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Factors contributing 
to the separation of 
endodontic fi les 
A. A. Madarati,1 D. C. Watts2 and A. J. E. Qualtrough3 

• Separation of endodontic files is not 
a common incident in clinical practice. 

• This article emphasises factors that 
may lead to fi le separation. 

• Separation of endodontic files can be 
prevented. 
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Cleaning and shaping of the root canal system is essential for successful endodontic treatment. However, despite improve
ments in file design and metal alloy, intracanal file separation is still a problematic incident and can occur without any 
visible signs or permanent deformation. Only a few studies have reported high success rates of fractured file removal using 
contemporary techniques. Conflicting results have been reported regarding the clinical significance of retaining separated 
files within root canals. An understanding of the mechanisms of, factors contributing to, file fracture is necessary to re
duce the incidence of file separation within root canals. This article reviews the factors that are of utmost importance and 
in light of these, preventive procedures and measures are suggested. 

INTRODUCTION
 
Successful endodontic treatment 
depends on a series of sequential proce
dures including cleaning and shaping of 
the root canal system. Procedural errors 
such as ledging, zipping, canal perfora
tion and apex transportation can occur 
during root canal instrumentation. How
ever, separation of endodontic instru
ments (SEF) is a problematic incident. 
Such an error prevents the achievement 
of efficient cleaning and shaping, which 
in turn can result in under-filling of the 
root canal. Eventually the treated case 
may end in failure. Even with NiTi fi les, 
which are more sophisticated, stronger 
and more flexible than stainless steel 
instruments,1 failure is still a concern 
because these instruments can undergo 
fracture within their elastic limit and 
without any visible signs of previous 
permanent deformation.2,3 Confl icting 
results have been reported regarding the 
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clinical significance of fractured fi les 
remaining within treated root canals. 
However, a reduction in healing of pera
pical lesions when fractured fragments 
involved teeth with necrotic pulp or per
apical lesions has been reported.4 Few 
studies have reported a high success in 
removing SEF using the most contempo
rary techniques.5,6 Success is less likely 
when fragments are located in the apical 
third or beyond the root canal curvature, 
especially those with severe curves.5-8 In 
high risk cases, with potential compli
cations such as root perforation or root 
fracture, removal of fractured instru
ments is not recommended.9 Clinicians 
should evaluate each case individually  
and consider all aspects of management 
of SEF. Preventive procedures related to 
SEF are of utmost importance. In light 
of this, a good understanding of the 
mechanisms and factors contributing 
to file fracture is essential. This arti
cle aims to review factors that contrib
ute to SEF. Since many general dental 
practitioners and endodontists depend 
on rotary instruments for cleaning and 
shaping of the root canals, most of this 
paper will relate to rotary endodontic 
instruments. 

Operator profi ciency 
There is no doubt that both training and 
adequate skills are imperative for all 

dental procedures and particularly so  
in endodontics. Many guidelines have 
been suggested for the prevention of 
SEF.10 Most are related to the operator, 
including: 
• Instruments should be examined, 

before and after use, to make certain 
that blades are regularly aligned 

• Instruments should not be used in 
dry canals 

• Files should be used according to 
the manufacturer’s instructions and 
excessive forces should be avoided. 

There is a variety of protocols for root 
canal instrumentation. Experience of fi le 
separation was found to differ not only 
between different dental practitioners, 
but also at different times for the same 
practitioner.11,12 Preclinical training for 
mastering instrumentation and improv
ing operator competence through learn
ing and experience are crucial for the 
avoidance of rotary file separation and 
reducing the incidence of instrument 
locking and deformation.11,13,14 A recent 
clinical study of endodontists from 
four different countries showed that 
the most important influence on defect 
occurrence was the operator.15 This was 
attributed to their clinical skills or their 
decision either to use instruments for a 
specific number of times or until defects 
were evident. 
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ROOT CANAL ANATOMY superior resistance to torsional fracture 
compared with stainless steel fi les.1 
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A. The angle of canal curvature 

