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 Separated Instruments have become a common problem nowadays 

during root canal treatment. Some previous studies have shown that 

olive oil has special properties to be used as a lubricant agent. No study 

has evaluated the effect of olive oil as a lubricant agent compared to 

EDTA in the removal of the separated instrument using ultrasonic tips. 

(2) Referred patients to the Department of Endodontics with the 

complication of separated instruments in the root canals of their lower 

first molars were screened. Two groups of patients (n=60) with separated 

instruments were included with equal numbers of straight and curved 

roots. Each group was exposed to the EDTA 17% or the olive oil during 

the application of ultrasonic tips according to the 'Terushi' technique 

with a 1:1 allocation ratio. The failure rate and the time required for 

removal of the separated instruments was calculated. Chi-square and 

student t tests were used to detect differences. In the curved canals 

groups, there were no significant differences between the EDTA and the 

olive oil in terms of the failure rate (13.4% and 7%, respectively; 

P≈1.000) and the mean removal time (2.50 and 2.22, respectively; 

P=0.665). In the straight canals groups, there were significant 

differences between the EDTA and the olive oil in terms of the failure 

rate (0% and 33.4%, respectively; P=0.028) and the mean operating time 

(1.40 and 2.10, respectively; P=0.042). The olive oil can be used as a 

lubricant agent in the removal of the separated instrument in the curved 

canals with a high success rate and an appropriate operating time. 

However, the EDTA performed better in the straight canals with higher 

success rate and shorter operating time compared to the olive oil. 
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1. Introduction 

The success of root canal treatment, which is based on mechanical and chemical debridement, depends 

heavily on cleaning and shaping the root canal system [1]. The use of Nickel-Titanium (NiTi) rotary files 

has developed endodontic treatment by shortening the treatment time and enhancing the cleaning of the root 

canals. Unfortunately, the problem of separated instruments (SI) has increased frequently in nickel-titanium 

tools compared to stainless steel tools [2], [3], where NiTi instruments exhibit no visual signs of 

deformation and separate without warning [4]. SI compromises the effectiveness of endodontic therapy 

because the tool fragment can obstruct the removal of sick and damaged pulp tissues and the lengthening of 

the root canal system [5]. 

 

Instruments are fractured of cyclic or torsional fatigue. Cyclic fatigue happens by repetitive compression 

cycles when spinning in a curved canal. Up to 78% of NiTi rotary instruments have been reported to 

fracture because of cyclic fatigue failure. On the other hand, torsional fatigue can occur when the 

instrument rotates whilst binding within the canal and it causes 91% of NiTi rotary instruments to fracture 

[6], [7]. Optimal management for SI is either removal or bypassing to the full working length [8]. The 

success rate in removing SI differs in studies to another, where it is affected by the anatomy of the root 

canal, length, shape, and number of SIs, the technique used in removal, and the experience of the specialist 

[9]. 

 

Many methods and techniques have been suggested to remove SI, which can be classified into three 

categories: mechanical, chemical, and surgical methods [10]. Mechanical methods allow higher success 

rates, minimally invasive preparation to surrounded dentine, and faster SI removal compared with other 

non-mechanical methods, so it is considered the most preferred method in managing these cases [11]. 

Mechanical methods include a Masserann kit, extractors, post-removal system, canal finder system, 

braiding of endodontic files, Endo-plus system, and small-diameter ultrasonic tips [12], [13]. 

 

Recently, ultrasonic devices with their multiple shape and size tips, in partnership with the dental 

microscope, are the first and best choice for specialists today to deal with SI problem, due to their 

effectiveness, safety, and high success rate [9]. Terauchi has developed a technique based on different-

shaped ultrasonic tips to remove SI under a dental microscope magnification [14]. After gaining direct 

access to the SI, a special bur (micro-trephine bur) is used to expose the coronal third of the SI. Then, a 180 

degrees semi-circular cavity is prepared using special ultrasonic tips in the widest dentinal wall side 

observed on the axial view of the CBCT image around the SI. The canal is filled with one of the lubricants 

to at least half the pulp chamber level to facilitate instrument retrieval process. Then the ultrasonic tip is 

activated using push and pull movement on the inner wall as far away as possible from the SI (which 

provides space for ejection through the canal orifice) until it is loosened and removed [14]. Since the advent 

of removing SIs techniques, several authors have advised using chelating liquids (EDTA) as lubricant 

agents during these procedures [9], [15], [16]. 

