carefully considered in

treatment-planning decisions. In selected cases, the

success of root resections is high enough to justify the

procedure.

Surgical repair of resorptive lesions or
perforations

Management of resorptive defects is covered in the

chapter on resorption. Repair of external resorptive

defects or external repair of root perforations requires

reflecting a mucoperiosteal flap to gain access to the

defect. Often an envelope flap is sufficient to access

defects in the cervical area of a root. Defects located

more apically on the root require a triangular or rectan-

gular flap design to achieve adequate reflection of the

flap and proper access to the defect.

MTA or newer bioceramics work well, if the perfora-

tion is below crestal bone and does not communicate

with the oral cavity. In areas where the defect is exposed

to oral fluids and there is a risk of the restorative material

washing out, a composite resin or glass ionomer would

be the appropriate restorative material.

Management of Complications

Kim [2] lists surgical sequelae and complications after

root-end surgery. Surgical sequelae are part of the

normal surgical procedure and postoperative course.

Included in postoperative sequelae are pain, hemor-

rhage, swelling, and ecchymosis. Complications from

root-end surgery include maxillary sinus infringement

and perforation, lacerations, paresthesia, and serious

infection [2].

Pain occurs after any surgical procedure, but after

endodontic microsurgery it is only mild to moderate

in most cases. Pain can be managed in most cases

by administering long-acting local anesthetics such

as bupivacaine and using a flexible pain strategy of

ibuprofen, acetaminophen, and narcotic medications,

depending on the severity of pain.

Hemorrhage is a rare problem and can usually be pre-

vented by good suturing technique and pressure with a

2 × 2 gauze moistened with saline after the flap has been

sutured in place. Ice packs also decrease bleeding when
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held in place with some pressure. Postoperative instruc-

tions will allay the patient’s fears about slight oozing of

blood versus heavy bleeding.

Swelling is common after root-end surgery. The patient

should be informed that swelling is very likely, and that

it may be worse the day after surgery. Ecchymosis is

caused by the extravasation and breakdown of blood

in the subcutaneous tissues. This discoloration in the

face or neck areas is more likely to occur in fair-skinned

patients and the elderly, but it can occur in any patient

[2]. It also may occur in patients on anticoagulant

or aspirin therapy. It is not a serious problem, except

esthetically for the patient, and it will resolve in a

few days.

Paresthesia after surgery occurs most often when the

inferior alveolar nerve is involved due to impingement,

incorrect handling, laceration, severance, or chemical

injury. Fortunately, unless the nerve is completely cut

and not reapproximated or severely burned with a

chemical, the paresthesia will be transitory and should

return within 4 weeks [2]. The surgeon should chart the

extent of the paresthesia and record it in the patient’s

record. In the event of a completely severed nerve,

the patient should be referred to a oral maxillofacial

surgeon.

It is fairly common to have a perforation of the maxillary

sinus when performing root-end surgery in the maxillary

posterior teeth because the sinus lies close to roots of the

maxillary molars and premolars, especially the mesial

buccal root of the second molar, the palatal root of the

first molar, and the distal buccal root of the second

molar [163].

Oberli and colleagues [164] found that perforation

of the Schneiderian membrane of the maxillary sinus

during root-end surgery occurred in 9.6% of the

root-end surgeries. Exposure of the membrane without

rupture occurred in 12% of the cases. It was found

that the distance between the apex or the periapical

lesion and the sinus floor did not predict a possible

sinus membrane rupture. However, if the radiograph

showed a distinct distance between the lesion and

the sinus floor, there was an 82.5% probability that

oral antral communication would not occur. Friedman

and Horowitz [165] found in a review of 472 such

procedures that the occurrence of sinus perforations

was 10.4% (23% in molars, 13% in second premolars,

and 2% in first premolars). This low incidence, cou-

pled with no recorded sinusitis, favors this treatment

before extraction, but it demands meticulous surgical

technique and appropriate postoperative care.

Sinus perforation occurs in many cases of root-end

surgery involving maxillary posterior teeth. Radio-

graphs and CBCT imaging can give the surgeon an idea

of the proximity of the root apex to the maxillary sinus.

Perforation of the sinus is a very manageable condition,

and the endodontic microsurgeon should be equipped

to handle this complication.

Confirmation of a sinus perforation can be verified

visually under the microscope or by squeezing the

patient’s nose and having the patient blow out. Air

bubbles will be visible coming from the perforation

if the sinus floor has been perforated. Preventing the

introduction of debris from tooth fragments or root-end

filling materials into the maxillary sinus should a

perforation occur is the first consideration. In larger

perforations, a suture should be placed through a

CollaPlug, leaving two long ends of the suture on

either side of the CollaPlug. Attention must be paid to

the condition of the CollaPlug, because as it absorbs

more moisture and blood, it will decrease in size

and become less rigid and could tear or disintegrate

easily. Although it is not a problem if the CollaPlug

disintegrates and falls into the maxillary sinus, because

it will be resorbed, it would be better to remove the

CollaPlug if it becomes too small or not structurally

sound so as to prevent debris from entering the maxil-

lary sinus. The CollaPlug can be easily removed when

the root-end surgery is completed and before closing the

flap.

Tataryn and colleagues [166] in an animal study

found that sinus perforations during root-end surgery

showed that defects, regardless of their size, tended

to repair with limited bony covering and fibrous scar.

Resorbable collagen membranes did not improve

osseous repair. Because sinus perforations that occur

during root-end surgery are closed off from the oral

cavity once the flap is closed, there is no communication

between the maxillary sinus and the oral cavity. This

is unlike when a sinus perforation occurs during an

extraction and there is an open socket that provides

an opening into the oral cavity and creates an oral

antral fistula. According to Watzek and colleagues

[167], antral perforations that occur during root-end

surgery constitute no risk to the maxillary sinus, even if

a transantral approach was used.
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After closing and suturing the mucoperiosteal flap

in cases where there has been a sinus perforation, the

patient should be given postoperative instructions that

inform them that they may experience some evidence

of bleeding from nasal discharges, but no frank bleeding

will be noted. The patient is instructed not to blow

their nose and to elevate the head at night [2]. Lin and

colleaguges [168] recommended antihistamines, nasal

drops such as 0.5% phenylephrine (Neo-Synephrine),

and antibiotics if signs of a maxillary sinus infection are

seen. The AAA management of sinus exposure calls for

antihistamines, analgesics, and antibiotics. Waiting to

see if any signs or symptoms of maxillary rhinosinusitis

develop before prescribing any of these medications is

also a very plausible option.

Lacerations can accidently occur during surgery. If they

require closure, they may be sutured. Cracks around the

corners of the mouth can occur due to the stretching of

tissues. These can be prevented, or certainly lessened, if

a thin layer of petroleum jelly is applied to these areas

preoperatively [2].

Postoperative infection can occur with any surgery.

Swelling into fascial spaces should be closely monitored,

and appropriate therapy should be rendered, including

incision and drainage and drain placement, antibiotics,

and other supportive care. Appropriate referral should

be made to an oral maxillofacial surgeon or a hospital

emergency department in cases of the most serious and

highest risk fascial space infections, including those that

can obstruct an airway, spread to the cavernous sinus,

or progress into cervical spaces.

Conclusions

Endodontic microsurgery has provided patients and

endodontists with the possibility of very good out-

comes. Patients may retain their natural teeth due to

the skill of the endodontic microsurgeon and the precise

instrumentation afforded by microsurgical techniques.

Endodontic microsurgical procedures offer the patient a

valuable option.

Endodontic microsurgeons must become proficient in

the various microsurgical techniques through training

and experience in order to provide their patients the

very best care available. Continued advancements in

technology will make outcomes even more predicable

for our patients.

Disclaimer

The views expressed in this chapter are those of the

authors and do not necessarily reflect the official policy

or position of the Department of the Navy, Depart-

ment of the Army, Department of Defense, or the US

government.
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Questions

1 A vertical releasing incision for an intrasulcular incision

for a triangular or rectangular mucoperiosteal flap should

meet the marginal gingiva at right angles and should be at

the junction of the

A apical and middle third of the interdental papilla.

B middle and coronal third of the interdental papilla.

C attached gingiva and alveolar mucosa.

D coronal third of the interdental papilla and alveolar

crest.

2 What is the ideal degree of angle for the root-end to be

resected in a root-end surgery?

A 0

B 15

C 30

D 45

3 Which local hemostatic agent has the most desirable

properties for control of bleeding during root-end surgery?

A Bone wax

B Surgicel

C Racemic epinephrine pellets

D Ferric sulfate

4 Which of the following is an advantage of a papilla base

incision and flap design for root-end surgery?

A Incision is not technically difficult.

B The flap is easily reflected.

C The flap is easily sutured.

D It allows excellent healing of the papilla.
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5 How far should the root-end resection be from the root

apex?

A 3 mm or less for teeth with long roots

B 3 mm except for the mesiobuccal root of maxillary first

molars

C 3.6 mm for curved roots

D 4 mm for canine teeth

6 For direct visualization through the dental operating

microscope while performing root-end surgery on the

mesiobuccal root of the right maxillary first molar, the

patient should be positioned on their

A left side

B right side

C back, with head turned to the left side

D back, with head turned to the right side

7 What is needed postoperatively after a palatal flap has

been sutured back into place?

A Warm saline rinses

B Ice chips against the palate

C A palatal stent

D A 2 × 2 gauze pack against the palate

8 Which is an indication for guided tissue regeneration after

root-end surgery?

A Preoperative pain

B The presence of an isthmus

C A 2 × 3-mm periapical lesion

D A through-and-through defect

9 Tissue from a periapical lesion is

A sent for histopathological examination.

B left in place if hemostasis can be achieved.

C not innervated.

D usually a cyst.

10 Which of the following is an indication for the

submarginal incision?

A On maxillary posterior teeth with porcelain–metal

crowns

B On mandibular anterior teeth with porcelain–metal

crowns

C On anterior teeth with 2 mm of keratinized attached

gingiva

D On anterior teeth with 3 mm of keratinized attached

gingiva
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Lasers
Mohammed Alshahrani1, Brian Beebe2, and Sami M. Chogle1

1Boston University Henry M. Goldman School of Dental Medicine, Boston, Massachusetts, USA
2Private practice, Bozeman, Montana, USA

Einstein was the first physicist who laid the foundation

of postulated laser theories that concluded the forma-

tion of the special light in early 1960s [1]. In 1951 at

the spring meeting of American Physical Society in

Washington Town, Einstein’s student came up with

the acronym MASER, which stands for microwave

amplification by stimulated emission of radiation. It

was not long until another American physicist, Gordon

Gould, in 1957 proposed the term laser, when it was

used for the first time [2]. The 1960s saw what many

have described as the beginning of the use of laser

technology in dentistry and endodontics, with attention

given to developing basic laser parameters as applied to

dental hard and soft tissues [3]. The first report of the

use of lasers in endodontics attempted to seal the apical

foramen in vitro by means of a high power–infrared

(CO2) laser [4].

The word laser is an acronym for light amplification

by the stimulated emission of radiation. The laser

beam implicates stimulated emission of radiation.

It is monochromatic (single wave), collimated (low

divergence), coherent (photons in phase) and intense

[2]. The main difference between the laser and regular

light is that laser has a spontaneous emission because

it happens without any additional interference and

results in the formation of individual waves from each

atom versus in phase with one another (not coherent)

polychromatic light.

The construction of a light source based on stimulated

emission of radiation requires an important active

medium, the source of atoms. The active medium can

be a solid material, liquid, or gas. These active media are

enclosed in a tube usually made of ceramics or glass. The

laser beam is generated by flash lamp or electric current,

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

which is applied to the medium. Once applied to the

medium, the flash lamp or electric current transforms

the atoms from the ground state to the exited state

(population inversion). The mirrors at both ends of

the laser medium direct the photon population back

and forth through the medium, which stimulates more

radiation emission from multiple excited electrons.

Some of the produced photons are released through

one of the mirrors at the end through the delivery

device.

Based on the active medium, laser units are classified

into different types, such as carbon dioxide (CO2),

erbium (Er), neodymium (Nd), argon, diode, and

excimer. Classification can include other substances

added to the medium, such as yttrium, aluminum,

garnet (YAG) or yttrium, scandium, gallium, garnet

(YSGG). Each kind of laser produces light of a specific

wavelength. For example, CO2, Er:YAG, Cr:YSGG, and

Nd:YAG lasers emit an invisible laser beam within the

infrared range. (Figure 10.1) Laser energy interacts

with tissues in one of four ways: absorption by tissues,

transmission through tissues, reflection from tissues, or

scattering on tissue surfaces (Figure 10.2).

When the photon of laser is transmitted through the

tissues without interaction, it results in no changes of

the lased tissues. If the light is reflected from the tissues,

there is almost no absorption of the energy, which results

in no thermal effect. Scattering of the light in different

directions allows a greater absorption of light energy and

results in a thermal effect but to a lesser extent. How-

ever, when the light is absorbed, the whole light energy

is converted to thermal energy.