It is generally accepted that the more 
complicated the root canal morphology, 
the greater the risk of endodontic instru
ment breakage. A higher prevalence of 
SEF has been reported in molars16,17 

particularly in the mesial roots of man
dibular molars.6,7 Also, the risk of SEF 
in the apical third of the canal is higher 
when compared with coronal and middle 
thirds.16 Files undergo greater fatigue as 
the curvature increases and the contact 
surface with the dentinal walls is greater 
since most curved canals are narrow. 
Clinically, fatigue of an instrument may 
be related to the degree of instrument 
flexure when placed in a curved root 
canal. When the curvature of canals is 
pronounced, the cyclical fatigue of the 
instrument is greater and thus its life 
expectancy is lower.2 

B. The radius of canal curvature 
The parameters of the angle and the 
radius of curvature are independent in 
such a way that even if two canals have 
the same angle of curvature they may 
have different radii of curvature, which 
indicates that some curves are sharper 
than others18 (Fig. 1). Thus, the radius 
of canal curvature is more important 
than the curvature angle itself. It has 
been reported that the rate of fi le sepa
ration increases as the radius of curva
ture decreases.19 When several variables, 
including those related to root canal 
anatomy, are considered, the radius of 
curvature is the most signifi cant factor 
in rotary fi le failure.20 

Metal alloy 
An understanding of the characteristics 
of endodontic file materials is important 
when failure is considered. The proper
ties of endodontic instruments differ 
from each other depending, in particular, 
on their metallic composition. Also the 
manner and efficiency of cutting den
tine are not the same. As a result, their 
resistance to defect formation and frac
ture differ. Stainless steel reamers and 
files were found to be preferable to car
bon steel instruments in this respect.10 

NiTi files have been reported to be three 
times stronger, more fl exible and have 

SIZE AND CROSS-SECTIONAL 
SHAPE 
Cross-sectional shape determines the bulk 
of the file and the contact area between the 
file and dentinal walls, as well as its cut
ting efficiency. The greater the area of fi le 
contacting the dentinal walls, the greater 
the quantity of cut dentine. Consequently 
there is greater friction and a fatigued fi le 
has a reduced life span.21 There are two 
types of endodontic fi le cross-section. 
While active instruments have active cut
ting blades, passive instruments have a 
radial land between the cutting edge and 
flute. The radial land contacts the canal 
wall on its entire surface. In general,  
active instruments cut more effectively 
and aggressively. Passive instruments 
perform a scraping or burnishing rather 
than a real cutting action, and remove 
dentine more slowly.22 The size of the  
rotary file determines how many times  
it should be used.23 As the diameter of  
the file increases, the force needed to 
unwind or fracture also increases.24 

However, clinically large instruments 
that are used many times should be  
reused with great care or be discarded. 
Instruments of a rhomboid-shaped cross
sectional design were reported to be less 
resistant to bending force compared with 
those of square cross-section.25 Also, S
shaped files and H-type cross-section 
were less resistant to failure, compared 
with those of a triangular cross-sectional 
shape. Although this was explained by 
the flexibility and bulk point of view, 
the contact surface should be consid
ered especially in clinical cases, as some 
cross-sectional shapes have greater 
areas of contact than others. Clinically, 
the greater the file taper, the greater the 
contact surface with dentine, and the 
less resistance to fracture.3,26,27 Recently, 
the mechanical properties of endodon
tic files have been mathematically stud
ied using the finite element analysis 
method (FEA). It has been shown that as 
the area of the inner core of the cross
section increased, the model was more 
torque-resistant.28 Berutti et al. compared 
torsional and bending stresses between 
ProTaper and ProFile rotary systems. They 
concluded that: 

• ProTaper, being stronger and less 
elastic, may be more appropriate for 
use in narrow and curved canals dur
ing the initial phase of shaping 

• The ProFile system, being elastic but 
not as strong, may be more appropri
ate for wide and curved canals in the 
fi nal phase of shaping. 

