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Chapter 23

Endodontic Orthograde Retreatment 
and  Management of Mishaps
Pierre Machtou, Clifford J. Ruddle

INTRODUCTION
Longitudinal endodontic outcome studies performed in 
university-based institutions or by specialists have shown 
a high percentage of success estimated from 90% to 95%.1 
Assuming that 90% of the treatments are successful over 
time, the reciprocal failure rate is 10%. In the United States 
alone, where the number of canals treated per year now 
exceeds 50 million,2 a 10% failure rate could represent five 
million treatment failures per year. Extrapolating these num-
bers over the past three to four decades reveals that the num-
ber of failing endodontically treated teeth is very high and 
could approach tens of millions.3

Such a high number of failed root canal treated teeth 
has been corroborated by Figdor in Australia and Sweden.4 
Furthermore, when root canal treatment is performed in a 
general practice, cross-sectional studies conducted in differ-
ent countries show a high and alarming prevalence of endo-
dontic treatment failures, as evidenced by the presence of 
apical periodontitis in a range from 30% to 65% of cases5 
(Figure 23-1). A recent systematic review and meta-analysis, 
including 33 cross-sectional studies conducted in several 
countries in the world, show that the prevalence of apical 
periodontitis on 28,881 endodontically treated teeth was 
36%.6 As a result, it appears that there is a high demand for 
retreatment of failing cases.

Retreatment Definition
The Glossary of Endodontic Terms published by the 
American Asssociation of Endodontists7 gives the following 
definition: “Retreatment (revision): A procedure to remove 
root canal filling materials from the tooth followed by clean-
ing, shaping, and obturating the canals.” Such a definition 
seems to be oversimplistic and restrictive, because in many 
situations, retreatment is indicated when there is no root 
canal filling to remove. Such is the case when a failure results 
from a missed canal during initial treatment. Oftentimes, the 
previous dentist was unaware or unable to locate one or more 
canals, or refers a patient during active treatment. A more 
precise definition involving all situations was needed.

Carr8 defined endodontic retreatment as a procedure that 
is performed on a tooth that previously has had attempted 
defintive treatment and now requires further treatment to 
ensure a successful result. It is noteworthy that the term, 
“revision,” has been substituted for retreatment in order 
to rule out a pejorative connotation that implies a dentist 
made a mistake during the initial treatment. However, “revi-
sion” is not appropriate, since retreatment is directed toward 
addressing deficiencies in initial treatment, as opposed to, 
for example, performing elective facial plastic surgery where 
periodic revisions may be considered as one ages.

Retreatment Vs. Initial Treatment
In terms of objectives, there is no difference between initial 
treatment and retreatment. In both situations, microorgan-
isms must be eradicated from the root canal system through 
shaping canals and 3-D cleaning, filling, and sealing the 
endodontic space (Figure 23-2). It must be appreciated that, 
in both straightforward and complex initial treatment cases, 
all root canal systems are patent and anatomic complexities 
can, in most instances, be overcome by a skillful practitioner. 
In contrast, the original canal patency is oftentimes lost or 
severely compromised in the retreatment situation. Further, 
most of the teeth to be retreated have already been restored, 
further compounding the retreatment challenges. The radicu-
lar obstacles that obstruct canals include different types of fill-
ing materials, posts, and fractured instruments (Figure 23-3). 
Additionally, other formidable radicular challenges include 
blocks, ledges, canal transportations, and root perforations. 
Recognizing the scope of so many retreatment challenges, 
Schilder9 introduced a new term in 1986, “Retreatodontics,” 

FIGURE 23-1 Treatments performed in general practice show 
a high prevalence of endodontic failures.
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to emphasize the complexity and specificity of endodontic 
retreatment and he predicted that the future of endodontics 
would be largely focused on retreating failing cases.

Decision Making
Failure of endodontic therapy is usually based on the obser-
vation of clinical symptoms and/or radiographic findings. 
However, the presence of apical periodontitis in previously 
endodontically treated teeth is rarely associated with clinical 
symptoms. Therefore, lesions of endodontic origin are often 
discovered during routine radiographic examination. It has 
been found that the diagnosis of a periapical lesion was not 
a sufficient reason to retreat. Amazingly, a retreatment deci-
sion was only made in 39% of the cases,10 even if painful 
symptoms were present.11 Many studies have shown that 
radiographic interpretation of periapical changes can be sub-
jective and large discrepancies in attitudes toward endodon-
tic retreatment have been observed.10–14 For example, when 
radiographs were shown to general dentists and specialists 
from different fields of dentistry to assess the periapical 

health status, no agreement was found.15 Furthermore, when 
the same radiographs were re-examined six to eight months 
later by the same practitioners, about 20% of them disagreed 
with their former opinions.16

These discrepancies can be influenced by a variety of fac-
tors and variables, including the training and experience of 
the examiner, the conditions under which the radiograph 
was viewed, and the type and settings of the x-ray system 
used. Similar results were also obtained when digital radi-
ography was used.17 Paralleling the importance of utilizing 
the dental operating microscope is the increasing adoption 
of cone-beam computed tomography imaging (CBCT) in 
endodontics. CBCT is a diagnostic adjunct, providing three-
dimensional (3-D) images, a low radiation dose, and good 
resolution for endodontic treatment planning. The possibil-
ity to navigate through axial and coronal slices allows the 
clinician to detect hidden periapical lesions, root curvatures, 
missed canals, and to identify the location and extent of 
resorptive and perforation defects and vertical root fractures 
(Figure 23-4).18 For more details, see Chapters 9C and 10.

A B

FIGURE 23-2 A. Retreatment is indicated on the mandibular first molar. In contast to the second molar, many coronal and intra-
canal obstacles are present. B. A post-operative radiograph demonstrates the two treatments completed.

A B

FIGURE 23-3 A. A radiograph of a mandibular left second molar reveals a poorly-fitting bridge, canals holding a silver point and 
paste, and evidence of furcal and apical pathoses. B. Ten-year recall radiograph shows the importance of three-dimensional endo-
dontics and restorative excellence.
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The Praxis Concept
The decision-making process is a complex task for a practi-
tioner, who may be faced with 30 different clinical situations 
combining different qualities of the seal, the presence of a 
post, and the locations and sizes of different lesions of endo-
dontic origin (Figure 23-5). A multiplicity of factors com-
plicate the decision-making process, including diagnostic 
variation,19 risk assessment,20 clinical context,12,14,21 cogni-
tive factors,20 and treatment plans.22

To explain the behavior of dentists to perform endodontic 
retreatment, Kvist and his team developed the Praxis concept 
model.23 In this model, periapical health and disease are not 
viewed as two different situations. The periapical status is per-
ceived as a continuum of health ranging from no lesion (per-
fect health) to a large lesion (high degree of poor health). Yet, 
the periapical status is subjective, based on the attitudes of the 
dentist. Rather, the periapical status should be based on objec-
tive criteria, including clinical and radiographic findings and 
the risks vs. benefits of retreatment. However, the decision to 
initiate retreatment is, in fact, influenced by factors unrelated 
to the disease per se, including successfully managing the tech-
nical challenges, potential for pain, and costs (Figure 23-6).

D

A B

C

FIGURE 23-4 A. Patient was referred because of persistent pain in the right second molar after endodontic treatment. Clinical 
examination and radiography were non contributory. B. A missed MB-2 canal was detected on an axial slice from a CBCT exami-
nation. C. Coronal image showing the presence of a periapical lesion in the mesial root in relation to the untreated MB-2 canal. 
D. Postoperative radiograph showing the case after retreatment. (Courtesy of Dr. François Bronnec, Paris, France.)
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FIGURE 23-5 Different clinical situations may be encountered 
making the decision to retreat difficult. (Reprinted with permis-
sion from Kvist et al.23)

CH23.indd   731 20/02/19   1:33 AM



732 The Practice of Endodontics

Two main types of tendencies have been found among den-
tists. The first tendency is to retreat when a periapical lesion is 
present, especially when the lesion is deemed large. Yet, the 
decision to retreat is oftentimes modified by individual values. 
As an example, graduate students at three universities used a 
“retreatment preference score” (RPS) to numerically quantify 
the size of a lesion. In this RPS scale, 0.0 represents a large 
lesion, whereas 1.0 represents no lesion. Ironically, students 
generally quantified the size of a lesion as 0.3 (Figure 23-7).23 
A similar study conducted with endodontic specialists showed 
they followed the same behavioral pattern as the “novices.”24,25

Decision Analysis
From an analytic point of view, the RPS can be structured as 
a decision tree, illustrating the various clinical options and 
providing a rationale basis for thinking and making the right 
decision.13 Moreover, this method serves as a way to present 
the different treatment options in order for the patient to be 
invoved in the decision-making process.

The retreatment decision-making process should be seen 
as a 3 “D” process.21,26,27

Decide if the Endodontically Treated Tooth is a 
Failure Two situations are encountered regarding the 
presence or absence of a lesion.

A. The first situation corresponds to a tooth with technical defi-
ciencies in primary treatment, yet there are no clinical signs 
or symptoms or radiographic evidence of failure. The absence 
of a lesion is not always synonymous with an absence of 
microorganisms in the root canal system.28 When microor-
ganisms are in a dormant stage, a balance may exist between 
the host defenses and the intracanal irritants. This delicate 
equilibrium can be upset by a change in the microbial flora 
or in the host resistance, or by microbial recontamination 
through coronal leakage when there is a deficient coronal 
restoration. If there is a coronal seal, and/or when the coro-
nal restoration does not require replacement, radiographic 
and clinical monitoring may be considered. A study by Van 
Nieuwenhuisen, Aouar, and D’Hoore29 showed that, in this 
situation, a wait-and-see approach over a six-year period 
led to complications in as little as only 2.8% of cases. On 
the other hand, if a new restoration is scheduled, these cases 
should be considered as potential failures30 and retreatment 
should be considered prudent (Figure 23-8).31 However, 
retreatment of these cases has been shown to lead to failure 
in 6% of the cases,32 mainly due to over-instrumentation and 
overfilling (Figure 23-9).

B. In the second situation, the patient is also asymptomatic, 
yet a periapical lesion exists. In these instances, the ques-
tion is whether these lesions will heal without additional 
intervention. The quality of the root canal filling must be 
assessed and, if practical, information should be gathered 
on how and when the initial treatment was performed. 
Usually, when the quality of treatment appears adequate, 
the healing process will take place after a minimum period 
of one year. However, it has been shown that some lesions 
required 10 years or more to heal.33,34 Nevertheless, 
according to the current consensus, most periradicular 
lesions will heal in four years.30 It is important to note 
that, when contamination occurs during intracanal pro-
cedures, apical periodontitis oftentimes develops quickly, 
within one year of the original treatment.35 In these 
instances, healing should not be expected and retreat-
ment is indicated. Infrequently, a small radiolucency can 
be the result of an inflammatory reaction due to the toxic 
effects of some root canal filling materials. Importantly, 
the diagnostician should make the distinction between a 
root canal that radiographically appears well filled with 
surplus vs. a root canal that is laterally underfilled and 
vertically overextended. In the instance of a well-filled 
root canal system, toxicity generally decreases with time 
and the lesion resolves. Such a hypothesis should also be 
considered when the lesion is associated with recent treat-
ment that was carried out months earlier.36

Decide to Treat A differential diagnosis must be made 
when a radiographic radiolucency has been detected to rule in 
or out a lesion of endodontic origin. Histologic studies have 
shown the presence of granulomatous tissue or cysts in 95% of 
cases.37 These inflammatory reactions are frequently the result 
of a persistent root canal infection28,38,39 or, less frequently, 
attributable to extra canal infection.40,41 On the other hand, 
some patients will present asymptomatic, yet may exhibit a 

FIGURE 23-6 The Praxis model concept. (Reprinted with per-
mission from Reit and Gröndahl.13)

FIGURE 23-7 Calculation of the Retreatment Preference Score 
(RPS). Clinicians assessed five periapical conditions and chose 
a periapical situation as their cut-off point for retreatment. The 
mean score chosen was very close to medium-sized lesion 
(RPS = 0.38). (Adapted from Kvist and Reit24 and reprinted 
from Ingle’s Endodontics 6th ed., Chapter 31: Treatment of 
non healing endodontic therapy and management of mishaps. 
Hamilton, ON: BC Decker; 2008:1091.)
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periapical radiolucency that may, in fact, be healing by scar tis-
sue formation.37,42

The benefits vs. risks of endodontic retreatment must be 
assessed and weighed. Currently, little evidence exists con-
necting the presence of a periapical lesion with the systemic 
health of the patient,43 except for coronary heart disease.44 
Similarly, scarce information is available about the risk 
of flare-ups when retreating quiescent periapical lesions. 
According to Eriksen,45 the estimated incidence of quiescent 
lesions spontaneously exacerbating appears to be less than 5% 
per year. In contrast, asymptomatic patients with quiescent 
lesions have a flare-up incidence of 20% to 40% when retreat-
ment is initiated.46,47 One explanation may be related to the 
difference in the composition of microbial flora present dur-
ing initial treatment of a necrotic tooth vs. retreatment.39

With that said, it is appreciated there are some risks associ-
ated with the retreatment procedure, itself. For example, when 
a post and crown restoration has to be removed, the residual 
tooth structure can be weakened, resulting in a tooth fracture. 
Further, procedural errors, like root thinning or perforations, 
may result from excessive re-instrumentation.30 When a 
patient reports signs or symptoms associated with an endo-
dontically treated tooth and the radiographic examination 
is nondiagnostic, CBCT examination is indicated. CBCT 
provides three-dimensional images and more diagnostic 

information than a well-angulated periapical radiograph, 
alone (Figure 23-10).18

Decide What Type of Treatment is to be Undertaken  
Depending on the situation, three therapeutic options can 
be considered: extraction, orthograde, or surgical retreatment 
(Figure 23-11).

As mentioned earlier, many teeth that are candidates 
for endodontic retreatment have been already restored. If 
orthograde retreatment is selected, the presence of remain-
ing tooth structure must be anticipated before disassembly. 
Sufficient cervical tooth structure must be present in order 
to achieve a new and reliable restoration.48 Where there is 
insufficient tooth structure and periodontal crown length-
ening is contraindicated, tooth extraction is indicated and a 
new treatment plan is required. Orthograde retreatment is 
the treatment of choice in cases that radiographically exhibit 
poorly sealed canals. Therefore, the goal is to improve the 
quality of the previous treatment (Figure 23-12). In these 
instances, the rate of success is comparable to initial treat-
ment when access to the root canal terminus is possible, the 
canal(s) can be well shaped, and their related root canal sys-
tem can be disinfected and filled.49 Indications for a surgical 
approach arise from the limitations to achieve these goals.

Surgical correction may be considered when there 
are iatrogenic errors radiographically noted in the apical 
region, when access to the root canal system is too danger-
ous, when the tooth to be retreated is involved in a com-
plex or long-span splint restoration, or when what appears 
to be adequate treatment is associated with signs or symp-
toms. Over years, follow-up studies comparing ortho-
grade retreatment and endodontic surgery have shown a 
poorer rate of success for a surgical approach.30 On the 
other hand, surgical success increases when nonsurgical 
retreatment is first undertaken to more fully address the 
root canal system. It is appreciated that today’s surgeon has 
many advantages due to advancements in armamentarium. 
These advancements include the microscope, ultrasonic 
tips, and biocompatible retrofilling materials.50–52 It is 

A B

FIGURE 23-8 A. Retreatments are indicated in teeth with poorly sealed canals when a complex treatment planning involving peri-
odontics and prosthodontics is scheduled. B. 12-year follow-up radiograph after retreatments and final restoration.

FIGURE 23-9 Decision tree: Tooth without symptoms and 
periapical lesion.
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A B

FIGURE 23-12 A. Poorly sealed canals are an indication for 
orthograde retreatment. B. Tooth retreated.

FIGURE 23-11 Decision tree: Tooth with periapical lesion- 
treatment options.

A B

C D

FIGURE 23-10 A. The patient complained of pain on the right first molar. Clinical examination and radiographs were non con-
tributory. B. Coronal images from a CBCT showed two periapical lesions on the MB and palatal roots. C. Postoperative radiograph 
after retreatment and 3-D filling. D. Pain was relieved. A new restoration was placed two weeks later.
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noteworthy that healing after surgical retreatment is faster 
than after nonsurgical retreatment and can be observed 
at one year. However, after four years, these two proce-
dural results are balanced.53 Nevertheless, surgical access 
and techniques are restrictive in their ability to remove the 
harmful content from the root canal system.

Patient Preferences
It is essential to disclose the different therapeutic options in 
order for the patient to participate in the decision-making 
process. Full information should be given in simple and 
understandable language so the patient is more involved in 
the therapeutic act and becomes an actor in the decision. 
Simple principles to follow have been given by Reit26 in 
order to make the best decision:

• 1st principle: Any persistant lesion after treatment must 
be retreated.

• 2nd principle: A persistant lesion may not be retreated if:
◊  Retreatment is not the patient’s choice.
◊  The risks outweigh the benefits.
◊  Global cost exceeds predictable alternatives.
Attitudes toward periapical disease vary among individual 

patients. Some patients worry about living with an infection 
and readily accept a recommendation for a retreatment pro-
cedure. Asymptomatic patients are less concerned about a 
chronic lesion, weigh the pros and cons, and may finally decide 
to do nothing. Even when the decision is contrary to the den-
tist’s opinion, the patient’s right to choose must prevail.

Clinical Procedures and Sequencing 
Dissassembly
Endodontics is a matter of strategy and tactics, and this is 
particularly true in the case of retreatment. First, the clinician 
has to understand the cause of the failure and then ask the 
question if he/she has the judgment, experience, and training 
to give the patient the best chance for success. Importantly, the 
clinician must have the technology to help guide each retreat-
ment procedure toward longterm success. This approach can 
be summarized by the triad: analyze, plan, and execute.

General and local objectives must be well integrated 
before attempting to retreat. General objectives include tech-
nical and pathological indications. In the first circumstance, 
the goal is to improve the quality of the treatment and avoid 
any contamination. The second objective is to control, then 
eliminate, infection. Local objectives involve coronal disas-
sembly, complete access, ruling in or out hopeless fractures, 
identifying all orifices/canals, removing previous obturation 
materials, eliminating post and retrieving broken/separated 
instruments, and repairing iatrogenic perforations and api-
cal transportations. When properly performed, all of these 
activities promote shaping canals, when indicated that in 
turn encourages 3-D disinfection and filling root canal sys-
tems. This is the essence of nonsurgical retreatment.

The authors recognize that the way endodontics is being 
taught and practiced can vary from country to country. For 
example, in some parts of the world, there is more emphasis on 

placing posts in virtually all endodontically treated and restored 
teeth; whereas, in other parts of the world, a core build-up is 
performed without a post. Therefore, retreatment sequencing 
will vary according to the clinical examination and diagnostic 
radiographs associated with each presenting patient. When 
there is no post, for example, finding missed canals or remov-
ing endodontic root canal fillers may commence upon regain-
ing access. Therefore, sequencing endodontic treatment and 
initiating the appropriate treatment approach varies according 
to each patient’s specific condition, radiographic examination, 
and clinical discovery following coronal disassembly.

GAINING ACCESS TO THE ROOT 
CANAL/CORONAL DISASSEMBLY
Apical periodontitis may be the result of persistent microor-
ganisms following intracanal instrumentation and disinfec-
tion. But a secondary infection may occur through coronal 
leakage due to defective restorations; a cause for late fail-
ures.54,55 Therefore, prior to retreatment of a failing case, 
amalgam and defective restorations should be systemati-
cally removed. This enables the clinician to clean out poten-
tial recurrent decay, assess the value of the remaining crown 
structure, and possibly discover the presence of cracks. The 
next step to facilitate retreatment is to place a new temporary 
restoration, usually a glass-ionomer cement, either a copper 
or orthodontic band, or a prefabricated crown to rebuild the 
missing tooth structure (Figure 23-13). Pretreatment is a a 
mandatory step in orthograde retreatment and a prerequisite 
for future work in the best aseptic conditions. For more details, 
see Chapter 19, “Preparation for endodontic treatment.”

