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ABSTRACT 

This present-day study aimed to evaluate and compare the efficacy of manual, rotary, and reciprocating 

retreatment systems when removing gutta-percha root fillings from root canals using cone-beam computed 

tomography (CBCT). Forty human mandibular premolars with curvature ranging from 10-20 degrees were 

selected. Canals were prepared using hand Protaper instruments and obturation was done by using the cold lateral 

condensation technique. Obturated samples were randomly divided into four groups (n=10). Removal of root 

canal filling material was done using (Group I) Hedstrom files, (Group II) Protaper universal retreatment files, 

(Group III) Mani Gutta percha removal (GPR) files, and (Group IV) RECIPROC blue files respectively. The 

duration of the procedure including the required time to reach the working length was recorded. It was observed 

that Reciproc blue took least amount of time to completely remove the root canal filling filling material and reach 

the working length followed by Protaper universal retreatment group and Mani GPR (p<0.001). H-files had the 

maximum amount of remaining filling material and took significantly more time for the entire procedure compared 

to other file systems. It was concluded that RECIPROC Blue files performed best followed by Protaper Universal 

retreatment files and Mani GPR. 

Keywords: Cone-beam computed tomography, Protaper universal retreatment files, RECIPROC Blue files, Gutta 

percha, Mani Gutta percha removal files, Hedstrom files. 

 

Introduction: 

Through advancements in recent years, 

there has been a tremendous rate of success 

in root canal therapy. It can be achieved by 

thorough cleaning and total three-

dimensional filling of the root canal 

systems. Failure to achieve these goals 

eventually results in root canal failure. 

Failures of initial endodontic therapy could 

occur due to many reasons like persistence 

of bacteria, inadequate filling of the canal, 

overextensions of root filling materials, 

improper coronal seal, untreated canals, 

iatrogenic procedural errors such as poor 

access cavity design, and complications of 

instrumentation (ledges, perforations, or 
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separated instruments).[1] 

The treatment options for post-treatment 

disease include surgical retreatment (Apical 

endodontic surgery) and non-surgical 

retreatment (orthograde retreatment). The 

first choice to eliminate or reduce microbial 

infection is non-surgical root canal 

retreatment being less invasive and 

relatively have lower risk than surgical 

retreatment procedures. So far, no 

retreatment system has been developed that 

is successful to remove filling material 

completely. [2,3] 

Regaining access to the apical area is a 

major difficulty faced by endodontists in 

conventional root canal retreatment, as the 

filling material act as a barrier and often 

requires time and effort to be removed. 

Various methods can be used to remove the 

root canal filling material, including 

stainless steel hand files, nickel-titanium 

(Ni-Ti) instruments, ultrasonic systems, 

laser systems, and chemical solvents. 

In recent years, there has been an increased 

use of nickel-titanium (Ni-Ti) rotary 

instruments in order to remove root-filling 

material along with root canal retreatment 

has been widely investigated as a promising 

approach. An important aspect of this 

method is that it eliminates the use of 

solvents which reduces the formation of a 

thin film of the root canal filling material on 

the walls. Other advantages of rotary 

instruments include: non-utilization of 

potential carcinogenic products and the 

reduction of apical extrusion of gutta-

percha by the excessive dissolution of this 

material.[4] 

To improve safety preparation and prepare 

the intended shapes, new file designs with 

cutting tips, radial lands, varying taper and 

rake angles, and varying pitch lengths have 

been developed.[5] 

The ProTaper universal retreatment have 

progressive tapers, along with a convex 

triangular cross-section. This file system 

includes three files (D1, D2, D3) with 

diameters at the tip (size 30, 0.09 taper, size 

25, 0.08 taper, size 20, 0.07 taper). D1 file 

consists of an active tip that allows swift 

movement of subsequent files. D2 and D3  

consist of non- active tips that tend to 

reduce the incidence of ledge formation, 

perforation, and stripping during the 

removal of filling materials.[2] 

A newer rotary file system for gutta-percha 

removal, namely the NRT GPR has been 

manufactured by Mani Inc., has been 

introduced. It comprises of helical grooves 

along the working section. It is available in 

four sizes; 1S (size 70, 16 mm length, 0.04 

taper) and 2S (size 50, 18 mm length, 0.04 

taper) are used for gutta-percha removal 

from the cervical and middle third of the 

canal and are made of stainless steel. The 

3N (size 40, 21 mm length 0.04 taper) and 

4N files (size 30, 21 mm length, 0.04 taper) 

are used till the working length and are Ni-

Ti files.[6] 

Reciprocating motion is a more rapid 

method when compared to hand or rotary 

instruments for the removal of root canal-

filling materials. Reciproc Blue (VDW, 

Munich, Germany) with a reciprocating 

motion—are manufactured from thermally 

treated blue wire which makes the file more 

flexible, with a lower risk of fracture and 

pre-bending potential.[7] 

 

Multiple techniques have been developed 

to evaluate effectiveness in the removal of 

root filling materials after retreatment 

among which the most commonly used are 

the longitudinal sections or transverse [8] of 

the roots, clearing the tooth [9], or analysis 

of radiographic images for analyzing the 

area of the remaining filling material 

through a software package called 
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AutoCAD 2000.[10] However, these 

methods have certain disadvantages and it 

is difficult to quantify the volume of 

remaining filling material. 