Frequency of use 
There is no agreement in the literature 
regarding the number of times of use 
related to fracture. SEF is a complex 
multi-factorial clinical problem, thus 
one can not expect or recommend how 
many cases or even canals may be pre
pared by a fi le.15 Small hand instruments 
were recommended not to be used more 
than twice.10 However, even the smallest 
instruments cannot be used many times 
without fear of fracture specially where 
there is visible distortion.29 Yared et al. 
found that Profile instruments could be 
used up to ten times in simulated canals 
without fracture.30 In a follow-up study, 
these instruments were pronounced safe 
in up to four molars.31 It is clear that the 
frequency of use in simulated canals is 
different compared to that in extracted 
teeth. A recent clinical study has indi
cated that ProTaper rotary files may be 
safely reused at least four times.23 Never
theless, it is still very diffi cult clinically 
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Fig. 1  Two root canals of a molar have 
the same Shneider canal curvature, but 
measured different angles using the 
Access Canal Angles (CAA) (Adopted from 
Gunday M18) 
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to recommend a specific number of times 
of use. Individual canals are not ana
tomically the same as well as all other 
factors that infl uence file separation. It 
is difficult to predict when an instru
ment will fracture. Consequently, single 
use has been recommended for absolute 
safety.32 Arens et al. (2003) examined a 
total of 786 clinically single used rotary 
fi les.32 Fourteen percent of instruments 
showed various defects and seven fi les 
(0.9 %) fractured. It was concluded that 
for absolute safety a single-use approach 
should be followed. However, it was 
obvious that even with single use, end
odontic files still undergo defects (Fig. 
2). Moreover, files were inspected at 
x16 magnification, which is not suffi 
cient to show all microstructural defects 
that may be observed by SEM. These 
defects are stress-concentration points 
at which microcracks can initiate and 
later propagate resulting in fi le separa
tion.17,33 When using SEM to study sepa
rated endodontic files, the question of 
the clinical usability of rotary NiTi fi les 
remains unanswered.29 It is almost that 
endodontic files fracture not because 
of how many times they are used, but 
rather how they are used. 

Sterilisation 
It is well accepted that thermo-cycling  
may result in metal fatigue. However, 
there is no consensus in the literature 
regarding the effects of the specifi c type 
of thermo-cycling during sterilisation 
of endodontic instruments. Some stud
ies have shown that sterilisation does 
not adversely affect endodontic instru
ments.34,35 Although others reported  
slight or signifi cant adverse effects 
of sterilisation, it was confi rmed that 
these adverse effects are not of clini
cal importance.21,36 On the other hand, 
few studies have reported increased 
resistance to failure after endodontic 
files are subjected to sterilisation pro
cedures.37 However, most studies did 
not simulate the clinical situation. Thus, 
the impact of multiple usages of endo
dontic files should be considered. Nev
ertheless, recently the UK Chief Dental 
Officer has recommended single use of 
endodontic files. This is due to the con
cern that effective disinfection is not 
possible with respect to prion disease. 

Further studies are required to evaluate 
the influence of such recommendation 
on reducing SEF in dental practice. 

Torque 
During instrumentation, files tip or fl utes 
may engage a portion of the canal smaller 
than their diameter. Hence, instruments 
tend to lock or screw into the canal  
walls and the torque rises rapidly lead
ing the file to be subjected to high levels 
of stress. The torque generated dur
ing instrumentation of small canals is 
higher than that in large canals.38 Also, 
as the file diameter increases, the torque 
(force) needed to begin unwinding or to 

fracture also increases.24 If the torque 
reaches a critical level, the instrument 
undergoes structural failure resulting 
in separation. When a high torque is 
used, the instrument is very active and 
the incidence of instrument locking and 
consequent deformation and separation 
tends to increase.3 Sometimes instru
ments become less active and the opera
tor may force the instrument into the 
canal, leading to deformation and sepa
ration. With respect to root canal curva
ture, smaller files fail at less torque, as 
do files in more acutely curved canals.20 

