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Aim: To investigate the opinions and attitudes of general dental practitioners (GDPs) in Libya 
towards the separation of endodontic instruments.  

Methodology: A pilot questionnaire was carried out on 20 GDPs to ensure that the questions 
were easily understood. The sample size comprised of 275 systematically selected GDPs, the 
questionnaire included both close-ended and partially closed-ended questions in four groups: 
demographics; a pattern of practice and experience of instrument fracture; management of 
fractured instruments and, finally, unsuccessful management of fractured instruments. Data 
were analyzed using the chi-square test at P≤ 0.05. 

Results: The overall response rate was 97%. 90.2% of respondents had an experience of in-
strument fracture. The majority of respondents inspect the instrument before and during 
treatment. Only 4.9% of respondents reported that they would retrieve separated instruments 
located in the apical part of root canals. 43.6% of GDPs reported the use of the H-files Braiding 
technique for the removal of fractured instruments. Excessive removal of dentine was consid-
ered as the most common complication of the retrieval of fractured instruments (50.7%). 
49.6% of respondents would prefer to leave the unsuccessfully removed file in the canal.  

Conclusion: Separation of endodontic instruments is a procedural error that frequently oc-
curs during endodontic treatment. The GDPs need to be familiar with the conservative tech-
niques, which are available to retrieve separated instruments. All efforts should be made to 
upgrade clinicians’ skills and knowledge with regards to the use and retrieval of endodontic 
instruments via hands-on and continuing education courses. 
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1. Introduction 

The main objective of root canal treatment is complete debride-
ment and shaping of the root canal system (Vertucci, 1984). How-
ever, various mishaps are frequently faced by GDPs on a daily basis 
(Yadav et al., 2012). One of those most challenging and unfortunate 
occurrences is the separation of endodontic instruments. This mis-
hap acts as a blockage and may prevent achieving the objectives of 
endodontic treatment (Torbinejad & McDonald, 2009), precluding 
access to the apical part of the root canal and prevent instrumenta-
tion and obturation to the full working length. Consequently, the 
root canal treatment will be delayed and the outcome of the treat-
ment will be affected (Triantafyllia et al., 2018). Earlier studies 
have reported a prevalence rate for the separated instrument rang-
ing from 1% to 6% (Sjögren et al., 1990; Hu l̈smann & Schinkel, 
1999; Parashos et al., 2004, Spili et al., 2005; Di Fiore et al., 2006; 
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Iqbal et al., 2006; Knowles et al., 2006; Wolcott et al., 2006). This 
unfortunate occurrence remains a frustrating situation for both 
GDPs and endodontists even with the advent of nickel-titanium al-
loy files and rotary instrumentation techniques.  Many researchers 
reported a separation rate for nickel-titanium files reached up to 
10% (Ramirez-Solomon et al., 1997; Baumann & Roth, 1999; 
Hu ̈lsmann et al., 2003; Al-Fouzan 2003, Fishelberg et al., 2004; 
Ankrum et al., 2004; Di Fiore et al., 2006; Iqbal et al., 2006; Knowles 
et al., 2006; Wolcott et al., 2006; Wu et al. 2011).   

In different countries, several surveys have been carried out to 
evaluate the incidence of instrument separation among the GDPs in 
different countries: Switzerland; Barbakow & Lutz (1997) reported 
an incidence of 76% of Light-Speed rotary instruments user, Aus-
tralia; Parashos & Messer (2004) reported an incidence rate of 
74% and in the UK, Madarati et al. (2008a) reported an incidence 
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of 89%. Several guidelines have been summarized by Grossman 
(1969) for the prevention of separated endodontic file which is 
mostly related to the operator, and include the following: instru-
ments should be examined before and after use; instruments 
should not be used in dry canals; files should be used according to 
the manufacturer’s instructions and finally, excessive forces should 
be avoided.  

Complex anatomy, excessive pressure, and incorrect insertion 
angle were reported by Swiss dentists as the main causes of instru-
ment separation (Barbakow & Lutz, 1997). It is well documented 
that the removal of separated instruments is strenuous, frustrating, 
time-consuming, and may lead to further complications. However, 
all attempts should be considered to remove them. Separated in-
struments remain an area of research for many investigators. 
While, some researchers investigated the different methods for the 
retrieval of separated instruments (Hu¨lsmann & Schinkel 1999; 
Ward et al., 2003a, b; Shen et al., 2004; Suter et al., 2005), others 
focused on the complications which might be associated with its 
retrieval (Ward et al., 2003 a, b; Souter & Messer,2005). Further-
more, the outcomes of endodontic treatment with retained sepa-
rated instruments have been investigated by other authors (Spili et 
al., 2005). Nevertheless, limited data are available regarding the at-
titudes and experience of general dental practitioners with regards 
to the management of separated instruments. To date, there is no 
report on the attitude and opinions of Libyan GDPs towards the in-
tracanal separation of endodontic instruments. Therefore, this 
study aimed to investigate the attitudes and opinions of GDPs in 
Libya towards the fracture of endodontic instruments and their 
management. 

2. Materials and Methods 

A survey of GDPs in the country of Libya was carried out re-
garding the experience of separated instruments while performing 
an endodontic treatment and their management. The methodology 
was described previously by Madarati et al. (2008 a, b). The corre-
spondent author has been contacted for permission to use their 
questionnaire in the current study and he kindly agreed. A pilot 
self-administrated questionnaire was first carried out on 20 GDPs 
from different private sectors to ensure that the questions were 
easily understood. This provided several recommendations for im-
provement and clarity within the text, and these were subse-
quently incorporated into the final document. The sample size was 
calculated using a power calculation and is comprised of 275 GDPs 
working in the country of Libya.  