The soft and hard tissues, due to the high water

content of their structure, readily absorb CO2 laser.
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Figure 10.1 Wavelength of various types of lasers according to their emission.

However, the high thermal effect makes the CO2 laser

unsuitable for use in operative dentistry because it

damages the dental pulp [5].

There have been marked evolutions in the use of

lasers in endodontics. The development of new laser sys-

tems, optics, and fiber optics and better understanding

of laser mechanism of action and new endodontic tips

have made it possible to reconsider the laser application

in the field of endodontics.

However, there are still concerns about laser use due

to the lack of well-designed clinical studies, the limited

number of endodontic tips, the selection of the appro-

priate wavelengths, and the energy used. Yet there is no

consensus on the ideal energy settings for each specified

procedure, which makes it difficult to standardize the

procedure protocols. Another important obstacle is the

high-priced laser machines, which limit their availability

for dentists. The purpose of this chapter is to review the

history and current concept of laser in endodontics as

well as clinical applications of the laser with best avail-

able evidence.

History of lasers in endodontics

The first use of laser in endodontics was an attempt to

investigate the effect of Nd:YAG lasers on dentin. The

fiber optic was used to lase the dentin after preparing

the root canal system. In this study, the effect of the

laser ranged between melting the dentin to completely

destroying the mounted specimen [6]. These severe

effects resulted from the high wattage that was used: It

melted and occluded the dentinal tubules. Occluding

the dentinal tubule might be a beneficial effect of the

laser to seal the root canal system. However, it generates

a lot of heat (thermal damage), which is a concern dur-

ing root canal treatment. This thermal effect damages

not only the lased tooth but also the supporting tooth

structures. Thus, laser use in endodontics was limited

during that time.

Another attempt was made to investigate the fea-

sibility of using lasers in cleaning and shaping of root

canal systems [7]. There were no differences between

the conventional method and the use of the laser to

clean and shape the root canal system. In fact, the laser

actually caused more mishaps than a conventional tech-

nique like ledges, where the fiberoptic came in touch

with root canal walls, caused thermal damage, and

weakened tooth structure (Figure 10.3). The treated

area also had carbonization areas, which signified

the high temperature increase during the procedure

(Table 10.1) and (Figure 10.4).

In 1992, Bahcall’s group did an in vivo study to deter-

mine the biological effect of Nd:YAG lasers on the peri-

apical tissues [5]. Twelve teeth, which included 24 roots,
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1 2

3 4

Figure 10.2 Laser energy interactions with tissues. 1, Absorption,. 2, Transmission. 3, Reflection. 4, Scatter.

in two mixed-breed dogs were included in this experi-

ment. Half of the tooth specimens received the conven-

tional root canal treatment and the second half received

the laser treatment. The histological findings indicated a

major bone remodeling and periodontal ligament necro-

sis. The latter led to ankylosis and replacement resorp-

tion. The laser in the in vivo settings appeared to be more

efficient than in vitro settings. One explanation is the

fact that laser energy is well absorbed by tissues due its

high water content.

The concept of laser use in endodontics shifted

from using the laser thermal effect to using lasers at

subablative energy to create shock waves and shear

forces that stream the irrigant throughout the root canal

system.

The modern concept of laser
in endodontics

The main etiology of apical periodontitis is the infected

root canal system with microorganisms [8]. Mostly it

involves a set of pathogenic species rather than single

species, which are organized in mixed bacterial biofilms

[9, 10]. Although complete eradication of microorgan-

isms is not possible, the goal of endodontic treatment is

the reduction of microorganism counts to a level where

they do not cause disease. The complex root canal

anatomy is another challenge that makes it difficult to

clean and shape the root canal system completely [10].

During the cleaning and shaping process, a smear

layer forms. It has an amorphous, irregular, and gran-

ular appearance when observed under the scanning
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Figure 10.3 Laser tip used in cleaning and shaping of the root
canal system. The figure shows the placement of the fiberop-
tic as close as possible to the working length, which creates a
challenge during cleaning and shaping process.

Table 10.1 Effect of temperature on tissues.

Type of reaction Temperature (∘C)

Hyperemia 37–43

Decline of enzyme activity 43–50

Protein coagulation, protein damage 50–60

Collagen and cell membrane damage 70–80

Molecular destruction 80–100

Carbonization 100–140

Evaporation and desquamation 140–400

Cutting 500–800

electron microscope [11]. It consists of dentin, remnants

of odontoblastic processes, pulpal tissues, and bacterial

biofilms [12]. The smear layer affects the cleaning of

the root canal system. (Box 10.1)

The development of new laser devices has allowed

the use of less energy at subablative power, which

reduced the undesirable effects of old laser techniques

(Figure 10.5). Also, the tip designs that have been used

were quite large and difficult to use within the root

canal system. It requires an extremely large prepara-

tion that weakens the tooth structure. Thus, thinner

endodontic tips have been developed, and these enable

the clinician to place the tip close to working length

while maintaining the integrity of the tooth structure.

(Figure 10.6)

The goals of the newer systems and techniques are

smaller fiberoptics, no thermal effects, antibacterial

activity, safety, and low cost.

Laser uses in the field of dentistry, especially endodon-

tics, were disappointing to a point where endodontists

did not use lasers due to the side effects. The benefits of

laser use have overcome its benefits. The possibility of

using the energy of laser as a delivery system for irrigant

solution was raised. Studies have shown that lasers at

lower energy (subablative) produce no heat; rather, they

induce bubbles to form, primary and secondary. Collapse

of the bubbles creates turbulence that carries the irrigant

solutions to the deepest points in the root canal system.

Clinical applications of lasers

Pulpal diagnosis
The pulpal diagnosis is a difficult assay due to a lot of

factors. One of these factors is that the available pulpal

testing methods do not assess the vitality of dental

pulp. Testing rather reproduces the signs and symptoms

of the diseased pulp, which depends on subjective

and objective findings during the testing procedure.

Thus any errors during diagnosis (false diagnosis) can

result in accidental removal of the dental pulp. Studies

have shown that there is no correlation between the

histology of dental pulp and signs and symptoms. Laser

Doppler flowmetry (LDF) is the only way to accurately

assess the vitality of dental pulp by measuring the blood

flow in the microvasculature system [13] .

Pulp capping
Pulp capping is the treatment of an exposed vital pulp by

sealing the pulpal wound with a dental material such as

calcium hydroxide (CaOH) or mineral trioxide aggregate

(MTA) to facilitate the formation of reparative dentin

and maintenance of a vital pulp. (AAE).

The pulp capping treatment is indicated when one of

the following conditions occurs:

• The tooth has a deep carious lesion that is considered

likely to result in pulp exposure during excavation.

• There is no history of subjective pretreatment symp-

toms.

• Pretreatment radiographs exclude periradicular

pathosis.

• Mechanical exposure of a clinically vital and asymp-

tomatic pulp occurs.

• Bleeding is controlled at the exposure site.

• Exposure permits the capping material to make direct

contact with the vital pulp tissue.

• Exposure occurs when the tooth is under dental dam

isolation.
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Figure 10.4 Left and center, Use of conventional erbium chromium YSGG laser caused thermal damage to tooth structure (carboniza-
tion). Right, Scanning electron microscope (SEM) image of thermal damage and ledging. (Images courtesy of Dr. Enrico DiVito.)

Box 10.1 Disadvantages of a smear layer

Not a strict barrier against bacteria
Interferes with sealing ability of the obturation material
Acts as a substrate for unremoved bacteria
Harbors microorganisms
Interferes with cleaning action of irrigants
Interferes with intracanal medicaments

Several attempts have been made to test the effect

of various types of laser devices on dental pulp tissues.

Melcer and colleagues used the ruby laser, and it caused

damage to pulp tissues [14]. On the other hand, when

CO2 laser was used on exposed dental pulps of dogs, new

mineralized dentin was produced without alteration at

the cellular level.

When Jokic and colleagues used Nd:YAG and CO2

lasers on dental pulps of dogs [15], coagulation necrosis,

inflammation, hemorrhage, edema, and degeneration

occurred in dental pulp. The energy level used in these

studies was in a range between 3 and 60 W, which is

considered high.

Moritz and colleagues used CO2 laser in cases where

direct pulp capping was indicated [16]. The energy level

was 1 W for a 0.1-second exposure time. He applied the

laser for one-second pulse intervals until the area was

completely treated. Then it was followed by the applica-

tion of CaOH. The control had no laser treatment; CaOH

was directly placed over the exposure site. The symp-

toms and vitality testing were recorded before, 1 week

after, and every month after for a period of one year. The

results were 89% success rate versus 68% of the control.
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(a) (b)

Figure 10.5 A, Conventional laser tip used on samples with thermal damage. B, A more recent modern tapered and stripped non-
thermal photoacoustic PIPS laser tip. (Image courtesy of Dr. Enrico DiVito.)

The introduction of newer techniques using laser with

reduced energy and a shorter period of lasing enabled

clinicians to have better outcome of pulpal capping. The

most recent studies reported an almost 90% success rate

when the laser is used along with the capping material.

Conventional pulpal capping resulted in a 60% success

rate, which is significantly lower than when laser was

used in pulp capping [17].

Laser and modified glass ionomer cement (GIC) were

used in the direct pulp capping procedure to compare it

with the modified GIC alone. The results with laser and

modified GIC were a more-predictable response in the

first 6 months than with the modified GIC alone. The

survival rate of these teeth was recorded for a period of

54 months and was greater for laser and modified GIC

than for modified GIC alone [18].

Laser technology is also used to treat dentin or root

hypersensitivities by blocking the dentinal tubule to

reduce fluid movement, which is responsible for pain

sensation. When CO2 laser is used at a low level of

energy (less than 1 W), 10-Hz repletion rate, and an

overall 10 seconds of exposure time, it did not elevate

the intrapulpal temperature. The researchers consider

these energy parameters to be a safe limit. Because

it is different in clinical situations due to variable

thicknesses of remaining dentin, it is recommended to

use parameters lower than the safety limits [19].

Pulpotomy has been tested clinically on primary teeth.

Interestingly out of the 68 laser-treated teeth, 66 were

clinically successful with no signs and symptoms. Clin-

ically and radiographically, the success rates were 97%

and 94.1%, respectively [20].

Evidence-based current and future
research

Since the introduction of LAI using the photon-initiated

photoacoustic streaming (PIPS) technique and other

newly designed endodontic fiberoptics, efforts have

been made to investigate the efficiency of this tech-

nique. Peters’s group made one of the earliest attempts.

They tested the disinfection ability of sodium hypochlo-

rite and the PIPS technique compared to ultrasonic and

conventional irrigation. Interestingly, they found that

LAI using the PIPS technique yielded more negative

samples than ultrasonic and LAI [21]. The histologi-

cal slices showed a significant reduction of bacterial

biofilms, especially at apical cross sections (Figure 10.7).

The protocol used was activation of laser for a period

of 30 seconds for one round only. It has been concluded

that multiple activation rounds are needed to enhance

the disinfection ability of the PIPS technique and to

allow enough time for the active component of sodium

hypochlorite to completely remove tissues and bacterial

biofilms. Laser activation for 20 seconds is as effective

as three rounds of ultrasonic activation [22]. Possible

explanations could be the high absorbance of energy

throughout the irrigant solution [23].
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Figure 10.6 Er:YAG laser unit from Fotona.

On the other hand, when Pedulla and colleagues

investigated the efficacy of the PIPS technique, they

did not find any difference [24]. They inoculated the

tooth specimens with Enterococcus faecalis and compared

laser-activated irrigation with sodium hypochlorite

and distilled water to needle irrigation with sodium

hypochlorite. They did not find a significant difference

between the PIPS technique and sodium hypochlorite

and needle irrigation with sodium hypochlorite. This

could be because they used a very short period of 30

seconds of activation time only.

Al Shahrani and colleagues in their study have

attempted to investigate the effectiveness of LAI by PIPS

using Er:YAG laser energy and sodium hypochlorite in

decontaminating heavily colonized root canal systems

in vitro compared to PIPS plus saline and needle

irrigation [23]. Extracted single-rooted human teeth

were cleaned and shaped to a minimally noninvasive

preparation 25 0.08 taper. E. faecalis was used to inoc-

ulate the tooth specimens. Analysis of colony-forming

units (CFU) showed that PIPS plus sodium hypochlorite

was the most effective technique followed by sodium

hypochlorite alone and PIPS and saline (Figure 10.8).

Scanning electron microscopy showed clean and patent

dentinal tubules compared to PIPS plus saline and

sodium hypochlorite alone. Confocal laser microscopy

confirmed the result of CFU count and standard error

of the mean (SEM). (Figure 10.9)

The protocol of Alshahrani’s study was different

from what was previously described [22, 24, 25]. Al

Shahrani’s group used 90-second laser activation in

three intervals of 30 seconds each, with a total amount

of 21 mL of irrigant solution followed by 7 mL of

irrigation with sodium hypochlorite for 60 seconds.