It has been reported that instruments  
used with low-torque motors (<1 N/cm) 
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Fig. 2  Defects (arrows) on K-files size 10 (A) and 15 (B) and F2 ProTaper rotary file (C) after 
a single use 

Fig. 3  Dentine chips (arrows) embedded in the bulk of size 25 rotary file (04 ProFile) 
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are more resistant to fracture than those found to decrease the work-hardening results have been reported regarding 
used with high-torque motors (>3 N/ of the alloy.42 Electro-polishing was rec- the adverse effects of different irrigants 
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cm).3 Therefore, practitioners should use 
electric motors set at low torque levels 
during root canal preparation. 

Speed of rotation 
Most manufacturers suggest using rotary 
files at speeds ranging from 150 to 350 
rpm. A higher rate of SEF was reported 
when rotating at high speeds (300-350  
rpm).39 Also the time for rotary instru
ments to fail significantly decreases as 
rotation increases.40 On the other hand, 
some studies showed no effect of differ
ent rotation speeds on the incidence of 
rotary file fracture. However, it should 
be noted that file fracture was consid
ered as a main criterion for failure of 
instruments while deformed instruments 
should be considered as failed also.41 Dif
ferent methodologies were used, which 
may explain the different conclusions 
reported. However, it is imperative that 
clinicians always adhere to the speed  
recommended by the manufacturer for 
each rotary system and sometimes for 
each specifi c fi le. 

Manufacturing procedures 
Endodontic instruments may fracture 
even after a single use. Some studies have 
reported the existence of manufacturing 
defects on the surface of new endodon
tic instruments. Hence, visual examina
tion before inserting files into canals is 
required. Cold work and heat treatments 
are important manufacturing procedures 
that should be controlled during fi le man
ufacture.42 Also, debris of metal origin 
which cause stress-concentration should 
be taken into consideration.12 A high inci
dence of machining defects on the surface 
of NiTi fi les was shown by SEM observa
tion.12 These defects cause microcrack 
formation, which in turn propagate dur
ing instrumentation and eventually the 
file fails in fatigue mode. Oxide particles 
serve as nucleating sites for micro-voids, 
leading to dimpled ruptures.43 Conse
quently, high metallurgical quality of NiTi 
alloy, to avoid initiating of micro-cracks, 
and innovative manufacturing strategies 
are essential. The lifetime of endodontic 
files may be increased by different pro
cedures. Application of thermal treat
ments (recovery) before machining was 

ommended to reduce machining damage 
on the fi le surface.42,43 However, a recent 
study showed that such measures did not 
inhibit the development of microfractures 
in EndoSequence rotary fi les.44 Consider
able care is necessary to avoid degrading 
the cutting efficiency of fl uted regions.42,43 

Nevertheless, a promising approach is the 
use of ion implantation to modify surface 
properties of NiTi instruments. 

INSTRUMENTATION PROCEDURES 

A. Pre-fl aring 

It is accepted that provision of a glide 
path should facilitate the work of subse
quent instruments which can smoothly 
clean and shape root canals. Prefl ar
ing of root canal with hand fi les was 
reported to allow a signifi cantly greater 
number of uses of rotary fi les before 
fracture occurred.45 There are two main 
advantages when initial manual prefl ar
ing is established.45 Firstly, torsional 
stress is drastically reduced because 
the canal width becomes at least equal 
to the diameter of the tip of the instru
ment is used. Secondly, prefl aring cre
ates an understanding of the root canal 
anatomy and allows a glide path for the 
instrument tip. 