This study requested information on the attitudes and experi-
ence of GDPs towards the separation of endodontic instruments 
and their management. The questionnaire comprised of 32 ques-
tions in two forms, closed and partially closed-ended questions 
that grouped into four groups: 

 Demographics: four non-numbered questions (three closed-
ended and one partially closed-ended). 

 The pattern of practice and experience of instruments fracture: 
18 questions (12 closed-ended and six partially closed-ended).  

 Management of fractured instruments: six questions (four 
closed-ended and two partially closed-ended). 

 Unsuccessful management of fractured instruments: four 
closed-ended questions.  

Data were entered into SPSS 20 for Windows and were ana-
lyzed using chi-squared tests at the P< 0.05 level of significance.  

 

3. Results 

Of the original sample size of 275 distributed questionnaires, 
266 were returned completed. Seven GDPs did not return the ques-
tionnaire and two GDPs returned the incomplete filled question-
naire. Those unreturned and incomplete filled questionnaires were 

not calculated in the final response and considered as non-eligible 
cases according to an evidence-based study on the response and 
nonresponse bias in oral health surveys carried out by Locker in 
2000.  Thus, the response rate achieved in this study was 97%. 

3.1 Demographic data: Respondents sex, year of graduation, 
and pattern of work 

56.4% of respondents were male and 43.6% were female 
[P=0.037]. There was a significant difference between males and 
females with regard to the experience of file fracture with the high-
est incidence among males [χ2= 7.8, df=1, P=0.005]. The year of 
graduation ranged from 1983-2016 (Fig. 1). The proportion of 
GDPs graduating between 2001-2016 (68.1%) was significantly 
higher than those who graduated before 2001(31.9%) [P<0.001].  

 
Fig. 1. Respondents details regarding years of graduation 

The majority of the respondents (91.7%) worked in private 
practices. There was a statistically significant difference between 
private workers and non-private workers [χ2=409.29, df=2, P< 
0.001].  

3.2. The number of cases per week 

The highest proportion of GDPs performed 6-10 cases per week 
(58.6%) (Fig. 2). There was a statistically significant difference 
among respondents with regards to the number of cases per week 
[χ2=178.48, df=3, P<0.001]. As the number of cases increases the 
experience of file separation is increased (Fig. 3). 

 
Fig. 2. The percentages of root canals treatment performed by 
GDPs per week 
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Fig. 3. Experience of instruments fracture according to the number of cases 
performed per week 

 

3.3 The technique of canal preparation and the use of hand 
instruments 

More than half of respondents reported the use of a crown-down tech-
nique (53.4%) and 42.9% of respondents reported the use of step-back. 3.8 
% of respondents reported using other techniques. There was a statistically 
significant difference among the participants with regards to the tech-
niques of preparation [χ2= 109, df=2, P<0.001].  While 44% of respondents 
reported the use of stainless steel (SS) files,27.8%, reported the use of 
nickel titanium (Ni-Ti) files. 28.2% of respondents reported using both 
types of files (SS and Ni-Ti). There was a statistically significant difference 
among the respondents with regards to the types of files used [χ2=13.5, 
df=2, P= 0.001]. 

3.4 Use of a rotary system and its common type 

The higher proportion of respondents (62.4%) used rotary systems for 
cleaning and shaping of the root canals. The proportion was statistically sig-
nificant [χ2=16.37, df=1, P<0.001]. A higher proportion of males (85.3%) 
reported the use of rotary systems compared with females (32.8%) and that 
is highly significant [χ2=77.06, df=1, P<0.001].  While 39.2% of participants 
would prefer to use the M3-Pro Gold rotary system, 28.9% and 21.1% 
would prefer to use Race and ProTaper systems respectively. Only Nine re-
spondents (3.4%) reported the use of the ProFile system. Moreover, the use 
of more than one rotary system was reported by six individuals (Fig. 4). 
There was statistically significant differences between the respondents 
with regards to the type of rotary system used [χ2=118.81, df=5, P<0.001]. 
 

 
Fig. 4. Respondents details regarding the preferred rotary systems 

 

3.5 Hand-on courses on the use of rotary systems and the re-
trieval of separated instruments 

A significantly higher proportion of GDPs had not attended ei-
ther courses on the use of rotary instrument (71.4%) or the re-
trieval of separated instruments (95.5%) and both showed a signif-
icant proportion [χ2= 48.85, df=1, P<0.001] [χ2=220, df=1, P<0.001] 
respectively. 

3.6 Patterns of files examination 

Participants were asked about the patterns of file examination. 
They were provided with multiple closed-ended responses. The 
majority of respondents (84.6%) indicated that they examined in-
struments before treatment. All responses were statistically signif-
icant (Table 1). 

Table 1 

Patterns of the examination of endodontic files (More than one answer was 
allowed) 

Patterns of files inspection Frequency % χ2 df P-value 

Before treatment 255 84.6 127.27 1 <0.001 

Regularly during treatment 161 60.5 11.78 1 0.001 

After treatment 99 37.2 17.38 1 <0.001 

Occasionally during treatment 93 35 24.06 1 <0.001 

Before sterilization 61 22.9 77.95 1 <0.001 

After sterilization 34 12.8 147.38 1 <0.001 

Combination 27 10.2 168.96 1 <0.001 
 

3.7 Instruments examination via magnification 

Three options were given to the respondents (always, some-
times, and never). Only 2.3% of respondents reported they always 
use magnification in forms of dental loupes to examine the endo-
dontic instrument (Fig. 5). There was a statistically significant dif-
ference between the respondents [χ2=290, df=2, P<0.001]. None of 
the respondents reported the use of a dental operating microscope. 

