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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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Pesiome

BBEAOEHUE. 9HO0O0HTUSA sBNSIeTCA NOCTOSIHHO pPa3BnBatoLWMMCS HanpasfieHnemM ctomaTonormum. ExerogHo
Ha CTOMATOJIOrMYECKOM PbIHKE NOSBASIOTCHA HOBbIE CUCTEMbI MaLLNHHBIX BPALLLAIOLWLMXCH HUKENb-TUTAHOBbIX
WHCTPYMEHTOB, 4TO COMPOBOXAAETCH YBENNYEHMEM BCTPEYAEMOCTU TakOro OCNOXHEHUS 3HAOAOHTUYe-
CKOro nevyenud, kak doparmeHTaumsa ¢annoB B CUCTEME KOPHEBbLIX KaHaNoB. IMEHHO MO3TOMY BaXXHO 3HaTb
NPUHLMMbLI M CNOCOObI MakcUManbHO 6€30MacHOro N3BnevyeHnst CIOMaHHbIX UHCTPYMEHTOB UX CUCTEMbI KOP-
HEBbIX KaHa0B.

LLENTb MCCNEAOBAHUA. CnuctematnampoBaTb aHannM3 MeTOA0B TePaneBTUYECKOro U XMpypruyeckoro na-
Bfie4eHNss pparMeHTUPOBAHHbLIX MHCTPYMEHTAX, a TakxXe 0600LLNTb NOKA3aHUS K UX MTPUMEHEHMUIO.
MATEPUAJbI N METOZbI. NMpoBeaeH Nonck nnTepaTypHbIX UICTOYHMKOB B 6a3e aaHHbIx PubMed, elibrary.ru,
cyberleninka.ru, no kno4YeBbLIM C/IOBaM, «3HO0A0OHTUYECKOE NNeYeHne», «ITPOreHHble OWNOKM», «pparmeH-
Taums ¢aiinos», «CNOcobbl U3BIEYEHNSI MHCTPYMEHTOB» C BbiIGopoM Tunos cTateit «Clinical Trial», <Meta-
Analysis», «<Review», «Systematic Review».

PE3YJIbTATHI. NMocne aHannda o63opa nutepaTypbl, NONYy4EeHO NpeacTaB/ieHne 0 MeToAax M NnokasaHusax
K TEPaAneBTMYECKOMY N XMPYPrMyeckoMy cnocobam yoaneHus CloMaHHbiX GpannioB N3 CUCTEMbl KOPHEBBIX
kaHanoB. OnucaH NPOTOKOS NOArOTOBUTENBHONO M OCHOBHOIO 3TamnoB M3BNeYeHUs GpparMeHTUPOBaHHbIX
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MHCTPYMEHTOB C NCMOJIb30OBaHNEM YJIbTPA3BYKOBbIX HACag0K B 3aBUCMMOCTU OT CTENEHN BU3yain3aunn 3H-

AO0O0OHTNYECKOro MHCTPyMeHTa.

BbIBOAbl. TakTuka naenevyeHns pparMeHTUPOBaHHbIX dHAOAOHTUYECKUX UHCTPYMEHTOB MHAMBMAYaSIbHA
B KaXAOM OTAENIbHOM KJIMHMYECKOM Cly4ae un 3aBMCUT OT psga ¢pakTopOoB: YPOBHSA dparmeHTaumn ¢panna,
CTEeNeHn ero BM3yannaaumnm, aHaToMmMm KOPHEBOIO KaHana, MaHyaslbHbIX HABbIKOB Bpaya-ctomaTtosiora.

Kniouesbie cnoBa: 3HA0L0HTUYECKOE NlIe4YeHMe, ATPOreHHbIe oLwmnbKn, d)paFMeHTaLI,I/IH cba|7|nos, crnoco6bl n3-

BNne4YeHna MHCTPYMEHTOB

UHdopmauumsa o ctatbe: noctynuna — 13.03.2025; ncnpaenena — 20.04.2025; npunara — 29.04.2025

KoHAUKT uHTepecoB: aBTOPbI CO06LLal0T 06 OTCYTCTBUN KOHMIMKTA MHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHME U NHANBUAYASIbHbIE 6N1arofapHOCTY s AEKNAPUPOBaHUS OTCYTCTBYIOT.

Ana umTupoBaHua: MutpoHunH A.B., ApuyakoB K.A., OctaHmHa O.A., MutpoHuH 10.A. AHannu3 MeToank na-
BneyYyeHns pparMeHTUPOBAHHbLIX MHCTPYMEHTOB M3 CUCTEMblI KOPHEBLIX KaHanoB. OHAOZOHTMS Today.
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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 errorsin
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, elLibrary.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

0630pbl / Reviews

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]

Puc. 1. Obuiaa cxema yoaneHus
OOCTYIMHOro Ang sudyanusaummn pparMmeHTta
9HAO0A0HTMYECKOro MHCTPYMEHTA

UctoyHuk: [3]

dHdodoHmus
T

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

Puc. 2. O6buwas cxema yoaneHus TpyaHOBU3yan3npyemoro
dparMeHTa s3HA0AOHTUYECKOTrO MHCTPYMEHTA, PACMNONIOXEHHOI0
B M3rnbe KOpPHeBOro KkaHana

UcToyHuk: [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.

Fig. 3. Preoperative postoperative intraoral radiograph
of the tooth 2.2
Source: [17]

Puc. 3. [JoonepauvoHHas npuuenbHas
BHYTPMPOTOBAs KOHTaAKTHas peHTreHorpadus 3yba 2.2
UcToyuHuk: [17]
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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. 4. Postoperative intraoral radiograph
of the tooth 2.2
Source: [17]
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