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Instrument separation is an endodontic procedural 
reality. If you prepare root canals with tiny files, then 
one will fracture on you sooner or later.

There can be all sorts of reasons for this mishap, 
which will block access to the apical canal terminus. The 
most common causes for file separation are improper 
use, limitations in physical properties, inadequate 
access, calcifications, root canal anatomy, and possibly 
manufacturing defects.

The increasing use of rotary NiTi files have created 
a significant increase in cases of instrument separation 
as it is easy to overstress the metal within a narrow 
canal and they tend to fracture without warning. On the 
other hand, guidance in the UK stipulating single use 
endodontic files has undoubtedly, fortunately reduced 
the potential for instrument overuse and therefore 
breakage.

A separated instrument does not necessarily mean the 
loss of the tooth, or even the need for endodontic surgery. 
Prognosis will depend on what stage of instrumentation 
separation occurs, the preoperative status of pulp 
and periradicular tissues, and whether the file can be 
removed or bypassed. Furthermore, the introduction of 
the operating microscope has created a quantum leap in 
visualisation and, therefore, our ability to successfully 
remove canal blockages.

In a case where an instrument has separated, leaving 
necrotic and contaminated tissue at the apex with an 
apical lesion, careful consideration needs to be given to 
the potential for removing the blocking instrument. This 
will depend on many factors, the most critical of these 
being the location of the separated instrument. If it is 
entirely positioned within a straight portion of the canal, 
into which there is straight-line access, retrieval is likely. 
If it has separated deep in the canal with the broken 
segment apical to the curvature of the canal, orthograde 
removal will not be possible. Because removal will entail 
widening of the canal coronal to the blockage, further 
consideration needs to be given to root curvatures, 
external root concavities and root thickness. In assessing 
the chances of bypassing the instrument, visualisation of 
the full canal anatomy will be useful.

All of these factors can only partially be assessed 
using a traditional periapical radiograph. For accurate 
diagnosis, prognosis and treatment planning, full 3D 
visualisation of the roots and canal system is necessary.

The following case of a symptomatic lesion associated 
with a root-filled lower molar with an instrument 
separated 15 years previously, demonstrates the higher 
level of treatment planning available using CBCT at 
the diagnostic stage, and the importance of using this 
technology to give the patient the best possible treatment 
advice.

History and examination
The patient, a 34-year-old hygienist, appended with a 
recent history of continuous pain and one episode of 
swelling from her lower left first molar. The tooth had 
been root treated over 15 years previously, while she was 
at dental school in Ireland. There was a recollection of 
an instrument separating during the procedure.

Clinical examination revealed a crown with satisfactory 

margins and an associated diffuse buccal swelling. There 
was some tenderness to percussion. No deep pockets 
were noted.

The periapical radiograph (Figure 1) that had 
accompanied the patient showed the restoration to 
be a one-piece, bonded ceramic core and crown with 
satisfactory margins. The mesial root showed the classical 
appearance of a separated endodontic instrument with a 
fine, untapered, more radiopaque line, terminating the 
coronal placed root filling, approximately 5-6mm from 
the apex. The position of the separated instrument was 
just where the root gently curved distally. There was no 
obvious sign of a second root fill and a distinct mesial 
periapical lesion was present. The distal canal appeared 
well root filled with the obturation close to ideal 
extension, but some questionable areas of radiolucency 
seemed to be present at the radiographic apex. 

Initial diagnosis
A diagnosis of chronic periapical periodontitis was 
made for the mesial root of the LR6 associated with 
contaminated material in the apical third of the root 
canal. There was a possibility of some periapical 
periodontitis also at the distal root.

It is useful to discuss treatment considerations prior 
to CBCT, and then reappraise following the information 
provided by 3D analysis using CBCT.

Treatment considerations prior to CBCT
1. The problem at the mesial root apex was being 
caused by contaminated material beyond a separated 
instrument, the way to get to this area would be an 
attempt at removing the instrument. The golden rule of 
instrument retrieval in endodontics is whether part or 
all of the file is positioned beyond the curve of the root, 
therefore disallowing straight line access for ultrasonic 
guttering and then the ability to remove the loosened 
file. In this case it would appear that straight line access 
would be just possible for access to the coronal 2-3mm 
of the instrument, although not without some significant 
removal of mesial crown material. The fact that half of 
the file is beyond the curve would certainly complicate 
removal and it could not be retrieved with vibration 
alone, requiring an extractor device.
2. Although there may be a second mesial canal present 
here that will provide a pathway into the apical third of 
the root, there is no way to predict whether (a) this has 

also been blocked by the instrument, and (b) whether it 
is likely to join the blocked canal at one apex, meaning 
that if it can be negotiated and cleaned it will achieve the 
objective of an effective decontamination of the apical 
third.
3. The root filling in the distal canal appears satisfactory 
but there is a question about some apical changes, which 
cannot be ignored in treatment assessment.
4. The design of the ceramic crown gives cause for 
concern. It will almost certainly not be easily removable 
in a way that it could be re-used and the restorability 
of the tooth cannot really be assessed until the crown 
is removed. Endodontic treatment through the crown is 
likely to weaken the core leading to fracture and the loss 
of the crown.

