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Abstract
Purpose: To evaluate the success of using an operating microscope to remove broken instruments from different levels in 
curved and straight canals.

Patients and Methods: Removal of the broken instrument from the curved canals was performed on 61 teeth (2016 to 
2020) using ultrasound under the imaging of an operating microscope (Carl Zeiss, Germany). The success of the tool re-
moval methods used were evaluated, the success was determined by the complete removal of the broken fragment of the 
instrument.

Results: Postoperative clinical and radiological monitoring was regularly conducted, and criteria for the success were 
evaluated. In the present study, the and using an operating microscope successful at removing fractured rotary nickel titra-
nium segments from narrow and curved root canals in clinical cases.

Conclusion: Removing broken instruments outside of the curvatures when direct vision is not possible can be very difficult. 
The clinical procedure of endodontic retreatment under the operating microscope allows to deal with highly complex cases 
and improve the scope of treatment and its prognosis.
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Introduction
Endodontic treatment is a fairly predictable procedure, with 
success rates up to 86–98% [1]. Careful cleaning of the ca-
nals from any contaminated pulp tissue so that the canal space 
can be shaped and prepared for filling with inert material is. 
However, when endodontic treatment does not follow standard 
clinical guidelines, failure occurs [2]. If the canal filling pro-
tocol is not followed, rotating instruments tend to collapse in 
the canals; as a result of a fracture, access to the apical part 
of the root canal is reduced, and this can have a detrimental 
effect on canal disinfection, and then on obturation. When an 
instrument breaks in the canal, disinfection and obturation of 
the part of the canal distal to the broken instrument becomes 
difficult, which can lead to persistent infection in this area [3]. 
A clinical study of the relationship between broken rotating 
instruments and the prognosis of an endodontic case confirmed 
that in the absence of preoperative infection and periradicular 
changes, the instrument would not affect the prognosis [4]. For 
endodontic complications, 3 treatment methods are proposed: 
non-surgical treatment, surgical treatment or removal. Among 

all these treatment alternatives nonsurgical retreatment should 
be considered as the first choice of treatment [5].

Figure 1: Rentgen picters fractured endodontic instruments in 
root canal.
The use of CBCT endodontic treatment technologies to di-
agnose dental clinical practice allows for procedures that are 
more predictable. Ultrasound is becoming a very useful tool in 
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most stages of endodontic therapy, especially non-surgical and 
surgical treatments. Operating microscopes have been used 
for decades many other medical disciplines: ophthalmology, 
neurosurgery, reconstructive surgery, otorhinolaryngology, and 
vascular surgery. Its implementation in dentistry in the last fif-
teen years, especially in endodontics, has revolutionized the 
way endodontics is practiced worldwide. Precision is impor-
tant for successful endodontics dental procedures, because op-
erations are performed in small fields under poor lighting. The 
introduction of the operating microscope revolutionized the 
practice of endodontics. Incorporating microscopic approach 
in surgical endodontics, conceptualized by Prof. Kim in the 
1990s with Use it is possible to carefully filling of the root 
canal system and all its branches along the longitudinal axis 
of the root [6]. Operating surgical microscope greatly increase 
the image of the structure of the object from 0.2 mm to 0.006 
mm or 6 microns, improving the visible vision. The operating 
microscope is an instrument of great importance for solving 
various clinical difficulties and situations that arise during end-
odontic treatment.
Adequate coronal imaging is essential to prevent coronary 
leakage and to ensure the success of treatment methods, that is, 
the health of the periradicular periodontium, but according to 
the literature, it is not uncommon for filling materials to escape 
from the root of the tooth [7, 9]. The use of nickel-titanium 
rotary instruments in endodontic practice has gained popular-
ity over the years, however sometimes they break despite their 
favorable qualities [10-16]. In case of instrument fractures dur-
ing root canal treatment, the physician is prevented from opti-
mal preparation for obturation of the entire root canal system 
and negatively affects the long-term prognosis of root canal 
treatment.
If the instrument is broken during root canal preparation proce-
dures, the approaches chosen are to remove the damaged seg-
ment, bypass and seal the fragment in the root canal space, 
or a true blockage. Many factors must be considered before 
attempting to remove broken tools [17]. The odds of success 
must be balanced against potential complications. These fac-
tors may include anatomy of the root canal system nature of 
the material, tools and devices for displacement and removal 
of individual tools location, size, position and diameter of the 
destroyed part the experience and ability of the specialist clini-
cian [18].

