564 » REVIEW

http://dx.doi.org/10.17159/2519-0105/2020/v75n010a5
The SADJ is licensed under Creative Commons Licence CC-BY-NC-4.0.

Modern considerations when
approaching fractured endodontic

Instruments - Part 2:

A review of the

literature and clinical techniques

SADJ November 2020, Vol. 75 No. 10 p564 - p574

PJ van der Vyver', M Vorster?, CH Jonker?®

INTRODUCTION

Once root canal treatment is considered, the treating
clinicians must be aware of the real possibility that com-
plications and unforeseen accidents can occur during
any stage of the treatment. Complications and accidents
may include instrument separation, root perforation on
different levels and ledge formation.

Once complications and accidents arise during any part
of the cleaning and shaping procedure, the tooth can
be compromised and the prognosis can ultimately be
reduced.'® The reduced prognosis may even extend to
the final obturation and 3D sealing of the root canal
system.?3

The ultimate goals of any root canal treatment are to
remove or destroy micro-organisms within the root canal
system, remove necrotic or infected pulp tissue and
finally achieve an acceptable obturation and sealing of
all root canal spaces.'" Where separation of endodontic
instruments occurs it can create one of the most stress-
ful and unpleasant situations for both the clinician and
patient. The occurrence can have a “snowball” effect: a
patient can perceive the incident as a treatment failure
(even as clinical negligence if complications arise); final
coronal restorability is compromised; and if medico-legal
action is taken, conflict can arise between the treating
clinician and referring dentist.*
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In the literature, instrument failures are attributed to
various factors. One of these is the incorrect use of
instruments; operators can ignore the techniques ad-
vocated by the manufacturers or operate instruments
already fatigued by repeated use.5®

Treatment considerations

Once a clinician is confronted with a fractured endo-
dontic instrument, it is important to follow a structured
approach. The clinician must realise that the treatment
could be challenging and must also be aware of com-
plicating factors, which may include:

1. the complexity of the root canal system.

2. the treating clinician’s access to the materials,
instruments and devices needed to attempt removal.

3. whether the clinician can predict the outcome of the
attempt removal considering his or her experience.

4. the location, size, position and diameter of the
fractured fragment.®”

The clinician should also consider the wishes of the
patient, who might decide on extraction due to financial
and/or time constraints or anxiety.* The interests of the
patient are paramount. There are also a number of clini-
cal factors to consider before treatment is attempted:*

Periodontal and restorative prognosis

In general, periodontally compromised patients are not
ideal candidates for instrument removal unless the peri-
odontal health is stable and well maintained. Restorability
also needs to be considered when periodontal break-
down is diagnosed.*

General patient factors

An attempt to remove a fractured instrument can con-
sume clinical chair time. A patient might be apprehen-
sive or might have time constraints.* On the other hand,
certain medical conditions (bleeding disorders and cer-
tain medications, including bisphosphonate) may tip the
balance towards removing the fractured fragment where
extraction is contra-indicated.® Treatment costs can also
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play a role, as certain cases may involve referral to a
specialist endodontist or a clinician with proven experi-
ence in the field of endodontics.*

The following options can be considered once the
decision is made to proceed with treatment:

1. Leaving the fragment in situ

This option involves incorporating the fragment into the
final obturation.® Leaving a fractured instrument in situ
can be risky in cases with apical lesions as the healing
will be reduced,?™ but in selected vital cases or cases
where advanced mechanical-chemical disinfection is avai-
lable and the prognosis is considered more favourable,
this treatment approach can be considered.! 2

CASE REPORT 1

A 23-year-old female presented with a fractured file in
the mesio-lingual root canal system of her mandibular
right first molar, approximately 3 mm from the apex of
the root (Figure 1A). A CBCT scan revealed a large
periapical lesion around the mesial root and a small
periapical lesion around the distal root canal (Figures
1B and C).

