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the use of chemical solvent, micro forceps, wire loops,
hypodermic surgical needles, file braiding, Masserann 
extractors (Micro-Mega, Besancon, France), the Canal
Finder system (FaSociete Endo Technique, Marseille, 
France), lasers, electrochemical procedures and ultra-
sonic techniques6. The success rate of retrieval of sepa-
rated instruments ranges between 66.6% and 100.0%7-9. 
It depends on many factors, such as tooth location, the 
separated instrument, the patient and the technique 
used1,10. Unpredictable complications may occur dur-
ing the retrieval of separated instruments11. 

Extrusion of separated instruments is a severe com-
plication that is extremely difficult to handle, especially 
when fragments extrude into the maxillary sinus or 
soft tissue. Foreign bodies in the maxillary sinus can
cause significant complications such as inflammatory 
reactions, sinusitis and fungal infections12-15, and these 
complications tend to aggravate if the foreign bodies 
are not removed12-14,16,17. If the fragment migrates into
the soft tissue, inflammation, infection and secondary
trauma may occur. In general, prompt removal is neces-
sary to avoid further damage to the surrounding tissues,
particularly the vital nerves and blood vessels18-21.

This report aimed to discuss the management of 
separated instruments extruded into the maxillary sinus
cavity and soft tissue using different methods.
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Extrusion of separated endodontic instruments is a frustrating complication that can occur 
during root canal treatment and is difficult to handle. This report aimed to introduce different 
methods to retrieve such separated instruments through three cases with different locations 
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One of the complications involved endodontic therapy
is instrument separation within root canals, or worse,
extruded out of the apical foramen1. Instruments may 
include dental burs, barbed broaches, Gates-Glidden 
drills, tips of hand instruments, lentulo paste fillers, 
files and reamers2. Instrument separation causes stress
to clinicians and anxiety in patients3. It often occurs in 
the mandibular molars due to the poor access, small
diameter and sharp curvature of the root canals4. The
separation rate has been reported in the range of 0.25% 
to 6.00% for stainless steel instruments, and 1.30% to
10.00% for NiTi rotary instruments1,5. Instrument separ-
ation happens even to experienced clinicians and can 
frustrate both practitioners and patients.

Conventionally, several techniques have been
attempted for removal of separated instruments, such as
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Case 1

A 33-year-old woman was referred to the Department 
of Endodontics at Beijing Stomatological Hospital,
Capital Medical University, for retrieval of a separated 
ultrasonic K15 file fragment. Her primary care dental
practitioner had tried to retrieve the fragment but failed.
Moreover, half of the fragment was extruded out of the 
apex (maxillary left second molar). The patient felt dis-
comfort while chewing. Upon examination, the access 
cavity of the maxillary left second molar was filled with 
temporary material and was sensitive to percussion. The
periapical radiograph and CBCT images revealed the
presence of a fragment approximately 12.0 mm in size in 
the palatal canal, and half of it was in the maxillary sinus
(Figs 1a and b). The measurement between the pala-
tal root apex and the buccal cortex was approximately
12.6 mm (Fig 1c). Periapical periodontitis had resulted 
in bone loss between the palatal root apex and the maxil-
lary sinus floor, and fenestration of the latter (Fig 1d). 

The maxillary left second molar was isolated using r
rubber dam. After removal of the temporary filling, a
straight-line access was modified so that the fragment 
could be seen through a dental operating microscope 
(Opmi 111, Carl Zeiss, Oberkochen, Germany) (Fig 1e). 
A staging platform was then prepared using a Satelec 
ET40 ultrasonic tip (Satelec Acteon, La Ciotat, France) 
until 2 to 3 mm of the fragment was exposed. An attempt 

to grasp the fragment using endodontic micro forceps
(Broken Instrument Removal Kit, Zumax, Jiangsu,
China) was unsuccessful, and moreover, the fragment 
moved forwards apically. The staging and exposure
steps were repeated, and an ET25 ultrasonic tip (Satelec
Acteon) was placed between the fragment and the sur-
rounding root canal dentinal wall and circulated around 
the fragment in an anticlockwise motion. The vibration
transmitted to the fragment was supposed to loosen it 
and make it jump out, but unfortunately, the fragment 
extruded beyond the apex completely, which was con-
firmed on the periapical radiograph (Fig 1f). Due to the
location of the fragment, a lateral window approach was
chosen instead of conventional apical surgery. Prior to
surgery, the canals were irrigated using 2.5% sodium
hypochlorite and dried with paper points. The palatal
canal was obturated with mineral trioxide aggregate and 
the buccal canals were filled with calcium hydroxide.
The cavity was filled with glass ionomer.

