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Abstract 

Purpose: To evaluate the success of using an operating microscope to remove fractured endodontic istruments from root 

canal systems. 

Patients and Methods: Removal of the fractured instrument from the curved canals was performed on 61 teeth (2016 to 

2022) using ultrasound under the imaging of an operating   microscope (Carl Zeiss, Germany). The success of the tool 

removal methods used were evaluated, the success was determined by the complete removal of the fractured endodontic 

istruments. 

Results: Postoperative clinical and radiological monitoring was regularly conducted, and criteria for the success were 

evaluated. In the present study, using an operating microscope successful at removing fractured rotary nickel titranium 

segments from narrow and curved root canals in clinical cases. 

Conclusion: Removing 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 casesand 

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 canals 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 protocol is not 

followed, rotating instruments tend to collapse in the canals; as a result of a fracture, access to the apical partof 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 confirmedthat in the absence of preoperative infection and periradicular changes, the 
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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
. The use of CBCT endodontic treatment technologies to diagnose dental clinical 

practice allows for procedures that are more predictable. 

Ultrasound is becoming a very useful tool in 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 

fifteen years, especially in endodontics, has revolutionized the way endodontics is practiced worldwide. Precision is 

important for successful endodontics dental procedures, because operations 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 axisof 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 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 escapefrom the root of the tooth 
7-9

. The use of nickel-titanium rotary instruments in 

endodontic practice has gained popularity over the years, however sometimesthey break despite theirfavorable qualities 
10-16

. 

In case of instrument fractures during root canal treatment, the physician is prevented from optimal 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 procedures, the approaches chosen are to remove the damaged segment, 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 factors 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 clinician 
18

. 

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 instruments 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 tipsmounted on the ultrasonic hand piece were used under the operating microscope. 

Dry ultrasonic tips with a diamond coatingwere 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 failure rate was 17.7%. The 

overall success rate was found to be 93.3% ultrasonic hand pieces ultrasonic techniques were foundto be more effective in 

removing instruments 
19-21

. 

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 tothe instrument, which must be removed in order for the 

instrument to be exposed to 1 mm to 3 mm in its most coronal regionusing ultrasonic vibrations at that location. This 

situation can also lead to perforation in the absence of good vision and accurate movement. Several factors will determine 

whether or not to remove the broken piece. Firstly, its position in the rootcanal is significant, given that the more apical the 

fragment, the more difficult it is to remove. In addition, if the instrumentgoes 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 leaving the fragment where the fracture 

occurred and including the fragment to form part of the final obturation or removal from the root canal. Removal of a 

surgical fracture of an instrument from root canals 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 
22

. If individual instruments lie partially around the curvature of the canal and direct access 

is prepared for the crown of the fractured instrument segments, they can be removed, and with broken instrument segments 

that are apically located to the curvature of the canal, it is usually impossible. To remove broken instruments, the use of 

dental microscopes is essential for improved vision. With magnification and microscope illumination, it allows clinicians to 

observe the most coronal aspects of broken instruments and remove them without any perforation 
23

. One of the most 

difficult situations to address in endodontics is the removal of broken instruments from the canal. In the middle ofthe canal, 

16 out of 21 (76.19%) instruments in straight canals and 9 out of 10 (90%) in curved canals were successfully removed 

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 
24

. Numerous methods have been described for removing broken instruments from a 

canal, from using hand files to capture andremove fragments to countless devices built for this purpose 
25

. 

If a decision is made to remove the broken instrument, it must be borne in mind that the procedure canbe one of 

the most difficult to treat. Experiencing an instrument fracture in clinical practice is not uncommon for complicating 
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endodontics, and may include creating inadequate access to the root canal system, anatomical problems and extreme root 

curvatures, multiple treatments with the same instrument, and the skill set and experience of the treating physician 
26

. 

