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conventional re-treatment often is the
first choice of prudent practitioners
before they turn to a surgical option to
gain access to the canal, more and more
clinicians are finding that ultrasonic
devices are becoming indispensable in
modern dental practice. In conjunction
with ultrasonic devices, many clinicians
use a number of mechanical aids such
as post-pullers, tube-vise extractors,
burs and solvents in tandem with
ultrasonic energy.2,3
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he use of ultrasonic energy has evolved into a
highly efficient method of removing obstructions and cements within the root canal space
when re-treatment or rehabilitation of that
space is planned. This technique and an
evolving armamentarium are used for post removal,
paste and cement disintegration and separated instrument dislodgement. In less than a decade, it has gained
rapid and widespread acceptance within
the dental community as an adjunctive
Dentists should technique used in overcoming a formibe mindful of dable challenge. This has occurred
excessive heat because the ultimate goal in recovery of
potential with the root canal space is to ensure that the
remaining dentin is sound and able to
ultrasonic
support the subsequent restoration
devices even structurally, as well as provide a restorawith the use of tive complex that is functionally
water coolants. healthy.1 The use of ultrasonic devices
has allowed dentists to embrace this
important strategy.
Postendodontic treatment outcomes may involve
reinfection of the root canal space, a failed post-core
complex that requires the recovery of the coronal canal,
or an esthetic failure necessitating the replacement of a
metallic dowel with a nonmetallic option that better
meets the patient’s esthetic expectations at the cervical
area of the tooth’s root. Often, one or more of these conditions would warrant the practitioner’s removing an
existing post to gain access to the canal space. Because
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and removes cemented objects
from the bonded interface of the canal wall.
When using this method, there is less
potential for structural loss or root damage
and significantly less operator stress than
when using other methods.
Case Descriptions. There is little evidence in published research of the considerable heat transfer that occurs during use of
ultrasonic devices to remove posts, pastes
and separated instruments in teeth. The
authors present three cases of patients who
experienced serious burn injuries during
application of ultrasonic energy for restorative dentistry. The authors also offer techniques and strategies for safe and effective
use of ultrasonic devices.
Clinical Implications. On the basis of
the best available evidence, the authors recommend strategies to provide safe and
effective therapy while using ultrasonic
devices in intraradicular obstruction
removal. The intent of the suggested protocols is to provide advanced and sophisticated therapies in a safe and regulated
manner with patient safety as an
overriding priority.
Key Words. Ultrasonic energy;
intraradicular obstruction; heat transfer;
unreasonable risk.
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elevations within the pulp. The time of application
was a critical variable that mandated a “caveat” to
monitor time limits in usage.
When investigating devices that create heat within
the root canal space, researchers found that the heat
pluggers and spreaders produced heat transfer to the
attachment that fell below the critical threshold for
irreversible injury when it was used according to the
manufacturer’s specifications.5 Other researchers
investigating thermoplasticizing techniques have
found similar results, specifically, that generated temperature increases on the root surface are not sufficiently high enough to cause damage to the toothsupporting tissues, or they do not exceed the critical
10 C.10,11 In an assessment of heat transfer to the root
surface during post preparation with Peeso reamers
and other post drills, researchers found that frictional
heating caused by these engine-driven drills generated
damaging temperatures on the root surface.9,12
BACKGROUND
There is little evidence in the literaOnly a small number of investigature of the considerable heat transfer
tors have cautioned that ultrasonic
that occurs when ultrasonic energy is
The use of vibrating
energy can be harmful; intense
used to remove posts, pastes and sepamechanical energy
heat can be generated within a
rated instruments from teeth. Two
is an efficient
metallic object that has its distal
studies in recent years have cautioned
end millimeters away from any
practitioners about the need for
method of
cooling effects created by the operadequate coolant and the need to
dislodging and
ator or the device itself.5-7 The use
counter heat buildup.6,7 There are few
removing cemented
of heat and the potential for injurecommendations found in the literature
objects from the
rious heat transfer to dentin and
for how to accomplish the goal of counbonded interface of
bone have been investigated for a
tering heat buildup. Often, even the
the canal wall.
number of different devices used in
manufacturers provide generic admoniendodontics and associated restorations for ultrasonic device usage and
tive procedures.8-13 It generally is
methods for cooling. Studies of intervals
accepted that external root temperature increases
for application of energy consistently recognize that
that exceed 10 C produce irreversible bone and
temperatures can rise to destructive levels within a
attachment damage, as well as dehydration
few minutes without use of adequate and sufficient
effects on dentin often resulting in resorption.14
coolant.6,7
Investigations of heat-induced injury have been
The general recommendation from research
in the literature for more than two decades, and
regarding heat buildup is that care should be taken to
many investigators have used the 10 C threshold
not continue using ultrasonic devices over prolonged
to examine devices that produce heat in dentistry.
periods. In addition, clinical protocols on how to safely
Heat transferred to the pulp through convenremove posts without causing thermal damage to the
tional cavity preparations and restorative proadjacent periodontal tissues are needed. A 2003 study
cedures has been well-documented in the literaof ultrasonic heat transfer by Satterthwaite and colture.15,16 Newer methods such as laser use on
leagues6 found that 75 percent of samples in both
dentin have been studied for intrapulpal heat
ceramic and stainless steel groups had external root
transfer. Lasers may jeopardize pulp vitality
temperatures that exceeded the critical 10 C threshold
through heat transfer. In more recent research,
within the first five minutes. All of the samples were
temperature elevations between 0.5 and 32.0 C
vibrated with a water spray coolant directed to the
were registered in an energy- and length-ofultrasonic tip. The researchers found no significant
time–dependent manner. Thinner dentin in the
differences when they compared the effects of heat
site of laser usage resulted in higher temperature
generated by ceramic and stainless steel posts during
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The use of vibrating mechanical energy is an
efficient method of dislodging and removing
cemented objects from the bonded interface of the
canal wall. When using this method, there is less
potential for structural loss or root damage and
significantly less operator stress than when using
other methods. Within the past two decades, techniques that use ultrasonic energy have evolved
from periodontal therapies using ultrasonic
devices to a myriad of applications within the specialty of endodontics.4
Ultrasonic energy is derived from one of two
sources: magnetic resonance or piezoelectric
energy. While it is known that piezoelectric
energy devices operate in energy ranges that are
higher than those of magnetorestrictive devices,
most units that are used for post removal are
within the higher energy ranges of operation.
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removal. They cautioned, however, against
extrapolating in vitro data of root temperature
increases to the in vivo clinical situation of a circulatory system within the attachment apparatus
capable of dissipating heat. The results of the
study, however, showed temperature increases
that would have exceeded greatly the dissipation
effects of the periodontal vasculature. Accordingly, Satterthwaite and colleagues warned
readers to maximize the amount of coolant used
and minimize application time.
PRODUCT SAFETY
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CASE REPORTS