 
Fig. 5. Frequency of file examination via magnification 

86.5% 

 

92% 

 
  100% 

 

69.6% 
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3.8 Policies of discarding endodontic files 

The highest proportion of respondents (70.3%) discarded files 
after naked deformation followed by 25.6% of participants who 
discarded the endodontic files after a certain number of uses. Only 

six participants reported the use of magnification for the decision 
on discarding endodontic files. The differences between all policies 
of file discarding were statistically significant [χ2=330.30, df=3, 
P<0.001] (Table 2). 

Table 2 

The discarding policies of endodontic files among participants. 

Participants 

Polices  

after a number of uses after naked deformation after magnified deformation after fracture of the file Total 

Frequency  69 188 6 3 266  

Percentages 26 71 2 1 100 

3.9 The contributing factors for instrument separation 

Participants were requested to grade the number of factors 
from the greatest to lowest important, and the most important fac-
tor, which might contribute to instrument fracture. Five categories 
of contributing factors were provided. The highest proportion of 
respondents (46.6%) believed that the operator was the most im-
portant factor contributing to instrument fracture, followed by root 
canal anatomy (37.6%). The third factor was related to instrument 
design which has been reported by 20% of respondents. The last 
and least factors were related to manufacturing and environmental 
factors, which were reported by 3.8% and 4.5% respectively. The 
difference between the participants in their point of view regarding 
the contributing factors was statistically significant [χ2=222.09, 
df=4, P<0.001]. 

3.10 Respondents experience towards file/instrument sepa-
ration; a number of separated files per week and their types 

Table 3 illustrates the participant's experience towards file sep-
aration and also the number and types of separated files. Overall, 
90.2% of participants had the experience of instrument separation 
during root canal treatment. Only 9.8% reported no experience of 
separation of endodontic files. There was a statistically significant 
difference among the respondents [χ2=172.16, df=1, P<0.001]. 
There was also a statistically significant difference regarding the 
experience of file separation with both the year of graduation 
[χ2=25.07, df=4, P< 0.001] and the type of work [χ2=44.37, df=2, 
P<0.001]. Almost half of GDPs (49.6%) had experience from 1 to 5 
fracture instruments. 36.1 % reported a fracture incidence of more 
than 10 files. There was a statistically significant difference among 
the participants with regards to the number of fracture files 
[χ2=50.73, df= 2, P<0.001]. While more than half of respondents 
(54.1%) had the experience of hand instruments fracture, 41.1% of 
respondents reported the experience of rotary instrument frac-
ture. There was a statistically significant difference among re-
spondents with regards to the types of fractured instruments 
[χ2=105.95, df=2, P<0.001]. 

 

 

3.11 Fractured instrument (teeth involved and the location, 
length, and size of fractured instruments) 

The majority of respondents (79.7%) reported that fractured 
instruments are more likely to occur more in molar teeth (Fig. 6), 
the difference between groups of teeth was statistically significant 
[χ2=263.85, df=2, P <0.001]. Table 4 summarizes the incidence of 
fractured instruments according to location, length, and size of 
fractured instruments within the canals. Significantly, the highest 
proportion of respondents (74.4%) reported that most instru-
ments fractured at the apical one-third of the root canal followed 
by the middle third of the root canal system which was reported by 
20.3% of respondents. These differences were statistically signifi-
cant [χ2=211.25, df=2, P<0.001]. Significantly, the highest propor-
tion of respondents (78.2%) reported that most of the instrument 
fragments were short [up to 3mm] followed by those who reported 
that most of the instrument fragments were medium in length 
[>3and <5 mm] (17.3%). These differences were statistically sig-
nificant [χ2= 247.42, df=2, P<0.001]. The small size fragment rep-
resents the highest proportion of instrument separation which was 
reported by 56% of respondents followed by median size (41.4%). 
There was a statistically significant difference with regards to the 
size of separated instruments among respondents [χ2=124.6, df= 2, 
P<0.001]. 

 
Fig. 6: The incidence of separated instruments in different groups of teeth. 

 

Table 3 

Respondents fracture experience, number and the types of fractured instruments 

Experience of file separation % 
Number of separated files % Types of separated files % 

1-5 49.6 Hand file 54.1 

Yes 85.3 6-10 14.3 Rotary file 41.1 

No 14.7 >10 36.1 Both 4.5 

Total  100 Total 100 Total 100 
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Table 4 

The incidence of location, length, and size of fractured instruments. 

Details 
Location of fracture file Length of fracture file Size of fracture file 

Apical Middle Coronal ≤3 > 3 to < 5 >5  Small Medium large 

% 74.4 20.3 5.3 78.2 17.3 4.5 56.4 41.4 2.3 

χ2 211.25 247.42 124.63 

P value <0.001 <0.001 <0.001 

 

3.12 Management of fractured instruments at different loca-
tions inside the root canal  

Table 5 demonstrates the different types of management of 
fractured instruments in different parts of the root canal. 

Coronal third: The majority of respondents (80.1%) reported 
that they would try to retrieve the separated instruments located 
within the coronal third. 14.3% of respondents reported that they 
bypass the fragment. Only five respondents (1.9%) would prefer to 
refer such cases to endodontists. These differences were statisti-
cally significant [χ2=439.83, df=3, P<0.001].  

