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ABSTRACT

Instrument separation or breakage usually is caused by improper use or overuse of the
instruments, as well as by excessive force applied to the instruments in curved or calcified
canals during instrumentation. The aim of the study was to evaluate the number of instrument
separation done by the dental students. Data collection was done from the patients case
records and entered in the excel sheet. Parameters assessed were age, gender, teeth no. and
instrumentation separation. The data collection was tabulated in excel and data analysis was
done using SPSS software. The association between study variables was calculated using the
chi-square test. The result showed 65 cases with instrument separation. The case report for
the year showed 23.4% of cases with instrument separation. The frequency was seen to be
27.2%. The chi square test showed negative correlation between gender and teeth no. (P
value >0.05). This procedural mishap can be effectively minimized if all basic principles and
rules regarding access cavity preparation and root canal mechanical instrumentation are well-

provided.

Keywords: Instrument separation, Nickel-titanium rotary Files, Stainless steel hand files, Root canal treatment

110
IJBPAS, August, Special Issue, 2021, 10(8)



Meera Theenathayalan et al

Review Article

INTRODUCTION

Root canal treatment (RCT) is an
important element of comprehensive dental
health care; previous studies have reported
success rate > 90% for RCT under
controlled conditions. However, this high
success rate has been reported to decrease
to 40-65% in cases where RCT is
performed by a general practitioner. This
decrease can be attributed to the inadequate
educational programs and lack of self
confidence in performing root canal
procedures. Therefore, it is important to
improve undergraduate programs, where it
is possible to recognize the reason that
affects the success of dental treatment [1,
2].

In root canal treatment,
several factors determine the technical
quality of the root canal steps, for example
while obturating, the distance between the
end of the root canal obturation materials
and the root apex , dentistry , presence of
voids and taper. All these features can be
appreciated radiographically. Underlying
and overfilling of a root canal obturation
will also compromise the success rate of
RCT. In addition, other iatrogenic errors
such as instrument fractures, ledge
formation, and apical perforation can cause
failures of non surgical RCT. Several
studies have reported the adequacy of RCT
performed by undergraduate students as

varying between 33% and 70%.

Assessment of treatment quality and
frequency of procedural errors will help
improve educational programs and enhance
health services. An increasing number of
new nickel-titanium (NiTi) rotary file
systems are currently available.

Recently developed Niti files
possess unique design properties in terms
of cross sectional shape, taper, surface
treatment (electro - polishing) , the number
and angle of flutes and so forth. In 1988,
which et al, introduced new materials for
endodontic

the  manufacturing of

instruments:  nickel  titanium  NiTi
instruments exhibit more elastic flexibility
in bending and torsion, as well as superior
resistance to corrosion compared with
stainless - steel files manufactured by the
same process. A number of studies have
shown that these NiTi rotary systems are
able to prepare root canals are excellent
taper, less canal transportation, greater
conservation of tooth structure , and at a
much faster rate than hand files [3-4].
However, despite the evident
advantages of the new techniques, NiTi
rotary instruments may experience failures
by fatigue or torsion. Different studies have
suggested that cyclic fatigue (flexural and
torsional) caused by repeated tensile -

compressive stress plays an important role

in the fracture of instruments [5, 6].
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Previously our team had
conducted numerous clinical trials and lab
animal studies and in vitro students over
the past 5 years [7-21]. Now we are
focussing on epidemiological surveys. The
idea for this survey stemmed from the
current interest in our community.
MATERIALS AND METHODS

Ethical permission and approval for the
project was obtained from the institutional
review board of Saveetha Institute Of
Medical And Technical Sciences, Chennai,
India from June 2019 to March 2020 be
covered by following ethical approval
number -
SDC/SIHEC/2020/DIASDATA/0619-
0320. A dental record of 65 patients were
investigated who reported with instrument
separation or file breakage. Data was
evaluated and entered in the excel
sheet. The male and female distribution
among the study population was
evaluated. The collection of data was
divided on 4 parameters, the age of the
patient, the gender of the patient , teeth
number and instrument separation. After
grouping the parameters, data copied to the
software and statistical analysis was carried
out. Statistical analysis was done using
IBM SPSS software. The significance level
was at 0.005. Descriptive analysis and chi-
square tests were done. Graphs were
tabulated. Inclusion Criteria: Patients of age

group 0-30 years were included, and both

male and females were included. Exclusion
Criteria: Other than instrument separation,
other endodontic mishap like perforation,
endo surgery were excluded.
RESULTS & DISCUSSION
The most common
affected age group was found to be 30-39
years, followed by 40-49 years. Percentage
of females and males among the population
were 60% and 40% respectively. The Ist
quadrant and 2nd quadrant had the most
instrument breakage. The upper posteriors
showed the most number of separation of
instrument. There was a significant
difference shown in the teeth number and
age of the affected patients. Association
between age and gender with instrument
separation showed p - value to be 2.08,
which showed a negative correlation
between two parameters (Graph 1).
Association between age and teeth no. in
patients with instrument separation showed
p - value to be 0.00, which showed a
between  two

correlation

(Graph

positive

parameters 2).  Association
between gender and teeth no. in patients
with instrument separation showed p -
value to be 1.005, which showed a negative
correlation  between  two