Arslan’s group has done multiple studies to test the

efficacy of the PIPS technique [25]. Their first study

was to evaluate the efficacy of the PIPS technique in

the removal of apically placed dentinal debris com-

pared to ultrasonic, sonic, and conventional irrigation.

They prepared their tooth specimen to size 40 and

created an artificial groove at the apical area. After the

treatment protocol, the amount of remaining dentinal

debris was evaluated using stereomicroscope under

20× magnification. The result revealed that LAI using

the PIPS technique was the most effective method for

removing the smear layer, followed by sonic, ultrasonic,

and conventional irrigation techniques. There was no

significant difference between sonic and ultrasonic

irrigation techniques. The protocol used during the

experiment is activation of laser irrigation for 1 minute

with a total amount of sodium hypochlorite of 6 mL.

They concluded that the LAI using the PIPS technique
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(a) (b)

Figure 10.7 A, Cross section shows the main canal cleaned. Arrow points to area that is free of bacteria. B, A magnified lateral canal
that had intact pulpal tissues. Scale bar is 100 μm in both images. (Images courtesy of Drs. Peters, Bardsley, Fong, Pandher, and Divito
[21].)

(a) (b)

Figure 10.8 A, Cross section at 1-mm level shows remnant bacterial biofilms after PIPS and NaOCl use. B, Cross section at 1-mm level
shows significantly more remnants of bacterial biofilms after ultrasonic and NaOCl use. Scale bar is 100 μm in both images. (Images
courtesy of Drs. Peters, Bardsley, Fong, Pandher, and Divito [21].)

was the most effective protocol to remove the artifi-

cial debris from the apical third compared to passive

ultrasonic and sonic irrigation techniques.

One of the unsatisfactory results of the irrigation

procedure during root canal treatment is the accidental

extrusion of the irrigant beyond the apex. It represents

a concern during the cleaning and shaping process.

It has been reported in the literature multiple times

[26, 27]. In a survey by Kliere and colleagues on

diplomates of the American Board of Endodontics, it

has been shown that approximately 42% experienced

sodium hypochlorite accident in their practice at least

once, and 38% of the respondents experienced more

than one accident [28]. It results in complications such

as facial swelling, pain, and, to some extent, infection.

The consequences also include treatment alteration

and delay. The laser-activated irrigation creates shock

waves; therefore, precautions should be taken when

using such a technique to safely complete the treatment

with minimal complications. Thus, the next step is to

determine the safety of the PIPS technique.

The safety of laser-activated irrigation using PIPS at

different power levels has been investigated by Arslan

and colleagues [29]. In their study they used intact

mandibular premolars with single straight canals. Tooth

specimens were instrumented to F3 size ProTaper
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(a) (b) (c)

(c) (d) (e)

(g) (h) (i)

Figure 10.9 Scanning electron microscope analysis of root canal surface. A and B, Group I shows E. faecalis colonies attached to the
root canal surface. C and D, Group II (PIPS + NaOCl) shows a clean root canal surface. E and F, Group III (PIPS + saline) shows
colonies attached to the root canal surface. G to I, Group IV (irrigation with NaOCl) shows some colonies and the other image shows
no colonies. (Image courtesy of Dr. Al Shahrani.)

(Dentsply, Ballaigues, Switzerland). The method used

was a modification of Altundasar’s group’s, where

they used flower arrangement foam to replicate the

resistance of apical tissue (refer to Figure 1) [30]. To

quantify the amount of extruded irrigant, the foam

was weighed before and after. They did not find any

significant difference among all techniques. LAI using

PIPS at 0.3 W and 0.9 W did not result in more extrusion

of irrigant than did the conventional technique. All

groups had equal amounts of extrusion (Figure 2). One

reason could be the close placement of the irrigation

needle to working length as well as the continuous

irrigation.

Treatment success depends on the complete removal

of root canal contents, including pulpal tissues, dentinal

debris, microorganisms (bacterial biofilms), and irritants

[31]. The irrigant of choice in endodontics is sodium

hypochlorite, as it is a broad-spectrum disinfectant. It

exhibits bactericidal activity and, more importantly,

tissue dissolution activity, which is something that

other available irrigants used in endodontics do not

have [32–37]. However, due to the complexity of the

root canal anatomy, including lateral canals, isthmuses,

anastomosis, and accessory canals, it is difficult to com-

pletely debride the root canal system [38]. Therefore,

and irrigation-delivery system is mandatory to deliver

the irrigation to the deepest parts of root canal systems

to enhance the debridement of the root canals. LAI

using PIPS is shown to be an effective technique in

dissolving pulpal tissues [39]. (Figure 10.10)

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

Chapter 10: Lasers 267

Conventional
irrigation via
open-ended

needle

Continuous
ultrasonic
irrigation

0.3 W PIPS 0.9 W PIPS

Groups

0.00

0.10

0.20

0.30

0.40

Q
ua

nt
ity

 o
f t

he
 e

xt
ru

de
d

irr
ig

at
in

g 
so

lu
tio

n 
(g

ra
m

)

Figure 10.10 The amount of irrigant extrusion. There is no statis-
tically significant difference. (Image courtesy of Arslan H, Capar
ID, Saygili G, Gok T, Akcay M. Effect of photon-initiated photoa-
coustic streaming on removal of apically placed dentinal debris.
Int Endod J 2014; 47(11): 1072–1077.)

Guneser and colleagues proposed an experiment to

test the dissolving ability of sodium hypochlorite and

PIPS and compared it with EndoActivator. They used

bovine pulpal tissues extracted from central incisors.

The bovine pulpal tissue was mixed with dentin shav-

ings and placed in equal amounts in 1.5-mL Eppendorf

tubes, and 1 mL of sodium hypochlorite was then

added to the mixture. The experimental group was

divided into four treatment groups: sodium hypochlo-

rite plus PIPS, sodium hypochlorite plus Er:YAG with

300 μm fiberoptic using the R14 handpiece, sodium

hypochlorite plus EndoActivator, and PIPS plus distilled

water. Each group received the treatment. The Er:YAG

laser group, PIPS plus sodium hypochlorite group, and

sodium hypochlorite plus EndoActivator were activated

for 5 minutes with a total amount of 1 mL of sodium

hypochlorite. The result showed a superiority of the

Er:YAG plus sodium hypochlorite in dissolving the

tissues, followed by sodium hypochlorite plus PIPS

and sodium hypochlorite plus EndoActivator. As is

well known, dentin has a remarkable buffering effect

against sodium hypochlorite [40]. Therefore, it reduces

sodium hypochlorite’s action by reducing its alkalinity.

Thus, dentin shavings were used to simulate clinical

situations. The Er:YAG laser with both endodontic optic

fiber tip and PIPS tip dissolved the most tissue, and

sonic activation using EndoActivator had no effect.

It has been shown in multiple studies that the efficacy

of LAI using the PIPS technique is a promising adjunc-

tive endodontic tool (Table 10.2). It resulted in better

cleaning and decontamination of the root canal system.

The unique design of the tip made of quartz and the

implemented taper at the end allowed better delivery of

the energy to the root canal system without the need to

insert the tip close to the working length. It instead pro-

motes minimally invasive preparations by placing the tip

at the pulp chamber level (Figure 10.11).

Conclusions and future studies

Studies of LAI have shown the following:

• LAI used with sodium hypochlorite was an effective

protocol in eradicating bacterial biofilm.

• LAI showed no thermal effect.

• LAI saves time.

• LAI promotes minimally invasive endodontics.

The current use of lasers in endodontics is to use

the laser energy to enhance the sterility of root canal

Table 10.2 Comparison between modern lasers and old lasers.

Present-day

laser-activated irrigation

Old lasers

Requires minimal preparation of the root

canal system

Requires an extremely large preparation

Has no thermal effect Has a thermal effect

Uses a subablative energy (less than 1W) Uses a high energy (5–60W)

Tips are place at coronal pulpal chamber Fiberoptics and metal files must be placed

deep within (1 mm from working length)

Time saving Takes longer

Laser-activated irrigation at subablative

energy removes smear layer

Melts and carbonizes the root canal surface

Does not affect the tooth Causes inflammation and edema of

supporting tooth structure
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Polyamide Sheath

(a) (b)

Sheath stripped
away

10mm approx

Tapered
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Laser Tip

Figure 10.11 A close-up view of the PIPS tip and its composition, including the striped sheath that helps propagate the shock waves
in the root canal system (a). The illustration shows how the PIPS is placed and how it delivers the shock waves (b).

systems. It has been used as an adjunctive tool to

activate the irrigation solution. Although numerous

studies showed the efficacy of LAI, there is still a need

to investigate its safety in clinical settings followed by

multicenter clinical outcome studies to evaluate the

feasibility of LAI.
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Questions

1 What was the major disadvantage of lasers in the initial

studies in root canal cleaning?

A Thermal damage

B Apical extrusion

C Patient compliance

D Operator fatigue

2 The major shift in the use of lasers in endodontics has

been from attempting to shape the root canal to cleansing

the root canal.

A True

B False

3 All of the following are disadvantages of a smear layer left

on root canal walls except

A It interferes with sealing ability of obturation material

B It acts as a substrate for unremoved bacteria.

C Smear layer harbors microorganisms.

D Smear layer interferes with intracanal medicaments.

E Smear layer is a strict barrier against bacteria.
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4 Which was another disadvantage of the older laser tips?

A Color

B Length

C Size

D Metal

5 Laser Doppler flowmetry (LDF) may be useful in

A Controlling flow of irrigant in the canal

B Measuring pulp vitality

C Measuring the bacterial load in the canal

D Measuring pulp sensitivity

6 The energy level of the CO2 laser influences the

pulp-capping prognosis. What level of energy is more

conducive to pulp survival and successful healing after

pulpotomy?

A 60 W

B 30 W

C 3 W

D 1 W

E 0.1 W

7 In the Peters et al. study [21], which irrigation technique

yielded the most negative culture samples?

A LAI alone

B LAI using PIPS

C Ultrasonics using PIPS

D Ultrasonics alone

8 Arslan and colleagues [25] demonstrated that LAI with

PIPS was significantly better in what aspect of the

endodontic procedure?

A Apical extrusion

B Canal disinfection

C Debris removal

D Tubule cleanliness

9 Where is the appropriate position to place the PIPS during

the irrigation procedure?

A The apical third of each canal

B At full working length for complete disinfection

C At 1 to 2 mm into the orifice of each canal

D In the pulp chamber

E At the occlusal surface of the accessed tooth

10 What do the studies demonstrate so far in terms of apical

extrusion with different irrigation technique?

A Ultrasonic activation is the best with minimal apical

extrusion.

B Conventional irrigation demonstrates the most apical

extrusion.

C Side-vented needles are significantly better than LAI.

D LAI with PIPS shows the least apical extrusion.

E No significant difference exists among the irrigation

techniques for apical extrusion.
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CHAPTER 11

Dental pulp regeneration
Sahng G. Kim
Columbia University College of Dental Medicine, New York, New York, USA

The dental pulp is a loose connective tissue consisting

of a variety of cells such as odontoblasts, fibrob-

lasts, endothelial cells, nerve cells, immune cells, and

stem/progenitor cells, and an extracellular matrix

including fibrillar proteins and ground substance

[1]. Owing to its physiological and anatomical rela-

tionship with dentin, dental pulp functions as the

pulp–dentin complex. The dental pulp is small in scale

but has a highly complex structure that exerts multiple

functions such as tooth development, mineralized

tissue formation, nutrition supply to the surrounding

mineralized tissues, immune response, and neuro-

genic/immunogenic inflammation as well as sensory

function [1]. Research that endeavors to understand the

underlying mechanisms of dental pulp regeneration is

still in its early stage, but the laboratory and preclinical

findings have been translated into successful clinical

applications. In this chapter, the development and

limitations of clinical dental pulp regeneration therapy,

and cell-based and cell-free therapy for dental pulp

regeneration, are reviewed and discussed.

History: early attempts to regenerate
dental pulp

The first attempts to regenerate pulp tissue were found

in case studies by Nygaard Ostby [2, 3]. In these stud-

ies, root canals were intentionally overinstrumented

to evoke bleeding and then filled with gutta-percha

and Kloroperka N-O paste short of the root apices

to allow tissue ingrowth into the root canals. A 4%

formaldehyde solution was used to disinfect the canals

in necrotic cases. Histology showed mineral tissue

deposition along the root canal walls and connective

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

tissue formation in the root canal space. However, the

ingrowth of fibrous connective tissue was not observed

in most of the necrotic cases, although it was identified

in the majority of vital cases [3].

To enhance root canal disinfection for pulp regen-

eration in immature nonvital teeth, Rule and Winter

[4] introduced polyantibiotics consisting of neomycin

sulfate, polymyxin B sulfate, bacitracin, and nystatin

and absorbable iodoform into the root canals. They

found continued root development and apical barrier

formation in their nonvital cases. Nevins and colleagues

[5, 6] reported revitalization and hard tissue formation

in immature pulpless teeth in monkeys and humans

when root canals were mechanically instrumented

and collagen–calcium phosphate gels were used as a

scaffold.