Most of the teeth to be retreated have been restored with 
crowns and sometimes posts. It is prudent to disassemble all 
restoratives from the pulp chamber to promote identifying canal 
orifices that may be hidden by cements, and composite or metal 
materials.56 Occasionally, access to the pulp chamber can be cre-
ated through an existing crown if it is judged to be functionally 
designed, well-fitting, and esthetically pleasing (Figure 23-14), or 
if the tooth is part of long-span fixed bridges. However, when the 
axial alignment of the crown and root are different, caution must 
be exercised regaining access so as to not needlessly destroy tooth 
structure or perforate. When access procedures could potentially 
damage the crown, or if the restorative is deemed inadequeate, 
then the restoration should be sacrificed. When an access cav-
ity is created through a metal restoration, the axial walls should 
be extended laterally to eliminate interferences and provide free-
dom for the subsequent use of shaping instruments. Access cavi-
ties should be designed to prevent debris, such as metal filings, 
from falling into the canal that could serve to create an irreversible 
blockage. Owing to their own weight, metal shavings will not stay 
in suspension within the irrigating solution.56

Factors Influencing Restorative Removal
The removal of a restorative is dramatically enhanced when 
there is knowledge, respect, and appreciation for the con-
cepts, materials, and techniques utilized in restorative and 
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reconstructive dentistry. The safe dislodgement of a restora-
tive is dependent on five factors that must be considered.

1. Preparation Type: Preparations vary in retention depend-
ing on the total surface area of the tooth covered and the 
height, diameter, and degree of taper of the axial walls.

2. Restoration Design and Strength: The design and ultimate 
strength of a restorative is dependent on its physical 
properties, thickness of material(s), and the quality and 
techniques of the laboratory technician.

3. Restorative Material(s): The composition of a restoration 
ranges from different metals to tooth-colored restora-
tives, such as porcelain. How these materials behave 
related to the stresses and strains required during 
removal must be appreciated.

4. Cementing Agent: The retention of cements ranges from 
weak to strong, generally progressing from zinc oxide-
eugenol, polycarboxylate, silico phosphate, zinc phos-
phate, glass ionomers, resin modified glass ionomers 
to bonded resins. Clearly, the new generation bonding 
materials, in conjunction with well designed and reten-
tive preparations, have made restorative removal more 
difficult57 and, at times, unwise.

5. Removal Devices: The safe and successful dislodgment 
of prosthetic dentistry requires knowledge regarding the 
selection and use of a variety of devices. Clinicians need 
to identify and become familiar with each device, its safe 
application, effectiveness, limitations, and costs.

The clinician must obtain a good history, confer with the 
original treating dentist if possible, and then consult with the 
patient to clearly define the risk versus benefit when enter-
taining the intact removal of an existing restorative.

Coronal Disassembly
Coronal disassembly can be carried out in three distinct 
ways: destructive, minimally destructive, and conservative.

Destructive Disassembly
Destructive disassembly involves cutting through the crown 
with a carbide bur (transmetal bur, Dentsply Maillefer; Ballaigues, 
Switzerland or H4MC bur, Komet; Rock Hill, South Carolina, 
USA). On the facial surface of a restorative crown, a slot is made 
from the cervical margin and extends toward the cavo surface, 
then to the middle of the occlusal surface. Ultrasonics is applied 
inside this slot to disintegrate the luting cement. Subsequently, 
an elevator (Figure 23-15) or the Christensen Crown Remover 
(Hu-Friedy, Chicago, Illinois, USA) may be used to flex apart 
the crown and loosen it. This procedure is predictable and safe, 
and if needed, the crown can be relined to serve as an interim 
restorative (Figure 23-16). This is also an excellent method for 
removing long span bridges, where each abutment is individu-
ally managed. In single-rooted teeth, the slot should involve 
both buccal and palatal faces (Figure 23-16).

Minimally Destructive Disassembly
In this approach, a minimally invasive procedure is performed 
and results in a small amount of force required to dislodge 

FIGURE 23-13 A copper band was placed to rebuild the miss-
ing tooth structure and allowed the creation of a four-wall 
access cavity.

A

B

FIGURE 23-14 A. Access is made through a well fitting and 
esthetically pleasing crown. B. After retreatment. A composite 
resin was used to restore the crown.
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the restorative. Some examples of minimally destructive dis-
assembly devices are as follows:

• WAMKeys (WAM; Aix en Provence, France, or WAM; 
Montréal, QC, Canada): This system is easy-to-use and con-
venient to safely remove the majority of metallic and/or por-
celain crowns and short bridges. The intro kit includes three 
narrow-handled instruments with distal ends that each pro-
vide a different sized cam (Figure 23-17). Three steps should 
be followed. First, a horizontal slot is created with a trans-
metal bur in the middle of the facial aspect of the crown or 
about one millimiter below the central groove of the occlusal 
restorative surface. In the instance of a procelain-fused-to-
metal crown, a 016 diamond round bur (Komet) is used with 
a water coolant to protect the porcelain and cut a class V 
tapered cavity through the porcelain and to the underlying 
metal substructure (Figure 23-18A). Second, a transmetal 
bur is used to cut through the metal and create a trench to 
the middle of the occlusal surface (Figure 23-18B). Third, 
an appropriately-sized WAMKey is selected, inserted inside 
this trench, and gently rotated to elevate the restorative 
crown along its own axis (Figure 23-18C and D).56FIGURE 23-15 Different types of elevators used for crown 

removal.

A B

C D

FIGURE 23-16 A. Orthograde retreatment is indicated in the crowned maxillary right central incisor. B. Starting from the cervical area 
and following the tooth structure, a slot is made on the buccal surface. C. The slot should involve both the buccal and palatal faces.  
D. Crown removed.
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• Metalift™ (Classic Practice Resources; Baton Rouge, 
Louisiana, USA): The Metalift (Figure 23-19A) is 
designed to safely remove inlays, onlays, three-quarter 
crowns, full crowns and fixed bridges in a minimally-inva-
sive way so these restoratives can be reused, if desired. The 
kit includes all items needed to perform the procedure, 
as follows: One, in the instance of a procelain crown or 
bridge, the cylindrical diamond bur is utilized to precisely 
remove the porcelain and expose the underlying metal 
(Figure 23-19B). Two, with the help of magnification, 
create a pilot hole with a small carbide round bur through 
the metal and to solid structure (Figure 23-19C). Three, 
a twist drill is used to create a precision channel in the 
metal that exactly matches the size of the Metalift instru-
ment to be used later in step five (Figure 23-19D). Four, 

substructure material is carefully removed on the bottom 
side of the metal so as to not damage the precision chan-
nel and to prevent threading the Metalift instrument into 
tooth structure. Five, the Metalift instrument is threaded 
through the metal until its distal end contacts tooth 
structure and rotation is continued to lift off the crown 
(Figure 23-19E and F).

• The Kline Crown Remover (Brasseler; Savanna, 
Georgia, USA), and the Higa Bridge Remover (Higa 
Manufacturing; West Vancouver, BC, Canada) operate with 
the same concept.

Conservative Disassembly
Conservative disassembly involves utilizing percussive 
devices and techniques.57 In this approach, safe and success-
ful removal of a prosthesis is accomplished by disintegrating 
the luting cement. This removal method utilizes manual slid-
ing hammers or pneumatic crown removers. The tip of these 
devices grasps the cervical crown margin on the buccal or 
 lingual aspect and a controlled series of impact strokes are 
delivered to loosen the restoration. However, these impact 
shocks may induce misdirected forces that can be extremely 
harmful and predispose to coronal or radicular fractures. 
Therefore, the authors caution against their routine use. 
Examples of this type of crown remover device include the 
manual sliding hammer (Miltex; Plainsboro, New Jersey, USA 
or Anthogyr; Atlanta, Georgia, USA) and Crown-A-Matic 
(Peerless International, Inc; North Easton, Masssachusetts, USA).

FIGURE 23-17 WamKeys (WAM, Aix en Provence France, 
WAM, Montréal, QC, Canada).

A B

C D

FIGURE 23-18 A. A diamond round bur is used with a water coolant to protect the porcelain and cut a class V tapered cavity 
through the porcelain to the underlying metal substructure. B. A trench is made with a transmetal bur through the underlying metal 
substructure to reach the middle of the occlusal surface. C. The WamKey is inserted inside the trench and gently rotated to elevate 
the crown. D. It’s not necessary for the WamKey to encroach the core.
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FIGURE 23-19 A. Metalift. B. The cylindrical diamond bur removes the porcelain and exposes the underlying metal. C. The tiny 
round bur creates a pilot hole to reach the tooth structure. D. The twist drill creates a precision channel to match the Metalift 
instrument. E. A close-up image of the prepared access before the use of the Metalift instrument. F. The Metalift instrument threads 
through the metal and contacts the tooth structure. G. Crown removed.

On the other hand, a special consideration must be given to 
the Coronaflex (Kavo Dental; Charlotte, North Carolina, USA). 
The Coronaflex (Figure 23-20) is an elegant and very useful 
technique to perform bridge removal. This removal method 

encourages an axial pulling direction that serves to mitigate 
damaging a prosthesis. The procedure is easy, quick, and safe, 
as well as comfortable for the patient. The Coronaflex utilizes 
compressed air to produce ultrashort impulses at the tip of 
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the instrument to break the luting cement. The recommended 
method of use is the so-called “parachute technique.” Metallic 
wires are looped through two or more embrasures of the 
bridge, that, in turn, are connected to a metal rod. The tip of 
the pneumatic handpiece is then placed against the rod and, 
upon activation, delivers a series of micro-pulses that break 
the cement bond, allowing for the removal of the bridge along 
its own axis of insertion. Similarly, when a tooth is soundly 
embedded in the periodontium, the parachute technique is an 
expedient way to remove a cast post and core, in one piece, 
from any given tooth.56

Grasping devices are inefficient to remove fixed cemented 
prosthesis. They are best utilized in removing provisional-
ized dentistry57 and include K.Y. Pliers (G.C. America; 
Alsip, Illinois, USA), the Wynman Crown Gripper (Miltex 
Instrument Company; Lake Success, New York, USA), and 
the Trident Crown Placer-Remover (Trident Dental Inc; 
Hendersonville, North Carolina, USA).

REMOVAL OF POSTS AND CORES
It is common for clinicians to encounter endodontically 
treated teeth that contain posts. Frequently, when endodontic 
treatment is failing, the need arises to remove a post to facili-
tate successful nonsurgical retreatment. In other instances, 
the endodontic treatment may be judged successful, but the 
restorative needs require the removal of an existing post to 
improve the design, mechanics, or esthetics of a new restora-
tion. Over time, many techniques have been advocated for the 
removal of posts and other large intracanal obstructions.58–60

Factors Influencing Post Removal
There are many factors that influence successful post removal, 
such as operator judgment, training, experience, and utiliz-
ing the best technologies and techniques.3 Further, clinicians 
should have knowledge and respect for the anatomy of teeth 
and be familiar with the typical range of variation associated 
with each tooth type.61 As an example, it is important to 
know tooth morphology, including the length, circumferen-
tial dimensions, and curvature of any given root, as well as 

the depth of an external concavity, if present. This informa-
tion is best appreciated by obtaining three well-angulated 
preoperative radiographs. Radiographs also assist the clini-
cian in visualizing the length, diameter, and direction of the 
post, and aid in determining if it extends coronally into the 
pulp chamber.62

Other factors influencing post removal are the post type 
and cementing agent.63,64 Posts can be catalogued into 
parallel versus tapered, active versus nonactive, and metal-
lic versus non-metallic compositions (Figure 23-21).65,66 
Posts retained with the classic cements like zinc phos-
phate can generally be removed; however, posts bonded 
into the root canal space with materials like composite 
resins or glass ionomers are oftentimes more difficult to 
remove.67 In addition, other important factors that impact 
post removal are the available interocclusal space, existing 
restoration, and whether the coronal most aspect of the 
post is supra or subcrestal (Figure 23-22). In general, post 
removal becomes more challenging moving from anterior 
to posterior teeth. The difficulty in removing a post sub-
stantially increases in furcated teeth containing multiple 
posts joined coronally with single or multiple interlocking 
key-ways (Figure 23-23).

When evaluating a tooth for post removal, the clini-
cian must weigh risk versus benefit before proceeding with 
this procedure.68,69 As an example, the relative radiodensity 
between a titanium or a titanium alloy post can appear very 
similar, or even identical, to gutta-percha when viewed radio-
graphically. As such, when considering nonsurgical retreat-
ment, clinicians need to be familiar with the radiographic 
characteristics of these nonmetallic posts.70 A root can be 
structurally weakened, perforated, or fractured during any 
phase of retreatment ranging from radicular disassembly to 
subsequent shaping and filling procedures. In some instances, 
it may be wise to consider a surgical approach to resolve an 
endodontic failure. However, surgery should not be per-
formed promiscuously because of lack of training in the best, 
presently developed techniques utilized for post removal.

Ultrasonic Removal of Prefabricated Post 
Associated with a Composite or Amalgam Core
The goal is to carefully remove the restorative material with 
a high-speed carbide long shank bur, paying attention not to 
damage the protruding head of the post. In the case of a com-
posite core, the difference in color between the metallic post 
and the filling material makes this procedure easy. After free-
ing the head of the post, residual fragments of the restorative 
material and the luting cement must be carefully removed by 
using a thin ultrasonic tip (Start-X #3, Dentsply, Maillefer; 
Ballaigues, Switzerland), ProUltra (#3 Dentsply Tulsa Dental 
Specialties; Tulsa, Oklahoma, USA) (Figure 23-24), or ET20 
(Acteon USA; Mt. Laurel, New Jersey, USA). The post is 
then vibrated with a dedicated ultrasonic tip (Start-X #4, 
ProUltra #1, or ET PR) with a water coolant until it can be 
removed (Figure 23-25). The ultrasonic tip should be kept in 
intimate contact with the post to maximize energy transfer 

FIGURE 23-20 Coronaflex.
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FIGURE 23-21 A. Parallel post. B. Screw post. C. Composite post. D. Cast gold post/core.

A B

FIGURE 23-22 A. Preoperative radiograph of a maxillary central incisor showing a post fractured subcrestally; this example serves 
to emphasize the importance of treatment planning. B. Post-treatment radiograph following post removal, retreatment, and post 
space done prior to crown lengthening and restorative treatment.
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and promote cement/bond failure. In the case of an amalgam 
filling, it is important to work the high-speed bur from the 
periphery toward the location of the post so as to not damage 
it. In the presence of a screwpost, the ultrasonic tip is rotated 
counterclockwise (CCW) around the post to dislodge it.

It must be recognized that the byproduct of ultrasonic 
energy is heat.71–73 When performing ultrasonic procedures 

for longer periods of time and against larger conductive 
metal posts, the field should be frequently flushed with 
water to decrease heat buildup and the potential for danger-
ous heat transfer to the attachment apparatus. Experience 
suggests that, after removing all circumferential restorative 
materials, the majority of posts can be safely and successfully 
removed within approximately 10 minutes.3,73 However, cer-
tain posts resist removal even after ultrasonic efforts using 
this “10-Minute Rule.” As such, clinicians need a safe and 
efficient fallback position to liberate these posts.3,74,75

For safety, the following precautions should be followed:

• Carefully examine the preoperative radiograph to assess 
the thickness of the radicular walls between the post 
and the periodondal tissue. If the thickness is less than 
1 mm, the risk of overheating the attachment apparatus 
quickly increases.

• One or two minute breaks are recommended between 
ultrasonic sessions.

• Intermittent use of an ice spray (Endo Ice) on the head 
of the post is recommended. Indeed, a permanent water 
spray is insufficient to reach and cool down the apical tip 
of the post. If this ultrasonic attempt is unsuccessful, ded-
icated mechanical post removal devices should be used.

Another vibrating post removal method employs 
Rotosonics. This method provides a straightforward technique 
to potentially loosen and remove a fully exposed post or screw-
post. The Regular Tip Roto-Pro bur (Ellman International; 
Hewlett, New York, USA) is a high-speed, friction grip bur 
whose six faces are joined by six edges and, when rotated one 
revolution, its edges produce six vibrations per revolution. 
When the instrument is rotated at 200,000 rpm, it produces  
1.2 million vibrations per minute, or 20,000 vibrations per sec-
ond. This instrument provides an inexpensive method to remove 
posts and screw-pots. The bur is kept in intimate contact with 

FIGURE 23-24 The ProUltra ENDO 1-5 ultrasonic instru-
ments have an abrasive zirconium nitride coating to improve 
efficiency, precision and clinical performance. The ProUltra 
ENDO-6, 7, and 8 titanium ultrasonic instruments provide 
longer lengths and smaller diameters, and are utilized when 
space is restrictive.

A

B

C

FIGURE 23-23 A. Preoperative radiograph reveals the MB root 
of the maxillary first molar is failing endodontically. Note, 3 
cast posts interlocking within the pulp chamber. B. A distal 
angulated radiograph demonstrating the retreatment effort of 
the MB root. Note the identification and treatment of the MB-2 
system. C. A two-year recall radiograph demonstrates excellent 
bony healing associated with the MB root.
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the obstruction and is generally carried CCW around the post. 
Clinically, rotosonic vibration provides a low-tech method to 
potentially remove a screw-post or post retained with a more 
traditional cement, such as zinc phosphate.

Removal of a Fiber Post
A fiber post is usually associated with a composite restorative 
material. The composite and the protruding head of the post 

are first removed with a carbide bur mounted on a high-speed 
handpiece. It is noteworthy that the post should be ground 
down to the canal orifice. When approaching the pulpal floor, 
an ultrasonic tip replaces the bur to carefully help eliminate 
any residual material. For fiber post removal, the goal is to 
break the bond between the fibers by heating. After creation 
of a pilot hole in the center of the post with a thin ultrasonic 
tip (Start-X #3, Dentsply Maillefer; Ballaigues, Switzerland 
or ET25, Acteon USA; Mt. Laurel, New Jersey, USA) or the 
pointer drill included in the new Gonon kit (FFDM Pneumat; 
Bourges, France), the same ultrasonic tip is used with direct 
vision and without a water coolant to bore through the middle 
of the post and disintegrate it. The orientation of the fibers 
helps keep the activated tip in the proper alignment. The last 
step is to eliminate adhesive fibers from the canal walls with 
the ultrasonic tip that is used at a low intensity setting with a 
light, brush-cutting motion. Additionally, fiber posts may be 
removed with a Unicore drill (Ultradent; South Jordan, Utah, 
USA), rotated at 15,000 rpm. Start with the small-sized drill 
(0.6 mm), identified with a white stripe on its handle, then 
proceed to the yellow-striped drill (0.8 mm), and continue 
with the red, blue, and green sizes, as necessary, until the fiber 
post is eliminated. Ceramic and zirconium posts should be 
avoided since their retrieval is very difficult, thermally danger-
ous, and virtually impossible.65

Removal of Metallic Cast Cores
Metallic cast cores are usually associated with cast posts. In 
the case of a single-rooted tooth with a cast post and core, 
two techniques may be used:

1. Utilization of the Coronaflex, as described earlier, when 
the periodontal environment is sound.

2. Reduction of the core with a transmetal bur without dam-
aging radicular tooth structure. Reduction commences 
circumferentially around the periphery to the estimated 
location of the post. The goal is to keep only a cylindrical 
portion of the core as an extension of the post. Then, ultra-
sonics and/or a post removal system is used to retrieve the 
post (see section on mechanical post removal).

In the case of an inlay core within the pulp chamber of a 
multi-rooted tooth, there may be a single or multiple inter-
locking key-ways. In these instances, the core must be sepa-
rated into as many pieces as there are posts present. In the 
case of a very hard core, such as one fabricated of NiCr, special 
care is exercised so the bur follows tooth structure, yet does 
not damage the floor of the pulp chamber. Due to the large 
amount of vibration delivered during the drilling process, 
portions of the core devoid of the posts are usually quickly 
eliminated (Figure 23-26).56 The head of the post is then 
cleared from the remaining core portion and post removal is 
achieved with ultrasonics and/or a post removal system.