The useof the dental operating microscope in endodontics, advocated by many professionals, has provided a 

breakthrough in endodontic treatment 
27

. The final decision on the choice of the method should be based on a thorough 

knowledge of the success rates of each treatment option, balanced 
28

. Analysis of the literature has shown if treat well and 

there are no signs of apical disease, then the presence of a broken instrument shouldnot reduce the prognosis 
29

. 

Based on this, the long-term study of the results of endodontic therapy is very relevant, which justifies the need forthis work. 

Purpose 

To evaluate the success of using an operating microscope to remove broken instruments from different levels in curved 

andstraight canals. 

Patients and Methods 

Removal of the broken instrument from the curved canals wasperformed on 61 teeth using ultrasound under the imaging of 

an operating microscope or conventional methods. The success of the tool removal methods used were evaluated. The 

success was determined by the complete removal of the brokenfragment 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 successfully 

applied to the removed broken nickel and titanium segments from narrow and curved root canals under the Dentaloperating 

microscope (Carl Zeiss, Germany). The exact location of the damaged file was confirmed under the Dental operating 

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 hypochlorite (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 dentinaround 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 sealantwas removed from the midand 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 andchemical 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 the tooth was filled (fig.1-4). 
 

Figure 1. Rentgen picters fractured endodontic instruments in root canal. 

Figure 2. Rentgen picters remove fractured endodontic instruments in root canal 

Figure 3. Аfter removal of the instrument, the tooth canal wasfilled and the tooth was fille 

Figure 4. Fractured Endodontic Instruments from Root Canal Systems 

 
Results 

Postoperative clinical and radiological monitoring was regularly conducted, and criteria for the success were evaluated. Inthe 

present study, the ultrasonic technique successful at removing fractured rotary nickel titranium segments from narrow 

andcurved root canals in clinical cases. 

Discussion 

The prognosis of endodontic treatment of a tooth depends on several factors, from the equipment to the separation of the 

instrument, the state of the pulpal or periradicular tissue before treatment, and whether it ispossible 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 available 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 bebroadly classified as ultrasonic, microtube devices and pliers/ forceps 
32

. All methods have similar problems 

ofexcessivedentin removal, weakening of the root structure, predispositionto bulge, root perforation or fracture, andpossible 

fragmentextrusion. 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 
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instruments are usually split at a shorter fragment length, more apically, in curvature of narrow root canals, with a rota 

due to damage from ultrasonic vibration when trying to remove a fragment, NiTi instruments can be further detached or 

shortened 
33

. Many different methods have been used to remove fractured instruments; these methods usually require the 

use of an oper ating microscope 
34

. Some authors suggest that it is more careful to bypass the broken instrument, especially 

in those cases when access to the fragment is limited (apical third channel or beyond the curvature of the channel) and its 

removal can lead to excessive dentin removal with corresponding consequences 
35

. A number of factors affect removal. 

These factors can be broadly grouped as (1) the location, length and type of the broken instrument, (2) the tooth / canal, 

and (3) the qualifications of the doctor andthe weaponry available 
36

. Removal of the root canal posts provides access to the 

endodontic space for thorough cleaningand disinfection. Removal of pillars carries the risk of compli cations associated with 

the formation of protrusions, perforations and fractures of the roots of the teeth. The safe removal of metal posts requires 

knowledge of the appropriate weaponry and technology. The mechanism of ultrasonic vibration impact on the post is 

associated with the effect of adhesion of the cementitious agent with the subsequent loosening of the post 
37,

 
38

. 

There are three approaches to conservative treatment 

 Bypass of the separated instrument, 

 Removal of the fractured file, 

 Instrumentation and obturation of canal coronally to the fragment. 

 

When attempting to remove a fragment due to damage from ultrasonic vibration, NiTi instruments may additionally detach or 

shorten 
39-41

. As removal of a fractured file is associated with considerable risk, bypassing the instrument should be 

considered. The removal of files can be expensive in terms of time and equipment and therefore a cost-benefit analysis of the 

treatment should be considered before selecting a definitivetreatment for the patient. Patients should be informed if an 

instrument fractures during treatment or if a fractured file is discovered during a routine radiographic examination. It is 

essential legally that the treatment details and the information givento the patient are recorded accurately in the patient’s 

notes. 