 

EDTA (C10H16N2O8) is a calcium-chelating agent. It has been used in the endodontic treatment with the 

addition of surfactant as an irrigant to remove inorganic debris (smear layer) and lubricate the root canals, 

loosen up calcifications inside a root canal and allow instrumentation and facilitate apical advancement of a 
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file in a tight or calcified root canal [8]. Ahmed and his colleagues [17] found that the EDTA can be used as 

a lubricant agent with a medium power setting for separated instrument removal in canal curvature less than 

30 degrees, where it is considered a low-viscosity fluid with high surface tension (69.4 mN/m at 20°C) [18]. 

On the other hand, Olive oil is a natural compound that consists of 15% saturated fatty acids and 85% 

unsaturated fatty acids. Due to a large amount of monounsaturated fatty acids, olive oil has better oxidation 

stability which makes it a proper lubricant, where it is considered a medium-viscosity fluid with low surface 

tension (23–32 mN/m at 20°C) [19], [20]. 

 

Recently, several researchers have mentioned the possibility of using natural oils as a lubricant agent in the 

separated instrument's removal with ultrasonic tips [14], [21]. However, the evidence regarding the 

effectiveness of using these oils in the removal procedures is not available. Therefore, this trial aimed to 

evaluate olive oil as a lubricant agent in comparison with the 17%-concentration EDTA liquid in removing 

separated instruments in terms of the success rate and time required for instrument removal when employed 

in straight and curved canals of the first permanent molars. 

 

2. Materials and Methods 

 

2.1 Study design, settings, and ethical approval 

This randomized single blinded clinical trial (RCT) has been utilized a four-arm parallel superiority design 

with a 1:1 allocation ratio. This study was conducted from December 2020 and Mars 2022 at the 

Endodontic Department Faculty of Dentistry, Damascus University, Damascus, Syria. This study was 

conducted respecting the ethical guidelines of the Declaration of Helsinki. The research project was 

ethically approved by the Local Research Ethics Committee of the Faculty of Dentistry, Damascus 

University (UDDS-417-24082020/SRC-2793). The project was self-funded and it was registered at the 

ISRCTN registry under ID number: ISRCTN28549373. This RCT has been written according to Preferred 

Reporting Items for Randomized Trials in Endodontics (PRIRATE) 2020 guidelines [22]. 

 

2.2 Sample size calculation 

The sample size was calculated using G*Power 3.1 (Heinrich-Heine-Universität, Düsseldorf, Germany). 

The sample size was estimated depending on success/failaure rate of sperated instrument removal. A 

minimum total sample size of 56 patients (14 in each group) was found to be sufficient for alevel of 

significance of 0.05, power of 95%, and 1.3 as effect size (using the values given in a previous paper [23]). 

The size was raised to 15 in each group to avoid any withdrawals. 

 

2.3 Recruitment and Eligibility Criteria 

Two hundred forty-five patients aged between 21 and 54 years were referred to the Endodontic Department 

during the study period because of the presence of separated instruments in their teeth were secreed by the 

principal research (A.S.A.). The principal investigator searched for patients with one or more first 

mandibular molars with separated instruments at the middle third of the mesio-lingual canal without any 

previous attemps to instrument removal. Preoperative periapical radiographs were taken to assess tooth 

anatomy, location of the separated instrument, its length, and canals’ wall thickness) to determine the 

included molars.  Those who met this condition were 90 patients. Thirty patients were deemed unsuitable 

for inclusion due to the presence of systemic diseases that compromised their general immune status, or 

narrow mouth opening, unrestorable molars, long mesio-lingual canal (> 25 mm), open apexed mesio-

lingual canal, internal or external absorptions, or long separated instrument (>5 mm). 

 

Therefore, sixty patients were included in the current trial. Thirty patients were included in the straight 
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canals group (their molars had a stright mesio-lingual canals (< 30 degrees)), and 30 patients were included 

in the curved canals group (their molars had a curved mesio-lingual canals (>30 degrees)). All included 

patients, who accepted to participate in this study, signed an informed consent document after explaining all 

the details about the research and the technical part of it. 

 

2.4 Randomization and blinding 

With a 1:1 allocation ratio, computer-generated random numbers were used to perform the randomization. 