Clinical dental pulp regeneration

How did early research efforts evolve into a
current treatment modality?
The early efforts to regenerate dental pulp in patients

did not provide reliable clinical outcomes. However, the

anecdotal or empirical evidence from early clinical trials

was regarded as a useful groundwork to develop more

sophisticated clinical protocols. The role of inducing

bleeding into the root canal space, the methods of

disinfection in nonvital teeth, and the possible need for

scaffold materials were rediscovered in recent clinical

studies.

There was a paucity of clinical studies that had

attempted to achieve dental pulp regeneration until

Iwaya and colleagues [7] reported a treatment of an

immature necrotic mandibular second premolar with
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a sinus tract. The tooth had a developmental anomaly,

dens evaginatus, and the fracture of the dental pro-

tuberance on the occlusal surface, which led to pulp

necrosis and a chronic apical abscess. The root canal was

mechanically instrumented, chemically irrigated using

5% sodium hypochlorite and 3% hydrogen peroxide,

and medicated with two antibiotics (metronidazole and

ciprofloxacin). At the fifth visit of root canal disinfec-

tion, vital tissue ingrowth was observed clinically in

the root canal, and a calcium hydroxide/iodoform paste

was applied to the tissue. The tooth was sealed with a

glass ionomer and composite resin restorative material.

Complete root apex closure and the thickening of

root canal walls with the resolution of the periapical

radiolucency were confirmed radiographically at a

30-month follow-up.

Banchs and Trope [8] demonstrated a similarly

successful clinical case with a more-controlled clinical

protocol, which has served as a basis for many cur-

rent clinical pulp regeneration studies. An immature

mandibular second premolar diagnosed with pulp

necrosis and a chronic apical abscess was chemically

disinfected with 5.25% sodium hypochlorite and 0.12%

chlorhexidine in addition to intracanal medication with

a triple antibiotic paste (ciprofloxacin, metronidazole,

and minocycline). At the second visit, bleeding was

evoked using an explorer for the formation of blood

clots over which mineral trioxide aggregate and a

temporary filling material were placed. At the third

visit, the temporary filling material was replaced with

a composite resin. At a 24-month follow-up, the tooth

showed complete root formation with thickening

of root canal walls, the resolution of the periapical

radiolucency, and a positive response to a cold test.

Medicaments, materials and induced
bleeding in pulp regeneration therapy
The previous clinical trials have provided useful

information such as the use of the intracanal medica-

ment for sufficient disinfection and the importance

of induced bleeding [2–8]. The use of the triple

antibiotic paste became the most common intra-

canal medicament for pulp regeneration [8]. The

rationale of the use of this antibiotic paste was

based on the in vitro studies by the Hoshino group

[9, 10], which showed that the mixture of three antibi-

otics (ciprofloxacin, metronidazole, and minocycline)

was effective in disinfection of both infected pulp and

root canal dentin. An in vivo study by Windley and

colleagues [11] in a dog model also demonstrated a sig-

nificantly higher disinfection in teeth after an additional

two weeks of the antibiotic dressing compared with

teeth that had sodium hypochlorite irrigation alone.

As an alternative to the antibiotics for pulp regener-

ation, calcium hydroxide has been suggested. Chueh

and colleagues [12] showed that root canal disinfection

with a short-term (less than 3 months) and a long-term

(more than 3 months) calcium hydroxide application

was equally conducive to healing of apical pathosis

with continued root development in immature necrotic

teeth. An in vitro study by Ruparel and colleagues [13]

showed that the combinations of antibiotics consisting

of the triple antibiotics, the double antibiotics, and

modified triple antibiotics, and amoxicillin–clavulanic

acid (Augmentin) had a detrimental effect on the

survival of stem cells of the apical papilla in concen-

trations higher than 1 mg/mL. The concentrations of

commonly used antibiotic pastes for pulp regeneration

are around 1000 mg/mL, suggesting the paste form of

antibiotics can cause the death of the cells that would be

recruited to the root canal space and contribute to the

regeneration of vital tissues. On the other hand, calcium

hydroxide did not demonstrate any harmful effect on

the cells in all concentrations tested [13]. Therefore,

calcium hydroxide or a low concentration of antibiotics

(liquid form, 0.01–0.1 mg/mL) should be used as an

antibacterial medicament in pulp regeneration.

When the triple antibiotic paste is placed in con-

tact with the anterior teeth, discoloration can occur.

Minocycline, which is one of the components of the

triple antibiotic paste, is the main cause of tooth discol-

oration. Minocycline can penetrate the tooth through

dentinal tubules, and it can integrate with the crystal

structure of the tooth. Administration of minocycline

is contraindicated in pregnant women who are in the

third trimester or in children who are younger than 8

years of age, due to the induction of tooth discoloration,

reduction of bone growth, and amelogenesis imperfecta.

Another material used for pulp regeneration

therapy is calcium silicate–based cement such as

mineral trioxide aggregate (MTA). The coronal

space is usually filled with MTA after inducing

bleeding with a file. MTA has a remarkable bio-

compatibility and sealing ability and is able to set in

a moist environment such as the bleeding area of the

tooth. It permits cell proliferation and cell attachment,
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Box 11.1 Differences among treatment procedures for immature teeth

1. Apexification

a. Calcium hydroxide

• Requires a long time for treatment results
• Increased risk of tooth fracture

b. Mineral trioxide aggregate

• Root remains thin
• Neither strengthens the root nor promotes further development

2. Revascularization

• Promotes further root development
• Results in reinforcement of the dentinal walls by deposition of hard tissue
• Strengthens the root

which enhance the tissue healing process and may

prevent the weakening of the dentin structure.

Induction of bleeding into root canals is considered a

critical step for successful pulp regeneration. Lovelace

and colleagues [14] reported that evoked bleeding

could trigger a greater influx of stem cells into the

root canal space based on the finding that significantly

higher mesenchymal stem cells markers (CD73, CD105)

were observed in the intracanal blood after bleeding

was induced, compared with the concentration of

those markers in systemic blood. Ding and colleagues

[15], in their clinical study, showed that all cases of

unfavorable clinical outcomes were related to a failure

to evoke bleeding into the root canal space. Petrino

and colleagues [16] suggested that anesthesia without

a vasoconstrictor (3% mepivacaine) should be used to

avoid the constriction of blood vessels, thereby allowing

more bleeding to be induced into the root canals.

Current clinical protocols and American
Association of Endodontists considerations
or pulp regeneration
In January 2011, the American Dental Association

adopted pulp-regeneration procedures as a new treat-

ment modality. Since then, there have been numerous

clinical case reports and series [17–27] and several

outcome studies [28–33] with different clinical proto-

cols. Clinical protocols vary in the use of mechanical

instrumentation, type of irrigants, and intracanal

medicaments, yet they all have led to successful out-

comes (root maturation with or without return of

vitality). An example of clinical pulp regeneration in an

immature tooth is presented in Figure 11.1. A review

by Kontakiotis and colleagues [34] showed that most of

the studies did not use mechanical instrumentation and

only used sodium hypochlorite as a chemical irrigant

and antibiotics as the main intracanal medicament

for pulp regeneration. The American Association of

Endodontists has developed a recommended clinical

protocol based on clinical and preclinical studies [35].

The American Association of Endodontists (AAE)

suggests that regenerative endodontic treatment can

be used for teeth of a compliant patient with necrotic

pulp, an immature apex, and pulp space not needed for

post and core. At the first appointment for regenerative

endodontic treatment, risks and potential benefits

should be explained to the patient in detail.

This protocol includes the case selection, the treat-

ment procedures, and the follow-up methods. As was

described previously by Andreasen and colleagues

[36] and Kling and colleagues [37], the tooth selected

for pulp regeneration should have an open apex

with diameters bigger than 1.0 mm or 1.1 mm. As for

the clinical recommendation, low concentrations of

sodium hypochlorite and calcium hydroxide or low

concentrations of triple antibiotics as an intracanal

medicament should be used for chemical disinfection

at the first appointment. The use of anesthesia without
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a vasoconstrictor [16], and ethylenediaminetetraacetic

acid (EDTA) as a single irrigant to promote the release

of growth factors from dentin by chelating the inorganic

components of root dentin , induced bleeding by overin-

strumentation to recruit the stem/progenitor cells, a

resorbable matrix as a barrier to aid cement placement,

and a calcium silicate–based cement such as Biodentine

to seal the coronal extension of the root canal space

are recommended at the second appointment [35]. At

the follow-up visits, the resolution of clinical signs and

symptoms, radiographic healing such as the absence of

a periapical radiolucency and the increased root lengths

and widths, and the return of a positive vitality response

are assessed [35].

The limitations of current treatment
protocols
There are several treatment options for a necrotic or

infected immature permanent tooth. Traditionally,

apexification has been recommended for treating an

immature tooth that has an open apex. Apexification is

a procedure that promotes the formation of an apical

barrier to prevent the extrusion of filling materials.

Materials such as calcium hydroxide and MTA, which

induce the formation of a calcified apical barrier, are

used for apexification. MTA has been proposed as a

material to create an apical barrier that prevents the

extrusion of obturation materials.

The goal of pulp regeneration therapy is to restore

the functional integrity of the dental pulp and dentin

[38–40]. The dental pulp and dentin, originated from

the neural crest-derived mesenchyme, work as a func-

tional unit called the pulp–dentin complex due to their

physiological and anatomical relationships [41–43].

Pulp regeneration therapy can offer biological and

clinical benefits to patients. From a biological perspec-

tive, the neurovascular system can be reconstituted

along with tubular dentin and odontoblast layers. This

functional structure of the pulp–dentin complex may

restore the immune response to the pulp that will

function as the first line of defense against microbial

invasion during the infection [41, 44]. From a clinical

perspective, pulp regeneration therapy meets our gen-

eral goal in endodontic treatment, which is to cure and

prevent apical periodontitis. In addition, mineralized

tissue deposition along the root canal walls in necrotic

teeth with immature root apices can make a tooth

more resistant to fracture. Differences among treatment

procedures for immature teeth were highlighted in

Box 11.1.

Several clinical studies showed successful clinical

outcomes when the current treatment protocols were

used (Table 11.1). Histological observation, however,

showed bone-like and cementum-like tissues without

odontoblasts and regenerated dentin. Becerra and

colleagues [45] showed successful root maturation

and complete resolution of a periapial radiolucency

(a) (b) (c)

Figure 11.1 Clinical pulp regeneration therapy. A, Preoperative radiograph shows an immature necrotic maxillary left central incisor
with a periapical radiolucency. B, Postoperative radiograph. Sodium hypochlorite and ciprofloxacin were used to disinfect the canal.
Bleeding was evoked and the tooth was sealed with a mineral trioxide aggregate and bonded resin. C, Seven-month recall radiograph.
The resolution of the periapical radiolucency and apical closure were observed. (Image courtesy of Dr. Victoria Tountas.)
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Table 11.1 Clinical protocols and success rates of pulp regeneration outcome studies.

Study Type of

study

Initial

irrigation

Medication Final

irrigation

Success rate

(healed and healing)

Jeeruphan et al. [28] Retrospective 2.5% NaOCl Triple antibiotic paste 2.5% NaOCl 100%(20/20)

Nagy et al. [29] Prospective 2.6% NaOCl Double antibiotic paste 2.6% NaOCl and saline 85% (17/20)

Kahler et al. [30] Prospective 1% NaOCl Triple antibiotic paste 1% NaOCl 90.3%

Nagata et al. [31] Prospective 6% NaOCl and 2%

chlorhexidine

Triple antibiotic paste

Calcium hydroxide and

chlorhexidine gel

17% EDTA and saline 95.6% (22/23)

Alobaid et al. [32] Retrospective Varying concentrations

of NaOCl,

chlorhexidine, and/or

EDTA

Triple antibiotic paste or

double antibiotic paste

and/or calcium

hydroxide

Unknown 79% (15/19)

Saoud et al. [33] Prospective 2.5% NaOCl Triple antibiotic paste Saline 100% (20/20)

in an immature necrotic mandibular second premo-

lar with chronic apical abscess two years after pulp

regeneration therapy. The histological assessment of

the tooth extracted for the orthodontic reason revealed

the formation of periodontal ligament-like tissue and

bone-like or cementum-like tissue in the root canal

space [45]. Another histological observation by Lei

and colleagues [46] also showed islands of bone-like

tissue and deposition of cementum-like tissue along

the root canal wall with fibrous connective tissue

similar to periodontal ligament ten months after pulp

regeneration therapy in an immature necrotic second

premolar. This finding was in accordance with the

observations of animal studies using current treatment

protocols. A dog study by Wang and colleagues [47]

showed the deposition of cementum onto dentin and

bone-like and periodontal ligament–like tissues in the

root canal space in immature necrotic teeth with apical

periodontitis. Another dog study by Gomes-Filho and

colleagues [48] showed newly formed vital tissues in

the necrotic teeth that consisted of cementum-like and

bone-like tissues and fibrous connective tissue attached

to cementum-like tissues. No significant differences

in histological outcomes were found among three

experimental groups with different protocols including

use of blood clots with or without platelet-rich plasma

protein gels and/or bone marrow aspirate gels.