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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ՎԻՐԱՀԱՏԱԿԱՆ ՄԱՆՐԱԴԻՏԱԿԻ ԿԻՐԱՌՈՒՄԸ ԱՐՄԱՏԱՅԻՆ ՀԱՄԱԿԱՐԳԵՐԻՑ 

ԿՈՏՐՎԱԾԷՆԴՕԴՈՆԿ ԳՈՐԾԻՔՆԵՐԻ ՀԵՌԱՑՄԱՆ ՀԱՄԱՐ 

Եսայան Լազար1*, Գասպարյան Գոհար2
, Սահակյան Բելլա2

, Նահապետյան Զարուհի2
 

1.պրոֆեսոր, Երևանի պետական բժշկական համալսարանի թերապևտիկ ստոմատոլոգիայի 

ամբիոնի  վարիչ, Մ. Հերացի, Հայաստան 

2.դասախոս, Երևանի պետական բժշկական համալսարանի թերապևտիկ ստոմատոլոգիայի 

ամբիոնի  վարիչ, Մ. Հերացի, Հայաստան 

 

Նպատակ: Գնահատել արմատային համակարգից կոտրված էնդոդոնտիկ գործիքների հեռացման 

արդյունավետությունը վիրահատական մանրադիտակի կիրառմամբ: 

Հիվանդներ և մեթոդներ: Արմատային համակարգից կոտրված գործիքի հեռացումը կատարվել է 61 

ատամներից (2016-2022թթ.) ուլտրաձայնի միջոցով վիրահատական մանրադիտակի վիզուալիզացիայի ներքո 

(Carl Zeiss, Գերմանիա): Օգտագործված գործիքների հեռացման մեթոդների հաջողությունը գնահատվել է 

կոտրված էնդոդոնտիկ գործիքների ամբողջական հեռացմամբ: Պարբերաբար իրականացվել է 

հետվիրահատական կլինիկական և ռենտգենբանական հսկողություն, գնահատվել են հաջողության 

չափանիշները: 

Արդյունքներ: Սույն ուսումնասիրության մեջ, օգտագործելով մանրադիտակ, հնարավոր եղավ կլինիկական 

դեպքերում հաջողությամբ հեռացնել կոտրված պտտվող NiT հատվածները նեղ և թեք արմատային 

համակարգից: Եզրակացություն: Վիրահատական մանրադիտակի տակ կատարվող էնդօդոնտիկ բուժումը 

հնարավորություն է տալիս հաղթահարել շատ բարդ դեպքերը և բարելավել բուժման ծավալն ու դրա 

կանխատեսումը: 
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Цель: Оценить успешность использования операционного микроскопа для удаления сломанных эндодонтических 

инструментов из систем корневых каналов. 

Пациенты и методы: Удаление сломанного инструмента из искривленных каналов выполнено из 61 зубов (с 2016 

по 2022 год) с помощью ультразвука под визуализацией операционного микроскопа (Carl Zeiss, Германия). 

Оценивалась успешность использованных методов удаления инструментов, успех определялся полным удалением 

сломанных эндодонтических инструментов. Регулярно проводился послеоперационный клиникорентгенологический 

контроль, оценивались критерии успеха. 

Результаты: В настоящем исследовании с помощью операционного микроскопа удалось успешно удалить 

сломанные ротационные никель-титаниевые сегменты из узких и искривленных корневых каналов в клинических 

случаях. 

Вывод: Удаление инструментов за пределами кривизны, когда прямой обзор невозможен, может быть очень 

трудным. Клиническая процедура повторного эндодонтического лечения под операционным микроскопом позволяет 

справиться с очень сложными случаями и улучшить объем лечения и его прогноз. 