Middle third: The highest proportion of respondents (44.4%) 
would try to bypass the fragments located within the middle third 
of the root canal system. 33.8% of respondents reported that they 
would try to retrieve the fragments. While 2.3% of respondents 
would extract the tooth, 11.3% would leave the fragment and con-
tinue treatment with follow up. These differences were statistically 
significant [χ2=257.759, df=5, P< 0.001].  

Apical third: The vast majority of respondents (63.5%) would 
leave the fragment in the canal and continue treatment and follow 
up the cases. 11.3% of respondents reported that they would ex-
tract the tooth. The minority of respondents (4.9%) reported that 
they would retrieve the fractured instrument. These differences 
were statistically significant [χ2=319.30, df=4, P<0.001]. 

Table 5 

Management of separated instrument at different locations inside the root 
canal) %) 

Type of management 

Location of the fragment  

within the root canal system 

Coronal third  Middle third Apical third 

Retrieve 80.1 33.8 4.9 

Bypass 14.3 44.4 12 

Leave and continue 

treatment 
3.8 11.3 63.5 

Perform surgery 0 3 0 

Extract 0 2.3 11.3 

Refer to endodontist 1.9 5.3 8.3 

 

3.13 Number of visits and time needed for retrieving the sep-
arated files in a single visit 

The proportion of respondents who used to manage fractured 
instruments in multi-visits (64.7%) was significantly greater than 
respondents who adopted a single-visit approach (35.3%). There 
was a statistically significant difference between both management 
approaches [χ2=22.87, df=1, P<0.001]. More than 50% of respond-
ents reported that they need up to 30 minutes to retrieve separated 
instruments in a single visit. Only 1.5% of respondents would 
spend more than 60 minutes. There was a statistically significant 
difference among the respondents with regards to the time needed 
for the single visit [χ2=189.15, df=3, P <0.001] (Table 6). 

 

 

Table 6 

Number of visits and time required to retrieve the fractured instrument 

Number of visits Time 

Single visit 

Up to  

30 min 

Up to  

45 min 

Up to  

60 min 

More than  

60 min 

53.4% 36.8 8.3 1.5 

35.3% 

Multiple visits 64.7% 

 

3.14 Techniques for retrieving separated instruments 

43.6% reported applying the H-files Braiding technique for the 
removal of separated instruments, 36.6% prefer to use ultrasonic 
devices for the removal of separated instruments. Only 2.3% of re-
spondents reported the use of the Masserann technique. Finally, 
17.3% reported the use of other techniques. The difference among 
the respondents was statistically significant [χ2=189.15, df=3, 
P<0.001]. 

3.15 Use of Magnification while retrieving separated instru-
ment and the type of magnification 

Most of the respondents (85.7%) did not use magnification 
while removing fractured instruments. There was a statistically 
significant difference among respondents [χ2=135.71, P<0.001]. 
All of the respondents (100%) who reported the use of magnifica-
tion reported the use of dental loupes. None of the respondents 
reported the use of a dental operating microscope. 

3.16 Experience of complications while retrieving separated 
instruments: 

51.1% of respondents reported that they experienced compli-
cations during the removal of separated instruments. The differ-
ence among the respondents was not statistically significant 
(χ2=0.135, df=1, P=0.713). The most common complication was ex-
cessive dentine removal which has been reported by 59.6% of re-
spondents. The difference among the participants was statistically 
significant (χ2=4.971, df=1, P=0.026). The second most common 
complication was the fracture of another instrument (44.1%). The 
latter was not statistically significant [χ2= 1.882, df=1, P= 0.17]. 
Root perforation was reported by 39% of respondents. The latter 
was statistically significant among the respondents [χ2=6.618, df= 
1, P= 0.010]. Only 12.5% of respondents reported extrusion of frag-
ment apically. The difference among the respondents was statisti-
cally significant [χ2=76.50, df=1, P<0.001]. Multi-complications 
were reported by 27.2% of the participants. The latter was statisti-
cally significant [χ2=28.26, df= 1, P<0.001]. 

3.17 The success rate of separated instruments removal ac-
cording to a location within the root canals: 

Respondents were asked to report an estimated success rate 
for the removal of separated instruments. Four categories of suc-
cess rate (1-25%%, 26-50%, 51-75%, 76-100%) were considered 
(Table 7). Respondents reported significantly different estimated 
success rates for removal of the separated instrument within each 
group according to the location of fractured fragments within the 
root canal system. A higher success rate was reported in removing 
fragments located at the coronal level, and the poorest success rate 
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was reported with the fractured instrument at the apical third.  The 
success rate among the respondents was statistically significant in 
all locations [P< 0.001] (Table 7). 

Table 7 

The success rate for the removal of fractured instruments from the coronal, 
middle, and apical third of the root canal. *The values presented in paren-
theses are percentages. 

Success rate 
Location within the root canal 

Coronal Middle Apical 

Poor (1-25%) 40 (15) 118 (44.4) 230 (86.5) 

Fair (26-50%) 47 (17.7) 104 (42.9) 20(7.5) 

Good (51-75%) 84 (31.6) 29 (10.9) 14(5.3) 

Very good (76-100%) 95 (35.7) 15 (5.6) 2 (0.8) 

Chi square (χ2) 33.098 122.06 538.51 

P value <0.001 <0.001 <0.001 

3.18 Unsuccessful management of separated files (Types of 
files, teeth position, places in the root canals, and treatment ap-
proaches): 

Types of files: 37.6% reported unsuccessful experiences with 
the management of fractured instruments for all types of files. 
While 30.8% of respondents reported the unsuccessful manage-
ment of rotary files, 20.3% reported the unsuccessful management 
of separated stainless-steel files. The least unsuccessful manage-
ment involved the Ni-Ti hand file (11.3%). There was a statistically 
significant differences among respondents with regards to the un-
successful management of all files (χ2= 42.87, df= 3, P<0.001). 