Current clinical protocols have only allowed ectopic

tissue formation in the root canal. The ectopic tissues

such as cementum, bone, and periodontal ligament in

the root canal have a functional quality inferior to the

normal pulp–dentin complex with respect to immune

defenses and regeneration after infection or injury. From

a biological perspective, tissue-engineering strategies

should be considered for dental pulp regeneration.

Dental pulp tissue engineering

Tissue engineering: cell-based versus
cell-free strategies
Stem/progenitor cells are the centerpiece of tissue engi-

neering, along with other essential components that

involve biomaterial scaffolds and signaling molecules.

After tooth development, some mesenchymal cells in

the dental pulp maintain their properties as stem cells

and reside in a specialized microenvironment called a

stem cell niche. The stem cell niche plays a critical role

in regulating the balance between self-renewal and

differentiation of stem cells by asymmetric/symmetric

divisions. Mesenchymal stem cells (MSCs) in the niche

function as reservoirs of cells to initiate tissue regenera-

tion during infection and/or injury from trauma and/or

disease.

Stem cells of the apical papilla (SCAPs), bone mar-

row mesenchymal stem cells, dental pulp stem cells

(DPSCs), periodontal ligament stem cells, and inflamed

periapical progenitor cells are MSCs that may contribute

to the regeneration of the pulp–dentin complex. SCAPs

are capable of differentiating into odontoblast-like

cells forming root dentin, and DPSCs have the ability

to differentiate into odontoblast-like cells and form

dentin/pulp-like tissues. Even when the pulp becomes

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

276 Current therapy in endodontics

(a)

Cell-based therapy

stem cells with scaffolds signaling molecules with
scaffolds

Cell-free therapy

(b)

Figure 11.2 Tissue-engineering strategies. A, Cell-based therapy using the delivery of stem cells into the defect site. A gel-type scaffold
can carry stem cells into the root canal space. Stem cells participate in tissue formation by differentiating into the resident cells. This
strategy has been widely used in animal studies. B, Cell-free therapy using the delivery of signaling molecules into the defect site.
A gel-type scaffold can carry signaling molecules into the root canal space. The signaling molecules can modulate cellular events of
endogenous cells and enhance tissue formation. This strategy has fewer translational barriers.

necrotic, SCAPs can survive perhaps due to collateral

circulation from the periapical area.

Current tissue-engineering strategies for dental pulp

regeneration use the regenerative potentials of the

mesenchymal stem/progenitor cells. Two therapeutic

strategies have been proposed (Figure 11.2). One is

cell-based therapy: isolation and ex vivo expansion

of MSCs from different tissue sources and their trans-

plantation into the pulp space. This strategy has been

widely used in animal studies. The other is cell-free

(cell-homing) therapy: delivery of signaling molecules

into the pulp space to control the cellular activities

including migration, attachment, proliferation, and

differentiation of endogenous MSCs. This strategy has

fewer barriers to clinical translation.

Previous work in animal models
Some preclinical studies have attempted to regener-

ate the pulp–dentin complex using cell-based therapy.

Cordeiro and colleaguges [49] demonstrated engineered

pulp-like tissues in tooth slices when the tooth slices

were seeded with two cell populations, including stem

cells from human deciduous teeth and human dermal

microvascular endothelial cells, and were implanted

into subcutaneous tissues of immunodeficient mice.

Huang and colleagues [50] also showed de novo

dentin and pulp-like tissues in root fragments when

the fragments that contained synthetic scaffolds and

tooth-derived stem cells were implanted into the

dorsum of severe combined immunodeficiency mice.

Iohara and colleagues [51] first showed orthotopic
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dentin–pulp regeneration when CD105+ side pop-

ulation cells, which were a highly angiogenic and

neurogenic subpopulation of stem cells with a cell

migratory factor or stromal derived factor-1, were trans-

planted in pulpectomized teeth of dogs. The cell-free

strategy was applied in a study by Kim and colleagues

[52], where collagen gels with a cocktail of growth

factors such as basic fibroblast growth factors, vascular

endothelial growth factors, platelet-derived growth

factors, nerve growth factors, and bone morphogenetic

protein-7 were introduced in emptied root canals of

human teeth and transplanted into the dorsum of mice.

Pulp-like connective tissues with vasculatures and

nerves as well as dentin-like structures were observed

after three-week subcutaneous transplantation.

Factors affecting pulp regeneration therapy
To achieve successful results of the treatment procedure,

a thorough understanding of the case is very important.

The first important consideration is the disinfection

of the canal. Researchers suggest that regenerative

endodontic treatment will be successful if it is possible

to create an environment similar to that for the avulsed

tooth. Therefore, if the canals are effectively disinfected

and the coronal access is properly sealed, regenerative

endodontic treatment should be successful as in an

avulsed tooth.

The second consideration is the apex diameter. A

tooth with an open apex permits the migration of

mesenchymal stem cells into the root canal space, thus

allowing the host cell homing to form new tissue in the

root canal space. An apical opening of 1.1 mm in diam-

eter or larger is desirable, although the regeneration of

the pulp–dentin complex can be achieved in a tooth

with a smaller apical opening when biological cues are

used in the root canal to promote cell homing.

The third factor is the patient’s age. Regeneration

might not be as robust in older patients as in young

patients because the regeneration potential of patients’

endogenous MSCs can decrease with age.

Clinical implications
In cell-based therapy, the ability to select the best

subpopulation of stem cells to be transplanted can be

considered a strong therapeutic benefit [53]. However,

the therapy may suffer from other potential issues such

as immunorejection, tumorigenesis, pathogen trans-

mission from donor cells, high cost of manufacturing

and commercializing stem cell products, and the special

training required for cell manipulation during the trans-

plantation [38]. Cell-free (cell-homing) therapy, on the

other hand, may not have these obstacles to clinical

translation because it uses a patient’s endogenous cells

to be mobilized and controlled by exogenous biological

molecules. Indeed, a few commercial products approved

by the U.S. Food and Drug Administration (FDA) [54,

55] have been used for periodontal regeneration ther-

apy, and similar biological products are anticipated to

be available for dental pulp regeneration in the near

future.

Conclusions

Despite the high therapeutic promises of clinical den-

tal pulp regeneration therapy, histological findings

in clinical cases have thus far not demonstrated the

restoration of the pulp–dentin complex. Two main

tissue-engineering strategies, cell-based therapy and

cell-free therapy, have been suggested to regenerate

dentin pulp and dentin. Cell-based therapy has many

translational obstacles resulting from safety and reg-

ulatory issues, although it has clear scientific merits

such as the selection of the best stem cell subpopulation

for pulp regeneration. Cell-free therapy can overcome

major translational hurdles that cell-based therapy

suffers from, with promising therapeutic potentials for

the regeneration of dental pulp and dentin.
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Questions

1 Which of the following statements is most likely true about

the histological outcome of regenerative endodontic

treatment?

A Odontoblast-like cells were found along the predentin

layer after regenerative endodontic treatment of

immature necrotic teeth in most animal studies.

B Cementum-like tissues were identified in root canals

after the revitalization procedure of immature dog teeth

with apical periodontitis.

C Periodontal ligament–like tissues were not observed in

root canals after the revascularization procedure of

immature dog teeth with apical periodontitis.

D Bone-like tissues were not found in the intracanal space

after pulp revascularization procedure of immature dog

teeth with apical periodontitis.

2 Which of the following statements is most likely true about

the intracanal medicaments used in regenerative

endodontic treatment?

A Triple antibiotic pastes at the concentration of

1000 mg/mL did not decrease the survival of stem cells of

the apical papilla.

B Double antibiotic pastes at the concentration of

1000 mg/mL did not decrease the survival of stem cells of

the apical papilla.

C Calcium hydroxide at the concentration of 1 mg/mL

increased the survival of stem cells of the apical papilla.

D Calcium hydroxide at the concentration of 100 mg/mL

decreased the survival of stem cells of the apical papilla.
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3 Which of the following statements is most likely true?

A Pulp regeneration therapy can prevent and cure apical

periodontitis.

B Reconstitution of neurovascular structure in pulp tissue

is vital to natural immune defense.

C Functional odontoblasts will function as the first line of

defense against microorganisms.

D All of the above

4 Which of the following statements is most likely true?

A Cell-based therapy has been widely used in animal

studies.

B Cell-based therapy uses delivery of signaling molecules

into the pulp space to control the cellular activities.

C Cell-free therapy has more translational barriers.

D Cell-free therapy suffers from immunorejection,

tumorigenesis, and pathogen transmission of donor cells.

5 Which of the following statements in most likely false?

A The goal of pulp regeneration therapy is to restore the

functional integrity of the dental pulp and dentin.

B Mineralized deposition along the root canal walls after

pulp regeneration therapy may provide a tooth with

fracture resistance.

C The success rates of clinical pulp regeneration therapy

ranged from 79% to 100% based on the clinical outcome

studies.

D The ectopic tissues such as cementum, bone, and

periodontal ligament in the root canal have a functional

quality superior to the normal pulp–dentin complex with

respect to immune defenses.
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CHAPTER 12

Teledentistry
Mansi Jain
Inderprastha Dental College and Hospital, Uttar Pradesh, India

Technological innovations in the medical field have

been extensive in recent years. Just as communication

technology and use of electronic information has

developed over the years, terms to describe health care

services at a distance, such as telehealth and telemedicine,

have also evolved. Telemedicine may be defined as “the

combined use of telecommunications and computer

technologies to improve the efficiency and effectiveness

of health care services by liberating caregivers from tra-

ditional constraints of space and time and empowering

consumers to make informed choices in a competitive

marketplace” [1].

Dental care, being constantly transformed by these

latest innovations, in a synergistic combination with

telecommunications technology and the Internet,

has yielded a relatively new and exciting field that

has immense potential called teledentistry [1]. Tele

comes from Greek and means “distance.” [2]. Tele-

dentistry as defined by Cook is “the practice of using

video-conferencing technologies to diagnose and to

provide advice about the treatment over a distance.” It

is a combination of telecommunications and dentistry,

involving the exchange of clinical information and

images over remote distances for dental consultation

and treatment planning [3].

Due to the enormous growth of technological capabil-

ities, teledentistry possesses the potential to fundamen-

tally change the current practice and the face of the oral

health care [4]. It has the ability to improve access and

delivery to oral healthcare, improve the delivery of oral

healthcare, and lower its costs. It also has the potential

to eliminate the disparities in oral healthcare between

rural and urban communities.

This chapter reviews this current concept and how it is

used in today’s practice, especially its benefits in the field

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
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of endodontics. The words telehealth, teleconsultation, and

e-health are used synonymously with teledentistry in the

chapter. Ethical and legal issues related with this type of

practice are also discussed in brief.

Historical background and origins

Radiology was one of the earliest medical specialties

to use telecommunication: In 1959, Albert Jutra used

communication cable to transmit videotaped tele-

fluoroscopy examinations between two hospitals in

Montreal, five miles apart [5]. In its simplest form,

telehealth has been around for decades. The beginning

of telemedicine can be traced back to 1924, when

physicians started consulting patients in remote areas

using telephones and radios as the means of communi-

cation. In 1989, the Westinghouse Electronics Systems

Group in Baltimore conducted a conference focused on

drafting a blueprint for dental informatics, combining

computer and information science, engineering, and

technology in all areas of oral health [6].

The U.S. Army’s total dental access (TDA) project is

seen as being at the frontier of teledentistry. Started in

1994, this project initially used a traditional plain old

telephone system (POTS) with two different commu-

nication methods: real time and store and forward. It

concluded that teledentistry reduced total patient care

cost, improved dental care to distant and rural areas, and

provided beneficial information regarding deeper anal-

yses. [1, 7]

In 1995, Rocca and colleagues conducted a pilot study

in Haiti to connect a general dentist to a dental specialist

in Washington, D.C., via a satellite system. Two years

later, integrated services digital network (ISDN)–based

teledentistry was tested in Germany, Belgium, and

281
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Italy. Studies have also been conducted in Scotland,

Japan, England, and Taiwan to examine ISDN-based

teledentistry. Since then, the era of teledentistry has

been expanding worldwide, and teledentistry is gaining

ground in developing countries. [7]

Forms of teledentistry

Teleconsultation with specialists, through electronic

health records, telecommunications technology, digital

imaging, and Internet, can take place by several meth-

ods. Two common methods are real-time consultation

and the store-and-forward method (Figure 12.1 and

Figure 12.2) [8].

Real-time consultation involves using video confer-

encing, which transfers the information immediately.

The dentist and patient at different locations can see,

hear, and communicate with each other using advanced

telecommunication technology.

The store-and-forward method involves the exchange

of clinical information and images collected and stored in

a local database for review by a specialist at a later stage.

In this method, the patient is not present during the

consultation. This stored information is then forwarded

for treatment planning via established networks and the

Internet. The treatment is provided in a far timelier, tar-

geted, and cost-effective manner [9].