An attempt was made to remove the fractured instru-
ment using ultrasonics. After 40 minutes the attempt
was unsuccessful, and a perforation was caused in the
furcation area of the tooth. It was decided to leave

Figure 1.

A. Pre-operative periapical radiograph of the mandibular right first molar
with a fractured file in the mesio-lingual root canal system.

B. Axial view on CBCT demonstrating a large periapical lesion around
the mesial root and a small periapical lesion around the distal root.

C. Sagittal view on CBCT showing a large periapical lesion around the
mesial root and a small periapical lesion around the distal root.
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the fractured file in situ and to repair the perforation
with MTA (Figure 1D). The other three root canal sys-
tems were negotiated and prepared with a WaveOne
Gold Primary file (Dentsply Sirona).

Root canal obturation of the other three canals was
done with Primary WaveOne gutta percha cones (Dent-
sply Sirona) and pulp canal sealer (Kerr) using the warm
vertical condensation technique. A two-year postopera-
tive follow-up periapical radiograph (Figure 1E) and
CBCT scan (Figures 1F and G) revealed good healing
of the periapical pathology.

2. Bypass the fragment

In general, space can be created by inserting small
hand files between the fragment and the root canal.
Although a time-consuming and labour-intensive exer-
cise, full working length negotiation can be achieved.

There is also a good possibility that the fragment can
be loosened and removed during bypassing. In selec-
ted cases where no movement is achieved, the frag-
ment can be left in situ and incorporated to form an
integrated part of the final obturation.®

CASE REPORT 2

A 45-year-old female presented with a fractured file in
the mesio-buccal root canal of her mandibular right

. Repair of perforation with MTA and fractured file left in situ.
. A two-year post-operative periapical radiograph.
Axial view on a two-year postoperative CBCT showing healing of
periapical pathology.
G. Sagittal view on a two-year postoperative CBCT demonstrating healing
of periapical pathology.

mmo
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second molar (Figure 2A). It was a fragment of ap-
proximately 7mm, located at the apex of the root
canal system. After an unsuccessful attempt by her
general dentist to remove the fragment with ultrasonic
instruments, she was referred for further management.

At the time of treatment it was decided to attempt to
bypass the file because (1) examination of a CBCT scan
revealed that the fragment was located beyond the
maximum curvature of the root canal system; (2) under
high microscope magnification the coronal aspect of
the fractured fragment was not visible, even after
coronal enlargement of the root canal system by her
general dentist.

A size 08 C+ (Dentsply Sirona) and 08 K-File (Dentsply
Sirona) were precurved and used alternately to bypass
the fractured fragment (Figure 2B). The new glide path
next to the fractured instrument was carefully enlarged
with a size 10 K-File, followed by a size 12 Profinder
(Dentsply Sirona) and a ProGlider rotary glide path in-
strument (Dentsply Sirona) used in a manual motion.

Canal preparation was completed with the TruNatomy
Prime file in the mesial root canal systems and the
TruNatomy Medium file (Dentsply Sirona) in the distal root
canal system. The fit of two Prime and one Medium
TruNatomy gutta percha cones (Dentsply Sirona) was
verified radiographically (Figure 2C) before the canals
were obturated with AH Plus root canal cement (Dent-
sply Sirona) using the Gutta Smart Obturation System
(Dentsply Sirona) (Figure 2D).

3. Removal of the fractured instrument

Attempting to remove a fractured instrument can be a
very challenging exercise.'® Hulsmann'# states that there
is no standard method of removing fractured instruments
and that a number of approaches can be followed.

[t must be emphasised that no matter what technique
is used, proper vision, illumination and magnification
play a crucial role when attempting retrieval.’ The Dental
Operating Microscope (DOM) increases direct visuali-
sation of the instrument fragment where normal vision
is inadequate.’® A study by Nevares et al.'” concludes
that the success rate in removing or bypassing frac-

Figure 2.

A. Pre-operative periapical radiograph of a mandibular right second mo-
lar with a fractured instrument in the mesio-buccal root canal system.