Post Removal: Mechanical Options
A number of different devices have been designed to mechan-
ically remove a post.58,60 However, many of these devices, such 
as the Masserann kit (Micromega; Besançon, France) and the 

A
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C

FIGURE 23-25 A. The ProUltra ENDO-1 is activated and used 
to powerfully vibrate against all aspects of the exposed post. 
B. Illustration demonstrating the importance of using an exter-
nal water source to reduce temperature and eliminate heat 
transfer. C. Following post removal, an ultrasonic instrument 
breaks up intracanal cement and a White Mac Tip collimates 
air and blows out debris.

CH23.indd   743 20/02/19   1:34 AM



744 The Practice of Endodontics

Post Puller (Brasseler USA; Savannah, Georgia, USA) have 
had limited success because they frequently require the exces-
sive removal of tooth structure that predisposes to ledges, per-
forations, or root fractures. The Gonon Post Remover System 
(EFDM-Pneumat; Bourges, France) represents a definite 
improvement over the Masserann and the Post Puller devices 
in that it is less invasive, safe,68 and has enjoyed good suc-
cess,75 but regrettably, by a limited number of clinicians in 
North America. The Post Removal System (PRS) (Sybron 
Endo; Orange, California, USA) is a similar device and oper-
ates on the corkscrew principle: one force is applied against 
tooth structure, providing the fulcrum, while the pulling force 
is placed on the post, creating enough leverage to overcome 
the bond. Both systems may be predictably used to remove 
passive conical or parallel posts, cast posts and screw posts. 
Their respective techniques will be described.

Gonon Post Remover System
Recently, the former Gonon kit has been revisited providing 
several advantages. It offers fewer instruments with better 
sizing and can be sterilized. Two trephines are available with 
matching color-coded and correspondingly sized tubular 
taps. The tubular taps feature a reverse threading to unscrew 
serrated and screw posts. The beaks of the extracting pliers 

are thinner and shorter to facilitate their placement when 
there is narrow occlusal space. Three sizes of silicone washers 
and a fiber post kit are included in the kit (Figure 23-27).

The Gonon post removal technique is as follows.

1. After crown removal, circumferential reduction of the 
core is performed to free the head of the post.

2. To facilitate the centering of the trephine, the head of 
the post is tapered with a dedicated bur.

3. The largest high-strength trephine is used to bore, grind 
down, and gauge the protruding head of the post to the 
exact correspondingly-sized tubular tap. This tubular 
tap serves to thread down the head of the post and pro-
vide a good grip. The more cylindrical the head of the 
post is bored, the better the trephine efficiency. A high-
torque handpiece is used at 15,000 to 20,000 rpm, with 
short pecking motions, to machine down the head of 
the post 2 to 3 mm.

4. Before manually screwing the tap onto the post, three 
washers are placed in the correct sequence onto its shank. 
They serve to distribute the forces onto the root surface 
as the post is being extracted. The flat metallic washer is 
inserted onto the tubular tap first, the concave washer 
is next inserted onto the top toward the root, and the 
silicone washer is positioned last and acts as a cushion.

A B

C D

FIGURE 23-26 A. The mandibular first molar was restored with a NiCr cast core and two posts. B. Following the tooth struc-
ture, a bucco-lingual trench is initiated to separate the core in two pieces. C. Special care is exercised not to damage the pulp 
chamber floor. D. Posts are easily removed due to the combined action of the vibrations delivered during the drilling process 
and ultrasonics energy.
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5. The extracting pliers are connected to the tubular tap 
and the beaks of the pliers are expanded by turning the 
knurled knob. This procedure and resultant force will 
generally separate the post from the root (Figure 23-28). 
If too much resistance is felt when rotating the knob,  
it is useful to reduce resistance by turning the knob 
CCW a millimeter or two before continuing the clock-
wise (CW) rotation. In addition, indirect ultrasonics 
may be applied on the tap to help break the bond.73 
In a study conducted on the incidence of root frac- 
tures and methods used for post removal, it was shown 
that post removal is a predictable procedure with a 
extremely low rate of root fracture: 0.06% on a total  
of 1,600 posts removed.68 This figure is slightly higher 
than the 0.002% reported in a survey of Australian and 
New Zealand endodontists.60

After post removal, some residual luting cement may be 
present in the canal beyond the apical tip of the post. With 
good vision below the orifice, this material can be easily 
removed with an ultrasonic tip.

Post Removal System
The Post Removal System (PRS) is designed to mechanically 
engage and remove different kinds of post types or other 
intracanal obstructions with cross-sectional diameters of 
0.60 mm or greater.3,77 The PRS kit contains extracting pli-
ers, a transmetal bur, five trephines of varying internal diam-
eters, five corresponding tubular taps with internal diameters 
ranging from 0.60 to 1.60 mm, a torque bar, tube spacers, and 
a selection of rubber bumpers (Figure 23-29). The prepara-
tory procedures before utilizing the PRS require straightline 
access and complete circumferential visualization of the post 
within the pulp chamber.

A transmetal bur is used to round off or taper the coronal 
most aspect of the post (Figure 23-30A). “Doming” the head 
of the post will serve to effectively guide the subsequent 
instruments over the post. A drop or two of chelator, such 
as RC Prep, Glyde or ProLube, is then placed on the head 
of the post to act as a lubricant to facilitate the machining 

process. In order to ensure circumferential milling, the larg-
est trephine that will just engage the post is selected. The 
latch-type trephines should rotate at approximately 15,000 
rpm in a CW direction, in a slow-speed, high-torque hand-
piece. The trephine is used with a “peck” drilling motion to  
maintain rpm and to keep the head of the post cooler so it  
does not work-harden and become more difficult to mach-
ine. The trephine is utilized to machine down a 2 to 
3 mm length of the most coronal aspect of the exposed post 
(Figure 23-30B). If the chosen trephine fits passively, then a 
sequentially smaller size trephine is selected to ensure proper 
circumferential milling. In some instances, the configuration 
of the coronal-most aspect of the post, such as a cast post/
core, dictates the use of a transmetal bur or diamond to grind 
down the head of the post to create a relatively round cylin-
der. The trephine can then machine a precisely round cross-
sectional diameter on the post.

In general, the trephine used for machining the post dic-
tates the subsequent selection of a correspondingly-sized 
tubular tap. An appropriately-sized protective rubber bumper 
is selected and inserted over the distal end of the tap. The 
bumper serves to cushion, evenly distribute the loads, and 
protect the tooth during the removal procedure. The tubular 
tap is pushed against the head of the milled-down post and 
is manually turned CCW to form threads (Figure 23-30C). 
Firm apical pressure and small quarter-turn CCW motions 
will generally draw down and securely engage the tap to the 
post. The tap can be screwed over the post as little as 1 mm or, 
more optimally, up to a maximum of 3 mm. Caution should 
be exercised so that the tap is not drawn down too far over 
the post because its maximum internal depth is 4 mm. If the 
tap bottoms out against the post head, it can predispose to 
stripping the threads, breaking the wall of the tap, or shear-
ing off the obstruction inside the lumen of the tap. When  
the tubular tap has snugly engaged the post, the protective 
rubber bumper is pushed down onto the biting surface of the  
tooth (Figure 23-30D).

The post removal pliers are then selected and the extract-
ing jaws are mounted onto the tubular tap. The instrument 
is held securely with one hand, while the fingers of the other 
hand begin opening the jaws by turning the screw knob CW. 
As the jaws slowly begin to open, increasing pressure will 
be noted on the screw knob. The clinician should repeat-
edly verify that the compressing rubber cushion is properly 
protecting the tooth. Further, when utilizing this removal 
method, the clinician should visually confirm the post is 
being safely withdrawn along the long axis of the root canal. 
If turning the screw knob becomes increasingly difficult, the 
clinician should either hesitate a few seconds before continu-
ing and/or use the indirect ultrasonic technique to vibrate 
on the post-engaged tubular tap (Figure 23-30E). In combi-
nation, the PRS and indirect ultrasonic techniques enhance 
post retention failure, encourage the screw knob to turn 
further, and are potent adjuncts to successful post removal 
(Figure 23-30F).3

Ultimately, the PRS provides clinicians an important post 
removal method that can be safely employed when ultra-
sonic techniques are unsuccessful. Clinicians also encounter 

FIGURE 23-27 The Gonon Universal Post remover. Note the 
color-coding matching trephines and taps. Arrows on tubular 
taps indicate reverse threading.
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FIGURE 23-28 A. Two metallic posts must be removed before retreatment. B. Clinical view of the metallic core. C. Circumferential 
pre-reduction of the core before tapering the head of the post to facilitate the centering of the trephine. D. The tubular tap with 
the three washers creates a threading on the post. E. The pliers are connected to the tubular tap. F. Post removed from the root.  
G. Postoperative radiograph of the teeth after retreatment and placement of provisional restorations.
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actively engaged threaded posts that require removal. The 
PRS is specifically designed to address this scenario because 
each tubular tap turns in a CCW rotation. The post head 
is milled down as previously described and a tubular tap 
threaded until snug. In instances where threaded posts are 
encountered, the use of the extracting pliers is contraindi-
cated. Typically, the clinician backs the post out of the canal 
using a CCW rotation with finger pressure. If the post is 
strongly anchored, an ultrasonic instrument may be used to 
vibrate on the tap, and if necessary, the torque bar may be 
inserted into the handle port to increase leverage.

Masserann Kit
When a post is broken deep inside the root, the Masserann 
kit may be considered to conserve root structure (Figure 
23-31).56 A wide range of trephines manufactured with soft 
steel are available and the one matching the post space is 

FIGURE 23-29 The Post Removal System is a kit designed to 
mechanically engage and potentially remove different types of 
posts.

A B

C D

E F

FIGURE 23-30 A. Illustration of a transmetal bur efficiently doming the post head. B. No. 3 trephine has precisely machined down 
the coronal 3 mm of the post. C. Tubular tap is turned counterclockwise to form threads, draw down, and strongly engage the post. 
D. Once the tap is securely engaged to the post, the rubber bumper is seated against the occlusal surface to protect the tooth.  
E. Mounted and activated PRS extracting pliers. Note, the energized ProUltra ENDO-1 can be advantageously placed against the 
post-engaged tap to synergistically facilitate the removal effort. F. Post removal. Attention can now be directed towards selecting 
the best gutta-percha removal scheme.
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selected. The trephine is mounted onto a mandrel and rotated 
CCW to create a thin trench around half the length of the 
post. During the procedure, the trephine must be regularly 
cleaned of dentine dust. Next, the smaller trephine is placed 
and used in a CCW motion around the broken post trying to 
reach the depth of the trench. The soft steel trephine deforms 
during apical progression and, at any given moment, the fric-
tion between the trephine and the post becomes greater than 
the retention of the post, allowing it to be removed. Such a 
procedure is time-consuming and the clinician must weigh 
risk vs. benefit when using this method.

MISSED CANALS
The etiology of endodontic failure is multi-faceted, but a 
statistically significant percentage of failures are related to 
missed root canal systems. Missed canals hold tissue, and at 
times microorganisms and related irritants that inevitably 
contribute to clinical symptoms and lesions of endodontic 
origin (Figure 23-32).76–81. Historically, and still too often, 
surgical treatment has been directed toward “corking” the end 
of the canal with the hopes that the retrograde material will 
incarcerate biological irritants within the root canal system 
over the life of the patient (Figure 23-33).82,83 Although this 
clinical scenario occurs anecdotally, it is not nearly as pre-
dictable as nonsurgical retreatment. Endodontic prognosis is 
maximized in teeth whose root canal systems are cleaned, 
shaped, and filled in all their dimensions (Figure 23-34).84–85

Canal Anatomy
There are several tooth groups whose roots notoriously hold 
additional systems.86,87

• Maxillary Central Incisors on occasion may contain one or 
more extra canals.88,89

• Maxillary 1st Premolars are at times three-rooted and 
have mesiobuccal (MB), distobuccal (DB), and palatal 
root canal systems.90

• Maxillary 2nd Premolars contain broad roots buccal to 
lingual and, although the orifices are commonly ribbon-
shaped, clinicians need to expect deep canal divisions or 
apical bifidities.91

• Maxillary 1st Molars have two systems in the MB root 
more than 90% of the time and these two systems 

oftentimes communicate anatomically via an isthmus.92 
According to the literature, about 40% of the time, the 
two root canal systems merge and exit as one apical portal 
of exit; about 60% of the time, the two canals are sepa-
rate and have their own individual portals of exit. These 
systems can be identified and treated in over 75% of the 
cases without a microscope and in approximately 90% of 
the cases with a microscope.93,94

• Maxillary 2nd Molars should be suspected of having a 
 second canal in the MB root until proven otherwise.93 
Some maxillary molars exhibit bizarre anatomy within 
the MB root; the grooves should be explored for the pos-
sibility of a third system.

• Mandibular Incisors have broad roots facial to lingual and 
have a second more lingual canal approximately 45% of 
the time.95 Access cavities should be carried more lingual 
at the expense of the cingulum to address this potential 
system.

• Mandibular Premolars have roots that frequently hold 
complex root canal systems. The anatomical variations 
include displaced orifices, deep divisions, loops and 
branches, and multiple portals of exit apically.96

• Mandibular 1st and 2nd Molars routinely have signifi-
cant variations within what has become known as “nor-
mal anatomy.”59,86 Clinicians need to check the mesial 
root for a third system that may be displaced or located 
within the groove between the MB and mesiolingual 
(ML) orifices.97,98 The broad distal root commonly 
contains an extra canal that may be separated along its 
length or become contiguous, following cleaning and 
shaping procedures. However, even when distobuccal 
(DB) and distolingual (DL) systems become common, 
deep branching with multiple apical portals of exit are 
normal.

• C-Shaped Molars pose challenges in endodontic treat-
ment; they tend to have fused roots, deep pulp chambers, 
and the cul-de-sac furcation is toward the lingual aspect. 
Clinicians need to be familiar with this aberrant canal 
form and be well aware of its radiographic features and its 
incidence within various population groups.99

Armamentarium and Techniques
There are multiple concepts, armamentarium, and instru-
ments that are useful to find missed canals. The following 
represents the most important.

• Anatomical familiarity: Any dentist can become a serious 
student of endodontic anatomy by reviewing the historic 
work of Walter Hess or visualizing state-of-the-art μCT 
images (www.ehumanlearning.com). Knowledge, under-
standing, and appreciation for root canal system anatomy 
influence predictably successful endodontic treatment 
outcomes. For more details, see Chapter 1, “Anatomy and 
morphology of teeth and their root canal systems.”

• Radiographic analysis is critical when evaluating an  
endodontic failure.100,101 Well-angulated periapical films 
should be taken with the cone directed straight-on, 

FIGURE 23-31 The Masserann kit.
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mesioblique, and distoblique. This technique oftentimes 
reveals and clarifies the three-dimensional morphology of 
the tooth. In teeth where complete endodontic treatment 
has been performed, obturation materials are seen radio-
graphically as centered within the root, regardless of the 

selected angle of the radiograph. Conversely, if the obtu-
ration materials appear positioned asymmetrically within 
the long axis of the root, a missed canal should be suspected 
(Figure 23-32).102 Digital Radiography (Kodak; Atlanta, 
Georgia) affords a variety of software features significantly 

A B

C D

FIGURE 23-32 A. Radiograph of a maxillary right second premolar reveals pins, a post, incomplete endodontic treatments and 
an asymmetrical lesion. B. Photograph at 12× magnification shows the post is out of the buccal canal, thread marks in the gutta-
percha from the screw post, and evidence of a missed palatal canal system. C. Photograph at 12× magnification demonstrates 
complete access and identification of the palatal orifice/system. D. Ten-year recall radiograph shows excellent osseous repair. This 
case demonstrates the importance of 3-D endodontics, and a well-designed and sealed restoration.

A B

FIGURE 23-33 A. Preoperative radiograph reveals a failing treatment in a maxillary premolar with a laterally positioned lesion of 
endodontic origin. Note the “calcified” canal and history of surgery. B. One-year recall radiograph demonstrates evidence of bony 
healing and the importance of nonsurgical retreatment.
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enhancing radiographic diagnostics in identifying hidden, 
calcified, or untreated canals. Certainly, CBCT technol-
ogy represents a major advancement in radiographic 
diagnostics and facilitates identifying aberrant, mineral-
ized, or previously missed canals.18 For more details, see  
Chapter 9, “Imaging devices and techniques.”

• Vision is enhanced with magnification glasses, head-
lamps, and transilluminating devices. The dental 

operating microscope (Carl Zeiss Surgical; Thornwood, 
New York, USA) affords extraordinary light and mag-
nification, and gives the clinician unsurpassed vision, 
control, and confidence in identifying or chasing extra 
canals (Figure 23-34).102 Operating microscopes typi-
cally have a range of magnification from about 2.5× 
to around 20×. Magnification plus lighting equals 
vision. Surgical length burs enhance direct vision by 

A
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FIGURE 23-34 A. Radiograph of a maxillary right first molar with a failing treatment in the palatal root. B. A deep look into the 
apical one-third of the palatal canal reveals debris in the entrance to a lateral canal. C. Working radiograph demonstrates a no. 10 
file moving through this ramification to its terminus. D. Post-treatment radiograph depicting the retreatment effort.
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importantly moving the head of the handpiece further 
away from the occlusal table and improving the line of 
sight along the shaft of the bur.

• Access cavities should be prepared and expanded so their 
smallest dimensions are dictated by the separation of 
the orifices on the pulpal floor and their widest dimen-
sions are at the occlusal table. The isthmus areas and/
or developmental grooves are firmly probed with an 
explorer in an effort to find a “catch” (Figure 23-35). In 
general, the access preparation should be prepared, so 
the operator can look in the mouth-mirror of a furcated 
tooth and visualize all of the orifices without moving 
the mirror. Importantly, axial walls should be flared, 
flattened, and finished to provide straightline access to 
the orifice(s).

• Piezoelectric ultrasonics provides a breakthrough for 
exploring and identifying missed canals (Figure 23-36). 
It should be fully appreciated that ultrasonic instruments 
perform optimally when they are designed, manufac-
tured, and tuned for a specific generator. Synergistically, 
a piezoelectric generator (Newtron P5, Acteon USA; Mt. 

Laurel, New Jersey, USA) in conjunction with ultrasonic 
instruments (ProUltra ENDO Instruments, Dentsply 
Maillefer; Ballaigues, Switzerland) are utilized to trans-
fer energy and perform a variety of clinical procedures.103 
Ultrasonic systems importantly eliminate the bulky head 
of the conventional handpiece that notoriously obstructs 
vision. The working ends of specific ultrasonic instru-
ments are 10 times smaller than the smallest manufac-
tured round burs and their abrasive coatings allow them 
to precisely sand away dentin when exploring for missed 
canals (Figure 23-24).

• Micro-Openers (Dentsply Maillefer; Ballaigues, 
Switzerland) are flexible, stainless steel hand instru-
ments that feature ergonomically designed off-set 
handles. Micro-Openers have limited length cutting 
blades that, in conjunction with their .04 and .06 tapers, 
enhance tensile strength, making it easier to locate, 
penetrate, and perform initial canal enlargement pro-
cedures. These instruments provide unobstructed vision 
when operating in difficult teeth with limited access 
(Figure 23-37).

• Various dyes, like methylene blue, can be irrigated 
into the pulp chambers of teeth to aid in diagnosis. 
The chamber is subsequently rinsed thoroughly with 
water, dried, and visualized. Frequently, the dye will 
be absorbed into orifices, fins, and isthmus areas that 
serves to “roadmap” the anatomy. This technique can 
aid in the identification and treatment of missed canals 
and enhance diagnostics, including the visualization of 
fractures.

• Sodium hypochlorite (NaOCl) can aid in the diagnosis 
of missed or hidden canals. This has been called the 
“champagne test.”8 Following cleaning and shaping pro-
cedures, the access cavity is flooded with NaOCl and 
the solution is observed to see if oxygen bubbles are 
emanating toward the occlusal table. A positive “bub-
ble” reaction signifies that sodium hypochlorite is either 
reacting with residual tissue within a missed canal or 
with residual chelator that is still present within a canal 
being prepared.56

• Transillumination is accomplished by positioning a fiber 
optic wand either above or below the dental dam and 
directing light buccal to lingual. Diagnostics are, at times, 
improved by turning off the overhead or microscope light 
source to achieve a different perspective.