(Graph 3).

parameters

This study was conducted
to evaluate the number of instrument
separation done by the undergraduate and

postgraduate students of saveetha dental
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college from the year 2019-20. Evaluation
was done by recording the present data.
Around that 23.4% showed instrument
retrieval and caused a procedure error of
68.5% throughout the success rate of root
canal treatment. These differences of the
study from previous studies and present
study may be due to differences in the
evaluated criteria, materials , educational
system , methodology and sample size
between the present and previous studies.
Instrument separation or breakage usually
is caused by improper use or overuse of the
instruments, as well as by excessive force
applied to the instruments in curved or
calcified canals during instrumentation.
Accordingly, instrument separation is not
the direct cause of endodontic therapy
failure; rather, the separated instrument
impedes the mechanical instrumentation of
the infected root canal apical to the
instrument, and that is the primary cause of
treatment failure.

The stainless steel hand
files are usually used, at least in our
Graduate Program, in a step-back motion,
which means that the preparation technique
is different in relation to the NiTi rotary
instruments, which are typically used in a
crown-down motion. Moreover, the use of
an electric low torque motor might reduce
the possibility of cyclic flexural fatigue or
torsional failure of a rotary instrument [22].

On the contrary, any fracture of stainless

steel hand instruments occurs under totally
different conditions (excessive manual
apical pressure or rotation of the
instrument) in relation to a fracture of NiTi
rotary instruments [23]. In this study, the
instrument  separation alone by the
undergraduate and postgraduate done in
around 23.4% of causes reporting for
instruments separating. We consider that
too many different parameters are involved
in the fracture of both stainless steel hand
files and NiTi rotary files. The
heterogeneity of these parameters makes
the above comparison to be quite difficult
without any significant clinical relevance. It
is possible for anyone to estimate that the
percentage of stainless steel hand
instrument fracture in our clinic is quite
high. On the other hand, one might
consider that the respective percentage of
NiTi rotary instruments is quite low in
relation to the number of cases treated.
Under the working conditions of our
graduate clinic, we suggest that both the
percentages were relatively low.

A variety of complications
may be associated with removal of
separated instruments [24-25]. Ledge
formation is common and usually prevents
preparing and filling the root canal system
to the desired length [26]. Ledges are also
potential areas of stress concentration that
may contribute to vertical root fracture

[27]. With the aid of magnification, ledges
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can be reduced or even removed by
inserting a rotary file with greater taper or a
precurved hand file and applying an axial
filing movement with 1- to 2-mm
amplitude. If the ledge is apically located
and a straight-line access exists, a flexible
rotary instrument can be inserted, the ledge
bypassed, and the instrument used to
smooth the ledge by using an outward
brushing movement.

Nevertheless,  great  care
should be exercised when attempting to
deal with a ledge that is close to the root
canal terminus because it may lead to
excessive reduction of the remaining wall
thickness and root perforation. Instruments
used for removal may themselves separate
and complicate treatment further. This is
more likely to occur when the fragment is
removed by braided Hedstrom files or K-
files [23] or ultrasonics [28]. Such a
complication can be avoided; for example,
ultrasonic tips should be used without
irrigation to maintain constant vision, and
more importantly, they should be activated
at a low power setting. This reduces heat
generated within the root canal and,
therefore, lowers the risk of secondary
separation of the fragment itself or the
ultrasonic tip. In addition, it minimizes the
risk of heat generated on the external root
surface [36] and its damaging effect on
periodontal tissues [27]. In this respect,

incorporating an air flow function into the

ultrasonic handpiece is advantageous [29].
Nevertheless, activating ultrasonic tips for
prolonged periods can cause severe
periodontal tissue damage and may result in
tooth loss [6]. Preparation of straight-line
access to visualize the fragment is an
essential step when attempting fragment
retrieval. Most methods and techniques
require additional preparation of the root
canal, depending on the technique used.
When  ultrasonics is used, it is
recommended to prepare the staging
platform by using modified Gates Glidden
burs. Consequently, this considerable loss
of dentin may be of concern. The deeper
the separated instrument within the root
canal, the greater the amount of prepared
root substrate, and the weaker the root [30,
31]. Another consequence of
excessive root canal preparation is root
perforation (stripping), especially when
preparing the staging platform. Even when
a clinician tries to bypass a fragment or a
ledge by using hand files, root perforation
is still possible, especially in curved root
canals or when the roots are thin.
Therefore, great care and caution should be
exercised, particularly on root canal walls
near the furcation area. Extrusion of the
fragment apically or even beyond the root
apex is a complication that usually results
from excessive pressure applied on
instruments used for removal or from the
ultrasonic