The safe use of ultrasonic devices is paramount.
Since dentists are taught to be cautious with
heat-generating devices contacting hard or soft
tissue, they should be mindful of excessive heat
potential with ultrasonic devices even with the
use of water coolants. Ultrasonic device use
should include monitoring intervals to check for
overheating and permit the post to cool.
The following three cases are from the legal
files of one of the authors (E.J.Z.) who practices in
the San Francisco Bay area.23 Extrapolating these
data suggests that for the entire U.S. population,
the number (incidence) of overheating incidents
may be significant.
Case 1. A 50-year-old woman with no significant medical history was scheduled to have a
metallic post removed from tooth no. 9 and to
have it replaced with a composite glass-fiber post
for the esthetic reason of gray “show-through” at
the cervical area of the crown. In addition, teeth
nos. 8 and 10 were to receive esthetic posts in
preparation for crowns. The patient wore a rubber
dam during treatment and experienced some pain
during the course of post removal, even while
anesthetized. The removal process lasted about
an hour.
Tooth no. 9 was extracted after 48 hours owing
to burn injuries to the teeth and their supporting
structures that occurred during heat transfer.
The patient underwent several attempts to repair
the alveolar ridge by distraction osteogenesis
(Figure 1).
Case 2. The patient was a 35-year-old woman
with a noncontributory medical history. The clinician was removing the post from tooth no. 7
because of a crown fracture that required a rehabilitation of the post-core complex and a retreatment of the pre-existing endodontic therapy.
The dentin structure of the lateral incisor was
thin, and the post was long, extending to the
apical one-third. The burn occurred during ultrasonic removal of the post. The loss of the tooth
and bone in this case created a difficult esthetic
problem for the patient (Figure 2, page 1290).
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One ultrasonic device manufacturer’s warning
states, in part, “Irrigate abundantly and continuously.”17 This clinical usage advice does not
expressly address heat transfer effects since it
lacks a concomitant admonition to allow for post
cooling periodically, as well as to monitor for post
overheating.
Dental device manufacturers require U.S. Food
and Drug Administration (FDA) approval and
must demonstrate safety and efficacy before marketing the device.18 When seeking FDA approval,
some manufacturers may claim their products are
similar to existing FDA-approved devices so they
can piggyback onto existing FDA-approved
research rather than conduct new independent
research.19 Accordingly, some dental devices are
marketed without undergoing long-term studies to
assess adverse events. A device needs to be substantially equivalent to previous FDA-approved
devices to be permitted to do such marketing.20
Manufacturers are obligated to conduct postmarket surveillance and must report adverse
events to the FDA. Conversely, dentists are not
legally obligated to report adverse events to the
FDA, but they may do so on a confidential voluntary basis. Disclosure of the patient’s name to the
FDA also is voluntary, but it should be done with
the patient’s consent. Unfortunately, only 1 percent of clinicians report adverse events to the
FDA because this requirement is voluntary
rather than compulsory.21 Manufacturers must
report serious injuries that necessitate medical or
surgical intervention by a health care professional to the FDA under the Mandatory Medical
Device Reporting regulation.22 Accordingly, clinicians are encouraged to voluntarily report
adverse events not only for ultrasonic devices but
all materials and devices so that manufacturers
and the FDA can issue warnings or manufacturers can incorporate these warnings in product