• Explorer Pressure: The endodontic hand-held explorer 
should be strong, thin, and have a durable pointed tip. 
Firm explorer pressure provides a safe way to punch 
through a thin layer of secondary dentin and expose a 
hidden, receded, and more mineralized canal.

• White Line Test: Oftentimes, a shelf of dentin meets the 
pulpal floor and forms a groove. It is important to rec-
ognize that extra canals can be more readily identified 
by progressively sanding away this shelf of dentin with 
abrasively coated or micro-milled ultrasonic instruments. 
During ultrasonic procedures in necrotic teeth, dentinal 

A

B

FIGURE 23-35 A. A view into an access cavity suggests that 
there are apparently four orifices/systems in this mandibular 
first molar. B. Photograph demonstrating a third mesial orifice 
and the importance of exploring the isthmus connecting the 
mesiobuccal and mesiolingual systems.
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dust moves into available anatomical space, such as the 
isthmus, and forms a visible white line. The white line 
test is a visible road map that can be followed and diag-
nostically aid in identifying, as an example, an MB2 
orifice/canal.

• Red Line Test: In vital cases, blood frequently moves into 
an isthmus area. Like a dye, blood absorbs into orifices, 
fins, and isthmuses, and serves to roadmap and aid in the 
identification of the underlying anatomy. This is called the 
red line test.

A B

C D

FIGURE 23-36 A. Radiograph showing a mandibular right second molar with three canals treated endodontically. The obturation 
material is not centered within the distal root. B. A view into the centered distal orifice reveals obturation material positioned sub-
crestally in a fin of this canal. C. Photograph showing improved straightline access to the DL orifice and gutta-percha deep within 
the previously treated DB system. D. Post-treatment radiograph demonstrates the packed DL root canal system.

A B

FIGURE 23-37 A. A distal view of a mandibular molar animation. The Micro-Opener’s offset handle affords unobstructed vision 
and is utilized to initiate treatment in areas where access is difficult and restricted. B. Micro-Opener has carved away the triangle 
of dentin creating straightline access to the second distal system.
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• Restorative Disassembly: Removing a full-coverage dental 
restoration provides direct visualization of the underlying 
tooth preparation. Coronal disassembly improves the pre-
dictability of safely entering the pulp chamber and iden-
tifying any given orifice.

• Perio-Probing is another important idea for locating 
canals. Probing the sulcus can provide important infor-
mation as to the relationship between the long axis of the 
clinical crown and the underlying root.

• Symmetry is an important visual test that can encourage 
looking for another orifice/canal or confirm that all canals 
have been properly identified. The rules of symmetry sug-
gest that if any given root contains only one canal, then 
regardless of its anatomical configuration, the orifice 
should be positioned an equal distance from the external 
cavo surface of the root.104

• Color roadmaps the anatomy. Oftentimes, a dark groove 
on the pulpal floor of a multi-canal tooth can be followed 
and will lead to another canal orifice. Additionally, ori-
fices frequently appear a darker color than the surround-
ing dentin in teeth exhibiting calcification.

Persistent apical periodontitis is often the result of a 
missed MB-2 canal in maxilllary molars. If discovered, 
missed canals can usually be three-dimensionally cleaned, 
shaped, and packed. However, if a missed canal is suspected 
but cannot be readily identified, then an endodontic refer-
ral may be prudent to avoid further complications. Caution 
should be exercised when contemplating surgery due to the 
aforementioned concerns; but at times, surgery may be nec-
essary in the hopes of salvaging the tooth.

GAINING ACCESS TO THE CANAL 
TERMINUS

Removal of Filling Materials
Once the coronal obstacles have been removed, intraca-
nal obstacles, mainly radicular filling materials, should 
be eliminated before attempting to negotiate the unfilled 
portion of the root canal system (Figure 23-38). Apical 
to the previously placed obturation material, it is normal 
to encounter a variety of mishaps, such as blocks, ledges, 
fractured instruments, transportations, and perforations. 
Utilizing illumination and magnification with the oper-
ating microscope, dedicated ultrasonic tips, MTA, and 
bioceramic cements have served to push the limits of ther-
apeutic possibilities, enabling successful retreatment and 
salvaging many cases that would not have been treatable 
in the past.

The obturation materials most frequently found in the 
root canal space generally reflect a past era of knowledge, a 
current school of thought, or a personal philosophy of treat-
ment. Experience reveals there are four commonly encoun-
tered materials found in obturated root canal systems. These 
materials are gutta-percha, carrier-based obturators, silver 
points and paste fillers. In addition, new obturation materials 

have recently been recommended for filling root canal sys-
tems; as an example, resin-based materials can generally be 
removed using the same technique as will be outlined for the 
removal of gutta-percha. Frequently it is necessary to remove 
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C

FIGURE 23-38 A. The maxillary second premolar is scheduled 
to be retreated before placement of a new restoration. Coronal 
and intracanal obstacles must be removed. B. The root canal is 
negotiated. C. Postoperative radiograph demonstrating obturat-
ing material in a lateral canal and apical ramifications.
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an obturation material to achieve endodontic retreatment 
success or to facilitate placing a post for restorative reasons. 
The effective and efficient removal of an obturation mate-
rial requires utilizing the most predictable methods from the 
past, in conjunction with the timely integration of the best 
presently developed techniques.

Gutta-Percha Removal
The relative difficulty in removing gutta-percha varies 
according to the canal’s length, cross-sectional diameter, 
and curvature. Regardless of technique, gutta-percha is best 
removed from a root canal in a progressive manner to avoid 
the risk of definitive canal blockage and prevent inadvert-
ent displacement of irritants periapically. Dividing the root 
into thirds, gutta-percha is initially removed from the canal 
in the coronal one-third, then the middle one-third, and 
finally eliminated from the apical one-third. In canals that 
are relatively large and straight, single cones can, at times, be 
removed with one instrument in one motion (Figure 23-39). 
For other canals, there are a number of possible gutta-percha 
removal schemes. The techniques include rotary files, ultra-
sonic instruments, heat, hand files with heat or chemicals, 
and paper points with chemicals.105 Of these options, the 
best technique(s) for a specific case is selected based on 

preoperative radiographs and clinically assessing the diam-
eter of the orifices after re-entering the pulp chamber. 
Certainly, a combination of methods is generally required, 
and, in concert, provide safe, efficient, and potentially com-
plete elimination of gutta-percha and sealer from the inter-
nal anatomy of the root canal system.

Rotary Instruments
Rotary instrumentation is the most efficient method for 
removing gutta-percha from a previously treated root canal 
(Figure 23-40). The first step is to assess precisely the level 
of the previous obturation. The ProTaper Retreatment Kit 
(Dentsply Maillefer; Ballaigues, Switzerland) is an innova-
tive system comprised of 3 nickel titanium (NiTi) instru-
ments that vary in length (16 mm, 18 mm, and 22 mm 
respectively for D1, D2 and D3), diameter, and taper (30/09, 
25/08, 20/07) (Figure 23-41). Rotary instruments should be 
used with caution in underprepared canals and are gener-
ally not selected for removing gutta-percha in canals that do 
not accept them passively. When attempting gutta-percha 
removal, it is useful to mentally divide the root into thirds 
and then select two or three appropriately-sized rotary 
instruments that will fit passively within these progressively 
smaller regions.

A B

C D

FIGURE 23-39 A. Radiograph showing a poorly sealed lateral incisor with a gutta- percha cone floating in the canal. An extensive 
internal resortion perforates the root in apical and mesial areas. B. In relatively large and straight canals, single gutta-percha cones can 
be removed with one H-file in one motion. C. The root canal was medicated with calcium hydoxyde for three months. D. Postoperative 
radiograph after root canal filling demonstrating excellent repair and formation of a new periodontal ligament in the perforated areas.
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To mechanically soften and engage gutta-percha, rotary 
instruments must turn at speeds ranging from 800 to 1200 
rpm. Ultimately, the rotational speed selected is based on 
the friction required to mechanically soften and effectively 
remove gutta-percha coronally, owing to the fluted design of 
the instrument. Using a well-angulated radiograph to pre-
cisely assess the level of the previous obturation, care should 

be taken to use short pecking motions to engage the gutta- 
percha. The file should be removed and frequently inspected 
to assure filling material can be visualized on the apical flutes. 
Following initial engagement of the gutta-percha, a brushing 
motion on the outstroke helps improve its removal. If resist-
ance to progression is felt, a radiograph should be taken to 
assess if all material has been removed or not. If there is no 

A B
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FIGURE 23-40 A. Radiograph of a failing endodontic treatment in a maxillary right first molar showing that the previously treated 
canals are underfilled and underextended. B. Photograph at 15× magnification demonstrates crown removal, straightline access, 
and the identification of an MB-2 system. C. Photograph at 15× magnification demonstrates removal of gutta-percha from the pala-
tal canal with a .06 tapered NiTi rotary profile. D. Removal of gutta-percha from the mesiobuccal canal with a smaller sized .06 
tapered NiTi rotary profile. E. Pulpal floor and orifices following canal preparation procedures. F. Postoperative radiograph dem-
onstrating the value of nonsurgical retreatment and its potential to address root canal systems and improve quality of treatment.
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radiographic evidence of residual filling material, it is wise 
to continue the procedure with stainless steel hand K-files.

Heat
A power source, in conjunction with specific electric heat 
carrier instruments (Touch’n Heat 5004, SybronEndo; 
Orange, California, USA or Calamus, Dentsply Maillefer; 
Ballaigues, Switzerland), may be used to thermosoften and 
remove “bites” of gutta-percha from root canal systems. The 
cross-sectional diameter of the heat carrier limits its ability 
to plunge into underprepared canals and around pathways of 
curvature; however, in larger canals, this method works quite 
well. The technique is to activate the instrument so that it is 
red-hot and then plunge it into the coronal-most aspect of 
the gutta-percha. The heat carrier is then deactivated and, 
as it cools, will typically freeze a bite of gutta-percha on its 
working end. Instrument withdrawal generally results in the 
removal of an attached bite of gutta-percha. This process is 
repeated as long as it continues to be productive.

File and Chemical
The file and chemical removal option is best utilized to 
remove gutta-percha from small, curved, and densely filled 
canals. A pilot hole is first created in the coronal portion 
of the canal with either a hot heat carrier or by using the 
Protaper Retreatment D1 instrument. Two or three drops of 
chloroform are then introduced into the newly created res-
ervoir inside the root canal. Chloroform is still the reagent 
of choice and plays an important role in chemically soften-
ing gutta-percha.106–109 A sequential technique is advocated 
to remove the filling material. It involves the use of H-type 
files, 21 mm in descending order to gently “pick” into the 
chemically softened gutta-percha. Shorter instruments are 
preferred since they provide more stiffness and have less 
tendency to flex. Without trying to engage the more apical 
material, a lateral motion is used with the H-file to remove 
gutta-percha remnants at this level. This method is repeated 
to progress apically until gutta-percha is no longer evident 
on the cutting flutes of the file when it is withdrawn from 

a solvent-filled canal. Such a progressive removal technique 
helps prevent the needless extrusion of chemically softened 
gutta-percha periapically. Once the “file and chemical” gutta-
percha removal technique has been completed, clinicians 
need to appreciate that they still need to address the residual 
sealer and gutta-percha that remain in the irregularities of 
the root canal system.105 The wicking technique and canal 
re-instrumentation will overcome this problem.

Paper Point and Chemical
Gutta-percha and most sealers are miscible in chloroform and 
solvents and, once in solution, can be absorbed and removed 
with appropriately-sized paper points. Drying solvent-filled 
canals with paper points is known as “wicking” and is always 
the final step of gutta-percha removal.3 The wicking action 
is essential in removing residual gutta-percha and sealer out 
of fins, cul-de-sacs, and aberrations of the root canal systems. 
In this technique, the canal is first flushed with chloroform 
and the solution is then absorbed and removed with appro-
priately-sized paper points. Paper points “wick” by pulling 
dissolved materials laterally into the shaped canal. Chemical 
flushing and wicking procedures more effectively liberate 
residual gutta-percha and sealer from the root canal system 
(Figure 23-42D). This process is repeated as long as it contin-
ues to be visibly productive. Alternatively, the EndoActivator 
is a powerful adjunct to help eliminate residual sealer from 
the canal walls. Solvent is flooded into the pulp chamber 
before using the EndoActivator. A preselected polymer tip is 
activated and serves to vigorously agitate the solvent, create 
turbulence, and enhance the cleaning efficiency. Paper points 
are then used to absorb the dissolved materials.

Even when paper points come out of the canal clean, 
white, and dry, the clinician should assume residual gutta-
percha and sealer are still present. At this point, the chamber 
is again flooded with chloroform, but it is now introduced 
with more of an irrigation and vacuum “flushing action.” The 
irrigating canula is placed below the orifice and the solvent is 
passively and repeatedly irrigated, then aspirated. This alter-
nating method of irrigating-then-aspirating creates a vig-
orous back-and-forth turbulence that powerfully promotes 
the elimination of the root canal filling materials. Following 
chloroform wicking procedures, the canal is liberally flushed 
with 70% isopropyl alcohol and wicked to further encourage 
the elimination of chemically softened gutta-percha residues 
(Figure 23-42D). Removal of all residual material, in this 
manner, will enhance the efficacy of sodium hypochlorite 
when it is utilized during subsequent cleaning and shaping 
procedures.

Carrier-Based Gutta-percha Removal
Carrier-based obturators were originally metal and 
file-like, yet over the past several years, they have been 
manufactured from easier-to-remove plastic materials. 
Recently, a cross-linked gutta-percha core has replaced 
the plastic carrier, making retreatment easier.110 Metal 
carriers, although no longer distributed, are occasionally 
encountered clinically and are more difficult to remove 

FIGURE 23-41 The ProTaper Retreatment Kit (Dentsply 
Maillefer; Ballaigues, Switzerland).
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than silver points because their cutting flutes, at times, 
engage lateral dentin.

Following careful access and complete circumferential 
exposure of the carrier, suitable grasping pliers are selected 
and a purchase is obtained on the carrier. When possible, 
the relative tightness of the carrier within the canal can then 
be tested utilizing pliers. Successful removal in these cases 
is enhanced by recognizing that the carrier is frozen in a sea 
of hardened gutta-percha. With this in mind, the following 
techniques are used to remove carriers:

• Rotary instrumentation can be used to effectively and effi-
ciently auger a plastic carrier out of a canal. This should only 
be attempted if there is sufficient space between the carrier 
and the canal walls. A ProTaper Retreatment D2 instru-
ment is placed at the carrier groove location and rotated 
at 800 rpm with light pressure. The frictional heat melts 
the gutta-percha that allows the instrument to advance api-
cally. Owing to the greater taper, the instrument will bind 
between the plastic carrier and the dentin, allowing the car-
rier to be extricated coronally (Figure 23-42).

A B

C D

E

FIGURE 23-42 A. After removal of the coronal restoration, plastic carriers are clearly seen in the canals of this mandibular molar. 
B. Following pre-treatment and access cavity, a Protaper Retreatment instrument is used to remove the plastic carrier in the ML 
canal. C. Plastic carrier was removed and grasped with Stieglitz pliers. D. The wicking procedure. The pulp chamber is filled with 
solvent and a paper point absorbs the residual sealer. E. Cleanliness of the pulp chamber and canals before obturation.
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• Another method involves the use of a heat carrier to be 
placed alongside the carrier to produce heat and ther-
mosoften the gutta-percha in the coronal aspect. This step 
should be immediately followed by a forceful insertion of 
an H-file into the softened gutta-percha to grasp the car-
rier, and then a pulling action to retrieve it.

• Using solvents to remove plastic carriers is also effective 
and quite predictable. Chloroform will chemically soften 
the gutta-percha and allow H-files to work deeper, progres-
sively undermining and loosening a carrier for removal.111

• The File Removal System (FRS) may be considered, in 
certain cases, to remove a carrier. This method of removal 
is especially appropriate if the core of the carrier is metal 
and has cutting flutes that are engaging lateral dentin.

If any of these efforts are successful, the carrier will be 
extricated from the canal. The canal can then be retreated, as 
if it were a gutta-percha case, using any of the gutta-percha 
removal strategies followed by chemical flushing and paper 
point wicking procedures.

Paste Removal
A great variety of paste types exists with the difference being 
chemical formulation. Originally, paste use was intended for 
those patients who could not afford conventional endodon-
tics and this modality of treatment was considered a benevo-
lent alternative to extraction. Regretfully, countless cases were 
unsuccessful and too often the “magic” paste was used with 
hopes of overcoming deficiencies in the removal of tissue and 
related irritants during canal preparation (Figure 23-43).

When evaluating a paste case for retreatment, it is useful 
to clinically understand that pastes can generally be divided 
into soft, penetrable, and removable versus hard, impen-
etrable, and at times, unremovable.112,113 Typically, the paste 
used in the United States remains soft within the canal and 
is readily removed. Notoriously, the whitish-colored paste 
oftentimes used in Russia and the reddish-brown resin paste 
commonly utilized in Eastern Europe and the Pacific Rim 
pose formidable challenges in removal because they set-up 
brick-hard. However, it is important to understand that, due 
to the method of placement, the densest portion of the paste 
in the canal is coronally and the material is progressively less 
dense moving apically (Figure 23-44). In addition, retreat-
ment of paste-filled cases is often wrought with surprises, as 
clinicians frequently encounter calcifications, resorptions, and 
flare-ups, which should be anticipated and communicated.

Solvents and Hand Files
Reagents like Endosolv “E” or DMS IV (Dentsply Maillefer; 
Ballaigues, Switzerland) and Endosolv “R” (Endoco; 
Memphis, TN, USA) can be helpful in chemically softening 
soluble and hard pastes.113 The “R” designates the solution of 
choice for the removal of resin-based pastes and the “E” and 
DMS IV are the solution for the elimination of eugenate-
based pastes (Figure 23-45). For soluble pastes, the floor of the 
access cavity is first cleared of paste residues with an ultrasonic 
tip and then flooded with the solvent. A DG16 explorer firmly 

probes the canal orifice and brings the solvent in contact with 
the paste. If a good catch is felt, the efficiency of the solvent 
is confirmed. The technique to be implemented is similar to 
that described for gutta-percha removal (see File and Chemical 
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FIGURE 23-43 A. Preoperative radiograph of a failing endo-
dontic treatment with a paste canal filling in a mandibular left 
second molar. Note the extra DL root. B. Five-year recall radio-
graph showing the treatment of multiple apical portals of exit 
and excellent osseous healing.

FIGURE 23-44 An illustration demonstrating that the decrease 
in density of paste-fillers is usually directly proportional to the 
length of the filling.
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Removal). Depending on the canal volume, 21 mm H-files 
are used in descending order to progressively eliminate the 
 material. Regular renewal of the solvent is needed.

For hard pastes like epoxy resins, bakelites, glass ionomers, 
and zinc phosphate, no efficient solvents are available.112,113 
Alternatively, reagents can be placed interappointment 
against a paste-type material via paper points or cotton pel-
lets to promote shrinkage and potentially facilitate subse-
quent removal.113 The best method to remove them is with 
ultrasonics.
Ultrasonic Energy
Ultrasonic instruments, in conjunction with the microscope, 
afford excellent control in removing paste from the straight-
away portions of a canal.114,115 Specifically, the ProUltra 
ENDO-3, 4, and 5 zirconium nitride-coated ultrasonic instru-
ments may be used below the orifice to remove brick-hard 
resin-type paste (Figure 23-46). To remove paste apical to a 
curvature, small-sized hand files must be used first to negoti-
ate this region of the canal. Once a pilot hole has been created, 
then an appropriately-sized precurved file may be attached to 
a specially designed adapter (File Adapter 11, SybronEndo; 
Orange, California, USA) that mounts onto and is activated 
by the ultrasonic handpiece.

