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ABSTRACT

Background: A separated instrument complicated orthograde endodontic retreatment of a maxillary molar tooth with
apical periodontitis.
Methods: The tooth was treated utilizing microsurgical techniques that employed an operating microscope, ultrasonics,
micro-instrumentation and mineral trioxide aggregate as a root-end filling material.
Results: Healing was evident at a 12-month review appointment.
Conclusions: Microsurgical techniques have significantly improved the outcomes for healing of periapical lesions when
compared to traditional approaches to endodontic surgery. Success rates have been shown to be comparable with
conventional orthograde treatment.
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INTRODUCTION

Primary endodontic treatment for teeth with apical
periodontitis is generally a reliable and successful
procedure where the objective of treatment is to
eliminate the intra-radicular infection.1 However, the
prognosis for retreatment cases with a periapical lesion
may be lower, particularly when a procedural error has
occurred as elimination of bacteria from the canal may
not have been possible.2,3 Strindberg found that the
separation of an instrument in the root canal reduced
the success rate significantly.4 More recently, with the
increased use of the operating microscope, there have
been better outcomes for the probability of removing
fractured instruments from root canals.5 These authors
also reported that there was a higher frequency of
separated instruments in curved canals. However,
Souter and Messer reported that complications were
more often associated with removal of separated files
from the apical third of curved canals and recom-
mended that removal of the file should not be routinely
attempted.6

Interestingly therefore, for teeth with iatrogenic
complications, recent reports have suggested that the
treatment outcome for retrograde and orthograde

root canal retreatment is similar.7 There have been
many advances in the field of endodontic surgery
where it now should be considered a microsurgical
technique.8 These authors define microsurgery as ‘a
surgical procedure on exceptionally small and com-
plex structures with an operating microscope’. The
routine use of the operating microscope has been
advocated as abnormalities of the apical canal such as
lateral canals, an isthmus between canals and
untreated canals can be better visualized. Further
advances have included the routine use of microsur-
gical instrumentation, particularly ultrasonics that
allow shallower resection angles and minimal bevelled
preparations that conserve cortical bone.8 Mineral
trioxide aggregate (MTA) has been suggested as the
most appropriate root-end filling material as in vivo
studies have shown that MTA has bio-inductive
properties in relation to bone, dentine and cementum
regeneration.9–11 Chong et al. reported a success rate
of 92% in a prospective study using microsurgical
techniques and MTA as a root-end filling material.12

However, the use of MTA does not guarantee clinical
success and cannot overcome deficiencies in tradi-
tional apical preparation.8 Complete healing has been
shown to be significantly higher with microsurgical
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techniques (91.1%) when compared to teeth treated
with traditional techniques (44.2%).13

The aim of this article is to report on a case of
surgical retreatment of a maxillary molar with a
separated file in the apical third of a mesiobuccal canal
utilizing microsurgical techniques. Surprisingly, a
PubMed search revealed no other such reports of
surgical correction of a separated instrument in the
literature.

CASE REPORT

A 62-year-old female was referred for endodontic
treatment of the right maxillary first molar as the patient
had recently experienced severe pain following repair of
a fractured cusp with glass-ionomer cement (Fig 1). Two
courses of antibiotics (Amoxycillin 500 mg; tds; 20
capsules) had been prescribed which had allowed
resolution of symptoms. Her medical history was non-
contributory. On clinical examination, the tooth was
still slightly tender to percussion and extensively
restored with amalgam and glass-ionomer cement.
Radiographic examination revealed that the tooth had
been root filled and there was a periapical radiolucency
associated with the buccal roots. A separated file was
noted in the mesiobuccal canal (Figs 2 and 3). A
diagnosis of symptomatic apical periodontitis associated
with a previously root filled teeth which had a separated
file was made. The tooth had been initially root filled
15 years earlier.

Three treatment options were discussed with the
patient. Extraction and placement of an implant was
considered due to the extent of prior tooth loss and the
endodontic complications associated with the separated
instrument. For this reason, the second option of
orthograde retreatment was not considered a viable
treatment choice despite the advantage this approach
would have in the possible identification and instru-
mentation of a second mesiobuccal canal (MB2). Due
to recent research, indicating high success rates for
microsurgical apical surgery comparable to an ortho-
grade approach, this option was also discussed. The

patient wished to retain the tooth which was deemed
restorable and was made aware of the risk that the
tooth was susceptible to future breakdown and frac-
ture. The requirement for definitive restoration with

Fig 1. The glass-ionomer repair restoration of the previously
fractured distobuccal cusp adjacent to the extensive amalgam

restoration is evident.

Fig 2. Periapical radiograph of the maxillary first molar where the
separated file is evident in the mesiobuccal canal.