Remote monitoring may be home based or hospital

based, where patients are monitored at a distance. A

near-real-time consultation has also been mentioned

in the literature; it makes use of a low resolution,

low-frame-rate product like a jittery television [10].

Scope of teledentistry

Teledentistry improves access to oral health care,

improve the delivery of oral healthcare, and lower its

costs. It also has the potential to eliminate the disparities

in oral healthcare between rural and urban communi-

ties. It is the fastest way to bridge the rural-urban health

divide and also can help to bring specialized healthcare

to the remotest corners of the world [11]. Interpro-

fessional communications will improve dentistry’s

integration into the larger healthcare delivery system.

The use of specialist consultations and continuity of care

will provide aspects of decision support and facilitate

a sharing of the contextual knowledge of the patient

among dentists [12] (Box 12.1).

Data received from distant
dental practitioners

Answer to the
teleconsultant’s queries

Radiographs, photographs
etc.sharedand queries

posted

Internet

Answer downloaded
By teleconsultant

TELE CONSULTANT 1 TELE CONSULTANT 2 TELE CONSULTANT 3

DENTAL PROFESSIONAL
GIVING CONSULTANT

Figure 12.1 Store and forward method.
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DENTAL PROFESSIONAL

INTERNET

PATIENT 1 PATIENT 2 PATIENT 3

Figure 12.2 Real-time consultation.

Tele education is gaining popularity to supplement tra-

ditional teaching methods in dental education and pro-

vide new opportunities for dental students and dentists

[13]. Formal online education can be divided into two

main categories: Web-based self-instruction and interac-

tive video- conferencing. The web-based self-instruction

educational system contains information that has been

developed and stored before the user accesses the pro-

gram. The advantage of this is that the user can control

the pace of learning and can review the material as many

times as he or she wishes. The limitations have been

noted in areas of satisfaction (lack of face to face commu-

nication with peers and instructors) and accuracy (lack

of face to face patient examination) [13].

Interactive videoconferencing (conducted via POTS,

satellite, ISDN, Internet or Intranet explained later in

the chapter) includes both, a live interactive videocon-

ference (with at least one camera set-up where the

patient’s information is transmitted or at both locations)

and supportive information (such as patient’s medical

history and radiographs) that can be sent before or at

the same time as the videoconference (with or without

the patient present). The advantage of this educational

style is that the user (typically the patient’s health care

provider) can receive immediate feedback. Dental chat

rooms are available through numerous dental organi-

zations and study clubs, as well as through individual

practitioners who exchange information on a variety of

topics [13].

Technological requirements

A typical system consists of a computer with substantial

hard drive memory, adequate RAM, and a speedy pro-

cessor; an intraoral video camera and a digital camera

for the capture of pictures; a modem; and an Internet

connection. A fax machine, a scanner, and a printer are

also required in some cases [9]. To enable live videocon-

ferencing, a widely available standalone IP/ISDN video-

conferencing solution may be used, or a PCI codec board

may be installed into the system. If a live group session
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Box 12.1 Advantages and Disadvantages of Teledentistry

Advantages

Reduces the cost of service and improves quality of care
Decreases peer isolation and increases specialist support and education
Diagnosis is done and treatment plan is developed without seeing the patient
Improved diagnostic services and integration of dentistry into a better healthcare delivery system
Better communication with insurance industry with respect to requirements

Disadvantages

A back-up communication system and technical support group are required
Proper Internet connection is mandatory for video conferencing
Privacy and security are important issues
Chance of misdiagnosis, due to technical problems occurring during data transfer, is higher; this can lead to a malpractice claim
Reimbursement of services provided through this means of care is limited

is desired, a multipoint control unit that bridges three

or more parties is required. The codec must be able to

accommodate audio and visual functions [14].

There is not a recommended list of equipment,

hardware or software, for designing a teledental model.

Factors taken into consideration while determining

selection of technology and equipment for designing

a teledental model may include budget, information

technology infrastructure, networks, telecommunica-

tion services, data security, real-time video conferencing

versus store-and-forward communication, and com-

fort with technology. For most dental applications,

store-and-forward technology provides excellent results

without excessive costs for equipment or connectivity.

Another important aspect of designing or choosing

the model is the teledental application and imaging

software. Components to consider when choosing such

an application are dental records storage, dental billing,

and appointment scheduling. Dental records storage

allows the collection of data critical in the clinical

management of patients, including patient charts and

histories. Dental billing may be a factor in choice of

software. The billing and revenue component of man-

agement software allows the management of patients’

financial records. Appointment scheduling permits the

management of appointments, and scheduling can be

a part of the management software. The software is

designed to track patients from the moment they are

entered into the system and also keeps track of missed,

rescheduled, and canceled appointments.

Modes of transferring information

POTS (plain old telephone system)
POTS is still commonly used in teledentistry because of

its low maintenance and technical support costs. The

real-time method transfers the information immedi-

ately, whereas the store-and-forward method allows

data to be stored in a local database to be forwarded as

needed. POTS works through the telephone company

with low-speed and sometimes unreliable connection.

Information exchange is also possible with the help of

fax machine [15].

ISDN (integrated services digital network)
ISDN provides a higher speed, and information can

travel in both directions simultaneously, which increases

accessibility and reliability in teledentistry. But building

an international ISDN network is too expensive and

impractical [16]. The World Wide Web is popular tool

for easy access of information [15].

Web-based teledentistry
Unlike ISDN, Web-based teledentistry does not require

a special network, and hence it is more cost-effective.

However, there are no rules on the Internet: there

is no licensure and no verification, and there is little

accountability. A Web-based network poses privacy and

security concerns because of hackers and crackers. An

ISDN network, on the other hand, is connected from

one point to another with no network sharing. Live
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interactive videoconferencing can also be conducted via

satellite.

Several programs on computerized dental services

currently in use are [17]. Some are

• Fluoride probe

• Electromyography: the Procera system

• Digital dental radiology

• Electronic patient record system

• Intraoral camera and computer imaging

Networked programs link hospitals and clinics with

outlying clinics and community health centers in rural

or suburban areas by dedicated high-speed lines or

the Internet. Point-to-point connections using private

networks are used by hospitals and clinics that deliver

services directly at ambulatory care sites.

Primary or specialty care to home connections

involves connecting primary care providers, specialists,

and home health nurses with patients using single-line

phone video systems for interactive clinical consulta-

tions. Home-to-center monitoring links are used for

patient monitoring, home care, and related services

that provide care to patients in the home, using normal

phone lines and Internet.

With the help of an EPR (electronic patient record)

system, it is now possible to make or get cumulative data

(a longitudinal record) of the patient from different den-

tal clinics, which aids in diagnosis and in proper manage-

ment of the patient. Data storage does not require much

space, and there is less risk of damaging or losing data.

Data retrieval also becomes easy and quick, and infor-

mation is more legible [18].

The universal dental diagnostic coding system

(SNODENT, Systematized Nomenclature of Dentistry)

consists of diagnostic terms and terms describing

symptoms, clinical signs and findings, radiographic

observations, and related test findings. It can provide

a basis for designing digital record forms for artificial

intelligence to further assist the dental care provider in

making more-accurate diagnostic decisions [19].

Dental-Consults is a Web-based teledentistry con-

sultation system developed for use by dentists. The

referring dentist logs into the secure Web server, fills in

the patient’s details, specific reasons for consultation,

chief complaints, and provisional diagnosis information,

and uploads intraoral images and dental radiographs.

The specialist reviews the consult and suggests a diag-

nosis and treatment plan within five working days after

receipt of the complete patient case. Further discussion,

if required, is possible [20].

The Dental-Consults teledentistry system uses secure

sockets layer (SSL) to encrypt the information that flows

between the Web browser and the server receiving the

referral. When the lock or solid key is visible, the

browser has established a secure encrypted connection

with the server, meaning it is safe to send sensitive data.

Confidentiality comes with SSL during the transmission

of a patient’s information [6, 20–25].

Teledentistry in endodontics

Periapical lesions are the most common pathology

faced by dentists. Any faults in differential diagnosis

and prognosis of treatment of periapical lesions can

cause complications, problems, and a waste of time

and money. However, these lesions are not always

treated by specialists. In this regard, modern tech-

nology systems help in seeking timely expert advice

and formulating a treatment plan. With the use of

teledentistry methods, diagnosis of periapical lesions

can be adequately assessed, and a necessary plan can

be devised for proper endodontic management of the

lesions. The method includes digital information for

each of tooth of interest. Distant consultants, specialist

in endodontics, are informed via their mobile phones

about the received request, after which they download

the digital images and accompanying anamnestic data.

They establish the diagnosis and suggest a treatment,

then post this information on an online server, which

informs the consultation-requester dentist about the

received response [14]. Baker and colleagues (2000)

demonstrated no statistically significant difference in

the assessment of periapical lesions between the images

viewed locally and those transmitted via a videocon-

ferencing between systems and viewed on a monitor

screen [26].

Concerns in the use of teledentistry

Legal issues
Largely still untested by law and with significant vari-

ation among countries, issues such as accountability,

jurisdiction, liability, privacy, consent, and malpractice

are crucial to consider when attempting to use this
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mode of communication. The medicolegal issue arises

mainly owing to lack of any well-defined standards.

Currently, there is no method to ensure safety, qual-

ity, efficiency, or effectiveness of information and its

exchange. The most significant barrier to a nationwide

teledentistry practice even in developed countries is

the traditional system of state-by-state licensing [27].

In 2000, 20 states in the United States enforced strict

licensure laws requiring teledentistry practitioners to

obtain full licenses to practice across states [28].

Confidentiality
Patients should be made aware that their information

is to be transmitted electronically and the possibility

exists that the information may be intercepted, despite

maximum efforts to maintain security. The form should

contain the name of both the referring and consulting

practitioners to ensure adequate coverage for malprac-

tice, and the consulting doctor should acquire a copy of

the informed consent before any form of patient contact

is established.

Liability
Teledentistry raises concerns about liability. There is no

law to clarify the role of the teleconsulting dentist and

his or her liability [14]. The payment of the health care

professional who provides teleconsultation has been a

major issue in recent years. The National Rural Health

Association has recommended reimbursement of care

provided by teleconsultants, eliminating separate billing

for telemedicine, increasing reimbursement for the orig-

inating telemedicine sites, and providing reimbursement

for store-and-forward procedures [29].

In the United States, Medicare, federally qualified

health centers, Medicaid, and California Children’s

Services are some of the payers for telemedicine reim-

bursement. Private insurances such as Blue Cross of

California are also available for such care [30]. How-

ever, none of these programs that reimburse telemedical

consultations have included teledental consultations as

yet. Hence, payment remains a big question.

Future prospects

Healthcare is being changed dramatically by the use

of computers and telecommunications. Teledentistry

has not yet become an integral part of mainstream oral

health care. In the near future, teledentistry will be just

another way to access oral health care, especially for

isolated populations who may have difficulty accessing

the oral health care system due to distance, inability

to travel, or lack of oral health care providers in their

area.

Although Internet-based dentistry has taken prece-

dence over other ways of communication, potential

shortcomings still exist, such as necessity for proper

training, an instant response, message misunderstand-

ing, privacy concerns, and the possibility of overlooking

or neglecting the messages. It is important that practi-

tioners choosing to include this form of delivery of care

educate themselves as to the legal, technological, and

ethical issues associated with teledentistry. They must

take the initiative to become up to date and comfortable

with the technology they are using. The instructors in

teledentistry education courses need to be well versed

in computer knowledge.

Future advances in technology will enable tele-

dentistry to be used in many more ways, such as

clinical decision support, quality and safety assessment,

consumer home use, medication e-prescribing, and

simulation training. In spite of some issues that need to

be resolved, the potential of teledentistry is tremendous

in developing countries, and this potential needs to be

explored.

References

1 Kuszler PC. Telemedicine and integrated health care deliv-

ery: compounding malpractice liability. Am J Law Med 1999;

25: 297–326.

2 Sanjeev M., Sushant GK. Teledentistry: a new trend in oral

health. Int J Clin Cases Invest 2011; 2(6): 49–53.

3 Cook J. ISDN videoconferencing in postgraduate dental

education and orthodontic diagnosis. Learning Technology

in Medical Education Conference 1997 (CTI Medicine).

1997: 111–116.

4 Kopycka-Kedzierawski DT, Billings RJ. Teledentistry in

inner-city child-care centers. J TelemedTelecare 2006; 12:

176–181.

5 Subramanyamvenkata R. Telepathology: virtually a reality.

J Oral Maxillofac Pathol 2002; 1(1): 1–15.

6 Chen JW, Hobdell MH, Dunn K, Johnson KA, Zhang J. Tele-

dentistry and its use in dental education. J Am Dent Assoc

2003; 134(3): 342–346.

7 Rocca MA, Kudryk VL, Pajak JC, Morris T. The evolution of

a teledentistry system within the Department of Defense.

Proc AMIA Symp1999: 921–924.