Heat
Certain resin pastes soften with heat. Heat carriers can be 
selected if this modality of removal is chosen.

Rotary Instruments
Stainless steel .02 tapered hand files may be used to negoti-
ate through paste fillers. These files can potentially create a 
pilot hole for safe-ended NiTi rotary instruments to follow 
and effectively auger the toxic material coronally. The proce-
dure is as follows.

1. On a well-angulated pre-op radiograph, precisely asses 
the endpoint of the previous obturation.

2. Use solvent and hand files, or rotate the Protaper 
Retreatment D1 file to create a pilot hole.

3. Use the D2 and D3 files with a short pecking motion 
at 500 rpm and check for the presence of material 
along the active portion of each file’s more apical 
extent.

4. If resistance is met, go to stainless steel hand K files.

Dangerous, but at times helpful, is the use of end-cutting 
NiTi rotary instruments (Quantec NiTi Rotary Instruments, 
SybronEndo; Orange, California, USA) to penetrate paste.

Micro-Debriders
After removing the paste filler and shaping the canal, it 
is axiomatic that residual paste will still be noted within 
the irregularities of the root canal preparation. Micro-
Debriders (Dentsply Maillefer; Ballaigues, Switzerland) 
are specially designed instruments to precisely remove 
residual paste materials from a root canal system. These 
stainless steel instruments enhance vision due to their 
ergonomically designed offset handles, have D0 diam-
eters of 0.20 and 0.30, and are available in .02 tapers 
with 16 mm of efficient Hedstrom-type cutting blades 
(Figure 23-47).

FIGURE 23-45 Endosolv “E” is a solvent for eugenate-based 
pastes whereas Endosolv “R” is the solvent for resin-based 
pastes.

A

B

FIGURE 23-46 A. The maxillary premolar and molars teeth 
have been filled with a resin-type paste and must be retreated.  
B. Ultrasonic tips have been used in the straight portion of the 
canals to remove the brick-hard resin type paste. Deviation 
occured in the buccal canal of the premolar. At this stage, the 
procedure was stopped and the canal filled.
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Solvents and Paper Points
Following paste removal, chemical flushing with solvents, in 
conjunction with paper point wicking, is important to fur-
ther remove and liberate material from the irregularities of 
the root canal system.

Silver Point Removal
The relative ease of removing failing silver points is based 
on the fact that chronic leakage, breakdown, and bacte-
rial infection greatly reduce the seal, and hence, the lateral 
retention. Before a given silver point retrieval technique is 
selected, it is useful to recall the canal preparation prescribed 
for this method of obturation. Typically, the apical 2 to 3 mm 
of the canal was prepared relatively parallel and then flared 
coronal to this apical zone. When clinicians evaluate silver 
point failures, they should recognize that the silver point is 
parallel over length, hope for a coronally shaped canal, and 
take advantage of this space discrepancy when approaching 
retreatment.116 Many techniques have been developed for 
removing silver points, primarily due to their varying lengths, 
diameters, and positions they occupy within the root canal 
space.3,117–119 Certain removal techniques evolved to address 
silver points that bind in unshaped canals over distance. 
Other techniques arose to remove silver points with large 
cross-sectional diameters, approaching the size of smaller 
posts. Finally, other techniques are necessary to remove the 
split cone or intentionally sectioned silver points lying deep 
within the root canal space.

Access
Typically, the coronal heads of silver points are within pulp 
chambers and generally entombed in cements, composites, 
or amalgam cores. Access preparations must be thought-
fully planned and carefully performed so as to minimize 
the risk of inadvertently foreshortening the silver points 
(Figure 23-48). Initial access is accomplished with high-
speed, surgical-length cutting tools. Subsequently, ultrasonic 

instruments may be carefully utilized within the pulp cham-
ber to brush-cut away restorative materials and progressively 
expose the silver point.

Pliers Removal
After completing access and fully exposing the part of the 
silver point confined to the pulp chamber, a suitable grasping 
instrument (Stieglitz Forceps, Hu-Friedy; Chicago, Illinois, 
USA) is selected. To identify the best removal strategy, 
obtain a strong purchase on the silver point and gently pull 
to confirm its relative tightness. Oftentimes, dentists make 
the mistake of over-manipulating the head of the silver 
point, which needlessly foreshortens it, making subsequent 
retrieval efforts difficult, if not impossible. When grasping 
a silver point, rather than trying to pull it straight out of 
the canal, the pliers are rotated and levered, using fulcrum 
mechanics, against the restoration or tooth structure to 
enhance removal (Figure 23-49).3

Indirect Ultrasonics
When a segment of a silver point is encountered below 
the orifice and space is restricted, the appropriate 

FIGURE 23-47 Micro-Debriders have offset handles to 
enhance vision, 16 mm of efficient Hedstrom-type cutting 
blades, and are used to remove residual obturation materials 
from the irregularities of canal systems.

A

B

FIGURE 23-48 A. Illustration of a mandibular molar remind-
ing the clinician how silver points are commonly entombed 
within various restorative materials. B. When caution is not 
exercised upon re-entering the pulp chamber, silver points may 
be inadvertently foreshortened.

CH23.indd   760 20/02/19   1:35 AM



Chapter 23 Endodontic Orthograde Retreatment and  Management of Mishaps 761

A B
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F

FIGURE 23-49 A. Preoperative radiograph depicting a failing endodontic treatment in the maxillary central incisor serving as a 
bridge abutment. A gutta-percha point tracing a fistulous tract to a large lateral lesion, and a canal underfilled and slightly overex-
tended. B. Magnification at 15× reveals lingual access and restorative build-up around the coronal-most aspect of the exposed silver 
point. C. Magnification at 15× demonstrates the ProUltra ENDO-3 ultrasonic instrument removing material laterally to the silver 
point. D. The left image shows the Stieglitz pliers utilized for grasping intracanal obstructions. The right image shows the “modi-
fied” Stieglitz pliers whose working end has been machined down to enhance access. E. A working radiograph, taken during the 
downpack, reveals apical and lateral corkage. Note the thermosoftened and compacted gutta-percha is apical to the most coronally 
positioned lateral canal. F. Five-year follow-up radiograph showing the three-dimensional endodontic treatment promoted healing.
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ultrasonic instruments should be selected (ProUltra 
ENDO-3, 4, and 5, Dentsply Maillefer; Ballaigues, 
Switzerland). These ultrasonic instruments have par-
allel walls and provide progressively longer lengths 
and smaller diameters. The appropriate instrument is 
selected based on its anticipated depth of use and the 
available canal diameter. The ultrasonic instruments are 
used to trephine circumferentially around the obstruc-
tion, break up cement, and safely expose as much of the 
silver point as possible. Caution should be exercised so 
that ultrasonic instruments are not used directly on silver 
points because elemental silver is soft and rapidly erodes 
during mechanical manipulation. Once the surround-
ing material is removed, ultrasonic energy may then be 
transmitted directly onto grasping pliers to synergisti-
cally enhance the retrieval efforts. This form of indirect 
ultrasonics advantageously transfers energy along the 
silver point, breaks up material deep within the canal, 
and enhances removal efforts.

Files, Solvents, and Chelators
If grasping techniques and/or indirect ultrasonics are 
unsuccessful, then the clinician should immediately abort 
this approach and appreciate that silver points are per-
fectly round and root canal systems are typically irregular 
in their cross-sectional shapes. This discrepancy between 
the round silver wire and an irregularly shaped canal pro-
vides the clinician with an opportunity to use solvents 
and a size 10 or 15 stainless steel file. In a solvent-filled 
chamber, files are used lateral to the silver point to break 
up cements, and to undermine and loosen the silver point 
for removal. In underprepared canals, chelators are at 
times better than solvents, as they allow the instrument 
to “slip and slide” and work laterally to the silver point. 
At this stage, a size 15 K file is inserted into an ultrasonic 
handpiece and placed alongside the silver cone. Once 
accomplished, this file is activated and used in a short 
amplitude, in-and-out movement with copious water irri-
gation to float out the cone (Figure 23-50).56 If sufficient 
space exists or can be created between the silver point 
and the canal wall, a size 20, 25, or 30 hedstrom file can 
be inserted into this space. The “Hedstrom displacement 
technique” powerfully promotes the removal process, as 
the instrument’s positive rake angle bites, engages, and 
establishes a strong purchase on any metallurgically soft 
silver point (Figure 23-51).

Microtube Removal Options
There are several microtube removal methods, both old and 
new, that are designed to mechanically engage an intracanal 
obstruction, like a silver point. However, it must be under-
stood and fully appreciated that many, if not most, of these 
microtube removal methods frequently require the excess-
ive removal of dentin and oftentimes prove ineffective. For 
clinicians, the critical distinction when considering micro-
tube removal methods is not the inside diameter of a device, 
but importantly, its outside diameter, that dictates how 

deep it can be safely introduced into a canal. The follow-
ing represents the various microtube removal methods and 
techniques:

• Lasso and Anchor: In this removal method, an appropri-
ately-sized microtube is selected, a wire passed through 
the tube, then looped at one end and passed back through 
the tube. This loop can potentially lasso a coronally 
exposed obstruction and, when successful, form a pur-
chase by pushing the tube apically, while simultaneously 
pulling the wire ends coronally.119 Although reported in 
the literature, this removal method has been essentially 
replaced with more practical techniques.

• Tube and Glue: The Cancellier Extractor Kit (SybronEndo; 
Orange, California, USA) contains four different sized 
microtubes with outside diameters of approximately 0.50, 

A

B

C

FIGURE 23-50 A. Preoperative radiograph depicting failing 
endodontic treatments in mandibular premolars obturated 
with silver cones. B. Ultrasonic files or Stainless K files can be 
mounted on the ENAC handpiece. C. One-year recall radio-
graph shows complete healing. Desappointingly, the teeth had 
not been restored.
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0.60, 0.70, and 0.80 mm. An abrasively-coated ultrasonic 
instrument is typically used to trephine around and ideally 
expose the coronal 3 mm of an obstruction. A microtube 
is prefit to ensure its internal diameter can just fit over the 
coronally exposed obstruction. The prefit microtube may 
now be bonded onto the obstruction with a self-curing 
composite core build-up, such as Core Paste3,8 (DenMat; 
Lompoc, California, USA). The Cancellier microtubes are 
safely scaled for progressively deeper placement into canals 
of posterior roots. This removal method is quite effective for 
retrieving a silver point, a non-fluted broken instrument, or 
when there is difficulty retrieving a separated file that is 

already loose. Caution should be exercised to not use too 
much composite, which could inadvertently block a canal.

• Tap and Thread: The Post Removal System (PRS) kit 
(SybronEndo; Orange, California, USA) contains five 
microtubular taps. The smallest PRS tap can be used to 
internally form threads and mechanically engage the 
most coronal aspect of any obstruction whose diameter 
is 0.60 mm or greater.3 These microtubular taps contain a 
reverse thread and engage an obstruction by turning in a 
CCW motion. Because intracanal space is often restric-
tive, this system is generally used to engage obstructions 
that extend into the pulp chamber (Figure 23-29).

A B

C D

FIGURE 23-51 A. Preoperative radiograph of failing endodontic treatment in left central incisor. Note the sectioned silver point 
and asymmetrical lesion apically. B. Photograph showing the deeply positioned and exposed silver point. C. Working length radio-
graph showing a 35 Hedstrom file bypassing the silver point to length. D. A Postoperative radiograph showing obturation control, 
apical corkage and filling material in many lateral canals. (Courtesy of Dr. Michael J. Scianamblo, San Rafael, California, U.S.A.)
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• Masserann: The Masserann kit (Micromega; Besançon, 
France) represents a time-honored method to purchase 
and remove a broken instrument.120 Although this device 
has been around for over 40 years, it is superbly made and 
can form a strong purchase. However, its smallest tubular 
extractors have outside diameters of about 1.20 mm and 
1.50 mm, which limit their safe use to generally larger 
canals in anterior teeth.

• Spinal Tap Needle: A spinal tap needle (Ranfac; Avon, 
Massachusetts, USA), in conjunction with its metal insert 
plunger or a Hedstrom file, is another technique advo-
cated to remove broken instruments.3 With limitations, 
this method of removal involves sizing the correct micro-
tube so it can be placed over an ultrasonically exposed 
obstruction. Microtube sizes that are clinically relevant 
are 19, 21, and 23 gauge needles, corresponding to outside 
tube diameters of approximately 1.00, 0.80, and 0.60 mm, 
respectively. Because of their unique ability to engage, 
smaller sized hedstroem files may be selected and inserted 
into the coronal-most aspect of the microtube.3,77 The 
hedstroem is passed down the length of the tube until 
it wedges tightly between the obstruction and the inter-
nal lumen of the microtube (Figure 23-52). However, 
because ISO files taper 0.32 mm over 16 mm of cutting 
blades, the taper of the file oftentimes restricts its place-
ment through a smaller sized parallel microtube. In this 
instance, the spinal tap needle’s metal insert plunger must 
be used to potentially form a purchase on the obstruction. 
This method is quite effective when removing obstruc-
tions from larger canals.

• Endo Extractor / Meisinger Meitrac: The Endo Extractor 
System (Roydent; Rochester Hills, Michigan, USA) and 
the recently released Meisinger Meitrac Instrument System 
(Hager & Meisinger GmbH; Neuss, Germany) are able 
to gain a strong mechanical purchase on a silver point or a 
broken instrument. The Endo Extractor System is a “Jacob 
Chuck-like” device featuring three short-sized instruments. 
After selecting an appropriately-sized extractor, the ring 
is rotated CCW to open the jaws. The extractor is care-
fully placed over the head of the silver point and the ring 
is rotated CW, enabling the jaws to circumferentially grasp 
it (Figure 23-53) The indirect ultrasonic method may then 
be used against the handle to encourage the removal proce-
dure.56 The Meitrac Instrument System has been reported 
in a trade journal to be able to remove broken files from oth-
erwise inaccessible locations. However, the smallest Meitrac 
I trephine and extractor have outside diameters of approxi-
mately 1.50 mm. This diameter limits the practical use of 
this instrument to the coronal aspects of larger canals.

• File Removal System: The File Removal System (FRS) 
(Dentsply Maillefer; Ballaigues, Switzerland) provides 
another mechanical method for the removal of intracanal 
obstructions such as silver points, carrier-based obtura-
tors, or broken file segments (Figure 23-54). The FRS is 
indicated when ultrasonic efforts prove to be unsuccessful 
and may be used to remove broken instruments lodged in 

the straightaway portions of the root or partially around 
the canal curvature.3,77 The method of use of this device 
will be discussed in the next section.

A

B

FIGURE 23-52 A. Photograph showing a full length spinal 
tap needle (STN). The STN is shortened and placed over a 
coronally-exposed object. Hedstrom files are passed through 
the proximal end of the STN to engage an obstruction. B. The 
assembled STN. A 45 Hedstrom file is engaging a separated 
file segment.

FIGURE 23-53 The Roydent Endo Extractor system.
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BROKEN INSTRUMENT REMOVAL
Every clinician who has performed endodontics has experi-
enced a variety of emotions ranging from the thrill-of-the-
fill to an upset like the procedural accident of breaking an 
instrument. During root canal preparation procedures, the 
potential for instrument breakage is always present. When 
instrument breakage occurs, it immediately provokes frustra-
tion, despair, and anxiety.121 In fact, the broken instrument 
dilemma has caused such emotional distress that this event is 
frequently referred to as a “separated” or “disarticulated” file.

Many clinicians associate a “broken instrument” with a 
separated file, but the term could also apply to a sectioned 
silver point, a segment of a lentulo, a gates glidden drill, a por-
tion of a carrier-based obturator, or any other device obstruct-
ing the canal.122,123 With the advent of rotary NiTi files, there 
has been an unfortunate increase in the occurrence of broken 
instruments and the factors contributing to breakage have 
been identified.124,125 The prognosis of leaving versus remov-
ing broken instruments from the canal have been discussed in 
the literature.83,126,127 Over the years a variety of approaches 
for managing broken instruments have been presented.128–130

Today, separated instruments can usually be removed 
due to technological advancements in vision, ultrasonic 
instrumentation, and microtube delivery methods.77,131 
Specifically, the increasing integration of the dental oper-
ating microscope into clinical practice is allowing clini-
cians to visualize the coronal-most aspect of most broken 
instruments.132 The microscope fulfills the age-old adage, 
“If you can see it, you can probably do it.” In combination, 
the microscope and ultrasonic instrumentation have driven 
microsonic techniques, that have dramatically improved the 
potential and safety of removing broken instruments.3,133,134

Factors Influencing Broken Instrument 
Removal
The factors influencing broken instrument removal should be 
identified and fully appreciated.135,136 The ability to nonsurgi-
cally access and remove a broken instrument will be influenced 

by the diameter, length, and position of the obstruction within 
a canal. Additionally, the potential to safely remove a broken 
instrument is guided by anatomy, including the diameter, 
length, and curvature of the canal. Importantly, the potential 
for safely removing a broken instrument is limited by root mor-
phology, including the circumferential dimensions and thick-
ness of dentin and the depth of an external concavity.137,138 
In general, if one-third of the overall length of an obstruction 
can be exposed, it can usually be removed. Instruments that 
lie in the straightaway portions of the canal can typically be 
removed. Separated instruments that lie partially around canal 
curvatures, although more difficult, can oftentimes be removed 
if straightline access can be established to their most coronal 
extents (Figure 23-55).3,134 If the broken instrument segment 
is apical to the curvature of the canal and safe access cannot be 
accomplished, then removal is usually not possible and, in the 
presence of signs or symptoms, surgery or an extraction will, 
at times, be required. On occasion, an attempt to bypass the 
instrument can be successful (Figure 23-56).

The type of material comprising an obstruction is 
another important factor to be considered. As an exam-
ple, stainless steel files tend to be easier to remove, as in 
general, they do not further fracture during the removal 
process. NiTi broken instruments may break again, albeit 
deeper within the canal, during ultrasonic efforts, presum-
ably due to heat buildup.8 Perhaps the most important 
factors central to successful instrument removal are knowl-
edge, training, and competency in selecting the best pres-
ently developed and proven technologies and techniques. 
Importantly, no one removal method will always produce 
the desired result. As such, successful removal oftentimes 
requires patience, perseverance, and creativity. However, 
no removal method should be attempted until access has 
been made to the head of an intracanal obstruction.

Coronal and Radicular Access
Prior to commencing with efforts to remove a broken instru-
ment, the clinician should thoughtfully observe different 
horizontally-angulated pre-operative radiographs. Coronal 

A B

FIGURE 23-54 A. The File Removal System (FRS) is a set of devices utilized for removing broken instruments or other intracanal 
obstructions. B. Each iRS instrument is comprised of a microtube and an internal screw wedge designed to mechanically engage 
and remove intracanal obstructions.
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access is the first step in the removal of broken instruments. 
Highspeed, friction grip, surgical length burs are selected to 
create straightline access to all canal orifices. Special attention 
should be directed towards flaring the axial wall that approxi-
mates the canal holding the broken instrument in efforts to 
subsequently improve microsonic techniques below the orifice.

