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Abstract
INTRODUCTION. Endodontics is a constantly developing area of dentistry. Every year new systems of ma-
chine rotating nickel-titanium instruments appear on the dental market which is accompanied by an increase 
in the incidence of such a complication of endodontic treatment as fragmentation of files in the root canal 
system. The frequency of this complication, which many dentists encounter, varies from 0.4% to 23%. That is 
why it is important to know the principles and methods of the safest possible extraction of broken instruments 
from the root canal system.
AIM. To systematize the analysis of methods of therapeutic and surgical extraction of fragmented instruments 
as well as summarize the indications for their use.
MATERIALS AND METHODS. A search of literature sources was carried out in the PubMed, dissercat.com,  
elibrary.ru, database.ru, cyberleninka.ru by keywords “endodontic treatment”, “iatrogenic events”, “fracture 
of endodontic instruments”, “methods for removing the fragments of instruments” with a choice of article 
types “Clinical Trial”, “Meta-Analysis”, “Review”, “Systematic Review”.
RESULTS. After analyzing the literature review an idea was obtained about the methods and indications for 
therapeutic and surgical methods of removing broken files from the root canal system. A protocol for the pre-
paratory and main stages of extracting fragmented instruments using ultrasonic tips is described depending 
on the degree of visualization of the endodontic instrument.
CONCLUSIONS. The tactics of extracting fragmented endodontic instruments are individual in each individual 
clinical case and depend on a number of factors: the level of file fragmentation, the degree of its visualization, 
the anatomy of the root canal, and the manual skills of the dentist.
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Резюме
ВВЕДЕНИЕ. Эндодонтия является постоянно развивающимся направлением стоматологии. Ежегодно 
на стоматологическом рынке появляются новые системы машинных вращающихся никель-титановых 
инструментов, что сопровождается увеличением встречаемости такого осложнения эндодонтиче-
ского лечения, как фрагментация файлов в системе корневых каналов. Именно поэтому важно знать 
принципы и способы максимально безопасного извлечения сломанных инструментов их системы кор-
невых каналов. 
ЦЕЛЬ ИССЛЕДОВАНИЯ. Систематизировать анализ методов терапевтического и хирургического из-
влечения фрагментированных инструментах, а также обобщить показания к их применению.
МАТЕРИАЛЫ И МЕТОДЫ. Проведен поиск литературных источников в базе данных PubMed, elibrary.ru, 
cyberleninka.ru, по ключевым словам, «эндодонтическое лечение», «ятрогенные ошибки», «фрагмен-
тация файлов», «способы извлечения инструментов» с выбором типов статей «Clinical Trial», «Meta-
Analysis», «Review», «Systematic Review».
РЕЗУЛЬТАТЫ. После анализа обзора литературы, получено представление о методах и показаниях 
к терапевтическому и хирургическому способам удаления сломанных файлов из системы корневых 
каналов. Описан протокол подготовительного и основного этапов извлечения фрагментированных 
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инструментов с использованием ультразвуковых насадок в зависимости от степени визуализации эн-
додонтического инструмента.
ВЫВОДЫ. Тактика извлечения фрагментированных эндодонтических инструментов индивидуальна 
в каждом отдельном клиническом случае и зависит от ряда факторов: уровня фрагментации файла, 
степени его визуализации, анатомии корневого канала, мануальных навыков врача-стоматолога.
Ключевые слова: эндодонтическое лечение, ятрогенные ошибки, фрагментация файлов, способы из-
влечения инструментов
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INTRODUCTION
Endodontics is a continuously evolving field within 

dentistry [1]. Each year, new instrumentation systems 
for primary and secondary mechanical preparation 
of the root canal system are introduced to the dental 
market. Rotary nickel-titanium (Ni-Ti) endodontic in-
struments have gained particular popularity among 
clinicians due to their ease of use, the wide variety of 
available systems, and their ability to reduce the time 
required for root canal preparation [2]. However, the 
prevalence of one significant complication – instru-
ment fracture within the root canal system – has also 
increased. The reported incidence of fragmentation 
ranges from 0.25% to 6% for stainless steel hand files 
and from 1.3% to 10% for rotary Ni-Ti instruments, rep-
resenting a substantial proportion of iatrogenic errors in 
endodontic treatment [3].