B. Fractured file bypassed with a size 08 K-File.

tured instruments is doubled when the fragment is
visible under the DOM.

In recent years several new techniques and devices
used in the removal of separated instruments have been
introduced in the market. It is important to note that
the clinician’s skills and experience are crucial aspects
when deciding which technique is best suited for sepa-
rated instrument removal. Referral to a clinician or spe-
cialist with more experience in instrument retrieval might
prove a better alternative in cases where the clinician’s
skill is lacking. Some widely used techniques and some
more recent promising techniques are discussed below.

i. Ultrasonics

Ultrasonics is probably the most widely used technique
in endodontics in the removal of separated instruments.
A Gates Glidden drill (GG) no.1 (0.50mm), GG no.2

Figure 3. (Adapted from Terauchi, 201237)
A. GG drill no. 1 or GG no. 2 is taken to the depth of the separated
instrument to create radicular access to the obstruction.

B. GG drill no. 2 or GG no. 3 is taken to the depth of the separated
instrument to create further radicular access to the obstruction.

. Creation of a staging platform with a modified GG bur.

. Completed staging platform that allows enough space lateral to the
broken file segment to initiate trephining procedures.

joNe]
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C. TruNatomy Prime gutta percha points fitted after preparation with
the TruNatomy Prime file.
D. Postoperative periapical radiograph after obturation.
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(0.70mm) or GG no.3 (0.90mm) can usually be taken
to the depth of the separated instrument to create
radicular access to the obstruction (Figures 3A and B).
In addition, it is recommended to create a staging plat-
form with a modified GG bur (Figure 3C). A GG drill
whose maximum cross-sectional diameter is slightly lar-
ger than the visible instrument is modified by cutting
it perpendicular to its long axis at its maximum cross-
sectional diameter with a diamond bur. The staging
platform (Figure 3D) allows enough space lateral to the
broken file segment to initiate trephining procedures
with ultrasonic instruments. 82

The clinician should be able to see the separated in-
strument with the use of magnification and illumination.??
An ultrasonic tip is used to create a gutter around the
fractured instrument before dislodging the separated
portion using ultrasonic agitation. For a better view,
canals should be irrigated and dried before introducing
the ultrasonic tips into the canal. Ultrasonic instruments

Figure 4.

A. Pre-operative periapical radiograph of a symptomatic maxillary se-
cond molar with a fractured instrument in the mesio-buccal root ca-
nal system.

B. During an attempt to remove the fractured instrument with ultrasonics
a secondary file fracture was caused, leaving the retained fragment
much deeper in the root canal system.

REVIEW <567

of different tip sizes and diameters that can be adapted
to different sections of the root canal are commercially
available." Magnification is essential when using these

tips, as blind trephining might lead to undesired remo-
val of dentine along the root canal walls. Nagai et al.?®
report a 67% success rate in removing separated instru-
ment fragments using ultrasonics; other success rates
of 88%% and even as high as 95% have been reported.?

It is important to note that the use of ultrasonics can
sometimes cause secondary fracture of the separated
fragment (Figures 4A and B). In a study by Ward et al.,*
where ultrasonics was used to remove separated files
from simulated canals and extracted teeth, they ob-
serve that a portion of the instrument would occasion-
ally break off from the original fragment, leaving a
shorter fragment behind. In general, shorter fragments
are more difficult to remove than longer ones, and the
retrieval rates are low for fragments that are located
apical to the canal curvature.?”-?°

Ultrasonic vibration also sometimes pushes the sepa-
rated file deeper down the canal, and aggressive or
incorrect use of ultrasonics sometimes results in perfo-
ration of the root canal. Another disadvantage is that
the prolonged use of ultrasonics can result in a tem-
perature rise on the root surface.®%-*2 According to
Sweatman et al.,®® if the temperature increase on the
root surface goes beyond 10°C the periodontal tis-
sues can be seriously damaged, especially when the
ultrasonic energy is used without coolant to enhance
the Vier20,23,26,29,34

The increase in temperature depends on the duration
of activation, type of ultrasonic tip, power settings, and
the use of coolants such as water and air.?"%® A study
by Madarati, Qualtrough and Watts® shows that ultra-
sonic activation with constant air flow as coolant did
keep the temperature rise significantly lower than activa-
tion without the air flow during file removal attempts.

