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Abstract: The fracture of an instrument is a recognized complication in endodontics. The immediate response to a fractured instrument is
frequently to regard the treatment as a failure. Several factors must, however, be taken into account to evaluate the prognosis of the tooth
in this situation. The objective of the endodontic treatment with or without a fractured instrument remains the same, namely to disinfect
the root canal system and prevent its recontamination. The time at which file fracture occurred during treatment and the degree of canal
infection should be considered when determining the potential effect of instrument fracture on treatment outcome. Patients must be
informed about an instrument fracturing in their tooth for ethical and legal reasons.The aim of this paper is to attempt to place fractured
instruments in context, not to provide an in depth description of fractured instrument management techniques.

Clinical Relevance: To understand the influence of fractured instruments on prognosis in endodontics.
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Rotary Nickel Titanium (NiTi) instruments
can help the clinician to achieve excellent
endodontic results, provided that the
operator uses them carefully, following
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sensible protocols including the
establishment of straight line access and
a glide path. Instrument fracture is not
limited to NiTi files and it is important
to maintain an adequate quality control
programme, including not over using
instruments and disposing of damaged
files during treatment.

The success of endodontic
treatment is affected negatively by
inappropriate shaping, disinfection
and obturation of the root canal
system. It may take several months,
or even years, for objective evidence
of failure to appear radiographically
as patients rarely experience pain.

This can lead to patient confusion in
regard to the relationship between
failure and treatment carried out
several years earlier. The fracture of an
endodontic instrument during shaping
can be a devastating experience for
the practitioner. This paper explores
whether a fragment of instrument left
in the canal during root canal treatment
should be considered a factor in failure
and, if it is, how does it influence the
prognosis?

Is instrument fracture new to
rotary NiTi?

A NiTi instrument, contrary
to generally accepted belief, is not more
fragile than a stainless steel instrument
of equivalent size; fractured instruments
occurred long before the introduction
of rotary NiTi instruments. Radiographic
evidence of treatment performed before
1991 shows remnants of endodontic
instruments (stainless steel files, Lentulos®,
thermocompactors, reamers, etc) left in root
canals.

The effect of fractured
instruments on prognosis became of
greater interest following the introduction
of rotary NiTi instruments since this
resulted in a number of dental surgeons
becoming aware of the problem through
their own experience.To date, no study
has demonstrated clearly that the number
of fractured instruments has increased
since the implementation of rotary NiTi
instrumentation. Clinical studies have
shown a relatively low rate of instrument
fracture with these techniques: 2.7%'
and 3.7%.? It was suggested that the
fractures that did occur were caused by
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Success rate Influence of fractured files on outcome of
endodontic treatment

Strindberg?® 73% Reduction of 19%

Engstrom et al’ 67% No effect

Engstréom and Lundberg™ 100% No effect

Grossman'! 77% Reduction in the success rate if periapical lesion
Crump and Natkin'? 91% No effect

Fox et al'® 93% Reduction in the success rate if periapical lesion
Kerekes and Tronstad™ 82% Reduction in the success rate on tooth necrosed
Molyvdas et al*® 87% Reduction in the success rate if periapical lesion

Table 1.Influence on the success rate reviewed in the literature.

inappropriate use.

The apparent ease with
which endodontic treatment can be
performed using rotary NiTi instruments
has increased the expectation of clinicians.
The anticipation of a pleasing radiographic
result following treatment is lost when an
instrument fractures in a root canal. Such
an event is frustrating for the operator, who
then considers the treatment a failure, with
the ‘apparent’ cause visible on a radiograph,
although NiTi can be difficult to distinguish
from gutta-percha. Clinicians may be misled
by the concept that technical errors, such
as fractured instruments, perforations,
overfilling, etc can be the direct cause of
endodontic failure. Whereas, in the majority
of cases, the procedural mishap does not
directly compromise the prognosis, unless a
concomitant infection is already present.?

The concept of failure therefore
remains relative, since an instrument is
seldom the direct cause; it does, however,
limit access to the apical part of the canal,
compromising disinfection and obturation.
Thus a fragment of instrument may be
indirectly responsible for an endodontic
failure but is rarely directly responsible.
When treatment is completed in ideal
conditions where asepsis, disinfection and
three-dimensional obturation of the canal
system are achieved, the risk of formation of
an apical lesion, one sign of an endodontic
failure, is low.*>® If one of these elements is
missing, usually for technical reasons, the
success rate decreases.’