WWW.HIGHDENT.IR 

هميار دندانسازان و دندانپزشکان



�

� �

�

Chapter 12: Teledentistry 287

8 Baheti MJ, Bagrecha SD, Toshniwal NG, Misal A. Teleden-

tistry: a need of the era. Int J Dent Med Res 2014; 1(2): 80–91.

9 Bhambal A, Saxena S, Balsaraf SV. Teledentistry: potentials

unexplored. J Int Oral Health 2010; 2(3): 1–6.

10 Jain A, Bhaskar DJ, Gupta D, Agali C, Gupta V, Karim B.

Teledentistry: upcoming trend in dentistry. J Adv Med Dent

Sci Res 2013;1(2):112–115.

11 Bagchi S. Telemedicine in rural India. PLoS Med 2006; 3:

297–299.

12 Kirshner M. The role of information technology and infor-

matics research in the dentist–patient relationship. Adv Dent

Res 2003; 17: 77–81.

13 Liu SC. Information technology in family dentistry. Hong

Kong Dent J 2006;3: 61–66.

14 Chang SW, Plotkin DR, Mulligan R, Polido JC, Mah JK,

Meara JG. Teledentistry in rural California: a USC Initiative.

J Calif Dent Assoc 2003; 31: 601–608.

15 Bauer JC,Brown WT.The digital transformation of oral

health care. Teledentistry and electronic commerce. J Am

Dent Assoc 2001; 132(2): 204–209.

16 Yoshinaga L. The use of teledentistry for remote learn-

ing applications. Pract Proced Aesthet Dent 2001; 13(4):

327–328.

17 Liu, SC-Y. Information technology in family dentistry. Hong

Kong Dent J 2006; 3: 61–66.

18 Schleyer TK, Dasari VR. Computer-based oral health

records on the World Wide Web. Quintessence Int July 1999;

30: 451–460.

19 Rose LF, Mealey BL. Periodontics: medicine, surgery and

implants. 1st edition. St. Louis: Elsevier Mosby; 2004. pp.

163–171.

20 Clark GT. Teledentistry: what is it now and what will it be

tomorrow? J Calif Dental Assoc 2000; 28: 121–127.

21 Teledentistry: e consultations. Dentistry Magazine Article

Feb 9, 2002.

22 Alipour L, Rocca V, Kudryk, Morris T. A teledentistry con-

sultation system and continuing dental education via Inter-

net. J Med Internet Res 1999; 1 (suppl1): e110.

23 Sood SP, Bhatia JS. Development of telemedicine tech-

nology in India: “Sanjeevani”—an integrated telemedicine

application. J Postgrad Med 2005; 51(4); 308–311.

24 Birnbach JM. The future of teledentistry. J Calif Dent Assoc

2000; 28: 141–143.

25 Stephens CD, Cook J. Attitudes of UK consultants to tele-

dentistry as a means of providing orthodontic advice to den-

tal practitioners and their patients. J Orthod 2002; 29(2):

137–142.

26 Baker WP 3rd,, Loushine RJ, West LA, Kudryk LV, Zadin-

sky JR. Interpretation of artificial and in vivo periapical bone

lesions comparing conventional viewing versus a video con-

ferencing system. J Endod 2000; 26(1): 39–41.

27 Sfikas M. Teledentistry: legal and regulatory issues

explored. J Am Dent Assoc1997; 128: 1716–1718.

28 Golder DT, Brennan KA. Practicing dentistry in the age of

telemedicine. J Am Dent Assoc 2000; 131: 734–744.

29 Hughes M, Bell M, Larson D, Weens J. Telehealth reimburse-

ment. National Rural Health Association Policy Brief May

2010.

30 Telemedicine Reimbursement Handbook. California

Telemedicine and eHealth Center. Sacramento, California;

2006.

Questions

1 Teledentistry is a synergistic combination with

A Telecommunication and Internet

B Teleradiology and telemedicine

C Telemedicine and consultation

D Internet and health records

2 Who was the first to define teledentistry?

A US Army

B Albert Jutra

C Cook

D Westinghouse Electronics System Group

3 The method in which dentist and patient can see, hear,

and communicate with use of videoconference is called

A Remote monitoring method

B Store and forward method

C Near real-time consultation

D Real-time consultation

4 Which of the following is not true?

A Teledentistry reduces the cost of services and improves

quality of care.

B Privacy and security is not an issue.

C Diagnosis and treatment planning can be done without

seeing the patient.

D None of the above

5 Cook defined teledentistry as

A a. The practice of using videoconferencing technologies

to diagnose and to provide advice about the treatment

over a distance.

B b. A practice to eliminate disparities in oral health

between rural and urban communities.

C c. The exchange of clinical information and images

over remote distances.

D d. The combined use of telecommunication and

computer technologies to improve health care services.

6 The US Army’s Total Dental Access project used which of

the following methods?

A ISDN

B Network programs

C Electronic patient record system

D POTS
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7 ISDN stands for

A Integrated services dental network

B Integrated services digital network

C Integrated solar dental network

D Integrated solar digital network

8 Which of the following are the benefits of using

teledentistry?

A Expansion of healthcare services to remote or rural

areas

B Decrease in peer isolation and increase in specialist

support

C Improved diagnostic services

D All the above

9 The exchange of clinical information and images that is

collected and stored to be reviewed by a specialist later is

called

A Remote-monitoring method

B Near real-time consultation

C Store-and-forward method

D Real-time consultation

10 Which of the following is a concern in teledentistry?

A Confidentiality

B Liability

C Legal issues

D All of the above
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Quiz answers

Answers

Chapter 1

1 b

2 a

3 a

4 a

5 b

6 b

7 a

8 a

9 a

10 e

Chapter 2

1 a

2 e

3 a

4 c

5 d

6 a

Chapter 3

1 c

2 e

3 a

4 c

5 a

6 d

7 d

8 a

9 b

10 b
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Chapter 4

1 b

2 d

3 d

4 c

5 a

6 b

7 c

Chapter 5

1 b

2 d

3 d

4 d

5 d

6 a

7 a

8 d

9 b

Chapter 6

1 c

2 b

3 c

4 b

5 d

6 b

7 e

8 a

9 b

10 c
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Chapter 7

1 a

2 a

3 c

4 b

5 a

6 c

7 d

8 a

9 e

10 d

Chapter 8

1 d

2 c

3 a

4 d

5 c

6 c

7 d

8 a

9 d

10 d

Chapter 9

1 a

2 a

3 c

4 d

5 b

6 a

7 c

8 d

9 a

10 d

Chapter 10

1 a

2 a

3 e

4 c

5 b

6 d

7 b

8 c

9 d

10 e

Chapter 11

1 b

2 c

3 d

4 a

5 d

Chapter 12

1 a

2 c

3 d

4 b

5 a

6 d

7 b

8 d

9 c

10 d
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Index

A
Acid

citric, 75
phosphoric, 75
tannic, 236

Acoustic streaming, 78
Active GP, 117, 135
Active GP Plus, 123, 136
Adaptive motion, 62
Adenosine, 162
AH 26, 112
AH plus, 112
ALADA, 15
ALARA, 15
Alendronate, 164
Alkaline phosphatase, 115
All ceramic

lithium silicate, 146
zirconia, 146

Allyl methacrylate, 134
Alternating contact point, 57
Aluminium chloride, 228
Ameloblastoma, 223
Amelogenin, 164
Anastomosis, 266
Anatomical apex, 88, 89
Anatomical foramen, 88, 89,
Anatomical landmarks, 90, 91
Anatomical planes

axial, 17, 20
coronal, 20
sagittal, 17, 20

Angle
flute, 35
rake, 35

Ankylosed, 157
Antibiotics

amoxicillin, 155
penicillin V, 155
tetracycline, 155

Anticoagulants, 206
Antihistamines, 250
Apex finder, 94, 97, 98, 100
Apex locator

frequency dependent, 99
impedence, 96–98
ratio, 99
resistance, 97

Current Therapy in Endodontics, First Edition. Edited by Priyanka Jain.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.

Apical abscess
acute, 10
chronic, 9, 10

Apical barrier, 274
Apical constriction, 88–92, 99–101, 103–105
Apical foramen, 27, 28, 80, 87–96, 99, 100, 103, 104, 126, 130
Apical limit, 87
Apical percolation, 196
Artifacts, 23–25
Atresic canals, 197
Audiometric method, 94
Augmentin, 272
Austenite, 28, 29, 52, 53, 59
Auto-reverse, 100
Autoreversing, 31
Avitene, 228
Avulsion, 159
Axial loading, 141
Axxess handle, 42

B
BC sealer, 183
Beam hardening, 23, 24
Betadiene, 207
Beta-lactam, 208
Bevel, 224
Bicuspidization, 245, 248
Bioactive glass, 121
BioAggregate root repair, 233
Bioceramics, 231

endosequence, 113
iRoot SP, 113

Biodentine, 233, 274
Biofilm, 266
Bioflavonoids, 163
Bio pure, 75
Biorace, 45
BISGMA, 119
Bismuth trioxide, 114
Bisphosphonate, 164
Bleaching, internal, 145
Blunderbuss, 103
Bone grafts

allografts, 240
alloplasts, 241
autogenous, 240
osseous, 240
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Bone grafts (continued)
osteoconductive, 240
osteoinductive, 240
xenografts, 241

Bone wax, 228
Brushes, 77
Buccal vestibule, 161
Bupivacaine, 208

C
Calamus Dual 3D, 126
Calcium sulphate, 228
Camera

photo, 196
video, 196

Canal
finder, 31
leader, 31

Capacitance, 94, 97–100
Carbamide peroxide, 145
Carbonization, 259
Cavernous sinus, 251
Cavitation, 76
CBCT, 12, 15, 17, 20, 22–25, 154
CCD see Charge-coupled devices (CCD)
CDJ, 87–89, 98, 100, 107
Cementum, 174
Central giant cell granuloma, 223
Central odontogenic fibromas, 223
Charge-coupled devices (CCD), 15, 93
Chelating agent, 76
Chelation, 111
Chemoattraction, 227
Chlorhexidine, 207
Cholesteric liquid crystals, 7
Chronic lymphoblastic leukemia, 223
Citric acid, 167
Clot, 227
Clotting factors, 227
CMOS, 15, 93
CM Wire, 53, 63
Coagulum, 237
Coaxial lightening system, 193
Cobalt blue, 197
CollaCote, 228
CollaPlug, 228, 243
CollaTape, 228
Colony forming units, 264
Concussion, 156
Confidentiality, 286
Confocal laser microscopy, 264
Conforming files, 70
Connective tissue, 177, 271
Convex triangular, 50
C point, 134
Crack(s)

cracked tooth, 4, 11, 12
craze lines, 11
fractured cusp, 11, 12
growth, 117
propagation, 117
split tooth, 11, 12
vertical root fracture (VRF), 11, 12, 22

Crown lengthening, 142
CSH gel, 114
μCT, 93
Curettage, 222
Current

alternating, 94, 97, 98
direct, 94, 96, 97

Curvature, 28–30, 33, 34, 38, 40–42, 46, 47, 54, 55, 57–59, 65,
90–94, 104, 106, 126

Cyclic fatigue, 29, 38, 53–55, 58, 59, 64–66, 68, 74
Cyst

nasopalatine duct, 223
odontogenic keratocyst, 223
traumatic bone, 223
true, 222

Cytotoxicity, 75

D
DDR, 93, 94
Debridement, 27
Decontamination, 266
Decoronation, 167
Dehiscence, 206
Dens evaginatus, 272
Densfil, 129
Dental consult, 285
Dentaport ZX, 100
Depth of field, 193
Device, 4, 5, 7, 12, 15, 17, 31, 32, 69, 76, 77, 80, 81
Digital, 15–17, 20, 91–94, 97, 100, 101, 104

direct, 91–93
Digital pressure

axial, 179
buccal, 179

Disclosing agents, 197
Displacement

bone fracture, 155
root, 155

Doppler principle, 6
Dose, 20, 24, 92, 93, 104
Double antibiotics, 272
Downpak, 124
Dual frequency, 101

E
Eagle’s medium, 161
EBPADMA, 119
Ecchymosis, 236
Ectopic, 275
Edgefile, 58
EDTA, 74
Effective dose, 24
Effervescence, 197
Egg white, 162
e-health, 281
Electric pulp tester (EPT), 5, 6
Electrochemically activated solutions, 76
Electronic patient record, 285
Elements Diagnostic Unit, 100
Elements system, 127
Emdogain, 163
Enamel matrix protein, 163
Endex, 99
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Endoactivator, 78, 266
Endoflare, 40
Endoflash, 32
Endo-Ice, 5
Endoplaner, 31
EndoREZ, 117, 118
Endoscopes, 192
Endotec II, 125
Endovac, 80
Enhanced taper, 49
Enterococcus faecalis, 75
Envelope of motion, 70
Epi lock, 229
Epinephrine pellets, 228
Epiphany, 116
Epoxy, 111
ESX, 58
Excalibur, 31
Exfoliation, 157
Exostoses, 204
External resorption

pathologic, 182
pressure, 182
surface, 182
transient, 182

Extrusion, 157
Exudate, 222

F
Ferric sulphate, 228
Ferrule, 141
F File, 78
Fiberfill, 118, 133
Fiberoptic, 259
Fiberoptic probes, 93
Fibrinogen, 227
Field of view, 193
Filmless radiography, 93
Firewire, 58
Flap design

full thickness, 247
intrasulcular, 207
submarginal, 207

Flexmaster, 42
Fluoroapatite, 167
Force

direction, 153
shape, 153
size, 153
speed, 153

Formaldehyde, 113, 271
Formatron IV, 98
FotoSan, 77
FPD, 5, 17, 25
Fracture

enamel, 173
enamel dentin, 173
straightening, 29
torsional, 29
twisting, 29
winding, 29