Radicular access is the second step required in the suc-
cessful removal of a broken instrument. However, before 
commencing with radicular access, it is useful to review a 
few concepts that can potentially guide our clinical actions. 
With exceptions, the vast majority of teeth range from 19 to 
25 mm in overall length. Most clinical crowns are about 10 
mm and most roots range from 9 to 15 mm in length. If the 
root is divided into coronal, middle and apical one-thirds, 
then each third is between 3 and 5 mm in length. The ques-
tion frequently asked is, how big can a canal be optimally 
flared without creating an iatrogenic problem? The answer is 
to review the dimensions of a typical preparation in a longer, 
narrower, and more curved root form. In this situation, if a 20 
file is snug at length and each successively larger instrument 
uniformly moves away from the foramen in 1/2 mm incre-
ments, then the apical one-third of the canal would taper 
10%. In this specific example, the diameter of the canal 4 mm 
coronal to the foramen would be equivalent to at least a 60 

file or 0.60 mm. This analogy is useful and can serve to safely 
guide how big to prepare the apical one-third and the coronal 
two-thirds of a canal when there is a broken instrument.139

Clinical experience suggests the majority of broken files 
separate towards their terminal extents at between D3, D4, or 
D5. Files most frequently break in the apical 3 to 5 mm because 
this is the region where a canal usually has its smallest diameter 
and exhibits its greatest degree of curvature or propensity to 
divide. Even if a file breaks at the working length, the position 
of the head of the instrument typically lies at about the junction 
of the middle and apical one-thirds. Fortuitously, straightline 
radicular access can generally be created through the coronal 
two-thirds of a canal to the head of a broken instrument.3,140

A number of different techniques may be employed to flare 
the canal coronal to an intracanal obstruction. However, experi-
ence suggests a predictable way to create safe radicular access is 
to initially use hand files, small to large, coronal to the obstruc-
tion. Hand files create sufficient space to safely accommodate 
NiTi rotary files, or preferably Gates Glidden (GG) drills 
(Dentsply Maillefer; Ballaigues, Switzerland). GG sizes 1 to 4 
are most typically employed in furcated teeth and have maxi-
mum diameters of 0.50, 0.70, 0.90, and 1.10 mm, respectively. 
GGs are used to create radicular access and a uniform tapering 
funnel to the obstruction. GGs are more safely rotated at speeds 
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FIGURE 23-55 A. A failing endodontic treatment in a mandibular first molar. Note, a short screw post, a separated instrument and 
amalgam debris from the hemisection procedures. B. Photograph showing the splint removed, the post taken out, and an ultrasonic 
instrument trephining around the broken separated file. C. Postreatment radiograph reveals successful retreatment. Note the third 
mesial system between the MB and ML canals. D. Eight-year recall radiograph showing three-dimensional retreatment, a new 
bridge and excellent periradicular healing.

CH23.indd   766 20/02/19   1:35 AM



Chapter 23 Endodontic Orthograde Retreatment and  Management of Mishaps 767

of about 750 rpm and, importantly, are used with a brush-
ing motion to create a tapered shape and maximize visibility.3 
Increasingly larger GGs are uniformly stepped out of the canal 
to create a smooth flowing funnel, that is largest at the orifice 
and narrowest at the obstruction. GG drills should be limited 
to the straightaway portions of the canal. Generally, a GG-1 or 
GG-2 can be carried to the depth of the head of a separated 
instrument. The GGs are used cautiously in approximation to 
the obstruction, with attention to brush-cutting out of the canal 
and away from furcal danger. Deliberately relocating the coronal 
one-third of a canal away from the furcation maximizes remain-
ing dentin, produces a more centered preparation, and improves 
straightline radicular access.3,140,141 The GG-3 is carried short 
of the level where the GG-2 was used and, in furcated teeth, the 
GG-4 is confined to a depth of no more than one bud length 
below the orifice. Importantly, radicular access should be per-
formed so that the canal is pre-enlarged and ideally shaped no 
bigger than it would otherwise be prepared if there was no bro-
ken instrument obstructing the canal.

Creating a Staging Platform
When the canal has been optimally shaped, then micro-
sonic techniques are usually the first option selected to 
remove a broken file segment. At times, when an ultra-
sonic instrument is introduced into a pre-enlarged canal, 
its activated tip does not have enough space, lateral to the 
broken file segment, to initiate trephining procedures. As 

such, if more lateral space is required, then the bud of 
a GG can be modified and used to create a circumfer-
ential staging platform.3,8 The staging platform is made 
by selecting a GG drill with a maximum cross-sectional 
diameter slightly larger than the visualized instrument. 
The bud of the GG drill is altered by cutting it perpen-
dicular to its long axis, at its maximum cross-sectional 
diameter (Figure 23-57). This modified GG is carried 
into the pre-enlarged canal, rotated at a reduced speed 
of approximately 300 rpm, and directed apically until it 
lightly contacts the coronal-most aspect of the obstruc-
tion. This clinical step creates a small staging platform 
which facilitates the introduction of an ultrasonic instru-
ment. If properly performed, straightline coronal and 
radicular access, in conjunction with magnification and 
lighting, should enable the clinician to fully visualize the 
coronal-most aspect of a broken instrument. To facilitate 
excellent vision to the intraradicular obstruction, the canal 
should be vigorously flushed and thoroughly dried prior 
to beginning ultrasonic procedures.

Techniques for Removing Broken Instruments
A number of devices, technologies, and techniques have been 
reported to remove an intracanal obstruction, such as a bro-
ken instrument.134,136 However, many of the removal tech-
niques previously described in the literature did not have the 
benefit of the operating microscope. Today, virtually all broken 
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FIGURE 23-56 A. Preoperative radiograph of the first molar showing a separated instrument located beyond the curvature of 
the mesial root. B. After radicular access to the head of the fragment, the instrument could be bypassed with small hand files. 
C. During cleaning and shaping, the fragment was floated out with irrigation. Cone fit radiograph showing instrument removed. 
D. Postoperative radiogaph showing canal obturation.
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instruments can be eliminated if straightline access can be safely 
made to the coronal-most extent of a broken instrument.3,134,140 
The most important, predictable, and safe removal schemes uti-
lize the microscope in conjunction with optimally designed 
ultrasonic instruments and/or a microtube method.3,140

Ultrasonic Techniques
Prior to performing any radicular removal techniques, it is 
wise to place cotton pellets over other exposed orifices, if pre-
sent, to prevent the nuisance re-entry of the fragment into 
another canal. The first option to remove a broken instrument 
is to utilize piezoelectric ultrasonic technology and specific 
ultrasonic instruments (Figure 23-24). An ultrasonic genera-
tor should provide a broad range of power, precise adjustment 
within the lower settings, and electrical feedback to regulate 
amplitude and safe tip movement. Ideally, ultrasonic instru-
ments should have a contra-angled design to provide access 
into all regions of the mouth, parallel-sided walls to create a 
line of sight between the instrument and the tapered canal, 
and non-aggressive coatings, such as zirconium nitride, to pre-
cisely sand away dentin during trephining procedures. Further, 
an appropriately-sized ultrasonic instrument is selected, such 
that its length will reach the broken obstruction and its diam-
eter will passively fit and afford a favorable line-of-sight into 
the previously shaped canal.

The tip of this ultrasonic instrument is placed in intimate 
contact against the obstruction and typically activated within 
the lower power settings (Figure 23-58A). The clinician should 
always work at the lowest power setting that will efficiently and 
safely accomplish the clinical task. ALL ultrasonic work below 
the orifice is conducted DRY so the clinician has constant 
visualization of the energized tip against the broken instru-
ment. To maintain vision, the dental assistant utilizes the 
Stropko three-way adapter with an appropriate luer-lock tip 
to collimate and direct a continuous stream of air and blow 
out dentinal dust. Microsonic techniques, as advocated for 
removing broken instruments, do not generally generate suf-
ficient heat to become harmful to the attachment apparatus.

The selected ultrasonic instrument is moved lightly, in 
a CCW direction, around the obstruction, except when 
removing a file that has a left-handed thread, in which case 
the direction would be CW. This ultrasonic action trephines, 
precisely sands away dentin, and exposes the coronal few 

FIGURE 23-57 Photograph showing selected GG drills and 
their subsequent modification.
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FIGURE 23-58 A. Illustration demonstrating the importance 
of coronal and radicular access, the staging platform and the 
ultrasonic instrument just laterally to the separated broken 
file. B. The ultrasonic instrument maintains contact with the 
separated file, precisely sands away dentin, and progressively 
exposes the coronal aspect of the file. C. A longer length and 
smaller diameter titanium instrument is selected to conserve 
dentin and successfully displace the separated instrument.
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millimeters of the obstruction (Figure 23-58B). Typically, 
during ultrasonic use, the obstruction begins to loosen, 
unwind, and then spin. Gently wedging the energized tip 
between the tapered file and canal wall oftentimes causes 
the broken instrument to abruptly jump out of the canal. 
In the instance where a broken file lies deep and ultrasonic 
procedures are restricted by root bulk and form, then select 
a longer length and smaller diameter, abrasively-coated 
ultrasonic instrument to promote safe retrieval efforts. In 
longer roots, or when space is even more restrictive, then 
an appropriately-sized titanium instrument may be chosen. 

Titanium instruments provide a smooth cutting action, 
that promotes safety when trephining deeper within a canal 
(Figure 23-58C). At times, weighing risk versus benefit, 
ultrasonic trephining procedures may have to be aborted. 
In these instances, the sharp cutting edges of a hypoder-
mic needle may be safely used manually to further expose 
the head of a broken file.142 Exposing 2 to 3 mm of the 
coronal-most aspect of an obstruction, or about one-third of 
its overall length, will generally produce the desired result. 
The clinical steps for broken instrument removal utilizing 
microsonics are shown in Figure 23-59.

A

B

C D

FIGURE 23-59 A. An off-angled radiograph of a maxillary first molar reveals a separated instrument, a possible MB-2 system and 
resected roots from a previous surgical procedure. B. Photograph showing access, an MB-2 orifice, the separated instrument, and 
the circumferential staging platform to facilitate ultrasonics. C. Documentation reveals an ultrasonic instrument has loosened and 
coronally displaced the separated instrument. D. A recall radiograph showing evidence of initial healing. Barriers were utilized in 
the DB and P canals to facilitate control and encourage three-dimensional filling.
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On occasion, the clinician may create excellent coro-
nal and radicular access, identify and expose the separated 
instrument, perform ultrasonic trephining procedures, and 
still be unable to loosen and jettison the instrument out of 
the canal. Further, it may be unsafe to continue trephining 
around a broken instrument due to lack of vision or ana-
tomical restrictions. In this instance, small hand files may 
be used with an aqueous or viscous chelator, to partially or 
completely bypass, and hopefully remove a broken instru-
ment through irrigation. Even when this tedious removal 
method is unsuccessful, oftentimes a little space can be 
created along a portion of the overall length of a broken 
instrument. To maximize efficiency and success, the handle 
from a stainless steel hand file can be intentionally removed 
and the shaft of the instrument inserted into a device called 
the File Adapter (Figure 23-60). The File Adapter threads 
onto the ultrasonic handpiece and its chuck will retain a 
0.02 tapered hand file. Small stainless steel hand files can 
be precurved, if indicated, inserted into available space, and 
used at low power in an ultrasonic effort to remove a bro-
ken instrument. This technique is, at times, useful when the 
root is thin or a portion of the file lies apical to a canal 
curvature.143

Another clinical challenge is encountered when trying to 
remove a broken NiTi file that lies partially around a canal 
curvature. In these situations, it is axiomatic the head of a 
broken NiTi file will always lie against the outer wall even 
after optimal ultrasonic trephining procedures. Even when 
loose, the angle formed between the coronally flared canal 
and the head of the broken instrument oftentimes precludes 
its removal. This situation is best managed using a microtube 
removal method (Figure 23-61).3,77,140

The FRS Option
As previously mentioned in “Silver Point removal,” there 
are several microtube removal methods that are designed 
to mechanically engage an intracanal obstruction. The File 
Removal System (FRS) has provided a breakthrough in 

the retrieval of broken instruments lodged deep within the 
root canal space.3,77 The FRS is composed of variously-sized 
microtubes and insert wedges that are scaled to fit and work 
deep within the root canal space (Figure 23-62). The FRS 
is indicated when ultrasonic efforts prove to be unsuccess-
ful and may be used to remove broken instruments that 
are lodged in the straightaway portions of the root or par-
tially around the canal curvature. The black instrument has 
an outside diameter of 1.0 mm and is designed to work in 
the coronal one-third of larger canals, whereas the red and 
yellow instruments have outside diameters of 0.80 and 0.60 
mm, respectively, and can be placed deeper into more narrow 
canals. Each complete instrument is comprised of a color-
coordinated microtube and screw wedge (Figure 23-62B). 
Each microtube has a small-sized plastic handle to enhance 
vision during placement, a side window to improve mechan-
ics, and a 45° beveled end to “scoop up” the coronal end of a 
broken instrument. Each screw wedge has a knurled metal 
handle, a left-handed screw mechanism proximally, and 
a solid cylinder that transitions into 0.02 tapered K-type 
file blades towards its distal end to facilitate engaging an 
obstruction.

As has been emphasized for any removal technique, 
straightline coronal and radicular access is required to 
expose and subsequently visualize the coronal-most end of 
the broken instrument. As previously described, the clini-
cian utilizes ultrasonic instrumentation to circumferentially 
expose 2 to 3 mm of the separated file. However, ultrasonic 
instruments can only circumferentially trephine, sand away 
dentin, and expose the portion of the obstruction that lies 
in the straightaway portion of the canal. Therefore, the 
goal is to expose 2 to 3 mm, or about one-third of the total 
length, of a separated instrument (Figure 23-63A).

An FRS microtube is then selected that can passively 
slide through the pre-enlarged canal and drop over the 
exposed broken instrument. As previously mentioned, in a 
curved canal, the head of a broken NiTi file will always lie 
against the outer wall. In these instances, the microtube is 
inserted into the canal with the long part of its beveled end 
oriented to the outer wall of the canal to scoop up the head 
of the broken instrument and guide it into the microtube 
(Figure 23-63B). Once the microtube has been positioned, 
it is rotated 180° so the head of the file is oriented adjacent 
to the lateral window. The same color-coded screw wedge 
is then inserted and slid internally through the microtube’s 
length until it contacts the obstruction. The obstruction is 
engaged by gently turning the screw wedge handle CCW. 
A few degrees of rotation will serve to tighten, wedge, and 
oftentimes, displace the head of the obstruction through 
the microtube window (Figure 23-63C). If any given color-
coded screw wedge is unable to achieve a strong hold on 
the obstruction, then another color-coded screw wedge may 
be chosen to improve engagement and successful removal. 
When engaged, the obstruction can be potentially unwound 
and removed by rotating the microtube and screw wedge 
assembly CCW (Figure 23-63). The direction of rotation, 

FIGURE 23-60 Photograph showing that when the handle of 
an endodontic file is removed, its shaft can be quickly secured 
into the ultrasonically activated adapter.
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in the instance of a broken file, is generally CCW, but ulti-
mately should be appropriate to the thread design of the 
obstruction. If difficulty is encountered when rotating the 
microtube and screw wedge assembly CCW, then proceed 

with a limited CW rotation of 3° to 5°, which will promote 
staying engaged, followed by turning the assembly CCW 
until snug. This repeated reciprocating handle motion will 
serve to loosen and facilitate the removal process. Placing 

A B

FIGURE 23-62 A. The Instrument Removal System (iRS) is a set of devices utilized for removing separated instruments or other 
intracanal obstructions. B. Each iRS instrument is comprised of a microtube and an internal screw wedge designed to mechanically 
engage and remove intracanal obstructions.

A B

C D

FIGURE 23-61 A. Preoperative radiograph of a mandibular left first molar with a separated instrument in the apical one-third of 
the mesial root. B. After refining access and completing ultrasonic procedures, a photograph reveals the head of the separated NiTi 
file predictably against the outer wall. C. A radiograph confirms straightline access and the removal of the separated file. D. Post-
treatment radiograph shows the pack. Note, the furcal canal and that the distal system bifurcates apically.
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an activated ultrasonic instrument on the engaged assem-
bly is another potent adjunct that will oftentimes promote 
removal success. If a microtube cannot be placed over a bro-
ken instrument such that the head of the obstruction lies 
within the side window, then in these instances, the micro-
tube’s beveled end can be easily reduced or eliminated to 
achieve better mechanics. A clinical case utilizing the FRS 
option is shown in Figure 23-64.

The Endo Rescue Kit 4601 Option
The Endo Rescue kit (Komet; Rock Hill, South Carolina, 
USA) has recently launched for the removal of broken 
instruments.144 The kit is comprised of five instruments: 
namely, a cylindrical bur with a noncutting tip, two short 
Gates Glidden drills (GG-3 and GG-4), a dedicated cen-
tering drill, and a trephine. The centering drill has the same 
external diameter as the GG-3 (0.90 mm) and its concave 
tip is designed to go over the fragment and keep the prepa-
ration centered (Figure 23-65). The trephine has the same 
external diameter as both the GG-3 and the centering drill 
(0.90 mm). Specifically, the trephine has an internal lumenal 
length of 5 mm and a diameter of 0.50 mm. The trephine 
must be used in a CCW rotation.

After creating straightline access to the broken instru-
ment with the cylindrical bur, the GG-3 is used to reach 
the head of the fragment. The centering drill is then used 
at 300 rpm, such that its outer blades bore and cut dentin 
around the broken file. The correspondingly-sized trephine is 
used in a CCW rotation, either mechanically at 300 rpm or 
manually, with the mandrel included in the kit. Trephining 
serves to cut a 2 mm-length thin trench around the head 
of the broken fragment. The activity of trephining serves to 
produce dentin chips that in turn, jam between the inner 
walls of the trephine and the fragment. When successful, the 
fragment is pulled inside the trephine. If unsuccessful, the 
microtube technique may be considered. In this instance, a 
microtube is selected that has the same outside diameter as 
the previously used trephine (Ultradent; South Jordan, UT, 
USA). This microtube is prefit over the fragment, filled with 
a self-curing composite core material, and then replaced in 
the canal and over the fragment. Once the composite has 
set, the microtube is rotated CCW to encourage the removal 
of the broken fragment (Figure 23-66). A radiograph is 
taken to confirm instrument removal.

When using the microtube technique, care should be 
taken to dry the canal with pure alcohol. Further, only the 
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FIGURE 23-63 A. Illustraion demonstrating a titanium ProUltra ENDO-8 trephining deep around the coronal aspect of the sepa-
rated file. B. When ultrasonic procedures prove ineffective, the beveled end of an iRS microtube is designed to “scoop up” the head 
of the separated file. C. Introduction of the screw wedge rotated counterclockwise to engage and potentially displace the head of 
the file out the side window. D. The iRS can form a strong purchase on, unwind and remove a separated instrument.
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C

FIGURE 23-64 A. Preoperative radiograph of a maxillary canine showing a temporized canal with a separate instrument deep 
in the apical one-third. B. A working radiograph shows that the 21 gauge iRS has successfully engaged and partially elevated the 
deeply positioned file segment. C. Postoperative radiograph showing the retreatment completed with a densely packed canal sys-
tem that exhibits three apical portals of exit.
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internal lumen of the microtube should be filled with com-
posite, without surplus. In thin roots, when a staging plat-
form is not practical, NiTi file fragments may be abraded 
with thin ultrasonic tips to facilitate utilizing a bypass tech-
nique (Figure 23-67).145

Broken Instrument Prevention
The best antidote for a broken file is prevention. Adhering 
to proven concepts and utilizing safe techniques during root 
canal preparation procedures will virtually eliminate the bro-
ken instrument procedural accident.3,141 Prevention may also 
be greatly facilitated by thinking of negotiating and shap-
ing instruments as disposable items. Simply discarding all 
instruments after the completion of each endodontic case 
will reduce breakage, lost clinical time, and prevent upsets. 
However, on occasion, an instrument will break and the 
treating dentist must decide on the best treatment option.146 
Weighing risk versus benefit, certain broken file segments 
may not be able to be retrieved or bypassed. However, “Failing 
is not always failure,” so, in these instances, the canal should 
be cleaned up to the fragment and sealed. The case should 
be followed over time (Figure 23-68), and in the presence of 
clinical symptoms and/or radiographic pathology, surgery,56 
or extraction may be the best treatment option.

BLOCKS, LEDGES, & APICAL 
TRANSPORTATIONS
It is important to understand and appreciate the bio-
logical and mechanical objectives for shaping canals and 
cleaning root canal systems.139,147 Failure to respect these 
objectives increases frustration and predisposes to need-
less complications such as blocks, ledges, apical transpor-
tations, and potentially, perforations. Regrettably, these 
iatrogenic events do occur and are clinically encountered 
(Figure 23-69). Perhaps the most overlooked and unsaid 
method to negotiate a blocked canal, bypass the ledge, or 

manage a transportation is determination, perseverance, 
and patience.