Teeth position: The majority of respondents (83.5%) reported 
that molar teeth were the most common teeth for the unsuccessful 
management of separated files. Premolars and anterior teeth were 
reported by respondents as unsuccessfully managed with propor-
tions of 10.5% and 6% respectively. The difference among the 
GDPs was statistically significant (χ2=301.56, df=2, P<0.001). 

Places in the root canals: 69.9% reported that the apical one 
third as the highest incidence of unsuccessful management of sep-
arated files. The separated instruments at the middle and coronal 
one-third of the root canal were unsuccessfully treated by 21% and 
9% of respondents respectively (χ2=166.045, df=2, P<0.001). 

Treatment approaches: Almost half of the respondents 
(49.6%) reported filling the root canal up to the broken piece (Fig. 
7). The minority of respondents (8.3% and 9.8%) tended to per-
form apical surgery and tooth extraction respectively. 32.3% pre-
ferred to refer their cases to specialists. There was a statistically 
significant difference among the respondents with regards to the 
treatment approaches (χ2=124.67, df=3, P<0.001). 

 
Fig. 7. Different management approaches for unsuccessful retrieval of sep-
arated instruments. 

4. Discussion 

Separation of endodontic instruments is one of the unexpected 
and unpredicted endodontic mishaps that general dental practi-
tioners may face during root canal treatment (Hulsmann & 
Schinkel 1999). Despite advances in the development of endodon-
tic instruments, instrument fracture is remaining a big issue. The 
latter was investigated by many studies (Hulsmann & Schinkel 
1999; Parashos et al., 2004; Spili et al., 2005), other studies ad-
dressed the attitudes and opinions of GDPs towards the fracture of 
endodontic instruments (Barbakow & Lutz, 1997; Parashos & Mes-
ser, 2004; Madarati et al., 2008a, b). 

In this study, it was decided to investigate the attitudes and 
opinions of GDPs in Libya regarding the separation of endodontic 
instruments, it was believed that would be appropriate owing to 
lack of knowledge in this area. The majority of the respondents 
graduated between 2001-2016 and that was significant compared 
with the early graduates ranged from 1983-2000. The majority of 
GDPs work in private practice and perform from 6-10 cases per 
week. There was a correlation between the practitioner’s clinical 
experience and the separation of endodontic instruments. 

Disappointedly, in the current study, the majority of GDPs had 
not attended further training courses either on the use of rotary 
instruments (71.4%) or the retrieval of separated instruments 
(95.5%). This is in disagreement with Madarati and colleagues 
(2008a) who reported that the majority of respondents (79.3%) 
had at least attended one hands-on course on the use of rotary sys-
tems. It could be argued that the mandatory continuing profes-
sional development (CPD) courses in the UK encourage the UK 
GDPs to attend such important courses as part of CPD which is re-
quired for them as a condition for their registration with the GDC 
(General Dental Council, 2020) and enhances their skills and 
knowledge. The importance of continuing education courses in en-
dodontics has been highlighted by Barbakow and Lutz, (1997). The 
latter enables the GDPs to upgrade their skills and knowledge in 
the new areas which belong to endodontic treatment such as new 
instruments and techniques especially those related to the use of 
new rotary files and conservative techniques for the retrieval of 
separated instruments. 

In the current study, it was reported that 62.4% of respondents 
used the rotary systems. The latter was comparable with Madarati 
et al. (2008a) [65%] and Parashos & Messer (2004) [58%]. A lower 
proportion was reported by Barbakow & Lutz (1997) [22%].  

The current survey reported that GDPs were commonly aware 
of the need to examine endodontic instruments before use. Most of 
the GDPs (84.6%) reported examining their instrument before 
treatment and during treatment (60.5%). This is in agreement with 
Madarati et al. (2008a) who showed that the majority of their re-
spondents reported examining their instruments before (77%) and 
during (67.8%) treatment. Moreover, the authors reported that 
55% of their respondents followed an effective combined approach 
for the examination of endodontic instruments, which include the 
examination of the instrument before and during the endodontic 
treatment. The current study reported the same strategy with only 
27% of GDPs. 

Numerous circumstances have significantly benefited from the 
usage of magnification in endodontics. The latter would enhance 
the vision and illumination and can facilitate the retrieval of silver-
point, separated instrument, and fractured post (Nehme 2001; 
Terauchi et al., 2006; Gencoglu &Helvacioglu, 2009). Moreover, 
many researchers have highlighted the importance of magnifica-
tion in the detection of minute deformity in the instrument (Kuhn 
et al., 2001; Svec & Powers, 2002; Peng et al., 2005). The use of a 
dental operating microscope permits working under bright illumi-
nation and magnification (Plotino et al., 2007) and create direct vis-
ualization of the deeply situated separated instruments within the 
root canals in the area where the naked eye cannot detect them 
(Shiyakov & Vasileva, 2014). Moreover, they limit the hazard of the 
perforation owing to the unnecessary removal of dentin (Spili et al., 
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2005; Iqbal et al., 2006). The use of a dental operating microscope 
facilitates the easy and successful removal of separated instru-
ments (Cujé, 2010). In the current study, only 2.3% of respondents 
reported that they always use magnification to examine the endo-
dontic instruments. The proportion of respondents who always use 
magnification was significantly lower than non-users. It could be 
argued that the cost of the magnification devices limits their use 
among the GDPs. 