Friction, 35
Fumed silica, 115

G
Gates glidden, 32
Gauging, 132
Gelfoam, 228
Gentian violet, 214
G Files, 74
Gingival crevice, 177
Gingivoplasty, 174
Glass lens, 193
Glidepath, 30, 70
Glucose, 161
Glyoxide, 74
Gore Tex, 240
Granulation tissue, 177, 225
Ground file technology, 53
Gutta flow

Bioseal, 113, 127
2 fast, 113

Gutta percha
alpha, 121
beta, 121
coated, 122
cross linked, 129
thermoplasticized, 127

Gutta percha carriers
metal, 129
plastic, 129
titanium, 129

H
Hardening, 52
Hard tissue, 177
HBBS, 161
Healing

connective tissue, 236
epithelial, 236
maturation, 236
primary intention, 236
remodeling, 236
scar tissue, 236
secondary intention, 236

Heat carrying tips
nickel titanium, 124
stainless steel, 124
ultrasoft, 124

Heat treatment
heat altering, 52
heat induced, 52

HEMA, 118
Hemagglutination, 228
Hematoma, 218
Hemisection, 245, 248
Hemophilia, 207
Hemorrhage, 249
Hemostasis, 207
Heparin, 208
Hereditary hemorrhagic telangiectasia, 207
Hermetic seal, 111, 121
Hero shapers, 40
Homeostatic balance, 70
Hughes Probeye Camera, 7
Hybrid bond SEAL, 120
Hydration, 114
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Hydrogen peroxide, 74, 145
Hydron, 118
Hydron MTA, 116
Hydrophilic, 116
Hyflex, 54, 63
Hypertension, 2

white coat, 2

I
IADT, 154
Ibuprofen, 207
Immunorejection, 277
Infarction, 173
Infection, postoperative, 250
Ingle’s method, 90, 91
Inno endo, 133
INR, 208
Intrasulacular flaps

rectangular, 210
triangular, 210

Intrusion, 158
Invasive cervical resorption, 183
Irrigation

conventional, 264
hub, 70
sonic, 264
ultrasonic, 264

ISDN, 281

J
JS Quickfil, 129

K
K3, 40
Kinematics, 60
KiS Tips, 202
K3XF, 62

L
Lacerations, 250
LAI, 263
Lamina dura, 7, 10
Laser

coherent, 258
collimated, 258
intense, 258
monochromatic, 258

Laser Doppler Flowmetry (LDF), 6, 261
Laser types

argon, 258
CO2, 258
Diode, 258
erbium, 258
excimer, 258
Nd:YAG, 262
neodynium, 258
ruby, 262
YAG, 258

LDF see Laser Doppler Flowmetry (LDF)
Ledermix, 167
Liability, 286

Light
emitting diode, 194
filter, 197
source, 194
splitter, 194

LSX, 40
Luxation

extrusive, 157
intrusive, 157
lateral, 157

M
Magnifying lenses, 192
Malpractice, 285
MAP system, 231
MAR, 37
Martensitic, 29
MASER, 258
Medical History, 2
Medicolegal, 286
Memory, 54
Mesenchyme, 274
Mesh lattice, 68
Messing root canal gun, 231
4-META, 120
Metal halide, 194
Metallurgy, 52
Metaplastic tissue, 181
MetaSeal, 120
Methylene blue, 77, 197, 209
Micro cracks, 59
Microfocalization, 194
Microseal, 129
Milk

cold, 162
cow’s, 162
long shelf life, 162

Milling, 59
Minocycline, 272
Modified triple antibiotics, 272
Modulus of elasticity, 28
Monoblock

primary, 116
secondary, 116
tertiary, 116

MTA
Dovgan MTA carrier, 231
Endo CPM, 114
Fillapex, 114
Gray, 145
Lee MTA forming block, 231
MTA obtura, 114
Neo MTA Plus, 145
Pro root endo, 114
White, 145

MTAD, 74, 118
MTwo

apical, 49
retreatment, 49

Mucogingival flaps
envelope, 211
intrasulcular, 211
palatal, 216
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papilla base, 215
pub marginal, 213

Mucoperiostael flap, 203
M Wire, 53, 66

N
Nano seal plus, 113
Nanosilver, 127
Nanotechnology, 113
Narcotics, 236
Nascent oxygen, 145
Navitip FX, 78
Necrosis, 156
Negative pressure, 80
Networked programs, 285
Nitinol, 28
Nitrous oxide, 206
Non diamond inserts, 195

O
Obtura, 125
Obtura III Max, 126
Off axis loading, 141
Offset, 56
Open apex, 104
Optical fiber, 192
Optical head

binocular, 194
nosepiece, 194
objective lens, 194

Optical reflection vitalometer, 7
Orascopes, 192
Orthodontic extrusion, 143
Osseoconductive, 114
Osseous tissue, 225
Ostectomy, 221
Osteoplasty, 174
Overjet, 153
Ozonated water, 76

P
Palatal stent, 218
Palate, 204
Parasthesia, 249
Parulis, 3
Patency, 90, 94, 103
Path files, 70
Pecking, 30, 37, 40, 42, 45, 50, 54, 57, 72
Peeso, 32
Peeso reamer, 32, 134
PEGDMA, 119
Periosteal elevators, 220
Periradicular periodontitis, 4, 10, 27

asymptomatic, 10
symptomatic, 10

Photoacoustic streaming, 263
Photoactivation, 119
Photodynamic therapy, 77
Photon, 92
Photoplethysmography, 7
Photosensitizers, 77
PIPS, 263

Pitch, 35
Pixel, 20
Plain old telephone system, 281
Platelet plug, 227
Polyantibiotic

bacitracin, 271
iodoform, 271
neomycin sulphate, 271
nystatin, 271
polymyxin B, 271

Polyisoprene, 121
Portland cement, 114
Posts

carbon fiber, 148
cementation, 148
custom made, 146
glass, 148
parallel, 147
pre fabricated, 146
quartz fiber, 148
tapered, 147
zirconia, 148

Potassium hydroxide, 74
PPT, 90
Pre-flaring, 30, 32, 44, 57, 70, 332
Pressure alteration devices, 80
Probing depths, 4, 5
Profile, 29, 50

GTX, 54
Orifice shaper, 50

Progenitor cells, 275
Proglider, 74
Propoint, 134
Propolis, 162
Prosmart, 134
Prosystem GT, 51, 129
ProTaper

finishing, 50
Next, 55
shaping, 50
SX, 57

Proteolytic enzymes, 74
PSP, 15–17, 93
Pulpal, necrosis, 6, 9, 10
Pulp dentin complex, 271
Pulpectomy, 144
Pulpitis

asymptomatic irreversible, 9
irreversible, 6, 9
reversible, 6, 8, 9
symptomatic irreversible, 9, 12

Pulpotomy, 144
Pulse oximeter, 6, 7, 207

Q
Q Mix, 76
Quality, 16, 44, 76, 93, 128, 131
Quantec, 40
Quartz, 266

R
Radial land, 50
Radiation hazards, 104
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Radiograph, 6–10, 12, 24, 87, 90–94, 96, 97, 104, 106, 134, 135
Radiographic apex, 87–92, 98, 103–105
Radiovisiography, 93
Raypex, 101
Reactive hyperemia rebound, 229
RealSeal

RealSeal 1, 120, 132
RealSeal SE, 119, 120, 132

Reciprocation, 60, 64
modified, 65
reverse, 66
true, 64

Reference point, 87–89, 92, 94, 98, 100, 106
Refrigerant spray, 5
Regenerate, 271
Replantation

delayed, 167
immediate, 164
intentional, 243

Repositioning
orthodontic, 159
surgical, 159

Resilon, 116, 119
Resilon Core, 120
Resinate, 133
Resolution, 15, 16, 20, 25, 92, 93
Resorption

external, 180
inflammatory, 161
internal, 180
progressive, 180
replacement, 161
self limiting, 180

Responsive materials, 134
Revascularization, 273
Reverse cutting, 66
Rhombohedral, 53
Rigidity, 3, 93, 147
Rinsendo, 80
Roekoseal, 127
Root amputation, 245
Root buddy, 125
Root fracture

transverse, 176
vertical, 176

Root maturation, 174
Roots

short, 143
tapering, 143

Root ZX, 99
R Phase, 53
Ruddle curettes, 220

S
Salicylate resin, 115
Sandblasting, 149
Save-a-tooth, 161
Scar tissue, 207
Scatter, 24
Scouting, 50
Screw in effect, 60
Sealer

epoxy based, 111

methacrylate based, 111, 116
Self adjusting file, 68
Sensor, 6, 15–17
Sequence ESX, 57
Sharpey’s fibres, 183, 227
Silane, 149
Silicone, 111
Silicon tube, 70
Silver points, 111
Sinus, 3, 4, 10, 12
Sinus tract, 207
Smart algorithm, 60
Smartpaste, 135
Smartpaste Bio, 135
Smartseal, 134
SMD, 45
SNODENT, 285
Sodium fluorescein, 197
Sodium fluoride, 116, 167
Sodium hydroxide, 74
Sodium hypochlorite, 74
Sodium perborate, 145
Soft core, 129
Soft diet, 156
Sonic, 78
Sono explorer, 98
Splint

flexible, 155
rigid, 155

Stem cells
apical papilla, 275
bone marrow mesenchyme, 275
dental pulp, 275
periodontal ligament, 275

Stick tie, 229
Storage media, 161
Streaking, 24
Stropko irrigator, 202
Subluxation, 156
Successful, 129
Sunablative, 261
Superelastic, 52
Superimposition, 91, 92
Superobturation, 196
Superoxidized water, 76
Surface conditioning, 59
Surfactant, 76
Surgeon’s knot, 234
Surgical, 228
Suture, 234
Suture types

figure of eight, 235
modified basket, 235
modified vertical mattress, 234
single interrupted, 234
sling, 234

Swaggering, 56
Swelling, 2, 3, 8, 10, 249
System B, 125

T
Tactile, 30, 33, 40, 65, 70, 74, 90, 91, 104, 105, 126
Tamponade effect, 228
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Tannic acid, 236
Taper, 30
Tap water, 162
TDA project, 281
Technique

continuous reaming, 34
crown down, 34
hybrid, 34
modified double flare, 34
stepback, 34

Teleconsultation
real time, 282
store and forward, 282

Tele-education, 283
Telehealth, 281
Telemedicine, 281
Tetraclean, 76
Tetracycline isomer, 75
Tetrafluoroethane, 5
TF Adaptive, 60
The Next, 134
Thermalfil

polysulfone, 129
Vectra, 129

Thermafil Plus, 129
Thermaprep, 2, 13
Thermomechanical, 52
Thrombocytopenic purpura, 207
Thromboembolism, 208
Thrombogen, 228
Tip

asymmetrical, 74
booster, 57
cutting, 33
non cutting, 33
pilot, 33
semi active, 74

Tissue dissolution, 266
Tissue engineering

cell based, 276
cell free, 276

Tissue forceps, 223
Titanium oxide, 55
Tolonium chloride, 77
Tomography, 12, 15, 17, 22–24, 91, 93, 104
Tooth length, 90

actual, 92
apparent, 92

Tooth Slooth, 4
Torque, 30
Touch n heat, 125
Traction, 143
Transillumination, 173
Transline, 70
Triatomic oxygen, 76
Tri auto ZX, 100

Triple antibiotic paste, 272
Trisection, 245
Triturator, 127
Troubleshooting, 104
Tru 3D, 70
Tubular lenses, 192
Tumorigenesis, 277
Typhoon, 54, 64

U
UDMA, 118
Ultrafil, 127
Ultrasonic, 263

active, 78
continuous, 78
intermittent, 78
passive, 78

Ultraviolent light photography, 7
Urea, 74
U shape, 50

V
VATEA, 70
Viaspan, 162
Vibration, 195
Vibringe, 78
Vickers hardness, 68
Videoconferencing, 284
Videography, 93
VIXA, 93, 94
Von Willebrand’s disease, 207
Vortex blue, 55
Voxel, 20
VTVT, 45

W
Warfarin, 208
Wave of condensation, 126
Wave one, 66
Web based, 284
World wide web, 284
Woven bone, 237

X
Xenon, 194
Xeroradiography, 91
X Plorer system, 74

Z
Zirconium nitride, 202
Zirconium polycrystal, 148
Zoom, 194
Zygomatic arch, 91, 92, 96
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