Techniques for Managing Blocks
Generally, when managing blocked and/or ledged canals, the 
shortest file that can reach working length is selected. Shorter 
instruments provide more stiffness and move the clinician’s 
fingers closer to the tip of the instrument, resulting in greater 
tactile control. Appreciate that canals are frequently more 
curved than the roots that hold them. The armamentarium 
needed to successfully negotiate through a canal blockage is 
generally a series of 21 mm-length stainless steel files in sizes 
0.06, 0.08, and 0.10 mm. Importantly, the obstructed and 
blocked canal is filled with full-strength sodium hypoclorite 
or a lubricant, such as Glyde, ProLube, or RC Prep.

The first step is to precisely locate the level of the block, 
then preshape that portion of the canal that is coronal to this 
blockage. During this exercise, care should be exercised to 
avoid contacting the block. An abrupt curve is placed on the 
apical extent of a size 0.06 or 0.08 K-type file. This precurved 
file can now be passed through the pre-enlarged canal and 
will reach the obstruction, curved. C Pilot files (VDW, United 
Dental Manufacturers, Inc; Tulsa, Oklahoma, USA) are available 
in sterile blister packs of six instruments and are recommended 
because they have a high resistance to bending, due to a spe-
cial thermal hardening process. The precurved file is placed in 
contact with the block. A single back-and-forth reciprocat-
ing motion is used in conjunction with light apical pressure. 
The file is immediately removed from the root canal with an 
envelope movement.148 The goal is to disintegrate the block 
with the tip of the file. Irrigate with 1.0 ml of NaOCl, repeat 
the same procedure three times, and then discard the file. A 
new file is selected and precurved, as the reciprocating action 
described dulls the tip of the file. Indeed, a new file ensures a 
sharp tip, which is mandatory for a successful outcome. The 
same handle motion and file movement is continued with as 
many files as required until a light catch is felt. At this stage, 
a size 0.08 C-Pilot file is usually selected and utilized, as 

A B

FIGURE 23-65 A. The main components of the Endo Rescue kit. A. The three instruments, Gates Glidden drill no.3 (i.e., 0.9 mm), 
Centering drill and Trephine have the same external diameter. The internal diameter of the trephine is 0.5 mm. Note the concave 
tip of the centering drill. B. The complete kit.
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FIGURE 23-66 A. Following an acute apical abcess on the mandibular right second molar, the patient developed numbness of the 
hemi-mandible. A bad quality Panorex shows an apical radiolucency in contact with the alveolar nerve. B. Preoperative radiograph 
showing a separated Lentulo spiral located beyond the curvature of the mesial root. Patient was advised that there was no guarantee 
for successful removal of the separated instrument. C. A good centering of the fragment was obtained with the dedicated drill and 
trephine from the Endo Rescue Kit. D. The separated instrument was removed with the microtube technique. Complete cleaning 
and shaping was done. A week later, the paresthesia completely disappeared and the canals were obturated. E. Photograph of the 
lumen of the tube showing the separated instrument frozen in a sea of composite. F. One-year recall radiograph showing evidence 
of complete healing of the lesion.
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described, to expand the pathway following the use of the size 
0.06 K files. In some clinical situations, up to a dozen files may 
be needed to negotiate through and bypass a blockage. Once 
the canal has been negotiated and patency established, the file 
is repeatedly used in a slip, slide, and glide manner to refine, 
expand, and smooth the glide path. Clinicians need to dem-
onstrate perseverance when blocked canals are encountered, as 
oftentimes patience will be rewarded (Figure 23-70).

If no progress is made after diligent efforts over a time-
frame of approximately two to three minutes, then the 
sodium hypochlorite is removed from the root canal system 
and replaced with a viscous chelator, such as RC Prep, Glyde, 
or ProLube. As the chelator begins to work deeper into the 
canal, the same technique as described above is then utilized.

At times, there are clinical situations where the afore-
mentioned techniques have been carefully attempted, but 
either the file is not progressing apically or is not tracking the 

FIGURE 23-69 Preoperative radiograph of a mandibular right 
first molar showing a variety of restorative and endodontic 
breakdowns.

A B C

FIGURE 23-68 A. Retreatment was attempted on the first mandibular molar. The preoperative radiograph showed two large screw-
posts and a broken separated instrument in the second distal canal. B. The separated instrument was removed but negotiation of 
the canal terminus was unsuccessful. A wait and see approach was adopted. C. Despite a less than ideal result, a one-year recall 
radiograph showing evidence of ongoing healing.

A B C
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FIGURE 23-67 A. Preoperative radiograph of a three-rooted maxillary premolar with a failed root canal treatment and a separated 
NiTi instrument in the MB canal. B. A conservative radicular access was created up to the instrument. C. A thin ultrasonic tip was 
used to abrade the instrument. D. The residual fragment was bypassed. A ledge was present in the palatal canal. E. Postoperative 
radiograph showing the retreated case. (Courtesy of Dr. Dominique Martin, Paris, France.)
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pathway of the physiologic canal. What to do next requires a 
thoughtful treatment decision.56 If the patient is truly asymp-
tomatic and symptoms are not masked by a pharmaceutical, 
and if the periodontium is healthy and there are no lesions of 
endodontic origin, then the preparation is finished to the level 
of the obstruction and packed. The patient is informed of this 
less-than-ideal outcome, the importance of periodic recalls, 
and the possible need for future surgery. If the blocked canal 
is not negotiable and if clinical symptoms, periodontal break-
down, and/or a lesion of endodontic origin are present, then 
three-dimensionally pack the case, for at times post- operative 
films demonstrate hydraulics and obturation material to 
length. Regardless of the packing result, the patient needs to 
be advised of the importance of recall and that future treat-
ment options include surgery, re-implantation, or extraction.

Techniques for Managing Ledges
An internal transportation of the canal is termed a “ledge” 
and frequently results when clinicians are preparing a curved 
canal and work short of length (Figure 23-71A). Many ledges 
are successfully bypassed using the techniques described for 
blocks. Once the tip of the file is apical to the ledge, it is 
moved in and out of the canal utilizing very short push-pull 
movements with emphasis on staying apical to the defect. 
When the file moves freely, slightly longer push-pull strokes 
are used to reduce the ledge and confirm the presence or 
absence of any residual internal canal irregularities. If the file 
is sliding easily, it is turned CW upon withdrawal because 
this motion will tend to straighten the apical one-third of 
a stainless steel file and allow it to rasp, reduce, smooth, or 
eliminate the ledge, which is typically on the outer wall of 
the canal curvature. During these procedures, try to keep the 
file coronal to the full working length so the apical foramen 
is handled delicately and kept as small as practical. When the 
ledge can be predictably bypassed, then efforts are directed 
towards establishing patency with a size 10 file. Gently pass-
ing a .02 tapered size 10 file 1.0 mm through the foramen 
increases its diameter to 0.12 mm and paves the way for the 
size 15 file.

Advantageous to ledge management is the utilization of 
ProTaper NiTi hand files (Dentsply Maillefer; Ballaigues, 
Switzerland). The major advantage of using NiTi files of 
greater taper to remove a ledge is their tapers are three to 
six times larger than conventional 0.02 tapered files. Once 
a precurved NiTi hand file has been inserted into the canal 
and its precurved tip has successfully bypassed the ledge, 
then its larger taper oftentimes eliminates or reduces the 
extent of the ledge using a minimum number of files. NiTi 
files are not introduced into the canal until the ledge has 
been bypassed, the canal negotiated, and patency estab-
lished. Bypassing the ledge and negotiating the canal up to 
a size 15, and if necessary, a size 20 file, creates a pilot hole 
so the tip of the NiTi instrument can passively follow this 
secured glide path. To move the apical extent of a NiTi file 
past a ledge, the instrument must be precurved, preferably 
with the Bird Beak Pliers (Hu-Friedy; Chicago, Illinois, 
USA) (Figure 23-71B). To successfully precurve a NiTi 
instrument, the working end of the NiTi file is securely 
grasped between the jaws of the pliers and the handle is 
pulled through a radius of between 180 and 270 degrees. 
NiTi has shape memory and efforts to bend it must be 
exaggerated so that when the instrument is released from 
the pliers, it will have the desired curvature in its apical 
extent. The rubber stop on a manual NiTi instrument is 
oriented so the file’s precurved working end can be directed 
to bypass and move apical to the ledge (Figure 23-71C). 
The ProTaper Shaping files, termed S1 and S2, may be used 
in this secured region of the canal until the full working 
length is reached (Figure 23-71D). Following the use of 
the S1 and the S2, the size 10 hand file is slidded down the 
canal to check if the ledge has been either reduced or elimi-
nated. Regardless, the canal needs to be further enlarged 
to at least the ProTaper F1, and ultimately in accordance 
with the ProTaper finishing criteria.149,150 A clinical case 
depicting ledge management is illustrated in Figure 23-72.

Based on preoperative radiographs, the clinician must 
make a decision whether to continue shaping procedures 
in hopes of eliminating the ledge or to abort if continued 

A B

FIGURE 23-70 A. A preoperative radiograph of a maxillary left second premolar showing previous access and pre-enlargement 
of the canal in its coronal two-thirds. B. Postoperative radiograph provides an explanation as to the etiology of the original block. 
Note, the canal bifurcates apically and has four portals of exit.
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efforts will weaken or perforate the root. Not all ledges can 
or should be removed. Clinicians must weigh risk versus 
benefit and make every effort to maximize remaining den-
tin. Ultimately the five mechanical objectives of cleaning and 
shaping should guide each clinician’s actions.139,141,147

Cone fit is usually possible when the ledge is located in 
the middle portion of the canal. In the instance when the 
ledge cannot be eliminated in the apical one-third, fitting the 
master gutta-percha cone can be challenging. In these cases, 

the master cone is trimmed so its terminal diameter equals 
the D0 diameter of the file that was snug at length. The cone 
is then precurved to simulate the curvature of the canal and 
its radicular portion placed in a dappen dish of 70% isopro-
pyl alcohol. The master cone is removed after a few seconds 
and the clinician will appreciate the significant increase in its 
rigidity. An orientational notch is then placed on the butt-
end of the master cone so as to identify working length and 
the direction of the cone’s curvature. This technique greatly 

A B

FIGURE 23-72 A. Preoperative radiograph showing an endodontic failure in a mandibular molar serving as a posterior bridge 
abutment. Note, the amalgam in the pulp chamber and that the mesial root appears to have been ledged. B. Post-treatment radio-
graph showing ledge management with the obturation materials following the root curvature.
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FIGURE 23-71 A. A ledge is created in a curved canal when pressure is applied on the file to reach the working length. 
B. Photograph showing how the Bird Beak Pliers can precurve a manual NiTi ProTaper file. C. A plastic block image demonstrates 
a manual, precurved ProTaper S1 file apical to the ledge. D. A plastic block image demonstrates a manual, precurved ProTaper S2 
file has eliminated the ledge and is at length.
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facilitates the placement of the master cone during the pack-
ing procedure.

Techniques for Managing Apical 
Transportations
Moving the position of the canal’s physiologic terminus 
to a new iatrogenic location on the external root surface 
equates to a transportation of the foramen.151 Foraminal 
rips, zips, or tears are caused by carrying progressively 
larger and stiffer files to length.151,152 If a transportation 
has occurred, then the canal exhibits reversed apical archi-
tecture and fails to provide resistance form to hold gutta-
percha. This contributes to poorly packed cases that are 
vertically overextended, but internally underfilled.3,77,153 
In general, apical transportations can be categorized into 
three types, each requiring a specific treatment.

Type I
A Type I transportation represents a minor movement of 
the position of the physiologic foramen, resulting in an 
iatrogenic relocation on the external root surface (Figure 
23-73A). In this instance, the clinician must weigh risk 
versus benefit when trying to create positive apical canal 
architecture. Generating shape coronal to the foramen 
requires the additional removal of dentin and could pre-
dispose to root weakening or to a lateral strip perforation. 
If sufficient residual dentin can be maintained and shape 
created above the foramen, then some of these iatrogenic 
cases can be three-dimensionally cleaned, shaped, and 
packed) (Figure 73B–D).3 Regretfully, many canals whose 
foramens have been progressively transported are not 
amenable to a Type I-related treatment approach and will 
require an escalation in procedural steps.

Type II
A Type II transportation represents a moderate movement 
of the physiologic position of the foramen, resulting in a 
bigger iatrogenic relocation on the external root surface 
(Figure 23-74). As such, the apical one-third of the canal 
exhibits more reverse architecture than in a Type I trans-
portation. In these instances, wet canals are common and 
attempting to create more coronal shape would risk weak-
ening and/or perforating the root. In treating these canals, 
a barrier must be selected to control bleeding and provide 
a backstop to pack against during subsequent obturation 
procédures.3

The barrier of choice for a Type II transportation is 
mineral trioxide aggregate (MTA) (ProRoot, Dentsply 
Maillefer; Ballaigues, Switzerland) (Figure 23-75A).154,155 
MTA represents an extraordinary breakthrough for manag-
ing radicular repairs and can be used in canals that exhibit 
reverse apical architecture, such as those in immature roots 
and in Type II transportations. Additionally, MTA is used 
for nonsurgical and surgical perforation repairs or as a 
surgical root-end filling material. Remarkably, cementum 
grows over this nonresorbable and radiopaque material, 

thus allowing for a normal periodontal attachment appara-
tus.156 Although a dry field facilitates visual control, MTA 
is apparently not compromised by slight moisture and typ-
ically sets brick-hard within 4 to 6 hours, creating a seal 
as good as or better than the best materials used today.156

MTA is easy to use and the powder is mixed with anes-
thetic solution, or sterile water, to a heavy viscous con-
sistency. A fiberless 2 × 2 gauze may be used to wick-off 
surplus moisture and achieve the ideal viscosity.77 A small 
aliquot of this cement is picked-up and introduced into 
the prepared canal with any microtube carrying device 
(Figure 75B and C). Generally, these devices will allow 
MTA to be placed in the middle one-third of virtually any 
posterior root and well-shaped canal. MTA is then gently 
tamped and coaxed down the canal to approximate length 
using a customized nonstandard gutta-percha cone as a 
flexible plugger. The gutta-percha cone should be trimmed 
apically to have sufficient diameter to effectively condense 
MTA.3,77 This flexible gutta-percha plugger may be uti-
lized to move MTA around root canal curvatures and into 
root defects.

At times, when pressing MTA into narrowing cross-
sectional canal diameters, the material will become 
dehydrated and not move. Pressing on MTA with an 
apically trimmed, flexible gutta-percha plugger tends 
to compress the material and squeeze out water content 
from the MTA. In these instances, the MTA should be 
rehydrated in order to get it to slump, move, and adapt 
into any given root defect. Rehydration is accomplished 
by dispensing one or two drops of water into the canal. 
Gently insert a size 10 or 15 hand file into the MTA. 
Pump the file in short 1-2 mm strokes within the MTA 
to rehydrate the material so it can be readily moved 
and adapted. At this point, if there is excess water, sim-
ply wick it off using paper points. It is of critical impor-
tance to tamp a 3 to 5 mm aliquot of MTA to within 3 to  
4 mm of any given defect or root apex.

When a sufficient volume of MTA is radiographically 
confirmed to be in position, it can be vibrated and moved 
into the defect and to length using the sonic EndoActivator 
system. As previously mentioned, the EndoActivator 
handpiece drives highly flexible, noncutting, polymer tips 
and three tip sizes are available in different D0 diam-
eters and tapers. The tip selected is based on the length 
and diameter of the canal and position of the root defect. 
The tip is vibrated at the lowest power setting and is never 
placed closer than 2 to 3 mm from the root end. The sonic 
EndoActivator vibratory energy will generate a wave-like 
motion that will encourage MTA to slump, move, and 
adapt to the configurations of the canal laterally, as well as 
control its movement to and gently against the periapical 
tissues. Prior to initiating subsequent procedures, a dense  
4 to 5 mm zone of MTA in the apical one-third of the 
canal should be confirmed radiographically.

MTA needs moisture to drive the cement to set and 
become brick-hard. Fluids are present external to the canal 
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and will fulfill the moisture requirement for the apical aspect 
of the positioned MTA. However, a cotton pellet will need 
to be sized, moistened with water, and placed against the 
coronal most aspect of the MTA that is within the canal. 
The tooth is then temporized and the patient dismissed. At 

a subsequent appointment, the temporary filling is taken 
out and the wet cotton pellet removed. The MTA cement 
is probed with a sharp explorer to determine its hardness. 
Typically, the material is brick-hard and the clinician can 
then obturate against this barrier. If the material is soft, it 
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FIGURE 23-73 A. Illustration demonstrating a Type I transportation. Note, there has been a minor “shift” of the foramen. 
B. Management of a Type I transportation is directed towards creating shape above the foramen. C. Preoperative radiograph 
showing that the maxillary central incisor has been previously accessed, over-instrumented, and its canal exhibits reverse apical 
architecture. D. Post-treatment radiograph showing treatment of a Type I transportation. Shaped canals provide resistance form to 
hold gutta-percha.
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should be removed, the area flushed, dried, and a new mix 
of MTA placed. Upon subsequent re-entry, a hard barrier 
should exist which will provide a backstop against which to 
pack. The clinical steps for managing a Type II transportation 
are illustrated in Figure 23-76.

Type III
A Type III transportation represents a severe movement of the 
physiologic position of the foramen, resulting in a significant 
iatrogenic relocation on the external root surface (Figure 
23-77). In this situation, the terminal extent of the canal is 
so badly mutilated that a barrier technique is usually not fea-
sible and hence, three-dimensional obturation is impossible. 
If a tooth with a Type III transportation is to be salvaged, it 
requires obturation as best as possible with follow-up correc-
tive surgery (Figure 23-78). Severe foraminal transportations 
that cannot be treated surgically are extracted.

ENDODONTIC PERFORATIONS
Perforations represent pathologic or iatrogenic communica-
tions between the root canal space and the attachment appa-
ratus. The causes of perforations are resorptive defects, caries, 
or iatrogenic events that occur during and after endodontic 
treatment. Regardless of etiology, a perforation is an invasion 
into the supporting structures that initially incites inflamma-
tion and loss of attachment, and ultimately may compromise 

FIGURE 23-74 Illustration of a Type II transportation. Note, 
there has been a moderate “shift” of the foramen.

A B

C

FIGURE 23-75 A. ProRoot, or MTA, is packaged in a powder form and then mixed with sterile water to a heavy cake-like consist-
ency. B. A regular length 18 or 20 gauge spinal tap needle is appropriately shortened and utilized to carry small aliquots of MTA. 
C. The MAP system® (Micro Apical Placement system), Tulsa, Oklahoma, U.S.A.
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D

FIGURE 23-76 A. Preoperative radiograph showing the maxillary right central incisor, serving as a bridge abutment, with a post 
and an empty canal system that exhibits reverse apical architecture. B. Photograph at 8× magnification confirms disassembly. The 
foramen is visible following cleaning and shaping procedures. C. Photograph showing tamping MTA into the apical one-third with 
a gutta-percha cone used as a flexible plugger. D. The ProUltra ENDO-5 ultrasonic instrument vibrating MTA densely into the api-
cal one-third of the canal. E. Photograph taken on a subsequent visit shows brick-hard MTA. F. Six-year recall radiograph showing 
a new bridge, post, the nonsurgical efforts, and excellent osseous repair.
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the prognosis of the tooth. Perforations at or below the crest 
of bone certainly pose a serious threat to an otherwise favora-
ble endodontic prognosis. The interdisciplinary team must 
decide whether to extract or direct efforts towards nonsurgical 
retreatment, surgical correction, or both.

Considerations Influencing Perforation Repair
When evaluating a perforated tooth, there are a number of 
variables that must be considered individually and collec-
tively to properly guide treatment. Treating clinicians must 
identify the four dimensions of a perforation and understand 
how each of these entities critically affects treatment selec-
tion and prognosis.3 Microscopes, paper points, electronic 
apex locators, and a suitable diagnostic radiopaque contrast 
solution are useful in determining the level, location, and 
extent of a perforation and the potential for successful man-
agement.3,77 The four dimensions of a perforation always 
occur in combination, which synergistically complicates 
treatment outcomes.

