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Introduction
Endodontic treatment has been made much easier by the 
revolutionization of rotary files with super flexibility [1]. The 
use of these rotary files has significantly improved the cleaning 
and shaping process of the canals and reduced the chair time 
of the operator significantly [2]. However these instruments 
do have their disadvantages. The biggest hindrance for the 
cleaning and shaping process in root canal treatment is the 
separation of the endodontic instruments [3]. This has a 
potential impact on the outcome of the treatment. Instrument 
separation during endodontic treatment is a common accident 
involving rotary or hand files with rotary files having a higher 
incidence.  

There are many factors leading to the instrument separation 
such as anatomic variations, frequency of usage, speed and 
torque of rotation [4]. Regarding the anatomical variation of 
the canals, previous literature has shown if the canal anatomy is 
complicated, there are more chances of instrument separation. 
It has been reported that the frequency of instrument separation 
is more in molars. The mesial canals of mandibular molars are 

more commonly affected [4,5]. Also the apical third is more 
prone to instrument separateion than coronal and middle third. 
Certain studies assessed the curvature of the root canal, where 
the separation frequency is directly proportional to curvature 
with 58% in intensely curved canals [6]. The cyclic flexural 
fatigue resistance decreases with increased use. Regarding 
the speed, there have been previous reports that during the 
high speed of rotation there is an increase in the prevalence 
of instrument separation compared to low speed of rotation 
[7]. A higher rate of instrument separation was observed when 
speed of 300–350 rpm was used. However other studies have 
stated that there is no effect of speed on file separation. Based 
on the torque of rotation, if high torque is used there are higher 
chances of instrument separation due to the deformation of the 
file [8]. Files in smaller diameter and files in acutely curved 
canals have more tendency to separate in the root canal. 
.Severe curvature is one of the main causes for instrument 
breakage because of cyclic fatigue [9]. 

The approach of cases with a separated instrument can be 
conservative or surgical. The conservative approach involves 
a) Bypass of the separated instrument, b) Removal of the 

Instrument separation is a common occurrence during the endodontic treatment due to the 
use of hand or rotary files, Gates Glidden burs, lentulo, pluggers, spreaders made of different 
materials like NiTi, stainless steel. The mishap of instrument separation is a frustrating situation 
for the endodontist as it prevents access to the apex and impedes full length instrumentation and 
obturation of the root canal.
Aim: This study evaluated the separated instruments to the type of used file, tooth type, canal 
type.
Materials and method: There were a total of 78 instrument separation cases from June 2020- 
March 2021 that were evaluated. Patient details like age, gender, tooth type, canal type, portion 
of canal, type of instrument and method of retrieval were included in the study. The collected 
Data was analysed using SPSS. 
Results: The odds for rotary instrument separation were higher than the hand instruments with 
57%. The probability of separating a file in the coronal third was more compared to the apical 
and middle third. The highest percentage of instrument separation in the mandibular posteriors 
with 36%. Furthermore, the odds of file separating in a single canal (38%) and mesiobuccal 
canal (19%) were higher.  There was no significant difference (p>0.05) in instrument separation 
between type of instrument and portion of canal involved.
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study. Patient details like age, gender, type of instrument, 
tooth type, canal type, canal portion and method of retrieval 
were studied. The collected Data was described as frequency 
distribution and percentile. Statistical analysis was performed 
using Statistical Package for the Social Sciences, version 
22(SPSS). Descriptive analysis were based on quantitative 
variables and frequencies for categorical variables. A Chi 
square test was applied to determine the significance between 
groups. p value< 0.05 was considered to be statistically 
significant with a confidence interval of 95%. 