The effect of instrument fracture
on prognosis had been reported prior to
the introduction of nickel titanium rotary
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Figure 1. (a, b) The two fragments of a spiral filler fractured in the coronal third of the canal are an
additional complication for retreatment of this tooth.The removal of these instruments makes it possible
to shape, disinfect and fill the root canal conventionally.

instruments (Table 1). All of these studies,
with the exception of Grossman,"" showed
that the presence of a fractured instrument
had little influence on success rates. It was
also demonstrated that the failure rate
increased when a periapical lesion was
present. This suggests that the nature of the
problem lies with the presence of infection
rather than the fractured instrument.

A fractured instrument limits
access to the apical part of the canal,
compromising shaping and disinfection.

The fragment of instrument behaves as an
additional complication alongside those
already existing naturally, such as the size
of the canal, its curvature, calcifications, etc
(Figure 1).

Influence of canal infection on
prognosis

The clinical situation (absence
or presence of infection) and the time of
instrument fracture during treatment can
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Figure 2. The long fragment of instrument

is indirectly responsible for the bacterial
contamination of the canal, which is now difficult
to treat. (a) Complete disinfection after retrieval
of the instrument (b) and the three-dimensional
obturation of the canal system (c) are the key
points to obtain the bony healing of the periapical
lesion (d) (review at 14 months).

significantly influence prognosis and the
approach to management. It is preferable to
remove the fragment and pursue treatment
under ideal conditions, but this is not always
possible.The risks of removal should be
balanced against benefits as weakening of
the tooth or perforation during instrument
removal may be more detrimental than the
fragment of instrument.

Vital pulpectomy

In this situation, the canal is
virtually sterile, the objective of treatment
is to remove all pulp tissue, shape, disinfect
and fill the canal, sealing the access to
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prevent re-contamination. This treatment
must be performed under rubber dam,

free of saliva, with sterile instruments and
the use of an antibacterial irrigant. The
obturation should ideally be completed in
the same session, providing that sufficient
time is available to avoid the possibility of
contamination between visits. If an instrument
fractures during the shaping process, then

a radiograph should be taken to establish

its position. If the location precludes easy
removal or bypass, then treatment should be
concluded in the same visit, including root canal
filling and coronal seal. If the canal system has
never been contaminated, the presence of the
retained fragment should have no influence
on the prognosis.

Infected canals

When the root canal system
is infected with bacteria, the objective
of treatment is to obtain complete
disinfection, and prevent re-infection
with an appropriate endodontic and
coronal seal. If the fracture occurs at the
end of instrumentation, and disinfection
has already been obtained, then the
canal should be sealed conventionally,
by embedding the fragment in the filling
material. In this case, the prognosis is
reasonable. If, on the other hand, the fracture
occurs early in treatment, then there will
have been little opportunity to disinfect

the root canal system.The anatomy beyond
the instrument may become inaccessible
to further instrumentation and irrigation.
Infection in this part of the canal will
therefore remain and may be directly
responsible for failure.™

Retreatment

This problem is comparable
with the above, the objectives of treatment
are the same; specifically, disinfection of
the root canal system and prevention of
its re-infection. The presence of an apical
radiolucency confirms infection of the canal;
nevertheless the absence of a lesion should
not be regarded as a guarantee of sterility.
During retreatment, the root canal system
should be considered as contaminated
and the presence of a retained instrument
fragment may prevent access to the apical
third of the canal, thus compromising
disinfection. If the instrument can be
removed or bypassed, treatment objectives
can be achieved with a success rate
equivalent to conventional retreatment.'®

Which approach should
be adopted in managing a
fractured instrument?

Assessing the position and
managing the presence of fractured
instruments can be complex and, where
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Figure 3. The fragment of spiral filler in the middle third of the mesio buccal root could not be removed.
(a) Itis by-passed, enabling the passage of endodontic files and fresh irrigant (b) to the apical root canal
anatomy.The instrument has been embedded in the filling material (c, d).

doubt exists, patients should be referred for
advice on management. Several approaches
can be adopted:

B Removal of the fragment;

B Leaving it in situ;

B Bypassing the instrument; or

B Surgery.

The objective of the treatment remains

the same, namely disinfection of the canal.
If removal of the fragment is deemed to

be the ideal solution (Figure 2), then the
clinical procedure is often delicate and

may compromise tooth conservation in the
long term. Considerable care is required
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during instrument removal; destruction

of tooth structure is inherent in the
procedure and, if extensive, can sometimes
compromise the prognosis. If instrument
removal is considered too dangerous,
excellent results may be obtained by
bypassing the fragment and embedding
it in the root filling, as its presence within
the gutta-percha should not unduly affect
the quality of the obturation'” (Figure 3).