Surgery was performed under local anaesthesia
(4% articaine with 1:100,000 adrenaline). Horizontal 
incision was made in the sulcus from the mesiobuccal
margin of the maxillary left first molar to the disto-
buccal margin of the maxillary left second molar, and 
a releasing incision was made on the mesial aspect 
of the maxillary left first molar. The mucoperiosteal 
flap was elevated to expose the lateral wall of the
sinus (Fig 1g). Piezoelectric instruments (Piezosurgery;
Mectron, Genoa, Italy) and a steel fissure bur were used 
to create a 1.0 × 0.8 cm bony window, including the

Fig 1 (a) A periapical
radiograph revealed a frag-
ment in the maxillary left 
second molar (black arrow).
(b) Half of the fragment 
(approximately 6 mm) was
extruded into the maxillary 
sinus (white arrow). (c) The
distance between the root 
apex and the buccal cortex 
was 12.6 mm (white arrow).
(d) Periapical periodonti-
tis and fenestration of the 
maxillary floor could be
observed (white arrow). (e) 
The fragment was located 
in the palatal canal (white 
arrow). (f) The fragment
was extruded completely 
beyond the apex (black 
arrow). (g) The lateral wall 
of the maxillary sinus was 

exposed after flap elevation. (h) The fragment was located in the maxillary sinus (white arrow). (i) Removal of the fragment. (j) A 
postoperative periapical radiograph revealed complete removal of the fragment. B, buccal; P, palatal.
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bony wall of the sinus and the underlying sinus mem-
brane. The sinus cavity was directly under vision, and 
the fragment could be seen through a dental operating
microscope (Fig 1h). The fragment was then removed 
using endodontic micro forceps (Fig 1i) and a radio-
graph was taken to confirm that removal had occurred 
(Fig 1j). The incision was closed with sutures, which
were removed 1 week later. Oral antibiotics (250 mg 
Cefaclor, three times per day for 7 days) and analgesics
(400 mg Ibuprofen sustained-release capsules, once a
day if necessary) were prescribed postoperatively. After 
2 weeks, the buccal canals were obturated with gutta
percha, and full crown restoration was recommended.

Case 2

A 30-year-old woman with a separated file in the maxil-
lary left second molar was referred to our department 
for retrieval of the fragment. It was a NiTi rotary file 
(25/0.06) that had fractured during a canal enlarging
procedure. According to her dental history, the tooth
was diagnosed as suffering from chronic pulpitis. The 
patient had no symptoms but felt anxious about future 
complications. The access of the tooth cavity was filled 
with temporary filling. The radiographic examination
revealed a fragment in the apical part that was partially 
extruded into the maxillary sinus (Fig 2a). the CBCT 
images revealed a curvature in the middle third of the
palatal canal, and the fragment was beneath the curva-
ture (Fig 2b). There was no noticeable periapical peri-
odontitis. 

The ultrasonic method was chosen to retrieve the 
fragment. The tooth was isolated with rubber dam, the
temporary filling was removed, and modification was 
performed to gain a straight-line access, as described in 

case 1. The end of the file was against the mesial wall of 
the buccal canal because of the curvature (Fig 2c). The 
dentine of the inner wall was partly removed to ensure 
that the end of the fragment could be free in the canal, 
then a staging platform was prepared using an ET40 
ultrasonic tip until 2 to 3 mm of the coronal fragment 
was exposed. The fragment was vibrated using an ET25 
ultrasonic tip as described in case 1 until it jumped out 
(Figs 2d and e). Radiographic examination confirmed 
retrieval of the fragment (Fig 2f). Irrigation was done
with 2.5% NaOCl, and canal shaping, cleaning and 
obturation were performed 1 week later (Fig 2g). All 
the procedures were performed with the aid of a dental 
operating microscope.