B. Instrumentation sequence 
It is essential that the instrumentation 
sequence of a specific technique is not 
neglected. A sequence including vari
ous tapers is safer compared to a sin
gle taper use.46 Although it requires a  
greater number of instruments to pre
pare canals, each file will undergo less 
stress and consequently a greater life 
span. The concept of hybrid instrumen
tation has been recently introduced. It is 
believed that a combination of fi les of 
different systems and the use of differ
ent instrumentation techniques to man
age individual clinical situations can 
reduce the risk of fi le separation.22 

Irrigation and irrigants 
Lubrication, in general, decreases fric
tion between solid objects so few defects 
occur. In endodontics it is imperative to 
use files in wet canals to facilitate clean
ing and shaping.10 However, confl icting 

and even different concentrations of the 
same irrigants on mechanical properties 
of endodontic fi les.47,48 It is important to 
stress that most studies have shown dif
ferent degrees of corrosion on the surface 
of instruments. These can be considered 
as weak areas at which further defects, 
such as microcracks, may be initiated. 
Clinically, sodium hypochlorite (NaOCl) 
is one of the most commonly used irri
gants and its effect on endodontic fi les 
has been widely investigated. The inte
gration of this irrigant with other fac
tors may result in magnitude metal 
fatigue and later in file separation. A 
recent study showed that fi les immersed 
in 5.25 % of sodium hypochlorite had 
significantly less resistance to fracture 
when they underwent cyclic fatigue.49 

Dentinal debris 
The possible effect of dentine chips 
embedded in the microstructure of  
failed endodontic instruments should be 
considered (Fig. 3). One study showed 
that dentinal debris was wedged mostly 
in narrow radial, land-type regions and 
less on the convex flute surfaces of used 
ProTaper fi les.50 For used ProFile instru
ments, dentinal debris was wedged 
mostly in the metal rollover and on con
cave flute surfaces. These dentinal chips 
can cause concentration of stresses that 
contributes to the clinical failure of NiTi 
rotary instruments. It was hypothesised 
that clinical fracture of nickel-titanium 
rotary instruments is largely caused by 
a single overload incident during instru
mentation, rather than the result of sig
nificant alloy fatigue. Such overloading 
can be caused by local embedment of 
dentinal chips in machining grooves.43 

Type of handpieces 
Air-driven and electric handpieces are 
both currently available for use with 
rotary nickel-titanium files. As indicated 
above, usage of electric hand pieces  
enable clinicians to control the torque 
applied on endodontic files in individual 
situations. 

CONCLUSION 
In metallurgic failure, the interaction of 
the environment, stress and an alloy can 
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be quite complex. In this respect, many  8.	 Shen Y, Peng B, Cheung G S. Factors associated 29.  Svec T A, Powers J M. The deterioration of rotary 
with the removal of fractured NiTi instruments nickel-titanium files under controlled conditions. 

factors are involved in the failure of from root canal systems. Oral Surg Oral Med Oral J Endod 2002; 28: 105-107. 
endodontic instruments and it is diffi cult 
to specify only one factor. In reality, sep
aration of endodontic files is a complex 
process and when one tries to explain the 
mechanism of instrument failure, all fac
tors should be considered. Some of these 
are out of the practitioner’s control, and 
one can not predict when fracture will 
occur. However, intracanal fi le separa
tion depends, most of the time, on how  
the instruments work within root canals. 
An understanding of instrumentation 
concepts, especially how files cut the den
tinal structure and how they fatigue, is 
essential in prolonging the life span and 
minimising the risk of file separation. The 
following are some important recommen
dations to be considered to minimise the 
incident of endodontic fi le separation: 
1. Appropriate training before using 

files of new design 
2. Understanding of root canal anat

omy and establishing of glide path 
before cleaning and shaping 

3. Examination of new files as some 
defects can occur while being 
manufactured 

4. Examination of fi les during 
treatment regularly even with 
a single use 

5. Use of magnification for fi le exami
nation as some defects can not be 
seen by naked eye 

6. Adherence to the manufacturer’s 
instructions. 
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