The strategy of discarding the used endodontic instruments 
was also investigated in this study. The majority of respondents 
(70.7%) discard their instruments after naked eye visualisation of 
any deformities. While single-use of the endodontic instrument 
was not reported in the current study, another study showed that 
45% of respondents would discard the endodontic files after sin-
gle-use (Madarati et al., 2008a). The importance of single-use en-
dodontic instruments was highlighted by Kazim (2017), who re-
ported that single-use would minimize the risk of instrument frac-
ture and cross infection. It could be argued that the cost of endo-
dontic files especially the rotary files forced the clinicians to use 
them for multiple cases. The GDPs should be aware of the time and 
fees which may be needed to retrieve the broken files. 

In this study, the GDPs were aware of the factors which may 
expose the instrument to fracture inside the root canals. The oper-
ator’s skills and proficiency have been ranked as the utmost signif-
icant among the contributing factors for instrument fracture (Pa-
rashos et al., 2004; Cheung, 2009). The latter was also reported in 
the current study in which the respondents classified the operators 
as the most important factor which contribute to instrument frac-
ture. Moreover, the risk of instrument fracture seems to be in-
creased in cases with complex root canal anatomy (Peters et al., 
2003). In this study, the canal anatomy represents the second most 
important factor that exposes the instrument to fracture. The latter 
was in agreement with other previous studies (Parashosetal.,2004, 
Madarati et al., 2008b). On the other hand, Barbakow & Lutz (1997) 
showed that canal morphology was the least considered factor 
(15%). Over usage, excessive pressure, and root canal anatomy 
were reported as the most important factors for instrument frac-
ture with a proportion of 62%, 43%, and 36% respectively (Pa-
rashos & Messer, 2004). In this study, factors related to the manu-
facturer (3.8%) and environment (4.5%) were considered as the 
least important factors. This is in agreement with another study 
(Madarati et al., 2008b).  

In the current study, the vast majority of respondents (90.2%) 
had experienced endodontic instruments fracture. The latter was 
higher than reported in previous research: 85.1% (Madarati et al., 
2008a); 76% (Barbakow & Lutz, 1997); 74% (Parashos & Messer, 
2004). It could be explained by the lack of continuing education 
courses in endodontics especially those related to the use of rotary 
nickel-titanium files. In this study, the highest proportion of re-
spondents (49.6%) reported the experience of file separation 
ranged from 1 to 5 files followed by 36.1% of respondents who re-
ported experience of more than 10 files. Furthermore, there was a 
correlation between the number of fractured files and the number 
of cases per week. This is in agreement with other researchers 
(Madarati et al., 2008a). In this study, separation of endodontic files 
was reported with both hand and rotary files with a percentage of 
54.1% and 41.1% respectively. 

In the current study, the majority of respondents reported that 
the highest incidence of file separation occurred whilst treating 
molar teeth (79.7%). This is in agreement with previous studies 
(Iqbal et al., 2006; Wu et al., 2011; Ungerechts et al., 2014; Wang et 
al., 2014). Mesio-buccal root canals of both maxillary (Iqbal et al., 
2006; Wu et al., 2011) and mandibular molars (Hulsmann 1999; 
Wards et al., 2003a; Iqbal et al., 2006; Wu et al., 2011) were re-
ported as the most common sites for instruments separation. These 
reported findings could be attributed to the complexity, curvature 
of the root canal, and the uneven root canal walls of molar teeth 
(Kessler 1983; Lim & Stock, 1987). In this study, the incidence of 
instrument fracture in the apical part of the canal was reported by 
the majority of respondents (74.5%) as the most commonplace. 

The latter was comparable with Madarati et al. (2008a) who re-
ported an incidence of 84.4%.  

Whenever an instrument separates in the canal, a decision has 
to be made to either leave, bypass, or remove; the selection de-
pends on the assessment of the possible benefit versus the risk of 
complication of its retrieval (McGuigan et al., 2013). One of the key 
factors that influence the decision in the management of sepa-
rated instruments is the location of fractured instruments inside 
the root canal. Besides, the experience of general dental practi-
tioner plays an important role in the management of separated in-
struments at various locations inside the root canal. Madarati et 
al. (2013) stated three attempts for dealing with separated instru-
ments: Retrieval as a first option if the fragment is accessible, low 
risk of further complications, the tooth is strategically important, 
the instrument separated at an early stage of canal instrumenta-
tion and the clinician is well trained; bypassing is considered as 
the second approach if the fragment separated at an early stage of 
the canal instrumentation and is unapproachable in a strategically 
important tooth, and the practitioner has enough experience; Fi-
nally, Leaving the fragment in situ as last conservative approach 
when attempts at removal and bypassing of the fragment are un-
successful. In the current study, it was obvious that the more api-
cally placed instrument, the less chance of its retrieval. Only 4.9% 
of the GDPs reported an attempt to retrieve the instrument from 
the apical one-third of the canal. Conversely, the majority of re-
spondents (80.1%) reported their ability to retrieve the fractured 
instruments from the coronal one-third of the root canal. The lat-
ter was in agreement with another study (Madarati et al., 2008b) 
who reported that the majority of the respondents (86.9%) would 
prefer to retrieve the broken instruments if they were situated in 
the coronal part. Authors have reported that almost half of the re-
spondents would prefer to retrieve the fractured instruments if 
they were located in the middle part of the root canal. This was 
not the case in this study in which 44.4% of respondents would 
prefer to bypass them. The latter could be attributed to the lack of 
skills, knowledge, experience and continuing education courses 
on the retrieval of broken instruments. Those gaps decrease the 
ability of clinicians to visualise the separated instruments and re-
trieve them. It was also noted that the GDPs were not keen to refer 
difficult cases to endodontists and tried to manage them. This 
finding was not very promising for the success of the treatment 
owing to the importance of the experience and education in the 
management of difficult and more challenging cases. McGuigan et 
al. (2013) highlighted the importance of the referral to an endo-
dontist if the retrieval of the separated instrument was considered 
as the most suitable option for the success of treatment.  In this 
study the referral according to the location within the canal was 
as follows; apically (8.3%), medially (5.3%), and coronally (1.9%).  
Low incidence of referral to endodontists was also reported by 
Madarati et al. (2008b) with a proportion of 21.3% 14.9% and 
2.3% for apically, medially, and coronally placed separated instru-
ments respectively.  