Figure 5.

A. Pre-operative periapical radiograph of maxillary left first premolar with
poor root canal treatment and a fractured instrument in the buccal
root canal system.

B. Fractured file was removed with ultrasonics and the canal negotiated
to working length.

C. Postoperative periapical radiograph after obturation of the root canal
systems.
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They also demonstrate that an increase in temperature
generated by ultrasonics within the canal might be
several times higher than the readings recorded on the
external root surface.®®

CASE REPORT 3

A 38-year-old male presented with a history of pain and
discomfort on his maxillary left first premolar. Radio-
graphic examination revealed a previous root canal treat-
ment on the tooth with a fractured file in the buccal
root canal and inadequate root canal preparation and
obturation in the palatal root canal (Figure 5A).

The existing gutta percha was removed from the root
canal systems with Endosolv E (Septodont) and a size
15 Hedstrom file (Dentsply Sirona). A staging platform
was prepared with a size 2 GG bur to create straight-
line access into the root canal system and to expose
the coronal aspect of the fractured fragment.

A size 15 Endosonare file (Dentsply Sirona) mounted in
a U-File holder (Endo Kit E12, NSK) and attached to a
Satelec P-5 ultrasonic scaler (Satelec) was used to
trough around the fragment in a anticlockwise direction
until the file was dislodged from the root canal.

The canals were negotiated (Figure 5B), glide paths
were prepared and root canal preparation was com-
pleted before the root canals were irrigated with EDTA
and heated 3.5% sodium hypochlorite before obturation
(Figure 5C).

ii. Zumax Broken Instrument Removal Kit
(Zumax Medical)

As with the ultrasonic technique, the first step in using the
Zumax Broken Instrument Removal Kit (Zumax Medical)
is creating radicular access and a staging platform using
conventional and modified GG drills.

The next step is selecting one of the three trephine
burs whose maximum cross-sectional diameter is slight-
ly larger than the visible coronal aspect of the fractur-
ed instrument. The trephine is operated at a speed of
600rpm in a contra-angle hand piece to remove a
small amount of dentine around the fractured segment
in order to expose the coronal aspect of the fragment
for about 2.5-3mm. The trephine burs are available in
sizes 0.8, 1.0 and 1.2mm in diameter (Figure 6).

n
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Figure 6. Trephine burs of the Zumax Broken Instrument Removal Kit
(Zumax Medical) available in sizes 0.8, 1.0 and 1,2mm in diameter.

The rest of the system comprises a stainless steel handle
that can be fitted with either one of three extractors
(0.8, 1.0 and 1.2mm in diameter) (Figure 7A) or a crab

claw-shaped tweezer (Figure 7B). The crab claw-shaped
tweezer is indicated for removal of fractured instru-
ments that are visible directly on the pulp floor.

The extractors are microtubes fitted with a metal wedge
inside that is pushed forward upon activation of a lever
on a stainless steel handle (Figure 7C) that can be
attached to the extractors. The open lumen of the ex-
tractor is pushed over the exposed instrument head
and the fragment is clamped by mechanically locking
the instrument in the lumen of the extractor with the
elongated metal wedge. The extractor and handle are
carefully twisted clockwise and anticlockwise while ex-
erting a pulling action on the file until it is retrieved.

Figure 7.