Case 3

A 45-year-old woman with a separated barbed broach 
lying in the soft tissue was referred to our department 
to retrieve the fragment. Her dental history revealed 
that she had suffered from crown fractures of the maxil-
lary central incisors, and root canal treatment had been
completed on both teeth. Instrument separation occurred 
during root canal treatment of the maxillary right central 
incisor (Fig 3a). The fragment migrated into labial or 
palatal tissue of the maxillary left central incisor (Figs 3a 
and b). Both teeth had temporary filling material (Fig 3c),
with negative reactions to percussion and palpation. A 
CBCT scan taken 2 weeks previously revealed that the 
fragment was 8.5 mm in length, 0.8 mm (cervical point)
and 3.6 mm (apical point) labially to the convex surface
of the labial cortical plate of the maxillary left central
incisor, respectively; 2.9 mm (cervical point) and 4.3 
mm (apical point) perpendicularly to the incisive canal, 
respectively; and 11.7 mm (cervical point) and 20.2 mm 

Fig 2 (a) A periapical radi-
ograph revealed that there
was a fragment in the max-
illary left second molar, and
it was extruded partly into 
the maxillary sinus (white 
arrow). (b) There was a cur-rr
vature in the middle third
of the buccal canal (black
arrow) and the maxillary 
sinus floor was covered 
directly on the apical part
of the maxillary left second 
molar (white arrow). (c) The
fragment was against the 
distal wall of the buccal canal because of the curvature (black arrow). (d and e) Retrieval of the fragment. (f) A radiographic exam-
ination revealed complete removal of the fragment. (g) A periapical radiograph revealed obturation of the canals.
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(apical point) perpendicularly to the fractured margin,
respectively (Figs 3d and e).

After confirming the location on the CBCT scan, a
minimally invasive approach was designed to expose
the apical part of the fragment. After rinsing the
patient’s mouth with 0.2% chlorhexidine solution, local 
anaesthesia (4% articaine with 1:100,000 adrenaline)
was administered. A small vertical incision was made,
measuring approximately 10.0 mm from the buccal 
vestibule of the maxillary left central incisor to the 
upper lip (Fig 3f); however, the fragment could not be 
found with the aid of a dental operating microscope as
it had migrated further. Thus, another CBCT examin-
ation to relocate it was considered. Suddenly, part of 
the fragment was seen in the mucosa of the upper lip
(Fig 3g), and the fragment was clamped out (Fig 3h).
Sutures were performed, and were removed 7 days
postoperatively.

Discussion

No agreement has been reached with regard to wheth-
er separated instruments have an effect on prognosis,
but they do compromise the effectiveness of cleaning, 
shaping and obturation procedures1. A study suggested 
that retained instruments do not affect the outcome of 
root canal treatment, but the presence of a preoperative 
periapical lesion reduces the rate of healing22. The pres-
ence of a separated instrument in the root canal makes
patients anxious, and this can have a significant impact 

on treatment outcomes and lead to treatment failure23. 
A separated instrument lying in the soft tissue may
migrate along with the muscle movement of the upper 
lip; this migration is particularly dangerous in the max-
illofacial soft tissue. Thus, if periapical periodontitis
exists, the patient is anxious or the separated instrument 
migrates into the soft tissue, it is advisable to remove
the fragment.

There are various methods for retrieving separated 
instruments. Among them, the ultrasonic technique
has been reported to be safe and successful8,24,25. This 
technique can be used to retrieve instruments both 
from within the canals and partly extruded in the ap-
ical region26. In case 1, the primary care dental practi-
tioner had attempted to retrieve the fragment using the
ultrasonic method; however, half of the fragment was
extruded into the maxillary sinus. After clinical and 
CBCT examinations, we found that the palatal canal
was large in diameter; thus, we tried using endodon-
tic micro forceps and the ultrasonic method, but the
separated file continued to move forwards into the sinus
cavity. This may be due to the large diameter of the ap-
ical foramen and loss of the periapical bone.

The diameter of the palatal canal foramen of the
maxillary left second molar has been reported to vary
from 0.16 to 1.16 mm, with a mean diameter of 0.44 
mm27. In this case, the palatal canal foramen had a 
large diameter, as visualised through a dental operat-
ing microscope. This may be because of development 
and enlargement by periapical periodontitis or previ-

Fig 3 (a) A periapical radi-
ograph revealed a fragment 
lying near the middle third of 
the root of the maxillary left 
central incisor (white arrow).
(b) The fragment remained 
in the same position after 
root canal treatment on the 
maxillary left central incisor 
(white arrow). (c) The max-
illary central incisors had
crown fractures, and tem-
porary filling material could 
be seen. (d) The measure-
ments between the frag-
ment and the incisive canal 
were 2.9 mm (green arrow) 
and 4.3 mm (blue arrow),

and those between the fragment and the fractured margin were 11.7 mm (orange arrow) and 20.2 mm (red arrow). (e) The measure-
ments between the fragment and the convex surface of the labial cortical plate of the maxillary left central incisor were 0.8 mm (green
arrow) and 3.6 mm (blue arrow). (f) A small vertical incision was made based on the CBCT images. (g) The fragment was located in 
the mucosa (white arrow). (h) Retrieval of the fragment. 
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ous canal enlarging and shaping procedures. Loss of 
periapical bone due to periapical periodontitis was 
confirmed on the CBCT images. The diameter of the
ultrasonic K15 file was also much smaller than that 
of the apical foramen. A large apical foramen and loss 
of periapical bone provide little resistance to the frag-
ment; thus, the fragment was pushed out easily using 
the ultrasonic method. 