Fig 3. Periapical radiograph of the maxillary first molar utilizing a
mesial tube shift technique where the periapical radiolucencies

associated with the buccal roots are more notable.
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a crown was explained once a favourable healing
outcome had been determined.

Anaesthesia was performed with buccal and palatal
infiltration of 4% Articaine with 1:100 000 Adrenaline
(Septodont, France) over the apices of the maxillary
molar and adjacent teeth to involve the entire surgical
site. A full thickness flap was raised with a #15 scalpel
blade to create a rectangular flap. The exposed tissues
were moistened with sterile saline throughout the
surgical procedure to avoid dehydration of the bone
and soft tissues. After retraction of the flap, the buccal
bone was assessed and no perforation of the cortical
plate was evident. The position of the apices was
estimated and the bone was removed with an ISO size
18 sterile bur (Dentsply Maillefer, Ballaigues, Switzer-
land) in a straight handpiece with copious sterile saline
using light brush strokes.

An assessment of the bony defect was made after the
osteotomy was performed which was followed by
curettage of the inflamed granulation tissue. Haemosta-
sis was obtained with the assistance of cotton pellets
containing racemic epinephrine hydrochloride (Racel-
lets, Pascal Co., Bellevue, WA, USA). Root-end resec-
tion was performed with a size 14 sterile tapered fissured
bur (Dentsply Maillefer, Ballaigues, Switzerland) in a
straight handpiece, again using copious sterile saline as a
coolant. Approximately 3 mm of the root end was
resected at 90� to the long axis of the mesiobuccal
inclusive of the fractured file and distobuccal roots. This
resection was undertaken carefully with magnification
(·16) and illumination using an operating microscope
(OPMI Pico: Carl Zeiss Surgical GmbH, Oberkochen,
Germany). A micro-mirror was used to examine the
root-end which was examined for the presence of a
crack (Fig 4). Corrosive products related to exposure of
the stainless steel file were noted in the mesiobuccal
canal and the presence of an isthmus and an unfilled
second mesiobuccal canal was also revealed (Fig 4). A
void in the gutta-percha was evident in the distobuccal
root. Root-end preparation was performed under
magnification (·16) using ultrasonically powered tips
(ProUltra surgical tips, Dentsply, Oklahoma, USA) in a
P5 unit (Satalec; Supresson, Merignac, France) to a
depth of 3 mm (Fig 5). All three preparations were
undertaken using copious amounts of coolant of sterile
saline solution. The root-end cavity was examined (·16)
to inspect that the canal cavities were clean.

The root end was dried with a Stropko (Vista Dental
products, Racine, WI, USA) attachment to a low-
pressure compressed air source. MTA (Proroot, Dents-
ply Tulsa Dental, TN, USA) was placed with a flat
plastic instrument and packed into place with a micro-
plugger (EP1LB, 0.5 mm; G. Hartzell & Son, Concord,
CA, USA). MTA was mixed according to the manu-
facturer’s instructions and to a consistency so that the
material could be easily placed into the canal. A Lee

block (Tap Pastics, San Rafael, CA, USA) was used to
form plugs of MTA to assist in the apical fill. When the
root-end cavity was filled, the Racellet cotton pellets
were removed and the surface of the cut root end was

Fig 4. The corrosive products in the mesiobuccal canal with staining
of the isthmus and the second untreated canal can be seen. Also, the
void in the gutta-percha in the distobuccal canal is easily visualized.

Fig 5. Root-end cavity preparations of three apical foramina prepared
with ultrasonic preparation.
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cleaned with a cotton pellet dampened with sterile
saline (Fig 6). The surgical site was then closed with
5 ⁄ 0 sutures (Ethicon, Johnson&Johnson, Somerville,
New Jersey, USA). A postoperative periapical radio-
graph was taken as a basis for radiological review
(Fig 7). Postoperative care was explained and ibuprofen
400 mg recommended for analgesia. Sutures were
removed after four days.

The pathology report recorded the specimen consisted
of multiple specimens ranging from 5 · 3 · 2 mm to
1 · 1 · 1 mm. Sections showed a poorly encapsulated
granuloma that contained a mixed inflammatory infil-
trate with a prominent plasma cell component and foci of
micro-abscess formation. The diagnosis was confirmed
as a periapical granuloma.

A review appointment was scheduled for 12 months.
Clinical signs of healing were a lack of symptoms,
including tenderness to percussion of the tooth, absence
of a swelling or fistula or signs of tooth mobility.
A periapical radiograph indicated a favourable healing
outcome (Fig 8). The patient was advised to have the
tooth definitively restored with a crown. The technical
quality of the periapical surgery as well as the quality of
the apical and coronal seal are important prognostic
determinants of successful periapical surgery so further
follow-up is required.