Results
There were a total of 78 separated instruments observed in 
this study. The majority of them were present in the age group 
31-45 yes (Figure 1). There were 49% males included in the 
study and 51% were females (Figure 2). When hand and 
rotary instruments were combined, the mandibular posterior 
teeth accounted for 36% of the separated files, followed by 
maxillary posterior teeth with 19% (Figure 3). The likelihood 
of instrument separation in the current study was higher in 
the coronal portion with 47% than in the middle and apical 
third (Figure 4). The instrument separation incidence of rotary 
files and K files was 57% and 20%, respectively (Figure 5). 
Of the 78 separated instruments, 38% separated in a single 
canal followed by 19% in the mesiobuccal canal (Figure 6). 
According to the method of retrieval of separated instruments, 
the majority (45%) were retrieved with the help of ultrasonics 
(Figure 7). The association between the tooth type and the 
portion of the canal in which the instrument separated was 
found to be statistically significant, with p=0.002 (Figure 8). 
The association between the type of instrument and portion 
of the canal in which the instrument separated showed no 
significant association, p =0.3 (Figure 9)

fragment, c) Instrumentation and obturation coronally to the 
fragment. Regarding the removal of a separated instrument, a 
number of techniques have been developed [10]. Ultrasonics, 
along with the operative microscope, is the most effective 
and reliable method for removing a separated endodontic 
instrument from a root canal [11]. The possibility of successful 
removal depends on: the level of separation  whether coronal, 
middle or apical third, location in relation curvature, the type 
of instrument, length, the degree of canal curvature and the 
tooth type [3]. There are several complications that may 
occur during the management of a separated instrument. 
Separation of  the ultrasonic tip or file used for bypassing , 
further separation of the fragment, perforation, extrusion of 
the file into periapical tissues and excessive temperature rise 
in periodontal tissues are some of the complications during the 
retrieval [12]. The mishap of instrument separation created a 
frustrating situation for the dentist as it prevented access to the 
apex and most of the time impedes full length instrumentation 
and obturation of the root canal [12-17]. As a result of this 
mishap, the level of difficulty is increased.  Of the certain case 
augments, while the tooth healing is challenged [18-23]. The 
aim of this study is to evaluate the separated instruments to the 
type and taper of used file, tooth type, canal type and radius 
of the curvature. 

Material and methods
This study was designed as a retrospective cross sectional 
observational study analysing all the cases of instrument 
separation. The data of patients between the age of 18 years 
and above who underwent instrument retrieval from June 2020 
to March 2021 for instrument separation were included in the 
study. The records with incomplete medical documentation, 
replication of results in different time periods with improper 
clinical photographs or diagnosis were excluded from the 

Figure 1. Shows the distribution of the age group of the study population.The X axis represents the age group in the range 18-30 yrs, 31-45 yrs. 
and >45 yrs. The majority of the instrument separation occurred in the age group 31-45 yrs. with 44%.
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Figure 2. Shows the distribution of the gender of the study population. The X axis represents the gender as male and female. The majority of 
the instrument separation occurred in women with 51%.

Figure 3. Shows the distribution of the gender of the study population. The X axis represents the gender as male and female. The majority of 
the instrument separation occurred in women with 51%.
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Figure 4. Shows the reported separation of instruments based on the portion of canal. The X axis. represents the portion of canal as coronal 
third, middle third and apical third. The coronal third was the most commonly affected portion with 47%.

Figure 5. Shows the type of instrument separated. The X axis represents the type of separated instrument. The rotary files had a higher 
incidence of separation with 57% followed by the K files with 19%.
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Figure 6. Shows the canal that is most commonly affected. The X axis represents the type of canal. The majority of the instrument separation 
occurred in the single canals with 38% followed by mesiobuccal canal with 19%.

Figure 7. Shows the method of retrieval for the management of separated instruments. The X axis represents the method of retrieval as manual, 
mechanical and ultrasonics. The majority of the separated instruments were retrieved using the ultrasonics.
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Figure 8. Bar graph showing the association between the portion of canal affected and the tooth type. X axis represents the portion of the 
canal and Y axis the percentage of instrument separation. Blue represents upper anteriors, green represents lower anteriors, brown represents 
maxillary posteriors and purple represents mandibular posteriors. The mandibular posteriors separated more frequently in the coronal third 
and middle third. This was found to be statistically significant. Pearson Chi square,p= 0.002 (P<0.05,statistically significant).