The selection of retrieval techniques for separated instru-
ments varies from one practitioner to another. In the current 
study, 43.6% would prefer to use the H-files Braiding technique 
[HFBT] to retrieve the broken instruments from the root canals. 
The latter might be due to the high cost of different instrument 
retrieval systems such as; instrument removal system, ultrasonic, 
and also Masserann kit. The HFBT is considered as a simple and 
more economic technique to retrieve the broken instruments. An-
other study (Madarati et al., 2008b) reported only 8.8% of practi-
tioners would prefer this technique to retrieve broken files. “Ul-
trasonic” was considered as a conservative and safe technique for 
the retrieval of separated instruments (Harleen et al., 2015) and 
also very effective (Nagai et al. 1986; Ward, 2003) especially in the 
most challenging places (apical, curved and narrow canals) (Shen 
& colleagues, 2004). Many researchers (Nagai et al., 1989; Hüls-
mann et al., 1999; Suter et al., 2005; Alomairy, 2009; Cujé et al., 
2010; Ward et al., 2013b) recommend the use of ultrasonic de-
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vices in conjunction with magnification owing to their conserva-
tive effectiveness in the removal of separated instruments from 
the canals.  In the current study, 36.6% of respondents reported 
the use of ultrasonic devices to retrieve the separated instru-
ments, a higher proportion (75.8%) was reported by Madarati et 
al., (2008b), the authors believed that dental education affects the 
practitioner’s choice for such a technique.  

Only a minority of the respondents (2.3%) reported the use of 
the Masserann technique. The latter was reported as a successful 
device in the management of the removal of separated instru-
ments, its low use among the respondents could be attributed to 
its cost and availability.  Masserann techniques have been used for 
40 years and different success rates were reported with the range 
of 25–55%. (Masserann 1966; Feldman et al., 1974; Fors & Berg, 
1983; Hu¨lsmann 1990; Okiji 2003). Excessive removal of dentine 
was highlighted by Yoldas et al. (2004) as one of the drawbacks of 
Masserann technique, which may lead to root perforation. 
Madarati et al. (2008b) reported the use of Masserann technique 
among 38.6% of respondents. Only 17% of respondents stated 
that they would try more than one technique to retrieve the sepa-
rated instruments. Applying more than one technique to retrieve 
the separated instrument was recommended by many authors in 
order to obtain the best management outcomes (Hülsmann 1993; 
Ruddle, 2004; Shen et al., 2004; Suter et al., 2005; Terauchi et al., 
2007). Madarati et al. (2008b) reported that 63.4% of respond-
ents would prefer to apply more than one technique to remove the 
fractured instruments. 

The use of a dental operating microscope has been recom-
mended for the successful retrieval of separated instruments by 
many authors (Ward 2003; Ward et al., 2003a, b; Wei et al., 2004; 
Suter et al., 2005). However, this study showed that only 14.3% of 
respondents reported the use of magnification and none of them 
reported the use of a dental operating microscope. All emphasis 
should be applied to encourage the GDPs to use the dental operat-
ing microscope. This will subsequently minimize the complica-
tions during the retrieval of separated instruments.  

Many studies reported several complications while retrieving 
separated instruments (Ward et al., 2003a, b; Suter et al., 2005; 
Madarati et al., 2008b). In the current study, 51.1% of the respond-
ents reported that they had faced a complication while retrieving 
the separated instruments. The main complication was the exces-
sive removal of dentine, which was reported by 50.7% of respond-
ents. The latter may be owing to the need for the removal of more 
dentine in order to visualise and hold the instrument and move it 
coronally, which was in agreement with Madarati et al. (2008b). In 
2006, Parashos and Messer highlighted the importance of direct vi-
sion and straight-line access as important factors that should be 
considered while treating a case with a separate instrument. The 
latter could also justify the dentine loss while the general dental 
practitioner was attempting to retrieve the fractured instruments. 
Moreover, other studies (Souter & Messer 2005; Madarati et al., 
2008 a, b) recommended bypassing the fractured instrument espe-
cially those located in the apical third of root canals and those lo-
cated at severely curved canals (Souyave et al., 1985; Hülsmann, 
1994). The authors justified their recommendation by the possibil-
ity of excessive removal of dentine. 

The second reported complication in this study was the frac-
ture of other instruments which had been reported by 40.4% of the 
GDPs. Moreover, root perforation is also reported by 39% of re-
spondents. The GDPs should be aware of the canal morphology to 
minimize the chance of root perforation and also avoid stress while 
performing a file braid technique to remove the fractured file and 
use the magnification to visualize the condition of the file which 
will be used to retrieve the fractured instruments.  