1. Level: Perforations occur in the coronal, middle, and 
apical one-thirds of roots. Furcal perforations have 

similar considerations as coronal one-third perfora-
tions. Perforations at this level threaten the sulcular 
attachment and pose different treatment challenges 
than more apically occurring perforations. In general, 
the more apical the perforation, the more favorable the 
prognosis.

2. Location: Perforations occur circumferentially on the 
buccal, lingual, mesial, and distal aspects of roots. The 
location of the perforation is not so important when 
nonsurgical treatment is selected, but its position is crit-
ical and may preclude surgical access if this approach is 
considered.

3. Size: Perforation size greatly affects the clinician’s abil-
ity to establish a hermetic seal. The area of a circular 
shaped perforation can be mathematically described as 
πr2. Therefore, doubling the perforation size with any 
bur or instrument increases the surface area to seal by 
four-fold. Clearly, many perforations are ovoid in shape 
due to the nature of occurrence and represent enormous 
surface areas to effectively seal.

4. Time: Regardless of etiology, a perforation should be 
repaired as soon as possible to discourage further loss 
of attachment and prevent sulcular breakdown. Chronic 
perforations exhibiting a loss of sulcular attachment 
pose treatment challenges that potentially escalate to 
surgical correction and efforts directed toward guided 
tissue regeneration procedures.157–159

Periodontal Condition
Teeth that have been perforated must be thoroughly exam-
ined periodontally. Specifically, the sulci of these teeth 
must be carefully probed.160,161 If the attachment appa-
ratus is intact, then timing is critical, and the treatment is 
ideally directed toward nonsurgically repairing the defect. 
However, if there is periodontal breakdown with resultant 
loss of attachment, then interdisciplinary consultations, 
including ortho, perio, endo, and restorative, should guide 
treatment planning, sequencing, and prognosis. In these 
instances, a decision must be made between a nonsurgical 
repair versus surgical correction, recognizing that, at times, 
combined treatment may be required to salvage the tooth. 
Importantly, extraction may be wise and a fixed bridge or 
restored implant considered.

Esthetics
Perforations in the anterior region can definitely impact 
esthetics. Patients that exhibit a high lip line can be esthet-
ically compromised by soft tissue defects such as clefts, 
recessions, or discrepancies in the inciso-gingival dimen-
sions of a crown, as compared to the adjacent teeth.162,163 
Importantly, tooth-colored restoratives must be carefully 
chosen in areas that demand esthetics and are selected 
from the best materials currently available in adhesion 
dentistry.164 Sadly, certain traditional restoratives contrib-
uted to tooth discoloration, soft tissue tattoos, and a seri-
ous compromise in esthetics.

FIGURE 23-77 Illustration demonstrating a Type III transporta-
tion. Note, the foramen has been massively ripped and relo-
cated from its original position.
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Vision
Magnification glasses, headlamps, and transilluminating 
devices facilitate vision and are important adjuncts in address-
ing perforations. However, the dental operating microscope 
has become the standard of vision and may be utilized to 
more predictably repair perforation defects nonsurgically, thus 

reducing the need for surgical intervention and its associated 
risks.3,77

Treatment Sequence
When there is a perforation and the canal has not been 
fully prepared, then the defect should be repaired prior 

A B

C D

E F

FIGURE 23-78 A. Preoperative radiograph of a maxillary left first premolar. Note, the packed buccal canal does not conform to 
the mechanical objectives of cleaning and shaping. B. Following flap elevation, a surgical photograph at 12× magnification shows 
gutta-percha exiting through a significantly ripped and relocated foramen. C. Surgical photograph at 12× magnification shows 
osteotomy, apicoectomies, and ultrasonic root-end preparation of the buccal canal. D. Surgical photograph at 12× magnification 
through a sapphire-plus micro-mirror depicts the finished buccal root-end preparation. E. Ultrasonic root-end preparation of the 
lingual canal. F. Four-year recall film showing the apically corked canals and excellent osseous repair.
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to proceeding with definitive endodontic treatment. 
Repairing the perforation will enable the clinician to 
control bleeding into the canal, confine irrigation, and 
achieve a controlled and hydraulic fill. However, any given 
perforated canal should be optimally enlarged and pre-
pared, when necessary, to improve access to the defect, 
enhance visualization, and to importantly minimize post-
repair instrumentation. When repairing a perforation, it 
is important to maintain the pathway to the physiologic 
canal because the barriers and restoratives utilized could 
inadvertently block the canal. A gutta-percha segment or a 
collagen plug can by placed apical to the defect to prevent 
canal blockage during the perforation repair procedures. 
In failing endodontic cases exhibiting a perforation, the 
existing obturation material may be used to hold the posi-
tion of the canal. This allows the clinician to first repair 
the perforation before proceeding with endodontic disas-
sembly and retreatment efforts. However, in this sequence 
of treatment, caution must then be exercised not to disrupt 
the perforation repair material during subsequent disas-
sembly, canal preparation, and obturation procedures.

Materials Utilized in Perforation Repair
Hemostatics
Many perforation defects exhibit massive bleeding upon 
re-entry. As such, clinicians need to be familiar with a few 
hemostatic agents and materials that can predictably arrest 
bleeding.165 A dry field enhances vision while creating an 
environment for the predictable placement of a restorative 
agent. Calcium hydroxide, a time-honored material, can be 
passively syringed into the canal, hydraulically moved to 
place, and allowed to remain in the canal/defect for four 
to five minutes or longer. The calcium hydroxide is then 
flushed from the field using sodium hypochlorite. Two or 
three applications of placing and then removing calcium 
hydroxide usually begins to control the bleeding. When 
the clinician can not obtain hemostasis, calcium hydrox-
ide can be advantageously left in the canal until a future 
appointment.166 Other increasingly important materials 
that can be used to achieve hemostasis by various mecha-
nisms include collagen, calcium sulfate, freeze-dried bone, 
and mineral trioxide aggregate (MTA).159,165,167 There are 
other hemostatics that exist, but they are not generally 
selected due to factors such as cost, ease of handling 
and placement, or their byproducts. Ironically, some of 
the best hemostatics, like ferric sulfate, leave a coagulum 
behind which may promote bacterial growth, compromise  
the seal at the tooth-restorative interface, and jeopardize 
the prognosis.169

Barrier Materials
The two main challenges a clinician faces when attempt-
ing to repair a perforation are hemostasis and the controlled 
placement of a restorative material. Barriers help produce a 
“dry field” and also provide an internal matrix or “backstop” 

against which to condense restorative materials.3 In general, 
barriers can be divided into resorbable and nonresorbable; 
however, it is critical to note that the restorative material uti-
lized oftentimes dictates the barrier that is selected.

Resorbable Barriers Bleeding into the tooth must be 
arrested in order to successfully manage perforations. 
Hemostasis is accomplished by passing a resorbable bar-
rier nonsurgically through the access cavity, internally 
through the perforation defect, and ideally into a three-
walled osseous defect. Resorbable barrier materials are 
intended to be placed within the bone and not left inside 
tooth structure. The barrier should conform to the anat-
omy of the furcation or root surface involved. Although a 
variety of resorbable barriers exist, collagen and calcium 
sulfate materials are best employed due to supporting 
research, ease of handling, and observed clinical results.

• Collagen materials, such as CollaCote (Sulzer/Zimmer 
Dental; Carlsbad, California, USA), exhibit excellent 
working properties that provide complete hemostasis.165 
CollaCote is biocompatible, supportive of new tissue 
growth, resorbable in 10 to 14 days, and left in situ.158,167 
Based on the size of the defect and the available access, 
pieces of CollaCote are cut to appropriate sizes and car-
ried into the access cavity. The material is incrementally 
placed through the tooth and into the osseous defect until a 
solid barrier is established at the cavo surface of the root. 
Hemostasis is typically achieved in two to five minutes. 
Collagen barriers have been widely used in conjunc-
tion with amalgam, super EBA, and other non-bonded 
restoratives.169 CollaCote is contraindicated as a barrier if 
adhesion dentistry is contemplated, as it absorbs moisture 
and will contaminate the restorative.

• Calcium sulfate, such as Capset (Life Core Biomedical; 
Chaska, Minnesota, USA), can be used as both a bar-
rier and hemostatic material in perforation manage-
ment.159,169,170 Calcium sulfate creates a tamponade 
effect, mechanically plugging the vascular channels once 
it sets. Capset is remarkably biocompatible, does not pro-
mote inflammation, and is bioresorbable in 2 to 4 weeks. 
This material is syringed through the tooth and into the 
osseous defect utilizing a microtube delivery system. 
During its placement, the calcium sulfate will fill the 
osseous defect and a portion of the space within the root 
defect. Calcium sulfate rapidly sets brick-hard and may be 
sanded back flush to the external root surface with ultra-
sonic instruments. Calcium sulfate is the barrier of choice 
when utilizing the principles of wet bonding.164,170,171 
Importantly, the perforation defect can be rinsed of con-
taminants in preparation for adhesion dentistry.

Nonresorbable Barriers: Calcium-Silicate based Cements

• Mineral Trioxide Aggregate (MTA), available in gray 
and white colors, exhibits excellent tissue biocompat-
ibility and can be used both as a nonresorbable barrier 
and restorative material (Figure 23-75A).172 MTA has 
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many clinical applications and represents an extraordi-
nary breakthrough for managing radicular repairs.173–175 
MTA is the barrier of choice when there is potential 
moisture contamination or when there are restrictions 
in technical access and visibility. Furthermore, MTA 
can be used as the sole radicular restorative material or 
as a barrier against which to pack another material. The 
mixing and use of MTA was previously discussed in the 
“techniqueS For managing aPical tranSPortationS” 
section earlier in this chapter.

• Biodentine™176,177 is a new calcium silicate-based 
cement, initially created as a dentine substitute (Figure 
23-79). It is a synthetic nano-particle multipurpose 
material, indicated to replace damaged dentine, both in 
the crown and in the root. Its chemical composition is 
different from that of MTA, as it has no gypsum and 
less water. Biodentine combines the biocompatibility of 
MTA with many additional and desirable characteris-
tics. These characteristics include bioactivity-inducing 
hard tissue formation, good handling characteristics, 
self-adhesion to dentine, no shrinkage, and a better 
antibacterial action.

Further, Biodentine has a setting time significantly shorter 
than MTA (12–15 minutes). In endodontics, the indications 
for using Biodentine are the same as for MTA; namely, pulp 
capping, partial pulpotomy, deciduous teeth pulpotomy, 
apexification, perforation, and apical surgery.

Restoratives
Central to success when repairing a perforation is to select 
a restorative material that is easy to use, nonresorbable, 
biocompatible, esthetically pleasing, and one that pro-
vides a complete seal. The materials commonly employed 
to repair perforations include the time-honored but 
decreasing in popularity amalgam, SuperEba resin cement 
(Henry J. Bosworth; Skokie, Illinois, USA), composite 
bonded restoratives (Geristore, DenMat Corporation; 
Santa Maria, California, USA) calcium phosphate cement, 

MTA, and Biodentine.175–180 The choice of the restora-
tive repair material is based on the technical access to the 
defect, the ability to control moisture, and the esthetic 
considerations.

Techniques for Repairing Perforations
The specific barrier and restorative selected to repair a 
perforation site should be based on sound research, judg-
ment, experience, training, esthetics, ease of handling, and 
the advantages or disadvantages of a particular material in 
a specific clinical setting. This section describes the arma-
mentarium, materials, and techniques required to repair 
perforations.

Management of Coronal One-Third and Furcal 
Perforations
The major difference between coronal one-third and furcal 
floor perforations is the shape of the resultant root defect. 
Mechanical perforations that occur in the furcal floor are 
generally round, while those occurring in the lateral aspects 
of roots are ovoid by nature of occurrence. When managing 
these perforations, the clinician must first isolate the perfora-
tion site. Generally, if the perforation is mechanical and has 
just occurred, it is non-infected and hence clean. In this situ-
ation, and if hemostasis is achieved, the defect can be imme-
diately repaired. However, if the perforation is chronic and 
exhibits microleakage, then the defect needs to be cleaned 
and prepared before receiving the restorative. Ultrasonic 
instruments are ideal for preparing perforation sites because 
of their geometries and coatings, and because they afford 
unsurpassed vision.

Once the defect has been properly prepared, an appropri-
ate barrier material and restorative are then selected based on 
the following esthetic considerations:

• In a coronal one-third perforation where esthetics is a 
concern, a calcium sulfate barrier in conjunction with 
adhesion dentistry is generally utilized.171

• Historically, amalgam and more recently SuperEBA have 
been utilized to repair coronal one-third perforations 
when esthetics was not an issue. Presently, MTA is rapidly 
becoming the material of choice for repairing non-esthetic 
coronal one-third defects because of its many desirable 
attributes. Biodentine is a good alternative to MTA.

Following perforation repair, the tooth can be three-
dimensionally shaped, cleaned, and packed if this has not 
already been accomplished (Figure 23-80).

Management of Perforations in the Middle 
One-Third
Iatrogenic perforations in the middle one-third of roots are 
generally caused by endodontic files, Gates Glidden drills, 
or large misdirected posts. By nature of occurrence, these 
defects are ovoid in shape and typically represent relatively 
large surface areas to seal.FIGURE 23-79 The Biodentine™ package.
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Middle one-third or strip perforations have the same 
technical considerations as coronal one-third perforations, 
except the clinician is now dealing with defects located deeper 
and further away from the occlusal table. The factors that 
must be addressed in order to successfully treat these more 

apically-positioned perforations are hemostasis, access, utili-
zation of micro-instrumentation techniques, and the selec-
tion of best materials in a challenging environment. When 
managing deeper defects, positioned on the lateral walls of 
canals, vision is enhanced when direct access exists or can 
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FIGURE 23-80 A. Preoperative radiograph of an endodontically involved mandibular left second molar serving as a bridge abut-
ment. Note the previous access and possible pulp chamber floor perforation. B. Photograph showing the identified canal orifices 
and a furcal floor perforation. C. Segments of Collacote overlying the canal orifices and calcium sulfate being introduced into 
the perforation via an STN. D. Furcal management. The absorbable barrier is placed flush to the external cavo root surface.  
E. Perforation repair utilizing a dual cured composite restorative material. F. Five-year recall radiograph showing a new bridge and 
osseous repair furcally and apically.
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be safely created. In some instances, direct access may not 
be possible without irreversibly compromising the struc-
tural integrity of the tooth and indirect repair techniques 
are required. Generally, perforations that occur secondary 
to overzealous canal instrumentation are sterile and do not 
require further modification utilizing micro-instrumentation 
procedures. However, failing endodontic cases are associated 
with microleakage and bacterial invasion and may require 
ultrasonic instrumentation to clean and refine the defect in 
preparation for repair.

When the middle one-third perforation is a small defect, 
if the bleeding can be arrested and the canal dried, then 
the perforation can be sealed and repaired during three-
dimensional obturation. However, if the defect is large and 
there is nuisance moisture, and/or the canal cannot be defini-
tively dried, then the perforation must first be repaired before 
three-dimensional obturation. It is wise to prepare the canal 
as optimally as possible prior to initiating the perforation 
repair procedures. As has been stated earlier, a prepared canal 
will facilitate access to the defect and minimize post repair 
instrumentation. To prevent obstructing the root canal space 
during the repair procedures, any readily retrievable mate-
rial is placed in the canal and apical to the defect before the 
perforation is repaired.

In these teeth, due to the difficult access, limited visibil-
ity, and the uncertainty of a moisture-free environment, the 
restorative/barrier material of choice is MTA. MTA is mixed 
and carried into the field and managed in accordance with 
the techniques discussed earlier in this chapter. Upon re-
appointment, MTA will invariably be hard and the clinician 
can proceed with the required treatment (Figure 23-81).  
A similar case was treated with Biodentine (Figure 23-82).

Management of Perforations in the Apical One-Third
Perforations occurring in the apical one-third of roots pri-
marily result from iatrogenic shaping procedures. Blocks and 
ledges invite deep perforations and result from inadequate 

irrigation, inappropriate instrumentation, and failure to 
maintain patency. Roots perforated in their apical one-third 
can pose surprises and frustration during nonsurgical retreat-
ment. It is quite common that a root perforated in its api-
cal one-third holds a canal that is both blocked and ledged. 
Recognizing the etiology of this type of perforation has led 
to surgical correction utilizing apicoectomy and root-end-
type procedures. However, it is generally best to first attempt 
nonsurgical retreatment to enhance the existing endodontic 
treatment and, if present, to identify and treat missed canals.

The clinician should attempt to negotiate the physiologic 
terminus with the concepts, instruments, and techniques 
previously discussed under “techniqueS For managing 
BlockS” and “techniqueS For managing ledgeS.” On 
occasion, the apical extent of the file will stick, handle flutter 
will be noticed, and the instrument will begin to track along 
the true canal pathway. The file is gently worked to negotiate 
the physiologic pathway, establish patency, and pave the way 
for the next successively larger instrument. The next sequen-
tially larger precurved file is then inserted and carried apical 
to the perforation, but not necessarily to length. This “hold-
ing file” maintains the pathway of the true canal and prevents 
it from being blocked during subsequent repair.

MTA is the material of choice for repairing deep per-
forations, especially when a dry environment and techni-
cal access are not possible. MTA is placed, as has been 
previously described. To prevent the holding file from 
being frozen in a sea of MTA as it hardens, the instru-
ment is grasped with Stieglitz pliers and moved up and 
down in short 1 to 2 mm amplitude strokes. The loosened 
holding file is then sectioned so its coronal-most aspect 
is below the occlusal table. A radiograph should be taken 
to confirm the position of the MTA and the quality of 
the repair. A wet cotton pellet is placed within the pulp 
chamber and against the MTA, the tooth is provisional-
ized, and the patient dismissed. Upon re-entry, the hold-
ing file is removed, and if the MTA is brick-hard, then 
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FIGURE 23-81  (Continued on facing page)
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FIGURE 23-81 A. Preoperative radiograph of an endodontically involved mandibular left first molar. Note the previously 
over-enlarged mesial root. B. A photograph taken upon re-entry showing significant bleeding emanating from the mesial root. 
C. Photograph demonstrating hemostasis and the position of the strip perforation. D. Gutta-percha cones in the MB/ML canal sys-
tems to prevent their blockage. MTA is being vibrated into the perforation defect. E. At the subsequent visit, the gutta-percha cones 
are removed, the perforation repaired and the canals ready to pack. F. Postoperative radiograph showing the provisionalized tooth, 
four canal systems packed and the apical one-third anatomy.

voluminously irrigate and gently finalize the preparation, 
fit a gutta-percha master cone, and three-dimensionally 
obturate. It is wise to provisionalize these cases and fol-
low up periodically before placing a definitive restoration. 
The clinical steps for managing apical one-third perfo-
rations are illustrated in Figure 23-83. It is also impor-
tant to acknowledge that not all perforations can be 
corrected nonsurgically, even when the best technologies 
are utilized in the hands of the most skilled practition-
ers. Certain cases will still require surgical treatment or 
extraction (Figure 23-84).

FUTURE
As we have seen in this chapter, a variety of techniques exist 
to address endodontically failing teeth and the ultimate 
aim of orthograde retreatment is to improve the previous 

treatment (Figure 23-85). However, not all failures are ame-
nable to successful nonsurgical retreatment. Clinicians need 
to weigh risk versus benefit and recognize that, at times, 
a referral, surgery, or extraction might be in the patient’s 
best interest. The future of endodontics is bright and the 
demand for initial treatment and retreatment will grow 
significantly in the years immediately ahead. This growth 
will be attributable to better trained general dentists and 
specialists, alike, advancements in technologies, and the 
public’s growing recognition that the naturally retained 
tooth is the ultimate dental implant. New advancements in 
root canal disinfection methods will continue to move our 
discipline ever closer, toward eliminating all the contents 
from both the instrumentable and noninstrumentable por-
tions of the root canal system.181–183 Properly performed, 
endodontic treatment is the cornerstone of restorative and 
reconstructive dentistry.
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