Figure 9. Bar graph showing the association between the portions of canal affected and the type of instrument separated. X axis represents the 
portion of the canal and Y axis the percentage of instrument separation. Orange represents rotary files, yellow represents H files, red represents 
K files and grey others. There were higher incidences of separation of rotary files in all the portions of the canal. However, this was not found 
to be statistically significant. Pearson Chi square, p=0.3 (P>0.05, statistically not significant). 
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Discussion 
Cleaning and shaping is an important part of endodontic therapy. 
The errors during the procedure such as zipping, transportation, 
and perforations can be significantly reduced with NiTi rotary 
instruments than the stainless steel ones. However, NiTi 
rotary instruments do have their own disadvantages like all the 
other instruments and that is intracanal breakage or instrument 
separation. The results of this present study have observed 
that the odds of a separated rotary instrument are greater when 
compared to hand instruments. Previous literature has reported 
an overall incidence of NiTi rotary file separation as 1.67 %. 
The mandibular posterior teeth have a higher incidence of 
instrument separation. Similar results were seen in previous 
studies where the incidence of 2.5% in mandibular molars are 
considered. This could be attributed to the complex root canal 
anatomy of the molars.

The primary cause of NiTi separation has been because of 
torsional and fatigue failure of NiTi. During torsional failure,  
the tip of the instrument is stuck or locked  in the root canal 
while the remaining instrument further continues to rotate 
therefore causing the instrument separation. Flexural failure 
occurs because of cyclic fatigue at the center of the greatest 
curvature of the root canal. The file separates at the fracture 
line without unwinding of flutes. The cause of instrument 
separations in the current study might be because of flexural 
failures. This assumption is supported by the fact that in 
multirooted teeth the instrument separations occurred more 
in the mesiobuccal canals which are known for their greater 
curvatures.  It has previously been reported that   rotary NiTi 
instruments usually fracture at the midpoint of their curvature 
within simulated root canals, so it was surprising to find that 
most of the instruments in our study separated in the coronal 
third of canals. 

However this could be attributed to the small sample siz. 
Contradictory to these findings, a previous study observed 
that the apical third was most commonly involved in the 
canal, where canals typically curve and have their smallest 
diameters. The probability of instrument separation in the 
mesiobuccal canal of molars was almost three times greater 
when compared to the distobuccal canal. The MB canal of 
the mandibular molar is known for its greater curvature and 
therefore a higher incidence, similar to the present study. 
Additionally, the mesial canals of mandibular molars coalesce 
to form a major foramen in about 49% of the cases. These 
type of canal should be instrumented  only to the point where 
it coalesce the main canal because instrumenting till its  full 
working length will force the file to navigate the abrupt 
curvature probably  leading to instrument separation.

It should be understood that no definite conclusions could be 
given regarding incidence of instrument separation. There are 
various factors that affect the separation rate. These include: 
the times the instrument has been used, the techniques used, 
manual glide path, the size to which the canals are enlarged, 
torque, the combination of instruments used and the depth 
of knowledge regarding configuration of the root canals.The 
present study limits the comprehensive data assessment on the 

specific topic. Future studies could assess more on the level of 
instrument separation to the success of the therapy rendered 
[14-31].

Conclusion
The results of the current study show that rotary instruments 
have a greater tendency to separate in root canals than hand 
instruments. The instruments are more likely to separate in the 
single canals and mesiobuccal canals of multirooted teeth and 
also in the coronal third of the root canals. Prognosis of the 
tooth is not affected by presence of the separated instrument 
but by the presence of an infection of the root canal at the time 
of separation. Hence more care should be taken during the 
endodontics therapy to minimise such incidences.
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