Figure 2: Rentgen picters remove fractured endodontic instru-
ments in root canal.
There is no standardized procedure for successfully removing 
broken instruments. Previous methods and devices have shown 
limited success. There is currently no standardized procedure 
for safe and consistently successful removal. Removing broken 

fragments with traditional methods is time consuming, risky, 
and has limited success. Currently, removal of broken instru-
ments is performed using ultrasound, operating microscopes, 
or micro tube delivery methods. Ultrasonic vibration of broken 
instrumental segments in combination with irrigation solution 
is performed under direct visualization and illumination of an 
operating microscope In the Ultrasonic method, first a direct 
access created by Gates-Glidden drills, then the ultrasonic tips 
mounted on the ultrasonic hand piece were used under the op-
erating microscope. Dry ultrasonic tips with a diamond coating 
were used around the fragment, and then ultrasonic vibrations 
with ultrasonic tips made of nickel titanium (types 6-8) were 
used to remove the fragment. In terms of determining success, 
74 out of 90 broken instruments were removed or successfully 
bypassed. This resulted in an 82.2% success rate. The fail-
ure rate was 17.7%. The overall success rate was found to be 
93.3% ultrasonic hand pieces ultrasonic techniques were found 
to be more effective in removing instruments [19-22].
A versatile method is the use of fine ultrasonic magnification 
tips, preferably an operating microscope. If the instrument 
goes beyond the curvature of the canal or is not visible, the 
possibilities for removal are reduced, increasing the risk of 
complications. The first thing to be achieved is direct access to 
the instrument, which must be removed in order for the instru-
ment to be exposed to 1 mm to 3 mm in its most coronal region 
using ultrasonic vibrations at that location. This situation can 
also lead to perforation in the absence of good vision and ac-
curate movement. Several factors will determine whether or 
not to remove the broken piece. Firstly, its position in the root 
canal is significant, given that the more apical the fragment, 
the more difficult it is to remove. In addition, if the instrument 
goes beyond the curvature of the canal or is not visible, the 
possibilities are reduced from a few to zero, increasing the risk. 
If the file breaks during root canal treatment, there are several 
treatment options available.  These solutions may include leav-
ing the fragment where the fracture occurred and including the 
fragment to form part of the final obturation or removal from 
the root canal.

Figure 3: Аfter removal of the instrument, the tooth canal was 
filled and the tooth was filled.
Removal of a surgical fracture of an instrument from root ca-
nals depends on the anatomy of the canal, the location of the 
fragment in the canal, the length of the separated fragment, the 
diameter and curvature of the canal itself, as well as the ingress 
of the instrument fragment into the canal [23]. If individual 
instruments lie partially around the curvature of the canal and 
direct access is prepared for the crown of the fractured instru-
ment segments, they can be removed, and with broken instru-
ment segments that are apically located to the curvature of the 
canal, it is usually impossible. To remove broken instruments, 
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the use of dental microscopes is essential for improved vision. 
With magnification and microscope illumination, it allows cli-
nicians to observe the most coronal aspects of broken instru-
ments and remove them without any perforation [24]. One of 
the most difficult situations to address in endodontics is the 
removal of broken instruments from the canal. In the middle of 
the canal, 16 out of 21 (76.19%) instruments in straight canals 
and 9 out of 10 (90%) in curved canals were successfully re-
moved independently from. Fragments located in the crown of 
one third of the root canal with curved and straight roots were 
completely removed, however, in the apical third of the canal, 
13 of 21 (61.90%) instruments in straight canals and 5 of 10 
(50%) in curved canals were removed [25].