A. Extractors (0.8, 1.0 and 1.2 mm in diameter).

B. Crab claw-shaped tweezer.

C. The activation handle attached to one of the extractors of the Zumax
Broken Instrument Removal Kit (Zumax Medical).

CASE REPORT 4

A 51-year-old female presented with a history of a frac-
tured rotary file in the disto-buccal root canal system
of her right maxillary first molar (Figure 8A). The tooth
formed the distal abutment of a three-unit bridge ex-
tending from the right maxillary first premolar. Upon clini-
cal examination it was noted that the abutment had
decemented and it was decided to section the bridge
before treatment.

Under high microscope magnification the coronal aspect
of the fragment was visible. A no. 3 Start X tip (Dentsply
Sirona) (Figure 8B) was used to remove some restrictive
dentine before an ultrasonic instrument (Endosonare file
mounted in a U-File holder) was used around the coronal
aspect of the tooth to create a trough of approximately
1.2 mm (Figure 8C).
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The 1mm trephine was used to remove more dentine
around the fractured segment to expose the coronal
aspect of the fragment for about 2.5-3 mm (Figure 8D).
The 1mm Zumax extractor was pushed over the ex-
posed instrument head and the fragment was secured
by mechanically locking the instrument in the lumen of
the extractor with the elongated metal wedge (Figure 8E).

The extractor and handle were carefully manipulated
until the fragment was retrieved. Figure 8F depicts the
result after root canal preparation and obturation of the
root canal system.

Figure 8.

A. Periapical radiograph of a maxillary left first molar showing a frac-
tured file in the disto-buccal root canal.

B. Removal of restrictive dentine with Start X no. 3 tip.

C. Trough created around the coronal aspect of fractured file with an
Endosonare file mounted in a U-File holder.

REVIEW <569

iii. Terauchi File Retrieval Kit (TFRK)

For the Terauchi File Retrieval Kit (TFRK) it is recom-
mended to use no.2 and no.3 GG burs (max 1000
rpm), ensuring minimal removal of the dentine to con-
serve the surrounding root structure. The canal should
be enlarged to at least four sizes (0.2 mm) larger in
diameter than the separated file.*” The no.3 GG bur
has a diameter of 0.9 mm and is the maximum GG bur
to use for canal preparation. The use of larger GG burs
increases the chances of stripped perforations, espe-
cially in curved canals.

D. Coronal aspect of fractured instrument exposed with a 1mm trephine.
E. Extractor placed over head of the fractured file in order to remove it.
F. Postoperative obturation result.
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The TFRK Micro-Trephine bur is used at 600rpm, rotat-
ing in a counter-clockwise direction, to remove a small
amount of dentine around the coronal aspect of the
fractured segment (Figures 9A and B). It can also en-
courage a bound file segment to reverse-thread back
coronally and loosen.

Figure 9. (Adapted from Terauchi, 2012%7)

A. TFRK Micro-Trephine bur is used to remove a small amount of dentine
around the coronal aspect of the fractured segment.

B. The coronal aspect of the fractured segment is exposed.

An ultrasonic TFRK spear tip is brought into the canal
and then activated on the dentine wall of the inner cur-
vature to create a tiny space of approximately 1.0 mm
away from the fractured surface of the file fragment
(Figure 10A). The spear tips are extremely thin and
sharp at the ends; it advisable to use the latch-grip
rubber polishing point included in the TFRK to further
thin and sharpen the spear tips before and between
uses to improve their effectiveness and avoid removal
of unnecessary tooth structure.

According to Buchanan®, it seems logical to trough the
canal wall on the outside of its curvature, because that
is where the fractured edge will be engaged. The prob-
lem is that, according to Terauchi®’, troughing on the
outside of the canal curvature does not work because:
a) troughing the wall increases the curvature of the
canal, while cutting the inside-of-the-curve canal wall
straightens the canal, and b) activating the ultrasonic tip
on the outside-of-the-curve wall hammers the segment
and actually moves it further down the root canal.