In case 2, the separated instrument was also extruded 
partially into the sinus cavity, but the ultrasonic method 
was a good management option in this case. The main 
reasons for this may have been as follows: the mean
diameters of the mesiobuccal and distobuccal canal
foramen are 0.24 and 0.26 mm, respectively27, smaller 
than that of the palatal canal. According to the patient’s
dental history, the tooth was diagnosed as affected by
chronic pulpitis, which means that no periapical lesion
existed as shown by the CBCT images, and there was
no inflammatory destruction of the root apex. The NiTi 
fragment (25/0.06) was larger in diameter than that in
case 1. Thus, the foramen and periapical bone could 
prevent the fragment from continuing to slip out of the 
apex in ultrasonic retrieval procedures. 

If separated files extruded into the maxillary sinus
cavity cannot be retrieved using an orthograde ap-
proach or conventional apical surgery, other methods
can be attempted. Many effective methods to retrieve
foreign bodies from the maxillary sinus have been 
reported17,28-30. The Caldwell-Luc approach is the most 
commonly recommended method. It is a safe and fast 
procedure to open the canine fossa and gain access to
the foreign body within the maxillary sinus30,31. The
lateral window approach, commonly used to increase
bone height in dental implant surgery, is also consid-
ered safe, although complications may arise during or 
after surgery32. In case 1, the location and the small
diameter of the fragment made it impossible to be 
seen using a Caldwell-Lu approach; thus, the lateral
window approach was chosen. In this case, osteotomy
was performed using a piezoelectric saw. Piezoelectric
osteotomy has many advantages such as speed, preci-
sion and minimal bone loss33-35. 

Endoscopy, also known as functional endoscopic
surgery, is an important alternative to remove a for-
eign body from the maxillary sinus. There are two 
approaches for endoscopy: the nasal cavity approach36

and the oral cavity approach37-39. The nasal cavity ap-
proach, by the middle nasal meatus or inferior nasal
meatus, is minimally invasive, whereas the oral cavity
approach requires a small incision in the canine fossa
for the endoscope28. The excellent illumination and 
magnification of the monitoring system makes the 

surgical field clearly visible. Moreover, the technique 
offers the advantages of minimal surgical trauma,
quick recovery and fewer complications40-42. Wang et 
al43 reported the successful removal of a pulp needle
extruded in the maxillary sinus using this technique. In 
practice, however, control of the surgical field might be
limited, and foreign bodies displaced in the posterior 
and/or upper part of the maxillary sinus are not easily 
reachable44.

To retrieve separated instruments, the first step is to
locate the fragment. CBCT examination can provide 
an accurate assessment of tooth morphology45-47 and 
locate fractured instruments48,49. In case 1, CBCT 
images revealed the location of the palatal root apex and 
the fragment and aided in choosing the lateral window
approach to remove the fragment. In case 2, the CBCT 
images revealed the curvature of the canal and the 
location of the fragment; thus, complications such as 
perforation were avoided during the retrieval procedure. 
In case 3, CBCT images revealed the precise location of 
the fragment, which helped to make a minimally inva-
sive incision to remove the fragment. Unexpectedly, the 
fragment could not be found through the incision, as it 
had migrated further after CBCT examination, prob-
ably during surgery for retraction of the upper lip. Any 
movement of the upper lip such as talking may also 
lead to migration. If the fragment cannot be located dur-
ing surgery, another CBCT examination is necessary. 
During surgery, violent retraction should be avoided in
case the separated fragment migrates to another place.
Fortunately, in the present case, the fragment migrated 
to the mucosa of the upper lip and could be seen and 
removed easily. 

Conclusion

When separated instruments are partially extruded into
the maxillary sinus, the ultrasonic method can be used 
in cases where the apical foramen has a small diameter, 
the fragment has a large diameter, and periapical bone 
exists. Surgery is required when fragments have been 
extruded completely into the maxillary sinus. If conven-
tional apical surgery is not possible, the lateral window 
approach is a management option. When separated files
migrate into the soft tissue, minimally invasive surgery 
can be an option, to try to prevent the separated frag-
ments from migrating to other places during surgery. 
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