 

Cone beam computed tomography (CBCT) 

is a technique introduced in endodontic 

research which is a non-destructive method 

that allows visualization of the all the 

morphological features of the root canal in 

detail, least invasive/destructive, and 

allows three-dimensional visualization of 

treatments performed within the root canal 

system.[11] 

Therefore, the aim of this present-day study 

was to evaluate and compare the efficacy of 

manual, rotary, and reciprocating 

retreatment instruments when removing 

gutta-percha root fillings from root canals 

using CBCT. 

In the present study, the null hypothesis 

tested was: 

1. There is no significant difference in the 

efficacy of the Hedstrom files, Mani GPR 

files, ProTaper Universal retreatment files, 

and RECIPROC Blue system in the 

removal of root canal filling material. 

2. There is no significant difference in the 

time taken for the removal of the entire root 

canal filling material among all four file 

systems. 

 

MATERIALS AND METHODS 

Specimen Preparation: 

Forty human mandibular premolars with 

intact roots were selected for the study. The 

teeth were stored in 10% formalin and 

access cavities were prepared. Teeth were 

radiographed in buccolingual and 

mesiodistal direction with a size 10 k file in 

place. The degree of curvature was 

analysed by using Schneider's method 

(AUTOCAD software, Autodesk Inc., San 

Rafael, CA, USA). Teeth with curvatures 

ranging from 10-20 degrees were selected. 

The coronal part of the tooth was sectioned 

to obtain the final dimension of 14 mm. 

Canals were prepared using hand Protaper 

instruments (Dentsply) under constant 

irrigation with a standardized volume of 5% 

NaOCl and 17% EDTA followed by rinsing 

with a standardized volume of normal 

saline. AH plus sealer and gutta-percha 

points were used for obturation by cold 

lateral compaction technique. The coronal 

access cavity is sealed by temporary filling 

material (3M ESPE Cavit-G). The teeth 

were stored at 100% humidity and 37 

degrees Celsius for two weeks. Primary 

cone beam computed tomographic scans 

were performed on Carestream 9300 

Premium CBCT scanner. 

 

Retreatment Procedure: 

For the retreatment procedure teeth samples 

were randomly divided into four groups 

(n=10). All the groups were re-

instrumented using (Group I) Hedstrom 

files, (Group II) Protaper universal 

retreatment files, (Group III) Mani Gutta 

percha removal (GPR) files, and (Group 

IV) RECIPROC blue files respectively. All 

instruments were used according to the 

manufacturer's instructions under constant 

irrigation with 5% NaOCl. Preparations 

were deemed complete when no filling 

material/ sealer was covering the 

instruments and when the irrigation 

solution coming out of the canals was clear 

of debris.  

Evaluation: 

Volume analysis 

Volume analysis was done after obturation 

(V1) and retreatment (V2), using DICOM 

data sets from the CBCT scans and 

analyzed by volume calculation tool of the 

software – In vivo 5.2 licensed software 

(Anatomage, San Jose, CA,USA. It was 
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calculated in mm
3
. The percentage of 

volume reduction of root canal filling 

material was quantified by dividing the 

total volume of remaining filling material 

over the total volume of filling material 

present in the canal before preoperatively. 

Time required to remove the material: 

Stopwatch was used to calculate the total 

time (including change of instruments and 

irrigation) required to reach the working 

length (T1) and also for complete removal 

of filling material with last instruments 

used (T2) was recorded in seconds. 

 

RESULTS: 

Table 1 shows the means values for time 

and percentage values of residual filling 

materials and standard deviations. On 

comparing the mean values for time taken 

to reach working length and time taken for 

removing entire filling material for 

different groups it was observed that 

Reciproc blue took significantly less time 

followed by Protaper universal retreatment 

group and Mani GPR (p<0.001). It was 

found that H-files took significantly more 

time for entire procedure and had maximum 

amount of remaining filling material. Mean 

values of remaining filling material in 

RECIPROC blue files after retreatment is 

significantly less on comparison with all the 

other groups (p<0.001). Protaper Universal 

retreatment files when compared to H- files 

and Mani GPR files had significantly less 

volume of remaining filling material. 

Statistical Analysis:  

All the data was collected and analyzed. 

The statistical software SPSS 16.0 is used 

for analysis of data. The descriptive 

statistics like mean, median, Standard 

deviation and frequency distribution of data 

was calculated. The normality of data was 

tested by Shapiro Wilks test. The 95% C.I. 

and 5% level of significance was used for 

analysis of data. 