Figure 1: Pre-operative periapical radiograph showing an apical lesion 
associated with the mesial root containing a separated instrument

Figure 2: CBCT coronal slice of the mesial root of the LR6 showing the 
position and angle of the separated instrument along with the position of 
the apical lesion

Figure 3: From the coronal slice the canal configuration is more likely 
to be 1 or 2 rather than 3, which gives rise to some optimism that with the 
canals joining together, cleaning and obturating the ML canal will at the 
least seal off the MB canal apical to the instrument.

Endodontics in 3D 
The fourth in a series, Richard 
Kahan considers treatment options 
for a separated instrument

Treatment planning pre-CBCT
Option 1
1. Planned removal of the crown and assessment of tooth 
restorability
2. Attempted removal of the separated instrument and 
hopefully negotiation of the apical third of the canal beyond 
the instrument
3. Retreatment of the other mesial canal and the distal canal.  

Option 2
The expense, complexity and questionable prognosis for 
option 1 brings the option of apical surgery to the fore, 
which will avoid the loss (and expense) of the crown and the 
need to remove the instrument. This treatment option has 
its own level of complexity with the position of the apices 
in the mandible unknown. Both canals in the mesial root 
apex will need to be sealed but long-term prognosis will be 
compromised by the probability of contaminated material left 
in the coronal segments of both canals.
With this level of complexity and prognostic limitation it may 
be more realistic to consider extraction and replacement with 
an implant or a bridge.

A separated instrument does 
not necessarily mean the loss of 
the tooth, or even the need for 
endodontic surgery Treatment considerations with CBCT

1. The canal containing the separated instrument can 
be quickly identified from the coronal slice (Figure 
2) as the mesio-buccal (MB). This shows that there is 
lingual curvature to the canal and that the separated 
instrument is mostly positioned beyond the apex of this 
curve. According to the precepts of instrument removal 
this will make fragment retrieval almost impossible and 
the action of trying to do so will be very damaging to 
the root.
2. Judging the shape of the root apex and the path 
trajectory for the canals, one can imagine that the 
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Figure 4: CBCT sagittal slice of the LR6 showing a normal pdl space around the distal root apex (arrowed)

MB and mesio-lingual (ML) canals join at a single apex. This means that achieving 
patency in cleaning the ML canal could, at the very least, effectively provide a seal at 
the apex of the blocked MB canal, but if the join is higher up it may be possible to 
clean much of the canal as well (Figure 3). 
3. The apical lesion is positioned towards the lingual side of the root suggesting 
that the contamination in the ML canal is more substantially contributing to the 
pathology than the canal contents in the blocked MB canal (Figure 2).
4. No lesion can be seen at the distal root apex (Figure 4).
5. The position of this root relative to the buccal plate can be ascertained. In this 
case the position of the canal with the separated instrument is favorably placed 
for surgery to resect the non-negotiated section of canal. However, leaving a 
contaminated lingual canal will be difficult to seal effectively and reduce the long-
term prognosis for treatment.

Conclusion
One can see how the additional information provided by CBCT can lead from doubt 
and an understandable recommendation of extraction based on cost effectiveness, to 
significant clarity and being able to provide an innovative and predictable treatment 
plan with a likely good prognosis for success. Any knowledgeable practitioner serious 
about providing their patients with good options for saving teeth, rather than instantly 
providing an implant, should be aware of the power of this technology and must use it 
in complex, endodontic decision making. 

Richard Kahan is a specialist endodontist working in Harley Street, London and the former 
director of endodontic courses at UCL Eastman CPD. He has lectured widely on endodontics 
and technology and has recently set up the Academy of Advanced Endodontics to teach the 
fundamentals of endodontics to GDPs through extended mentoring within his practice. With 
five years’ experience of endodontic CBCT using the Morita Veraviewepocs 3D his clinic has 
become a referral centre for complex cases used by both endodontists and GDPs. For more 
information visit www.endodontics.co.uk.

Treatment planning post-CBCT
A rather more optimistic treatment plan can therefore be formulated based on these 
observations.
1. Access the tooth with the objective only to negotiate, clean and fill the ML canal. 
Attempting removal of the separated instrument would most probably be unsuccessful 
and very damaging to the root and crown. This has a reasonable chance of success in itself 
if the canal shape is configuration 2. Even configuration 1 might allow for healing and 
successful treatment
2. If the shape is configuration 3 then following treating the ML canal and non-healing one 
could confidently predict that surgery to remove the apical extension of the MB canal and 
sealing it will be successful in dealing with the problem.
3. The core stabilising the crown will not be too adversely affected by an access cavity 
to just treat the ML canal. The crown can therefore be maintained during the procedure 
making treatment simpler and significantly more cost effective.
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