After troughing the inner curvature, a shallow groove is
cut along the outer curvature (Figure 10B) so that no
obstruction can keep the fragment from being kicked
out coronally by ultrasonic vibration. Finally, two specially
designed microspoon tips are used to connect the inner
and outer grooves that were created. The two micro-
spoon tips face toward (the 6 o’clock tip) and away from
(the 12 o’clock tip) the ultrasonic handpiece and are
chosen relative to the direction of the canal curvature.

The root canal is then filled with EDTA solution to en-
hance the ultrasonic cavitation effect and acoustic
streaming for removal. Ultrasonic vibration should be
applied to the separated file in the space created be-
tween the fragment and the inner curve of the canal
and move in “push and pull” motions until it is removed.
Most separated files usually come out in 10-30 seconds
with ultrasonics (Figure 10D). If a separated file shows
resistance to disengagement for more than 60 sec-
onds, it is recommended to remove more dentine
apically along the inside wall of the fragment before
the next removal attempt.

Figure 10. (Adapted from Terauchi, 2012°7)

A. TFRK spear tip is activated on the inner curvature to create a tiny
space of approximately 1.0 mm deep from the fractured surface of
the file fragment.

B. A shallow groove is cut along the outer curvature.

C. The root canal is then filled with EDTA solution to enhance the ultra-
sonic cavitation effect and acoustic streaming for removal using the
TFRK spear tip.

D. Separated file dislodged from the root canal.

All the ultrasonic tips in the TFRK are made of ductile
stainless steel and it is possible to pre-bend them if
necessary. The appropriate power setting when using
these tips is typically in the lower quarter of the ultra-
sonic unit’'s power range and must be activated inter-
mittently by tapping the foot control for one to two
seconds, rather than being used in continuous mode.
Intermittent activation keeps the tips from overheating
and sends a relatively powerful ripple through the long,
thin instruments. After two or three pulses, the tips
are removed, cooled and cleaned with a wet alcohol
sponge, and then replaced for further work until the file
is loosened. Working with ultrasonic tips next to frac-
tured file segments in a continuous rather than pulsed
activation increases the risk of breaking the file seg-
ment into smaller pieces.

Terauchi® demonstrates that separated files longer than
4.5mm in any canal, or those in curved canals greater
than 60°, are extremely difficult to retrieve with ultra-
sonic tips alone. On average, it took longer than nine
minutes to remove fragments longer than 4.5 mm, while
separated files shorter than 4.5mm were easy to re-
trieve with ultrasonics alone and the removal time was
about five minutes. He concludes that ultrasonic remo-
val attempts should be performed on a separated file
shorter than 4.5mm long, and ultrasonics in conjunction
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with another device, such as the loop device, should
be considered if ultrasonic removal time exceeds five
minutes.38:39

The Yoshi loop in the TFRK is a stainless steel micro-
lasso that extends from the end of a stainless steel
cannula attached to a handle with a retraction button
for tightening the loop around a loosened file segment.
If using the loop, the fragment must be loose and ex-
posed peripherally by at least 0.7 mm.

The Yoshi loop is prepared by moving the red retraction
button forward to extend the wire lasso. A DG-16 ex-
plorer tip is then placed inside the lasso, and the retrac-
tion button carefully pulled backwards until the wire
loop is felt to tighten on the explorer tine. This rounds
the loop, leaving enough space to place it around the
end of the file segment.

Before the explorer is removed from the loop, it is rota-
ted back to a position parallel to the cannula to bend
the rounded loop to a 45-degree angle. This rounded,
angled loop wire is then ideally formed to drop down
the root canal (Figure 11A) and around the coronal ex
posed end of the file segment (Figure 11B), ideally seen
under magnification.

The red retraction button is moved backwards to tighten
the loop around the loosened file segment and is care-
fully tugged in several directions until the file is pulled
out of the canal (Figure 11C).

Figure 11. (Adapted from Terauchi, 2012%7)

A. Rounded, angled loop wire on the Yoshi loop dropped down the root
canal under magnification

B. Loop wire is placed around the coronal exposed end of the file seg-
ment.

C. Retraction button on the handle is moved backwards to tighten the
loop around the loosened file segment, before the handle is carefully
tugged in several directions until the file is pulled out of the canal.