 

DISCUSSION: 

Complete removal of gutta-percha from 

root canal walls, re-establishing working 

length, promoting disinfection, and re-

obturating the root canal is the main goals 

of non-surgical retreatment to re-establish 

healthy periapical tissues and obtain 

predictable success. [12] 

We used CBCT scanning as a non-invasive 

method that allows the visualization of 

morphological features in detail. This 

method is simple, efficient, and sensitive 

enough to identify small areas of residual 

filling materials on the canal walls. This 

method offers reproducible data and allows 

the assessment of endodontic retreatment 

by comparing the amount of obturating 

material inside the root canals before and 

after retreatment procedures.[13] 

In the current study, AH Plus sealer has 

been used, it is a gold standard hydrophobic 

epoxy resin-based filling material.[14] 

Epoxy resin-based sealers have high 

dimensional stability and a positive rate of 

polymerization which may influence the 

difficulty to remove material from the 

walls.[15]  

To our knowledge, no studies have been 

reported in the literature that included a 3-

D volumetric evaluation to compare the 

efficiency of root canal filling removal 

systems RECIPROC blue files, Protaper 

Universal retreatment files, Mani GPR 

files, and Hedstrom files in moderately 

curved canals. 

Both the null hypotheses of the present 

study were rejected as the results of the 

present study indicate a significant 

difference amongst the groups for removal 

of root canal filling material and also in the 
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time needed for removal of the entire root 

canal filling material. 

In the current study, there was presence of 

some amount of residual filling materials in 

all specimens, irrespective of the 

retreatment technique used. Similar results 

have been reported in previous literature. 
[9,16,17] 

When mean of time taken (both to reach the 

working length and to remove the entire 

filling material) by Group I (H-files) was 

compared with Group II (MANI GPR), 

Group III Protaper Universal retreatment 

(PTUR), and Group IV (RECIPROC blue), 

it was found that H-files took significantly 

more time for the entire procedure. The 

reason behind this could be the greater 

speed of all the other motor-driven 

instruments. This result was in accordance 

with previous literature [8,12,19] where H-

files took longer time for retreatment 

compared to other groups. 

A study by Unal et al (2009) had 

contradictory results in which manual 

instruments were significantly faster than 

Protaper UR files. This might be because 

they used k- files along with H-files which 

may have decreased the total working 

time.[20] 

When the mean time taken by Group II 

(MANI GPR) files to reach the working 

length was compared with the mean time 

taken by Group III (Protaper UR files), 

Group III showed lesser values and the 

result was significant. This might have 

occurred because Protaper UR files have an 

active cutting tip of the first file D1 and a 

negative cutting angle but the MANI GPR 

files have non- cutting tips and limited 

cutting efficacy. This result was in 

accordance with the study done by Joseph 

et al in 2016.[6] 

The mean time taken by Group IV 

(RECIPROC blue) for retreatment was 

found to be less in comparison to all the 

other groups and with statistically 

significant value. The ability of 

RECIPROC Blue system is probably 

associated with its design, which is 

characterized by, larger chip space, positive 

cutting angle, "S"- shaped cross section 

with two sharp cutting edges and greater 

removal capability. The instrumentation of 

root canals during retreatment may require 

more time, but reciprocating systems are 

still expected to be faster because they are 

single-file systems. According to studies 

done by Burklein et al and Plotino et al, the 

cutting efficiency of an instrument is 

greatly influenced by its cross-sectional 

design. Therefore, it can be assumed that S- 

shaped cross-section of RECIPROC Blue 

instrument is responsible for its efficiency. 
[8,21] 

In a study by De deus et al (2019) [22] it was 

possible to regain apical patency in all 

specimens from both M -Wire RECIPROC 

and RECIPROC Blue groups, this 

observation highlights the well-reported 

scoutability of these instruments, which 

allow them to naturally follow the root 

canal path down to the canal terminus in an 

effective way. No difference was found in 

the removal efficacy of these two file 

systems. 

Protaper Universal retreatment files have 

better performance when compared to H- 

files and Mani GPR files in both time taken 

and percentage volume of remaining filling 

material. This finding is in accordance with 

those reported by Bramante et al. The 

authors reported the  performance of 

Protaper Universal retreatment instruments 

due to their greater taper along with  

metallic core. Such design causes increase 

in the heat release that leads to rapid 

softening of gutta-percha. [23] 
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When the mean of remaining filling 

material retreated with Group I (H files) 

was compared to all the other groups, the 

values were significantly larger. These 

findings were supported by other 

observations of Gu et al (2008) [8], K fir et 

al (2012) [18] 

Conclusion: 

Within the limitation of this in-vitro study, 

it was deduced that, regarding cleaning 

efficiency and treatment duration, 

RECIPROC Blue files performed best 

followed by Protaper Universal retreatment 

files and Mani GPR. Hedstrom files took 

maximum time and had the maximum 

amount of remaining filling material left 

after retreatment. However, the findings of 

the study are to be interpreted with caution 

as the present study employed an in-vitro 

model and the future randomized controlled 

trials will definitely generate better 

evidence.24  

  

Table 1: Mean values and standard deviation for the Time taken for retreatment and volume 

(%) of remaining filling materials in four experimental groups. 
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