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Etiology and Prevention of an Endodontic Iatrogenic Event: Instrument Fracture
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Abstract
Although benefiting from an unprecedented technological evolution, contemporary endodontics is still characterized by the recurrence 
of retreatments, due to the need to solve quite frequent incidents, accidents, or even failures of primary endodontic treatment. This 
survey aims to assess both the etiology and the prevention methods of one of the most troublesome endodontic iatrogenies: instrument 
separation during root canal shaping. The multifactorial nature of this occurrence entails identifying and taking into account all the 
causal and contributing factors. Their significant number and the possible involvement of any of them, starting with the complexity and 
variability of the root canals and ending with the technical specifications concerning the nickel-titanium rotary instrumentation system 
being used, highlight the necessity to develop valid guidelines to avert the occurring of such an upsetting situation.
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Introduction

Present-day endodontics witnesses a plethora of develop-
ments as the result of continuous scientific evolution and 
advancements in technologies, methods, and materials. 
These materialize in every aspect of root canal treatment, 
from diagnostic imaging investigations, designing and 
kinematics of instrumentation, to different materials and 
techniques concerning root canal filling. The results make 
it possible to approach treatment options for complex clini-
cal situations, with the outcome of healed teeth, i.e., “func-
tional, asymptomatic teeth with no or minimal radiographic 
periradicular pathosis” [1].

However, endodontic procedures may frequently be 
challenging, with an important number of issues having 
consequences on the degree of difficulty and the risks in-
volved by the treatment option required. In turn, these must 
be correctly evaluated, beginning with an accurate diag-
nosis and a reasonable prognosis to achieve a compre-
hensive treatment plan. Aspects that are unique to each 
case have to be considered, such as the complexity of the 
root canal anatomy. Evidence provided by thorough clini-
cal examination and diagnostic imaging enables a correct 
appraisal of preoperative diagnosis and treatment planning 
in endodontics [2].

However, a significant number of incidents or acci-
dents may occur during endodontic treatment. Since 2002, 
these are considered to be “unfortunate occurrences that 

happen during treatment, some owing to inattention to de-
tail, others totally unpredictable” [3]. Such accidents may 
arise in any endodontic treatment stage and have the po-
tential to generate treatment failure. Later on, Walton and 
Torabinejad defined endodontic mishaps as “unwanted or 
unforeseen circumstances during root canal therapy that 
can affect the prognosis” [4].

Endodontic mishaps are numerous and diverse and 
are usually classified according to:

• John Ingle: access-related, instrumentation-relat-
ed, obturation-related and miscellaneous mishaps;

• Walton & Torabinejad: procedural accidents dur-
ing access preparation, accidents during cleaning 
and shaping, accidents during obturation and ac-
cidents during post space preparation;

• Leif Tronstad: incomplete analgesia, access cav-
ity, perforations from the pulp chamber, root per-
forations, obliterated root canal, fracture of an 
instrument, adverse reactions to medicaments, 
overfilling of the root canal and vertical root frac-
tures [5].

It is hard to evaluate the real frequency of occurrence 
of these mishaps rigorously. A significant number of clinical 
cases is suspected to be overlooked, either by not observ-
ing or not reporting them.

All of the above-mentioned possible mishaps include 
fracture of an instrument, also known as instrument sepa-
ration.
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Etiology of endodontic instrument separation
The fracture of an instrument is a very disturbing situa-
tion, a barrier being thus raised in front of further shaping 
and filling that particular root canal. Apical access to that 
obstruction is denied, and root canal treatment cannot be 
completely performed.

Depending on both the moment during the endodontic 
treatment when the accident happened, and the level of 
the root canal where the instrument broke, proper shaping 
and filling of the root canal is more or less prevented. This 
leads to possible complications and may even endanger 
the positive outcome of the entire endodontic treatment. 
Starting with Strindberg in 1956, an important number of 
surveys approached the matter from both clinical and sta-
tistical viewpoints [6].