Whilst the majority of respondents (78.3%) reported a re-
trieval success rate of over 50% when a fractured instrument was 
located in the coronal one-third of the root canal, 40.8% did so 
when it was located in the middle third. The lowest figure of over 
50% success rate was reported when the fragment was located in 
the apical third (6.6%). These results were consistent with those 

reported in previous studies. Hülsmann & Schinkel (1999) found 
the lowest success rate of 59% when fractured instruments were 
removed from the apical one-third compared with middle and cor-
onal thirds (69% and 100% respectively). 

A success rate of over 50% for the retrieval of separated instru-
ments in the coronal part of the root canal was reported by 67.3 % 
of the respondents. Conversely, a very low success rate of over 50% 
was reported by the respondents when they try to retrieve the in-
strument from the middle (16.5%) and apical one third (5.5%) of 
root canals. It could be argued that might be owing to inadequate 
practitioner’s skills experience and also the unavailability of the re-
trieval systems such as the instrument removal system and Mass-
erann kit. Moreover, the separated instrument in the apical part of 
the tooth is often unapproachable and more likely to bind to the 
walls of the root canal. The finding of this study was in agreement 
with other studies which have been conducted in different coun-
tries;  in the UK, Madarati and colleagues (2008b) found that 78.3% 
of respondents showed a success rate of instrument retrieval of 
over 50% when the separated instrument was located in the coro-
nal part of the root canal and lower success rate of over 50% was 
reported by respondents when they try to retrieve the separated 
instrument from the middle (40.8%) and apical (6.6%) part of the 
root canal; in Germany, Hülsmann & Schinkel (1999) reported suc-
cess rate of 100%, 69% and 59% when the separated instruments 
were retrieved from the coronal, middle and apical one-third of the 
root canal respectively; in Australia, Souter & Messer (2005) re-
ported a success rate of 24% when the instrument was located in 
the apical part of the root canal. 

In the current study, the maximum failure rate for the manage-
ment of separated instruments was reported in the apical part 
(69.9%) of the root canal and molar teeth (83.5%). The latter was 
in agreement with other authors (Madarati, 2008b) who reported 
a proportional failure rate of 88.4% in molar teeth and 84.8% in 
the apical one third. Many studies found that the success rate will 
be decreased when the separated instrument lies beyond the canal 
curvature (Hülsmann & Schinkel 1999; Ward et al.,2003a,b; Shen 
et al., 2004; Souter & Messer, 2005; Suter et al., 2005). Those stud-
ies support the findings of this study. The current study showed 
that 37.6% of the respondents reported the unsuccessful manage-
ment of separated files (Stainless-steel, Nickel-Titanium hand, and 
rotary). The fractured rotary files represent the highest proportion 
(62.4%) of unsuccessful management compared with separated 
stainless-steel files. The latter might be owing to the inadequate 
training courses with different rotary systems and also might be 
due to the cost-effectiveness as practitioners used the rotary files 
multiple times. 

Respondents in this study were also asked to indicate their 
treatment approach in the case of unsuccessful broken file manage-
ment. It was reported that almost half of the respondents (49.6%) 
indicated that they would fill the canal up to the broken file frag-
ment. Other studies (Madarati et al., 2008b; Parashos & Messser, 
2009) reported a significantly higher proportion of GDPs (82.9%, 
79% respectively) would prefer to leave the fractured segment in 
the canal and follow-up their patients.  It was believed that the 
treatment will be successful even with the separated instrument 
remaining in the canal (Spili et al., 2005). However, other authors 
suggested that the prognosis may eventually depend on what stage 
of canal preparation the separation occurred, which reflects the de-
gree of microbial control within the canal (Spili et al., 2005). 

Referral to an endodontist specialist was another treatment ap-
proach for the management of failed instrument retrieval. The re-
moval of fractured instruments necessitates a higher level of tech-
nical skills, especially when retrieving separated instruments 
which are located in curved root canals. Considering the risks, it is 
crucial that clinicians can identify their limitations and consider re-
ferring their difficult cases to specialists whenever needed. The lat-
ter was considered as a first treatment approach according to 
Madarati et al. (2013) especially in the absence of retrieval instru-
ments and with unskilled practitioners. 
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The General Dental Council of the UK (2020) states: ‘If you are 
not confident to provide the treatment you must refer the patient 
to an appropriately trained colleague’. 

In the current study, 32.3% of respondents would prefer to re-
fer their difficult cases to specialists.  Apical surgery or extraction 
was reported as the least used treatment option for unsuccessful 
instrument retrieval (8.3%, 9.8% respectively). This is in agree-
ment with another study (Madarati et al., 2008b).  

5. Conclusions 

A high proportion of GDPs had experienced instrument separa-
tion. The operator factor was considered as the most important fac-
tor that contributes to instrument separation. The majority of GDPs 
utilized the file braiding technique to retrieve the separated instru-
ments. Curved root canals and the apical part of root canals were 
considered as the most difficult and challenging places for instru-
ment retrieval. Molar teeth were the most common teeth in which 
instrument separation may occur. Excessive removal of sound den-
tine was reported as the main complication of the management of 
separated instruments. Further training courses should be pro-
vided to the GDPs on the different conservative approaches for in-
strument retrieval. However, GDPs showed a conservative ap-
proach towards the unsuccessful management of separated instru-
ments by leaving them in the root canals. The lack for the use of the 
dental operating microscope in the dental clinics highlights the im-
portance of providing educational courses on the benefits of its use 
in endodontic treatment, especially for challenging cases such as 
retrieving separated instruments in the difficult area such as the 
apical part of the root canal and also in more severely curved ca-
nals. 
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