Figure 4: Fractured Endodontic Instruments from Root Canal 
Systems.
Numerous methods have been described for removing broken 
instruments from a canal, from using hand files to capture and 
remove fragments to countless devices built for this purpose 
[26]. If a decision is made to remove the broken instrument, 
it must be borne in mind that the procedure can be one of the 
most difficult to treat.Experiencing an instrument fracture in 
clinical practice is not uncommon for complicating endodon-
tics, and may include creating inadequate access to the root 
canal system, anatomical problems and extreme root curva-
tures, multiple treatments with the same instrument, and the 
skill set and experience of the treating physician [27]. The use 
of the dental operating microscope in endodontics, advocated 
by many professionals, has provided a breakthrough in end-
odontic treatment [28]. The final decision on the choice of the 
method should be based on a thorough knowledge of the suc-
cess rates of each treatment option, balanced'[29]. Analysis of 
the literature has shown if treat well and there are no signs of 
apical disease, then the presence of a broken instrument should 
not reduce the prognosis [30].
Based on this, the long-term study of the results of endodontic 
therapy is very relevant, which justifies the need for this work. 

Purpose
To evaluate the success of using an operating microscope to 
remove broken instruments from different levels in curved and 
straight canals.
 
Patients and Methods
Removal of the broken instrument from the curved canals was 
performed on 61 teeth using ultrasound under the imaging of 
an operating microscope or conventional methods. The suc-
cess of the tool removal methods used were evaluated. The 
success was determined by the complete removal of the broken 
fragment of the instrument. All patients underwent a thorough 
clinical examination according to a generally accepted scheme. 

After the diagnostic workup was completed, a treatment plan 
was developed by using a cone beam computed.
The fractured instrument was then bypassed using 6, 8, 10, no 
K file (Mani inc Japan), and 17% EDTA gel and liquid (Prime 
Dental).In the present study, the ultrasound technique was suc-
cessfully applied to the removed broken nickel and titanium 
segments from narrow and curved root canals under the Dental 
operating microscope (Carl Zeiss, Germany). The exact loca-
tion of the damaged file was confirmed under the Dental op-
erating microscope (Carl Zeiss, Germany). To remove broken 
instruments using the GG drill no. creating stage platform 4 
(Mani Inc., Japan). Irrigation for RCTs used 3.5% sodium hy-
pochlorite (Prime dental) and Final rinse 17% EDTA (Prime 
Dental) followed by 2% CHX (Neelkanth).
An ultrasonic tip # 3 and 4 (pro ultra) was used at power 4. It 
was placed between the open part of the file and the canal wall 
and activated in a counterclockwise direction to remove dentin 
around the separated file.
After loosening the broken instrument from the curved canals, 
it was caught and removed using special pliers with fine toothed 
branches. After the broken was removed, we proceeded to the 
next stage - removal of the residual cement and paste in the 
coronal part of the root canal with an ultrasonic tip. The sealant 
was removed from the mid- and apical root canal using Pro-
Taper D1-D3 endo-denture rotary instruments.  After ensuring 
the patency of the root canals (the second canal was detected 
palatally), the following procedure followed - mechanical and 
chemical cleaning and the formation of the root canal. Used 
Crown Down technology and K3 rotary nickel-titanium files. 
3% H2O2 and 2.5% sodium hypochlorite were used for short 
term treatments. A 17% EDTA solution was used to remove the 
smear applied to the root canal for 1 min. After removal of the 
instrument, the tooth canal was filled and the tooth was filled.

Results
Postoperative clinical and radiological monitoring was regu-
larly conducted, and criteria for the success were evaluated. In 
the present study, the ultrasonic technique successful at remov-
ing fractured rotary nickel titranium segments from narrow and 
curved root canals in clinical cases.

Discussion
When removing a broken instrument from a tooth canal The 
prognosis of endodontic treatment of a tooth depends on sev-
eral factors, from the equipment to the separation of the in-
strument, the state of the pulpal or periradicular tissue before 
treatment, and whether it is possible to remove or bypass the 
damaged file [30].
A number of factors affect extractions, these factors can be 
grouped as (1) location, length and type of broken instru-
ment, (2) tooth/canal and (3) doctor's qualifications and avail-
able weaponry [31]. A wide range of techniques and devices 
have been developed to remove the damaged segment of the 
instrument to make the process easier. These devices can be 
broadly classified as ultrasonic, microtube devices and pliers/
forceps [32]. All methods have similar problems of excessive 
dentin removal, weakening of the root structure, predisposition 
to bulge, root perforation or fracture, and possible fragment 
extrusion. Removing broken instruments outside of the curva-
tures when direct vision is not possible can be very difficult.
Removal of NiTi instruments is more difficult than removal of 
stainless steel instruments due to the fact that NiTi instruments 
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