Research has shown that the incidence of endodontic 
files separation is extremely variable, strongly depending 
on some factors influencing how statistics surveys was 
performed [7-10], such as the type of study (in vitro or in 
vivo), the number of teeth or to the number of root canals, 
the clinician’s experience (endodontist, endodontics resi-
dent, general practitioner), the kind of teeth taken into ac-
count, studies generally focusing on molars, the kind of en-
dodontic instruments (both hand and rotary files for older 
studies, exclusively rotary files for studies over the last two 
decades), the type of rotary system, the type of imaging 
investigations (X-ray, CBCT or both).

It is important to note that any endodontic instrument 
may fracture during its use: endodontic probes, Gates 
Glidden drills, stainless steel files, nickel-titanium files, ir-
rigation tips, ultrasonic tips, spreaders, pluggers, and oth-
ers. The most common situations involve endodontic files 
separated during root canal shaping. 

It is interesting to mention that the fracture incidence 
of rotary nickel-titanium (Ni-Ti) instruments was significant-
ly greater during root canal re-treatment than root canal 
treatment, mainly with small instruments and in the apical 
third of the canal [11].

From a statistical perspective, the incidence concern-
ing the fracture of an endodontic instrument is mainly influ-
enced by the way in which these studies are carried out; 
thus, a wide range of values could be encountered:

• Stainless steel files: 0.7 - 7.4%;
• NiTi rotary files driven by continuous rotation: 0.4 - 5%;
• NiTi rotary files driven by reciprocation: 0.14%;
• SAF (Self Adjusting File): 0.6%.
This reveals that the frequency of nickel-titanium ro-

tary instruments fracture is comparable to that of stain-
less-steel endodontic files, although the metallurgical and 
mechanical properties of nickel-titanium alloy are definitely 
superior, mainly due to its superelasticity. Even more, there 
are studies suggesting a higher incidence of fracture for 
NiTi rotary instruments compared with stainless steel files.

It should also be noted that, unlike NiTi instruments, 
the stainless-steel ones could present some “warnings” of 
imminent breakage, represented by plastic deformations of 
the file: unwidening, overwidening or angulations at sharp 
angles.

However, the fracture mechanisms are different for the 
two different kinds of endodontic instruments: excessive 

amounts of torque for stainless-steel files and mainly tor-
sion overload and cyclic fatigue for the nickel-titanium ones 
[12].

The fracture of the endodontic instrument has a mul-
tifactorial etiology, being influenced by diverse elements 
[13, 14] such as the characteristics of the access cavity, 
the geometry of root canals, the cross-sectional features 
of the root canals, which, in turn, is influenced by the 
endodontic pathology and age of the patient, the design 
features of rotary instruments, metallurgical properties of 
various nickel-titanium rotary instruments, imperfections or 
manufacturing defects of the instrument, the instrumenta-
tion technique, instrument dynamics in the root canal, the 
number of sterilization cycles to which the instrumentation 
has been subjected and its number of uses, the difficulty 
of the previous clinical situations that the instrument has 
been already subjected to, previous endodontic treatments 
and the clinician’s experience. 

Prevention of endodontic instrument 
separation
The endodontic access cavity must allow a direct view of 
all root canal orifices and straight-line access to the first 
curvature of each root canal, considering the root canal is 
accessible over its entire working length.

The absence of complete removal of the ceiling of the 
pulp chamber, as well as a restriction of straight-line ac-
cess, constitute the main reasons for higher stress of the 
rotary file resulting in an increased risk of fracture.

Endodontic instrumentation, currently exclusively 
based on nickel-titanium rotary systems, benefits from the 
illumination and magnification provided by the endodontic 
operating microscope, which also allows the implementa-
tion of the concept of minimally invasive access cavities. 
Studies conducted in this respect do not indicate an in-
crease in the incidence of endodontic instrument fracture, 
which shows that root canal shaping can also be performed 
with minimal risks under the specific conditions of minimal-
ly invasive dentistry under the conditions offered by en-
dodontic specialists and current treatment options [14-16].