REVIEW <571

CASE REPORT 5

The patient, a 41-year-old male, presented with a poor
root canal treatment and a fractured instrument in the
mesio-buccal root canal of his left mandibular first molar
(Figure 12A).

Number 2 and 3 GG burs were used to create a
staging platform (Figure 12B) and a TFRK Micro-Treph-
ine bur was used at 600 rpm rotating in a counter-
clockwise direction to remove a small amount of dentine
around the coronal aspect of the fractured segment
(Figure 12C). An ultrasonically driven TFRK spear tip
was brought into the canal and then activated on the
dentine walls on the mesial and distal (Figure 12D)
aspects of the fragment to create a space of approxi-
mately 2.5 mm deep from the fractured surface of the
file fragment. The two microspoon tips were used to
connect the inner and outer grooves created with the
TFRK spear tip.

The root canal was filled with EDTA solution and
ultrasonic vibration was applied to the separated file in
the space created between the fragment and the canal
walls. As the file could not be removed after 80 seconds
and was more than 4.5mm long, it was decided to
use the Yoshi loop (Figure 12E) to retrieve it. Figures
12F and G show, respectively, periapical radiographs of
the tooth after file removal and the final obturation result
after retreatment of the root canal systems.

iv. EndoCowboy (Kéhrer Medical Engineering))

The EndoCowboy (Kdhrer Medical Engineering) (Figure 13)
is the latest endodontic instrument for removing broken
root canal file segments from root canals. The separated
instrument is also removed by placing a wire loop pro-
jecting from a needle (Figure 14) at the end of the
EndoCowboy around the fractured end of the file, after
which the loop can be tightened, securing it around the
file segment to be removed. This micro-lasso tool can
be adjusted precisely and makes it possible to grab
files even deep down in the canal with minimally in-
vasive access.

The technique is very similar to the Yoshi loop, but the
wire of the lasso is (1) a lot stronger; (2) available in three
different thicknesses; and (3) gives the clinician more
confidence in removing fractured instruments. The manu-
facturer recommends a straight-line access to the sepa-
rated instrument, which must be created with an ISO 70
file or a size 2 GG bur.

The head of the instrument should be exposed by creat-
ing a small circular space of at least 1mm deep with an
ultrasonic tip so that the lasso can be placed around the
fractured instrument. The fragment can be loosened
further with ultrasonics until a “dancing movement” of
the fragment is observed. However, the authors have
removed several ingrained instruments by exposing only
the head before using the high-tear-resistant lasso wire
to extract the file.

The EndoCowboy (Kdhrer Medical Engineering) is held
like a hand piece. After the preformed lasso is placed
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Figure 12.

A. Periapical radiograph of a mandibular left first molar showing a frac-
tured file in the mesio-buccal root.

B. Staging platform created with a modified GG no. 3 and drill.

C. Coronal portion of the fracture file exposed using the TFRK micro-
trephine bur.

D. Space created around the fractured instrument both mesially and

distally with an ultrasonically driven TFRK spear tip and spoon tip.

omm

I

Yoshi loop placed around the exposed head of the fractured file.
Extracted fractured fragment measuring 7 mm on a ruler.

. Periapical radiograph showing successful removal of fractured

instrument.

. Postoperative obturation result.

Figure 13. EndoCowboy (KOhrer Dental).

Figure 14. Magnified view of the wire loop projecting from a needle
cannula.
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around the separated instrument, it can be closed by
tightening the wire. One of the unique characteristics
of the EndoCowboy (Kéhrer Medical Engineering) is that
the dental assistant can help to operate the device.
This person can turn the adjusting wheel clockwise to
control the tension of the lasso. This allows the doctor
to concentrate fully on placing the lasso around the
separated instrument without using any hand move-
ments to close the loop around the instrument.