vibration  of instruments,
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particularly if applied to its end surface
rather than around its periphery. Once
again, a careful approach can reduce the
risk of such an wundesirable event.
When conservative management of a
separated instrument fails and clinical
and/or radiographic follow-up indicates
presence of disease, surgical intervention
may be warranted if the tooth is to be
retained. In addition, because of the
evidence of adverse impact of periapical
lesions on root canal treatment outcome, a
surgical approach can be considered as the
optimum management choice if the
fragment is inaccessible and a periapical
lesion is present at the time of instrument
separation. However, some cases are not
amenable to surgery because of the location
of the surgical area and vital anatomic
structures. Surgical management includes
apical surgery, intentional replantation, root
amputation, or hemisection. These different
options and approaches should be discussed
with the patient, and a suitable treatment
plan devised. When root-end resection is
performed, a separated fragment located in
the apical root section is removed as a part

of the procedure. Otherwise, if the fragment

is located in the middle or coronal part of
the root canal, the root-end cavity can be
prepared and sealed with a root-end filling
without fragment removal. In both
instances, elimination of bacteria and
infected tissue as well as providing an
excellent coronal and apical seal of the root
canal system are essential. Several
materials including zinc oxide—eugenol
cement, intermediate restorative material,
glass ionomer cements, amalgam, and
mineral trioxide aggregate cement have
been used as root-end filling materials.
Although there are many laboratory studies
comparing the properties of different root-
end filling materials, little information from
well-designed, long-term follow-up clinical
trials is available. It can be said that
important innovations such as surgical
ultrasonic tips, dental operating
microscopes, and biocompatible root end
filling materials have contributed to a better
outcome for endodontic surgery [32, 33].

The Limitation of the study was found to be
small sample size. In the future, we
anticipate reducing further the fracture
frequency of root canal instruments used by

dental students.
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Figure 1: Bar graph showing the association between the age of the patient and gender of the patients who reported
with instrument separation. The X axis denotes the age of the patient and gender of the patient. Y axis represents the
number of the patient reported with instrument separation. The purple colour denotes the no. of female patients
reported with instrument separation and grey colour denotes the no. of male patients reported with instrument
separation. It was found that in the age group 30-39 years, the no. of male and female presented with instrument
breakage were maximum than other age groups. Chi square statistical test was done and the association was found to
be not significant with p value 1.005 (P value - >0.005, statistically not significant).
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Figure 2: Bar graph showing the association between the age of the patient and teeth no. of the patients who reported
with instrument separation. The X axis denotes the age of the patient and teeth no. Y axis represents the number of
the patient reported with instrument separation. The blue colour denotes the 1st quadrant with instrument
separation, red colour denotes the 2nd quadrant with instrument separation, green colour denotes the 3rd quadrant
with instrument separation and orange colour denotes the 4th quadrant with instrument separation. It was found
that the 1st quadrant and 3rd quadrant instrument separation or breakage was more common and the maximum
separation or breakage was seen among the 30-39 years age group and 50-59 years age group. Chi square statistical
test was done and the association was found to be significant with p value .000 (P value - <0.005, statistically
significant).
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Figure 3: Bar graph showing the association between the gender of the patients and teeth no. of the patients who
reported with instrument separation. The X axis denotes the gender of the patient and Y axis represents the teeth no.
of the patient.The blue colour denotes the 1st quadrant with instrument separation, red colour denotes the 2nd
quadrant with instrument separation, green colour denotes the 3rd quadrant with instrument separation and orange
colour denotes the 4th quadrant with instrument separation. It was found that the instrument separation or breakage
in 3rd quadrant was more common in both male and female patients than in any other quadrant. Chi square
statistical test was done and the association was found to be not significant with p value .208 (P value - >0.005,
statistically not significant).

CONCLUSION

In this study, the instrument separation
alone by the undergraduate and
postgraduate was reported to be 23.4%. On
the basis of the results of the present study,
NiTi rotary instruments show a slightly
more frequent tendency to fracture during
root canal mechanical instrumentation than
stainless steel hand instruments. However,
under the working conditions of our clinic,
we believe that the fracture frequency of
NiTi rotary and stainless steel hand
instruments remains at a low level. This
procedural mishap can be effectively
minimized. To overcome the accidents, the
should be

students or practitioners

acknowledged about the canal preparation
and modification before using the files, this
will reduce the chances of file breakage or
instrument separation.
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