When this complication arises, the prognosis of 
treatment worsens, and the presence of necrotic tis-
sue within the root canal system can provoke inflamma-
tion of the periapical tissues. In most clinical cases, the  
inability to retrieve the fractured instrument ultimately 
necessitates tooth extraction [4].

Therefore, instrument separation remains a fre-
quent and challenging problem in modern endodontics, 
encountered by many practitioners in clinical practice. 
The variability in the types of instrument fractures re-
quires an individualized management strategy in each 
case [5]. Consequently, a wide range of techniques for 
the retrieval of separated instruments from the root ca-
nal system has been developed.

AIM
To systematize the information presented in scien-

tific publications regarding the existing techniques for 
the retrieval of fractured instrument fragments from the 
root canal system.

MATERIALS AND METHODS 
A literature search was conducted in the PubMed, 

dissercat.com, eLibrary.ru, and CyberLeninka.ru da-
tabases using the keywords “endodontic treatment”, 
“instrument separation”, and “instrument retrieval”, with 
article type filters set to “Clinical Trial”, “Meta-Analysis”, 
“Review”, and “Systematic Review”.

RESULTS
The management of separated instruments can be 

approached using either nonsurgical or surgical meth-
ods [6]. Surgical interventions include apical resection, 
hemisection, or intentional replantation of the tooth. 
However, primary emphasis is placed on nonsurgical 
techniques aimed at retrieving the fragment while pre-
serving the integrity of the root.

If instrument separation occurs at the canal orifice, 
it may be possible to remove the fragment using a he-
mostat or needle holder to grasp and unscrew the freely 
exposed portion [7]. The “braiding technique” has also 
been described, which involves inserting two H-files on 
either side of the fractured fragment and simultaneous-
ly withdrawing them with a rotational movement. This 
technique allows for the removal of the H-files and the 
fragment as a single unit [8].

Instrument separation most commonly occurs in 
the middle or apical third of the canal. The determin-
ing factor for the subsequent treatment approach is 
the degree of instrument visualization. Therefore, the 
use of magnification, particularly with an operating 
dental microscope, is highly recommended in these 
cases [9].

When the fractured file is visible, the first step is to 
create a straight-line coronal access using Gates-Glid-
den drills or orifice shaping rotary files. This coronal 
enlargement facilitates the use of the primary retrieval 
tool–an ultrasonic tip with a fine working end. The tip is 
positioned between the fractured instrument and the 
canal wall, generating a counterclockwise vibration in-
tended to loosen and dislodge the fragment. A critical 
technique involves operating along the inner curvature 
of the canal to encourage coronal displacement of the 
fragment [10]. Prolonged ultrasonic activation along 
the outer canal wall may result in apical migration of the 
fragment into the periapical tissues.

The use of ultrasonic tips inevitably leads to the re-
moval of internal root dentin, which is continued un-
til visible movement of the fragment is achieved. It is 
recommended to initiate preparation at a 90° angle 
relative to the cross-section of the canal to a depth 
of approximately one-third of the fragment’s length.  
This is followed by widening the preparation circum-
ferentially to 180°, thus freeing the fragment from the 
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surrounding dentin. The appearance of fragment mo-
bility is the main indicator of successful preparation. 
If the fragment remains immobile, further apical en-
largement should be performed along the inner cur-
vature of the canal.

Following this stage, the smoothness of the outer 
canal wall must be verified. Any irregularities or ledges 
that may obstruct fragment removal should be elimi-
nated using rotary Ni-Ti files or additional ultrasonic 
activation.

Instrument retrieval can be performed under two 
conditions: in a dry or wet environment [11]. A dry 
field provides superior visibility, whereas a wet field 
enhances cavitation, reduces the risk of secon- 
dary fragmentation, and prevents thermal damage to 
periapical tissues by limiting temperature increases 
to under 10°C [12]. Therefore, optimal safety and ef-
ficacy are achieved under wet conditions. For straight 
canals with curvature less than 15°, it is advisable to 
use low-viscosity, high-surface-tension solutions such 
as EDTA to remove dentin debris and enhance acous-
tic streaming. In canals with curvatures exceeding 15°, 
high-viscosity lubricants like soybean or corn oil are 
recommended to facilitate fragment retrieval by im-
proving lubrication [13].