package inserts. One can make adverse event
reports by contacting the FDA by telephone at
1-800-FDA-1088 or by fax at 1-800-FDA-0178 and
requesting the FDA Medical Products Reporting
Program (MedWatch) form (FDA form 3500). The
back portion of the Physicians’ Desk Reference
also contains a MedWatch adverse event form.
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A
Figure 1. A. Preoperative radiograph of a metal post in
tooth no. 9. B. Postoperative photograph showing burn
injuries to tooth no. 9 and its supporting structures that
occurred during heat transfer. C. Tooth no. 9 was
extracted 48 hours after injury took place. D. Extracted
tooth no. 9 shows an absence of viable attachment to the
apical one-third of the root.

C

Case 3. The patient was a healthy 30-year-old
woman. The clinician was replacing the posts in
teeth nos. 8 and 9 for restorative reasons. The
posts were negligently overheated during the
attempted removal, which caused severe destruction of tissue and bone, as well as the loss of both
teeth (Figure 3). Augmentation procedures were
required to repair the alveolar ridge.
FACTORS INFLUENCING POST REMOVAL

There are many factors that influence post
removal. Individually and in combination, these
factors should be considered carefully before commencing with any treatment.24
Post type. One significant factor that influences post removal is the post type.25,26 Posts can
be categorized into parallel versus tapered, active
versus nonactive, and metallic versus nonmetallic
materials. Composite and ceramic posts are used
increasingly in restorative dentistry, as they
mimic more closely the biomechanics of the nat-

D
ural tooth in terms of function and esthetics,
though they are more difficult to remove than are
their metal counterparts.27,28
Cementing agent. A second factor that influences post removal is the cementing agent that is
used. Posts retained with classic cements like
zinc phosphate generally can be removed; however, posts bonded into the root canal space with
materials like resin-based composites or glass
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Figure 3. A. Postoperative burn on the gingiva and lip
after the posts were removed. B. Photograph 48 hours
after the burn injury occurred.

B
Figure 2. A. Preoperative radiograph of the post in tooth
no. 7. B. Postoperative photograph showing healing of
burn injury with resultant bony defect.

ionomer cements often are more difficult to
remove.29
Tooth anatomy. Another factor that influences successful post removal is tooth anatomy.
Clinicians should have knowledge of and respect
for the morphology of the pulpal space and be
familiar with the typical range of variation within
each tooth type. For example, it is important to
know the length, circumferential dimensions and
curvature of any given root including, if present,
1290
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the depth of an external concavity. This information is best obtained by taking three different
horizontally angulated preoperative radiographs.
Three radiographs can provide more information
than one and help clinicians visualize the length,
diameter and direction of the post.
Clinicians should be familiar with the radiographic characteristics associated with metallic
and nonmetallic posts.30 The relative radiodensity
of a titanium post or a titanium alloy post can
appear similar, or even identical, to gutta-percha
when viewed radiographically.
Other influences. Other factors that influ-
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ence successful post removal are the available
interocclusal space, the existing restoration and
whether the coronal-most aspect of the post
extends into the pulp chamber or is fractured subcrestally.1,31 In general, post removal becomes
more challenging when moving from anterior to
posterior teeth. The difficulty in removing a post
increases substantially in furcated teeth that contain multiple posts joined coronally by a buildup
or interlocking keyway.
Perhaps the most critical factors influencing
successful post removal are clinical judgment,
training and experience in the use of the best
technologies and techniques.3,32 Indeed, a root can
be structurally weakened, perforated or fractured
during any phase of re-treatment.33,34 Intraradicular heat transfer and thermal injuries are
clinical realities when ultrasonic procedures are
performed incorrectly. Consequently, clinicians
should recognize that a surgical approach or an
extraction may be a more prudent and safer
choice at times.
POST REMOVAL TECHNIQUES