The allocation sequence was hidden with numbered, opaque, and closed envelopes that were opened before 

the commencement of treatment. The 30 teeth in each group (of the two groups created according to the 

shape of the root canal) were randomly allocated into two subgroups according to lubricant agent used 

(EDTA or olive oil). Thus, in the current study four groups were created with 15 patients in each group, i.e., 

the straight canals group using the EDTA, the straight canals group using the olive oil, the curved canals 

group using the EDTA, and the curved canals group using the olive oil. 

 

As the current study was an interventional study, the treating clinician and the assessers could not be 

blinded regarding the type of the material used as lubricant agent, as there is a physical difference between 

EDTA and olive oil. However, the involved patients were completely blinded. The outcome assessor was 

also unaware of patients allocation during data analysis. 

 

2.5 Clinical procedure 

Under local anesthesia and rubber dam isolation, all caries and previous restorations were removed. The 

access cavity was refined using an Endo-Z bur (Dentsply Maillefer, Tusla, Oklahoma, USA). Previous 

canal fillings were removed from all canals using AF2 Fanta files (Fanta Dental Materials, Shanghai, 

China). The working length in canals without SI was determined with an apex locator (C-smart-1, COXO, 

Fushan, China), while it was estimated radially in canals containing SI. Mesio-buccal and distal orifice 

canals were closed using cotton balls. Terauchi’s technique was followed in separated instrument retrieval 

[11]; #3 Gates Glidden (GG) bur (Mani, INC. Company, Tochigi 321-3231, Japan) was used to expand the 

coronal third to reach the separated instrument (Figure 1). 
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Figure 1: Clinical procedures to retrieve a seprated instrument. A: coronal expose of the separated 

instrument; B: cavity preparation between the canal wall and the separated instrument; C: the EDTA 17% 

activation; D: the olive oil activation. 

 

Under dental microscope magnification (ENT, Zumax, Suzho, China), a bur (Micro-trephine, DElabs, Santa 

Barbara, California, USA) was used to expose the coronal third of the instrument. TFRK-6, 12, and S 

ultrasonic tips (TRFK,UK Dentistry, Ltd, London, England, UK) were used in low-power settings (24-kHz) 

to create a semi-circle cavity between the canal wall and the sepearted instrument (Figure 1). When the SI 

started to move, the timer (Simex, Persiceto, Bolonga, Italy) was running, and the SI was lubricated with 

either EDTA liquid 17% (EDTA, META BIOMED, Inc, Cheongju, Korea) in the control samples, or 

natural Syrian olive oil from a local distributor in Syria which used in the study samples. 

 

After filling the canal with the lubricant agent until the middle of the pulp chamber, the ultrasonic tip was 

activated at the medium power settings (30-kHz) by a push-and-pull movement in the cavity as far away as 

possible from the SI until it was floated on the lubricant surface and removed with a tweezer. 

 

The retrieved canal was prepared using rotary files (AF2, Fanta Dental Materials, Shanhai, China). All 

canals were filled with NaOCl 5.25% and activated with a #25 U-file ultrasonic tip (U-file, Zipperer Co., 

Munchen, Germany) for 30 s for each canal, then dried with paper points and filled with gutta-percha and 

AH plus sealer using warm vertical obturation with System B and Obtura (Fast Fill and Fast Pack, 

Eighteeth, Changzhou, China). Eight SIs that failed to retrieve were referred to a specialist for apex surgery. 

 

Finally, all molars were restored with resin composite restoration (Figures 2 and 3). Success rate in 

removing the sepratated instrument, and the time required for removing (for those sepeated segmentes 

successfully removed) were recorded to evaluate the effectiveness of the lubricant agent used. 

 

 
Figure 2: Radiographic assessment of the retrieval of a separated instrument in a straight canal. A: A 

radiographic image before the initiation of treatment showing the separated instrument; B: A radiographic 

image during the treatment; C: A radiographic image after the end of the treatment. 

 

 
Figure 3: Radiographic assessment of the retrieval of a separated instrument in a curved canal. A: A 

radiographic image before the initiation of treatment showing the separated instrument; B: A radiographic 

image during the treatment; C: A radiographic image after the end of the treatment. 