Once the canal is filled with the chosen solution, ul-
trasonic retrieval is initiated. The ultrasonic tip is applied 
along the previously prepared inner curvature of the ca-
nal with a higher power setting than previously used. 
Ideally, the separated fragment should be retrieved 
within 10 seconds; if not, additional space between the 
canal wall and the file must be created [14]. Figure 1 il-
lustrates the general scheme for the removal of a visible 
fractured instrument.

The retrieval of non-visible separated instruments 
presents additional challenges. Initially, a radiograph 
should be obtained using contact intraoral periapical 

radiography with a pre-bent microexplorer inserted into 
the canal to locate the space between the canal wall and 
the fragment. Subsequently, the canal should be en-
larged up to its curvature using large-curvature rotary 
Ni-Ti files, such as the HyFlex EDM #60.02 system (Col-
tene / Whaledent, Switzerland). A major difficulty lies 
in the inability to directly assess the amount of dentin 
removed from the canal wall. Therefore, the detection 
of subtle mobility of the fragment beyond the curvature 
becomes the primary indicator for proceeding to the 
next stage of retrieval. Figure 2 presents a schematic 
illustration of the removal of a non-visible fractured file 
located within a canal curvature.

If ultrasonic techniques prove ineffective, loop-
based systems such as the Yoshi Loop (DE Labs) and 
BTR Pen System (CERKAMED) can be employed. These 
systems operate by grasping and extracting the frac-
tured instrument fragment [15]. Successful placement 
of the loop requires the canal diameter to be at least 
0.04 mm, which is achieved by preliminary enlargement 
of the canal using rotary Ni-Ti files. Once the desired 
diameter is verified with a size 40 plugger, the loop is 
inserted and adjusted around the fragment using a fine 
endodontic explorer. The loop is then tightened around 
the instrument and gently pulled to facilitate removal. It 
is important to note that this technique requires the root 
canal and pulp chamber to be thoroughly dried to opti-
mize visibility of the working field [16].

Surgical intervention should be considered when 
conservative approaches fail or when there is an initial 
risk of excessive dentin removal that would compro-
mise the structural integrity of the tooth. This situation 
often arises when the fragment is located beyond the 
apical foramen. A clinical case reported by S. Mokal 
and S. Shenvi describes the surgical removal of a se- 
parated Ni-Ti instrument from the maxillary lateral in-
cisor of a 52-year-old female patient [17]. Preopera-

Fig. 1. General outline for removing 
a visualizable fragment of a endodontic tool 
Source: [3]

Рис. 1. Общая схема удаления 
доступного для визуализации фрагмента 
эндодонтического инструмента 
Источник: [3]

Fig. 2. General outline for removing a non-visualizable fragment 
of a endodontic tool located in a curvature of the root canal 
Source: [3]

Рис. 2. Общая схема удаления трудновизуализируемого 
фрагмента эндодонтического инструмента, расположенного 
в изгибе корневого канала 
Источник: [3]
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tive intraoral periapical radiography (Fig. 3) showed 
a small periapical radiolucency into which the fractured 
instrument extended. The fragment was retrieved  
using a mosquito-type hemostat following reflection 
of a mucoperiosteal flap and creation of a bony win-
dow. Follow-up radiography one year postoperatively 
confirmed complete healing of the periapical lesion 
(Fig. 4). This case illustrates the rationale for surgical 
management of fractured instruments when conser- 
vative ultrasonic removal attempts would result in sig-
nificant loss of root dentin.

CONCLUSION
Thus, the strategy for the retrieval of fractured en-

dodontic instruments must be individualized for each 
clinical case and depends on several factors, including 
the level of instrument separation, the degree of its ra-
diographic and clinical visibility, the anatomy of the root 
canal, and the clinician’s technical skills. When choosing 
between nonsurgical and surgical retrieval methods, it is 
recommended to consider the position of the fragment 
within the canal and to minimize procedural invasiveness 
to preserve as much of the root dentin as possible.

Fig. 3. Preoperative postoperative intraoral radiograph 
of the tooth 2.2 
Source: [17]
Рис. 3. Дооперационная прицельная 
внутриротовая контактная рентгенография зуба 2.2 
Источник: [17]

Fig. 4. Postoperative intraoral radiograph  
of the tooth 2.2 
Source: [17]
Рис. 4. Послеоперационная прицельная 
внутриротовая контактная рентгенография зуба 2.2 
Источник: [17]
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