Once straight-line access into the pulp chamber
has been accomplished, all core materials have
been eliminated and the post is fully exposed,
clinicians can use various techniques that have
been advocated to remove a post.2,28,35 One technique used frequently involves a piezoelectric
device in conjunction with specific ultrasonic
devices.4,36 The most active distal end of an appropriately designed ultrasonic device is used to
transfer energy to, as well as vibrate against and

potentially dislodge, the post. The selected ultrasonic device is energized at the lowest power setting that will perform the clinical task safely and
is moved up, down and around the exposed length
of the post. When ultrasonic procedures are performed, especially at higher energy levels for
longer periods and against larger and more conductive posts, heat is generated.6 As such, the
field should be flushed with water frequently to
decrease heat buildup and the potential for dangerous heat transfer to the attachment
apparatus3 (Figure 4). Fortunately, when a water
coolant is used frequently and voluminously, the
danger for heat transfer is minimized, and the
heat is further dissipated owing to the moisture
content in the attachment apparatus.5,6,37 In general, after removing all restorative materials from
the pulp chamber, most posts can be removed
safely within approximately 10 minutes.25,38
FACTORS INFLUENCING HEAT TRANSFER

Little has been reported in the literature that
identifies the factors that influence heat transfer
during an attempted post removal using an ultrasonic device. There are several factors that influence heat transfer and the potential for thermal
injury. Specifically, there is virtually no research
information available that quantifies the optimal
magnitude of energy for any given ultrasonic
device that maximizes clinical efficiency yet mitigates dangerous heat transfer. Additionally, little
is reported regarding the length of time an instrument at any ultrasonic power setting can vibrate
against a post without causing thermal injury.
Protocols need to be developed to measure heat
transfer based on the length, diameter and configuration of a post and the type of material from
which it is constructed.
Another factor influencing heat transfer when
an ultrasonic device is being used in an attempt
to remove a post is the thickness of the remaining
dentin. For example, many posts observed on
radiographs to be centered within a root often are
extremely close to the external root surface owing
to surface concavities. A recent investigation
showed that when a no. 4 Gates-Glidden drill was
used to prepare a post space in the distal root of a
mandibular molar, the residual dentin thickness
was less than 1.0 millimeter in 82 percent of the
cases.39 Fortunately, adequate water coolant can
reduce heat transfer safely and virtually eliminate the risk of thermal injury to the tooth. However, the literature does not provide sufficient

JADA, Vol. 136 www.ada.org/goto/jada
Copyright ©2005 American Dental Association. All rights reserved.

September 2005

1291

Downloaded from jada.ada.org on April 12, 2010

Figure 4. An ultrasonic device instrument used with
copious irrigation.
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guidelines for how often a clinician should irrigate the tooth to dissipate the heat, how long
ultrasonic energy should be applied and whether
cool-down intervals are necessary to prevent
cumulative damage. Also unknown is what
volume of coolant is effective in maintaining a
safe physiological temperature. Additional
research needs to be performed, data need to be
gathered and information needs to be published
to clarify how each factor, or combination of factors, influences heat transfer.
RECOMMENDED PROTOCOLS
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Each dental procedure has a variable degree of
inherent risk. The standard of care requires that
the clinician avoid unreasonable risks that may
harm the patient. Treatment is deemed negligent
when a reasonably careful clinician should have
foreseen and prevented unreasonable risk of
harm to the patient. Failure to follow the dictates
of sound biological practice increases the risk of
negligently induced deleterious results.
While the cases presented in this article may
be disconcerting for any practitioner to consider,
we must recognize that the figures in the cases
serve to promote prudent practice safeguards.
Our ethical obligation to protecting patient safety
is achieved when dentistry can provide advanced
and sophisticated therapies in a safe and controlled manner with patient safety as an overriding priority. ■
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Based on the best available evidence to date, we
recommend the following protocols to provide safe
and effective therapy using ultrasonic devices in
intraradicular obstruction removal.
dAttempt to radiographically image residual
dentin thickness for the working level within the
root (this will help judge heat transfer rates to
the attachment); thicknesses less than 1 mm, in
combination with metallic or ceramic posts, will
transmit heat rapidly.
dUse devices that allow water to reach the
working end of the ultrasonic tip to provide maximum cooling effect.
dUse copious water spray and effective suction
at a continuous rate; there is ample evidence that
when the working end of any ultrasonic device is
deep within the root, heat generation occurs
rapidly.
dMonitor the post temperature at one- to twominute intervals; this seems to be the most
prudent standard given the evidence that
extreme temperatures on the root surface can
be reached in five minutes even when a coolant is
used.
dWhen possible, monitor heat buildup in the
post by touching it; even a gloved finger will be
able to sense a post overheating.
dIf post removal attempts are continued
beyond 10 minutes, allow for two-minute rest
intervals (using timers with beepers) between
ultrasonic device applications; heat buildup
appears to be dissipated in stages, and recovery
of physiological temperatures occurs slowly.
dUse a refrigerant spray applied to a cotton
swab or an ice stick to cool down the post if
necessary; the expansion-contraction effects of
this strategy are minimal compared with the
severe outcomes of a burn injury.
dUse post-pullers and other viselike devices as
adjuncts to ultrasonic energy.
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