In order to exert enough tension on the separated
instrument, the lasso must be pulled tightly around it.
The device is fitted with a special built-in ball bearing
that allows precise tightening and maximum tactile feed-
back of the wire loop tension when the dental assistant
adjusts the wheel. Once the required amount of tension
is set the lasso will remain in the desired position, en-
abling the doctor to concentrate on the movement need
to extract the file. However, too much tension on the
lasso must be avoided, since it can cause the wire to
tear. The fractured file is extracted from the root canal
using a movement similar to extracting a tooth.

As mentioned before, the EndoCowboy specially drawn
stainless steel lasso guarantees maximum tear resis-
tance to enable strong traction. The wires are available in
three different thicknesses preloaded in metal cannulas.
The thinnest wire is 0.8mm preloaded in a cannula of
0.3mm; a standard 0.1mm wire is loaded in a 0.4mm
cannula and a thicker wire of 0.12mm in a 0.5mm
cannula.

CASE REPORT 6

A 54-year-old male presented with bite sensitivity and
occasional discomfort on his right mandibular first molar
(Figure 16A). Radiographic examination revealed a poor
root canal treatment with a fractured file in the mesio-
buccal root canal system and the possibility of a miss-
ed root canal system in the distal root.

An access cavity was prepared trough the existing
crown and a no. 3 GG bur was used to create a stag-
ing platform. A size 15 Endosonare file (Dentsply Sirona)
mounted in a U-File holder (Endo Kit E12, NSK) was
used to trough around the coronal aspect of the frag-
ent (Figure 16B), before a TFRK spear tip was used
to create a further space of approximately 1.5mm deep
on the dentine wall of the inner curvature from the
fractured surface of the file fragment. The EndoCowboy,
preloaded with the a standard O0.1mm wire in a 0.4mm
cannula, was introduced into the root canal, the pre-
formed lasso was positioned around the separated in-
strument, and the lasso closed by tightening the wire
by turning the adjusting wheel clockwise (Figure 16C).
The fractured fragment was extracted from the root
canal using a pulling action. Figure 16d shows the final
obturation result after retreatment of all the root canal
systems.

CONCLUSION

Procedural errors, of which instrument fracture is
probably the most challenging to manage, can occur
during any stage of root canal cleaning and shaping.
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Instrument fracture is likely to have a negative impact
on the long-term prognosis of the tooth. Proper training
and clinical experience, together with adherence to
sound clinical principles and guidelines for clinical use,
can limit the incidence of instrument separation.*® When
faced with a separated endodontic instrument the clini-
cian has the option to bypass it, to leave it in situ or to
retrieve it.

Removal of fractured instruments is influenced by the
length of the instrument, its diameter and position as
well as the root canal anatomy and curvature.*’ A study
by Wilcox et al.*? demonstrates that the least possible
dentine structure should be sacrificed for file removal
attempts, as it has been reported that canal enlarge-
ment of 40% to 50% of the root width increases sus-
ceptibility to vertical fracture. Suter et al.” recommend
that attempts to remove fractured instruments from root

Figure 16.

A. Pre-operative periapical radiograph of a mandibular right first molar
with file fracture in the mesio-buccal root canal.

B. A size 15 Endosonare file mounted in a U-File holder to trough
around the coronal aspect of the fragment.

C. The EndoCowboy positioned around the separated instrument in
order to extract the fragment.

D. Postoperative periapical radiograph after retreatment of all the root
canal systems.
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canals should not exceed 45 to 60 minutes because of
operator fatigue or overenlargement of the root canals.
The extended removal time may also lead to iatrogenic
errors such as root perforation and vertical root fractures.
In this paper the authors illustrate different approaches
to the clinical management of endodontic instrument
fracture, with specific focus on file retrieval methods and
commercially available retrieval systems. The case stu-
dies presented should provide the clinician with helpful
insights into the clinical management of these often
challenging scenarios.
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