 



Al-Aloul, et.al, 2023                                                                                               Azerbaijan Medical Journal 

 

6776 

 

2.6 Statistical analysis 

The collected data were tabulated and analyzed using SPSS software (SPSS Version 20, IBM SPSS Inc., 

Chicago, IL, USA). The comparison between groups regarding failure rates in intsturment removal was 

performed using the Chi-square test, whereas the comparison in mean time required for instrument removal 

was pefromed using t-test. The level of significance was set at 0.05. 

 

3. Results 

Basic sample characteristics are given in Table 1. No significant differences were reported between the 

groups regarding the age (p=0.879) and gender (p=0.572) of the treated patients (Table 1).  

 

Table 1: Basic sample characteristics 

 Count Mean Min Max Standard Dev. 

Age 60 29.5 21 54 1,78 

 Count percentage    

Gende

r 

Male 28 46.6%    

female 32 53.4%    

variables 

Gende

r 
Male Female  Age 

N n 
percentag

e 
n 

percentag

e 

P-

value 

mea

n 

P-

value 

Group

s 

EDTA curved 15 6 40% 9 60 

0.572 

28 

0.879 

Olive oil 

curved 
15 8 53.3% 7 46.7% 27.5 

EDTA straight 15 7 46.7% 8 53.3% 31 

Olive oil 

straight 
15 7 46.7% 8 53.3% 31.5 

 

In the curved canals group (Table 2), two separated instruments were not removed in the EDTA group with 

a failure rate of 13.4%, compared to only one separated instrument in the olive oil group (i.e. a failure rate 

of 7%), but the difference between the two groups was not significant (P=0.665). In straight canals group, 

there were no failures in instrument removal in the EDTA group, whereas there were five cases (33.4%) of 

failure in the olive oil group with a statistically significant difference between the two groups (P=0.028). 

 

Table 2: Descriptive statistics of the failure rates in the two groups for the two 

lubricating agents and the P-values of significance testing. 

Lubricant Agent 
Mandibular First Molars 

P-value† 
Success Failure 

Curved 
EDTA 13 (86.6%) 2 (13.4%) 

1.000 
Olive Oil 14 (93%) 1 (7%) 

Straight 
EDTA 15 (100%) 0 (0%) 

0.028* 
Olive Oil 10 (66.6%) 5 (33.4%) 

† Chi-Square test, * Significant difference 

 

In the curved canals group, the mean time of removal was 2.50 minutes in the EDTA group, and 2.22 

minutes in the olive oil group, but the difference was statistically insignificant (P=0.665; Table 3). On the 

other hand, in the straight canals group, the mean time of removal was 1.40 minutes in the EDTA group, 

and was significantly smaller than that of the olive oil group (�̅�=2.10 minutes; P=0.042). 
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Table 3: Descriptive statistics of the required time for instrument removal in the two 

groups for the two lubricating agents and the P-values of significance testing 

 
Agent 

Mean 

(in minutes) 

Standard 

deviation 

Mean 

differenc 
e 

T- 

value 

P- 

value† 

curved 
EDTA 2.50 0.57 

-0.10 -0.439 0.665 
Olive Oil 2.22 0.58 

Straight 
EDTA 1.40 0.47 

- 0.15 -0.867 0.042 * 
Olive Oil 2.10 0.57 

† student t-test, * Significant difference 

 

4. Discussion 

Separated instruments are a problem that may occur during root canal treatment and sometimes even with 

routine cases [24]. According to Madarati and his colleagues, 93.6% of endodontists and 79.5% of general 

practitioners may encounter the problem of separated instruments during their endodontic treatment [25]. 

This clinical study is the first to compare two types of lubricant agents, i.e., the EDTA 17% and the olive 

oil, to aid ultrasonic tips in instrument removal in the permanent first lower molars. The sample of separated 

instruments was created according to very specific conditions in terms of the canal’s length and curvature, 

the location and length of the broken instrument, and the method of its removal. In other words, separated 

instruments that are longer, located in the apical third, or separated in long canals may require special kits 

or more complex methods of removal and these cases were not considered in the current study. 

 

Several studies have noted that separated instruments are most common in mandibular teeth, especially 

molars than in anterior teeth and premolars, which is due to the complex anatomy and accessibility [3], 

[26], [27]. This has led mainly to the selection of the sample from the mandibular molars. 