DISCUSSION

Coronal leakage is considered a major determinant on
the endodontic healing outcome.14 Therefore, it is

interesting that symptoms developed soon after repair
of a fractured cusp that may have allowed bacterial
ingress in a root filled tooth that had been asymptom-
atic for 15 years. Obviously, a number of factors may
have accounted for failure of the root filling and the
persistent apical periodontitis. However, the presence
of a separated file in the canal has been shown not to
have a significant effect on outcome, especially if
separation occurs after adequate chemomechanical

Fig 7. Radiograph taken immediately after MTA was placed and
before the wound was closed. Note the MTA plug of the second

mesiobuccal canal.

Fig 8. Radiograph taken at the 12-month follow-up appointment.
Periapical repair and osseous healing are evident.

Fig 6. Three root-end cavity preparations filled with grey MTA.
No isthmus is evident.
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preparation.15 It is more likely that the presence of the
untreated MB2 was the major determinant on outcome
and the tooth had remained quiescent over the 15-year
time period. Studies have shown a high incidence of
MB2 canals (80%) where the anatomy is complicated
by isthmuses, accessory canals, apical deltas and
loops.16

Therefore, the complex root canal morphology of the
mesiobuccal root is an important consideration for
apical surgery of the maxillary molar tooth. Degerness
and Bowles examined the anatomic determination of
the mesiobuccal root resection level in maxillary molars
and found that 80% of lateral canals were eliminated
when a 3.64 mm resection was performed.17 Further-
more, canal isthmuses were often not evident until after
a 3.12 mm resection. Von Arx also found 76% of
resected mesiobuccal roots had two canals and an
isthmus. In that study, endoscopic inspection demon-
strated that none of the isthmuses were filled; empha-
sizing the difficulty of orthograde instrumentation and
root filling of canal isthmuses.18 In the current report,
an isthmus and second mesiobuccal canal was observed
with an operating microscope (·16) at an approximate
3 mm resection of the mesiobuccal root (Fig 4). After
ultrasonic root-end cavity preparation (Fig 5), two
distinct canals are noted without an isthmus (Fig 6)
consistent with the above studies.17,18 Also, MTA was
used (Fig 6) as this material provides a better apical seal
than other root-end filling materials with respect to
biocompatibility, bio-inductive properties and from dye
and bacterial leakage studies.11,12

As stated earlier, the elimination of bacteria from the
canal is a primary objective of endodontic treatment.
Therefore, the placement of a plug of MTA in an
untreated canal would seem at odds with this rationale.
This issue is largely unaddressed in the literature,
though Rud et al. reported healing at two- to four-year
follow-up of 551 infected roots apically sealed with a
dentine bonding agent utilizing an operating micro-
scope with complete bone healing occurring in 92% of
cases where the root filling extended to the apex and
81% healing when the root was untreated and con-
tained necrotic pulp remnants.19 Considering a dentine
bonding technique was utilized in these cases, this
would seem to suggest that healing can occur if the
apical zone can be reliably sealed. The major cause of
failure in the empty canal was either a ‘loose’ or
incomplete dentine-bond apical coverage of the root
and if the presence of an accessory canal was also
noted.19 Indeed, the efficacy of the apical seal has been
reported as the most important factor in the prognostic
outcome for apical surgery.20

An advantage of the microsurgical technique utilizing
ultrasonics is that the size of the osteotomy can be
reduced to just 3 to 4 mm in diameter. A smaller
osteotomy results in faster healing21 and less postoper-

ative pain and swelling.8 This size is required to
accommodate the 3 mm ultrasonic tip. This ultrasonic
technique eliminates the large bevel that was required
with traditional techniques for access with rotary burs.
Reduction of the bevel angle reduces the number of
dentinal tubules exposed and subsequent compromise to
the apical seal.22 Visualization and access to the more
palatally located apical foramina is easier when there is
minimal to no bevel preparation of the root tip.8 A Lee
block assists in the placement of the MTA in the apical
cavity preparations to ensure an adequate seal.23

SUMMARY

Microsurgical techniques that employ the operating
microscope, ultrasonics, micro-instrumentation and
MTA as a root-end filling material are associated with
improved outcomes for treatment similar to orthograde
retreatments. This case involved treatment to a maxil-
lary molar tooth where orthograde retreatment was
complicated by a separated file retained in the apical
third of the canal. Prognosis is directly related to the
quality of the apical seal and complications arising from
isthmuses and additional untreated canals have been
discussed. Healing was evident at a 12-month review
appointment, indicating the value of this technique for
patients hoping to maintain their dentition.
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