It could be argued that it is preferable

to attempt instrument bypass initially in
view of this technique normally being
more conservative of dentine, especially in

difficult to access areas of the canal.

Finally, if it is not possible
to bypass the fragment, then the canal
should be shaped, disinfected and filled
to the accessible length and restored.The
success rate will be dependent on canal
contamination and fragment position
(apical, middle or coronal third) as this
influences the amount of root canal system
that has not been disinfected (Figure 4).

Radiographic follow-up to
evaluate periapical health is necessary; if
the lesion is seen to be increasing in size or
there are clinical symptoms (pain, swelling,
sinus tract), apical surgery or extraction
must be performed to remove that part of
the root which has not been disinfected
during orthograde treatment.

Patient management

Instrument fracture is a
significant frustration for the practitioner,
however, another problem that arises is
informing the patient of the event. Legally,
it is necessary to inform the patient about
difficulties encountered during treatment.
Within this framework, there is an obligation
to inform the patient if an instrument has
fractured during treatment and been left in
the canal. Information must be focused on
the possible consequences of this event, the
influence on success rate, the complications
which might occur, and any further
treatment that may be required.

A recent study'® considered 8460
teeth and concluded that the presence
of a fragment of fractured instrument
in the root canal did not significantly
influence the success rate of endodontic
treatment (91.8% if a fragment is present,
and 94.5% if not). The authors, however,
only considered cases in which the
instrument had fractured during primary
endodontic treatment; retreatment cases
with a fragment already present were not
included.

Given these results, one might
argue that the effect in vital cases is so
small that patients do not need to be
informed of the event, especially as it is
difficult to acknowledge one’s weaknesses,
and to have to share them with the patient.
The necessity to inform the patient that a
complication occurred during treatment,
however, remains but, given the small effect
on prognosis in vital cases, the message
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Figure 4.The fragment of instrument located in the middle third of the mesio buccal canal could neither be removed nor bypassed. (a) In this situation, the
accessible length of the canal has been shaped and disinfected. (b) Review at 12 months shows signs of healing, proof that the objectives of the treatment were
still achieved (c).In this case, the two canals joined in the middle of the root and demonstrate that, although the mesio buccal canal was not ideally disinfected,
the apical part of the canal has been cleaned via the mesio lingual canal and healing has resulted.

could be adapted in order not to worry the
patient unnecessarily. It is acknowledged
that patients should be informed about

a broken instrument even though it may
have little effect on prognosis. This then
begs the question, should we warn patients
each time treatment does not resultin a
perfect outcome. In reality, few patients

are informed about all aspects of non ideal
treatment.

It is therefore necessary to find
the right explanatory words and fulfil our
ethical obligations without worrying the
patient unnecessarily. This information
must take into account the factors
described previously, namely:

B The timing of the fracture during
treatment;

B The level of contamination of the canal
prior to treatment; and

B The degree to which the instrument will
compromise the seal of the canal.

In the event of conflict with
a patient, the retained instrument in the
canal tends to be the focus of attention
and failure to inform the patient is viewed
in a negative light. However, defective
endodontic treatment is rarely condemned
to the same extent.

Management of instrument
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fracture is complex. Its effect on the
prognosis of treatment is small, although
it can be associated with treatment
failure.To the patient it is frequently

the primary focus of any problems they
may encounter. However, removal of

an instrument fragment may actually
make the situation worse. Ultrasonic tips
have been miniaturized, but the use of
grasping instruments (IRS, Masseran) can
result in the removal of large amounts of
dentine, especially if the instrument lies
in the apical portion or is hidden beyond
canal curvature.These factors need to

be taken into account in order to avoid
compromising the tooth.

Finally, it is necessary to
organize appropriate follow-up of the
patient in the event of any clinical
complication. This allows periodical
review and control radiographs to be
taken, thereby enabling an evaluation of
changes in associated pathology to be
made. If deterioration of periapical health
is detected, referral or endodontic surgery
should be considered.

Lack of periodic reviews would
leave the dental surgeon open to possible
reproach. Regular follow-ups to anticipate
and deal with any potential problems

are advocated. In this way, many difficult
situations can be avoided and patient
satisfaction maintained.

Conclusion

The success rate of an
endodontic treatment is related to
disinfection of the canal, even in the
presence of a fractured instrument. An
instrument fragment is rarely the direct
cause of the problem and, when the
obstacle can be by-passed, and disinfection
obtained, the prognosis is hardly affected.
The fracture of an instrument, whether it is
Nickel Titanium or Stainless Steel, is normally
related to inappropriate use. Preventing
fracture by operator training, monitoring
instruments for signs of deformation and
using them only once remain the best way of
minimizing problems.
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