The importance of root canal anatomy is evident be-
cause the risk of instrument fracture increases directly 
proportional to the complexity of the endodontic system. 
Most cases occur in both upper and lower molars, and 
more precisely, in their mesiobuccal root canals [17]. The 
explanation lies, in particular, in the existing curvatures of 
these root canals [18, 19].

Each curvature is described by two parameters: its an-
gle and its radius, and the two elements are independent 
of each other. At the same angulation, two root canals may 
have different radii of curvature. The smaller the radius, 
the sharper the curvature. The rotating file is subjected to 
repeated stress cycles - exerted on its external curvature - 
and compression cycles - on its internal curvature. With the 
increase of the angulation and the reduction of the radius, 
the instrument is increasingly stressed by the increasing 
torsional values. From this perspective, the dimensions of 
the radius of curvature seem to be more important.
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The succession of these cycles, in the conditions of tight 
curvatures, or even several successive curvatures along 
the root canal, causes an increase of the fracture risk of 
the instrument. 

Consequently, the main recommendation is to use a 
continuous axial movement of the instrument during its ro-
tation, thus avoiding the concentration of the stresses only 
in certain places of the file. 

The cross-section of root canals also plays an impor-
tant role [17]. On the one hand, it may be very far from the 
ideal circular, being flattened, polylobulated, or irregular. 
On the other hand, the shape of the cross-section may vary 
along the root canal. There may also be narrowing areas 
and, of course, partial or totally inaccessible root canals 
as a consequence of endodontic pathology and aging. All 
these situations create the premises of blocking, torsion, 
and fracture of the file. An instrument can be fractured at 
any level of the root canal with a higher prevalence at the 
curvatures and the apical third [18].

In any type of rotation, there are two parameters in in-
verse proportionality: rotational speed and torque [18, 19]. 
The latter diminishes as the speed increases, thus com-
pensating for the negative effect of speed increase on the 
development of cyclical fatigue. Therefore, the current trend 
is to use reduced speeds to minimize the risk of fracture.

Effective and safe instrumentation is mainly dependent 
on correct endodontic irrigation, in order to allow the re-
moval of debris and to continuously lubricate the root canal.

Another essential parameter concerning the etiology 
of an endodontic instrument separation is the number of 
sterilization cycles to which it has been subjected, which is 
often indicated by the manufacturer.

The cumulative stress an endodontic file undergoes 
is dependent both quantitatively (the number of uses) and 
qualitatively (the difficulty of the prepared root canals). All 
the studies conducted in this regard demonstrate the direct 
proportionality between the number of uses of endodontic 
instruments and the incidence of their fracture.

There are also situations in which, considering that 
the mechanical stresses to which the instruments were 
subjected were very important, these should be discarded 
after their first use, otherwise significantly increasing the 
risk of fracture when reused.

Conclusions

In relation to the above mentioned, the preventive ele-
ments regarding the endodontic instruments fracture can 
be summed up as follows:

• achieving an endodontic approach as close as 
possible to the right line, avoiding the excessive 
curvature of the instrument;

• verifying the access of the root canals throughout 
the entire working length;

• obtaining a sliding path that allows torque to be 
maximally effective;

• endodontic irrigation present throughout the in-
strumentation, with the help of effective systems, 

which allow removal of the debris throughout the 
length of the root canal (Endovac, for example);

• the use of current rotary systems with minimal en-
gagement and minimal “screw-in” effect in dentin;

• observing the speed and torque values indicated 
by the manufacturer for each specific type of ro-
tary system;

• minimizing the number of uses of endodontic files 
or implementing rotary systems that allow a single 
use of an instrument - “One Endo file”.

Though any endodontic instrument may break in any 
given case, an accurate assessment of the clinical and 
imaging diagnosis, comprehensive knowledge concerning 
the instruments being used, as well as consistently relying 
on the operating microscope can provide significant means 
in order to avoid a troublesome experience and perform 
the best endodontic treatment possible.
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