 

Teruchi’s technique, which is based on special ultrasonic tips and dental microscope magnification is 

considered a safe, conservative, and commonly used method to remove separated instruments [28]. Pulsing 

activation of the ultrasonic tip under low power settings was used in the cavity around the separated 

instrument preparation to avoid raising the temperature and breaking the ultrasonic tip, whereas the power 

setting can be safely increased during lubricant activation since the ultrasonic tip is more resistant to 

fracture in wet conditions [29]. 

 

Fluids have multiple effects on the process of SI removal with ultrasonic tips, through their properties 

including viscosity, lubricity, and surface tension, where the combination of the ultrasonic tips with the 

fluid used produces two actions. The first one is the acoustic steaming that generates hydrodynamic force 

and dynamic pressure that pushes the separated instrument. The second one is acavitation which means the 

formation of ultrasonic-generated vapor-containing bubbles within a fluid. Collapsed bubbles cause shear 

forces that can expel the separated instrument from the canal [14]. 

 

In the current work, there were no statistically significant differences in the failure rates and time required 

for SI removal in the mandibular first molars that were lubricated with EDTA or olive oil in curved canals. 

While a significant difference was found in the straight canals in favor of the EDTA. 

 

The separated instruments that failed to remove in both straight and curved groups may be due to the 

instruments being too closely engaged with the root canals or the instruments themselves having large 

tapering. In addition, in the curved canals group, severely curvature canals may be the cause of the failure to 

remove separated instruments. 



Al-Aloul, et.al, 2023                                                                                               Azerbaijan Medical Journal 

 

6778 

 

Although both EDTA and olive oil had different viscosity, surface tension, and lubricity, their clinical 

performance was similar in the curved groups but the EDTA was better in the straight groups. The 

superiority of the EDTA over olive oil as a lubricant agent in straight canals may be due to the low surface 

tension of the EDTA, which helped the removal of separated instruments by ultrasonic waves, compared to 

olive oil with higher surface tension, and therefore the chances of separated instruments removal with 

ultrasonic waves were less, especially in the lower molars due to the action of gravity and its force that 

opposite the force of pushing the instrument out of the canal in the coronal direction 

 

In the study of Shi and colleagues, it was noted that activation of EDTA reduces the dentine micro-

hardness, which may increase the vulnerability of the root to fracture [30]. This supports the use of olive oil 

as a natural cheap compound instead of EDTA in lubricating and removing separated instruments from the 

curved root canals. 

 

[23] used ultrasonic tips in separated instruments removal from curved extracted mandibular molars and 

used Masseran kit to remove separated instruments from straight extracted anterior teeth with single and 

straight roots under a dental microscope without any lubricant agents, and they found that the success rate 

was 93.3% in curved canals and 95.2% in straight canals. Our current clinical study corroborates this 

finding.  

 

On the other hand, [8] used ultrasonic tips with EDTA 17% as lubricant agent without a dental microscope 

and they found that the success rate was only 13%, which ensures the importance of magnification with 

dental microscopy when removing separated instruments. 

 

Moreover, The most common problems or untoward effects that the specialist may face during the removal 

of separated instruments using ultrasonic tips are the formation of ledges, the occurrence of lateral or strip 

perforations, or secondary fracture of the separated instrument or the ultrasonic tip [31], [32]. Fortunately, 

these complications were not encountered during the management of the included cases due to the precise 

magnification of the dental microscope used, the use of lubricant agent, which may protect the separated 

instrument and the ultrasonic tip from secondary fractures, and the use of new ultrasonic tips for each case 

 

The main limitation of this study was removing olive oil tracings from the canal after removing the 

separated instrument, where it needs more hypochlorite activation. In addition, there was no way to 

standardize the separated instruments in the study sample in terms of diameter, taper, and type. These 

should controlled in future research work. Moreover, there was a challenge to standardize the severity of the 

canal curvature in the curved canals group, as there were some patients with large degrees of curvature 

(about 60 degrees) and others with a slight curvature (30 to 35 degrees), but the number of patients included 

in the group of curved canals did not allow for subgroup analysis of slight curvatures versus severe 

curvatures. 

 

5. Conclusions 

Olive oil can be considered a natural alternative to EDTA in the separated instrument removal in the curved 

canals with a high success rate and with an appropriate time required to lubricate and remove loosened Sis. 

However, the olive oil was not as effective as the EDTA in straight canals, as the EDTA had significantly 

higher success rate and shorter operating time. 
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