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Abstract 

Aim: The Aim of the study was to Quantitatively 

evaluate and compare the amount of apically extruded 

debris during retreatment procedure using three different 

retreatment file system. 

Materials & Method: 60 Mandibular premolars with 

single root and canal were instrumented with Protaper 

Universal rotary system (SX-F3) and obturated. The 

samples were randomly divided into three groups 

(n=20). Group 1 – PTUR files were used for 

Retreatment, Group 2- NRT GPR & Group 3- Neo Endo 

retreatment files were used. Debris weighed apically 

were collected in Prewieghed Eppendorf tubes. The 

difference between the weights of Eppendorf tubes is 

equal to weight of apically extruded debris. Statistical 

analysis was performed using one way analysis of 

Variance (ANOVA). 
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Result: All three experimental groups presented 

significant difference (P<.01). The post hoc Tukeys test 

confirmed that group 1 exhibited significantly less 

(P<.01) debris extrusion between the three groups tested. 

Keywords: Apical Extrusion of Debris, Endodontic 

Retreatment, Eppendorf Tubes, Neo Endo Retreatment 

Files, NRT GPR Files, Protaper Universal Retreatment 

Files (PTUR)   

Introduction 

Root canal treatment can be described as the aggregate 

of mechanical instrumentation of root canal system, 

disinfection, chemical debridement and filling with an 

inert material, designed to maintain & repair the health 

of the periradicular tissues1.62% to 96% achievement 

rate of endodontic therapy is determined through the 

criteria’s namely, clinical outcome, radiographs and 

histological evidence.2 

Persistent intra radicular infection in formerly 

uninstrumented canals, dentinal tubules, or with inside 

the complicated irregularities of the root canal system 

attributes to failure of healing. Endodontic retreatment is 

described as a method accomplished on a tooth that 

diagnostically demonstrates incomplete treatment, but 

the actual conditions require in addition endodontic 

treatment to acquire successful results.3 De 

contamination of the root canal system so one can 

establish healthy periapical tissues, which include 

cleaning, shaping, and 3-dimensional filling of formerly 

obturated root canals4 is constantly been the principle 

aim of non-surgical root canal retreatment. 

Postoperative inflammation flare-up or failure of apical 

healing at some stage in endodontic retreatment, can be 

brought about because of ejection of filling material, 

necrotic pulp tissue, microorganism or irrigant. Hence, 

the correct retreatment method have to be decided on for 

complete elimination of the pre-existing filling material 

with minimum apical extrusion. SS Hand files, Ni-Ti 

files in reciprocal motion, Ni-Ti files in rotational 

motion, and retreatment files5 are the unique 

instrumentation techniques delivered to dispose of the 

canal filling material. Effect of diverse retreatment 

structures have been studied and evaluated during 

retreatment procedures with confined research on 

quantification of the quantity of apically extruded debris. 

The predominant goal of the study is to examine the 

quantity of apically extruded debris in the retreatment 

procedure using Protaper retreatment files, NRT GPR 

Files and Neo Endo retreatment files. 

Materials and Method 

Methodology 

Sixty extracted permanent mandibular premolar single 

rooted teeth with completely formed apex were selected 

for study.  

Specimen Storage 

The teeth were thoroughly cleaned using ultrasonic 

scaler and stored in normal saline until further use.  

Specimen Preparation 

Access cavity preparation was done using round 

diamond point for initial punch cut and followed by 

Endo access and Endo Z bur. Confirmation of apical 

patency was performed with #10K files until visible at 

the apical foramen (Fig.1) and the working length was 

determined by using Ingle’s radiographic method 

(Fig.2). Initial Biomechanical Preparation was done 

using Hand files Up to #20 till working length. The root 

canals were prepared with the Protaper Universal system 

(Dentsply Maillefer) Ballaigues, Switzerland) in a 

crown-down manner in combination with a torque-

controlled engine (X-Smart, Dentsply Maillefer, 

Ballaigues, Switzerland) at 250 rpm according to the 



 Dr. Kalyan lad, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2022, IJMACR, All Rights Reserved 

 
                                

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

P
ag

e1
2

2
 

  

manufacturer's instructions. A Sx file was used at the 

root canal entrance as a guide for the other files and 

orifice opener. S1 and S2 files were used to prepare the 

coronal and middle thirds of the roots. Apical 

enlargement was performed using the F1, F2 and F3 

files. The root canals were irrigated using 2 mL of 5% 

NaOCl between instruments. 

Obturation 

The root canals were dried with sterile paper points and 

were obturated using F3 Gutta percha and epoxy resin-

based sealer (AH Plus, Dentsply De Trey GmbH, 

Konstanz, Germany).  

Storage 

The access cavities were filled with temporary material 

cavit. All specimens were stored in 100% humidity at 

37°C for 7 days to allow the sealer cement to set. 

Myers & Montgomery apparatus design for debris 

collection  

The experimental model used to evaluate apically 

extruded debris was similar to that described by Myers 

& Montgomery (1991). This system consisted of a 

rubber stopper, Eppendorf tubes [Polyethylene vial], 27-

gauge needle and glass vial. Aluminum foil was used to 

cover the whole of the experimental apparatus (Fig.3). 

Before starting the experimental procedure, three 

consecutive measurements were taken for each 

Eppendorf tube using digital micro-analytical weight 

with an accuracy of 10-5 gm; the mean was recorded 

(Fig.4). A hole was created in a rubber stopper and 

Eppendorf tube with obturated premolar was placed in 

the created hole and a 27gauge needle was used 

alongside the stopper to equalize air pressure inside and 

outside the tubes. The entire apparatus was handled only 

by the outer vial and not the inner Eppendorf tube with 

fingers. All vials were covered with aluminum foil to 

prevent the operator from viewing debris extrusion 

during the instrumentation. In this study, the samples 

were randomly divided into Three equal groups (n=20). 

The retreatment procedures were carried out in all the 

groups as follows:  

Group A: PTR Group: The root fillings were removed 

using PTR files: D1, D2 and D3 as per the 

manufacturer's instructions with Endo motor in a 

brushing motion. 

Group B: NRT-GPR: The root fillings in this group 

were first softened with 0.1 mL of Gutta percha solvent 

and 1S (70/0.04) was used only for canal entrance, 2S 

(50/0.04) was used for coronal third of the canal, 3N 

(40/0.04) was used in middle third and 4N (30/0.04) was 

used in apical third. These instruments were operated at 

1000 rpm and no torque control, according to 

manufacturer’s recommendations. 

Group C Neo Endo Retreatment files: The root fillings 

were removed in crown down technique N1(# 30/0.09) 

was used for coronal one third, N2(# 25/0.08) was used 

for middle third and N3(20/0.07) was used for apical one 

third of obturated root canals. 

Following the completion of retreatment procedure, the 

periapical debris was collected by washing off the 

periapical area with 1ml of distilled water into the 

Eppendorf tube. The tubes were then stored in an 

incubator at 700C for Five days to allow the moisture to 

evaporate. The Tubes were then weighed thrice and the 

mean weight was calculated.  

The weight of apically extruded debris was calculated by 

the formula  

Dry wt. of debris = Wt. of Eppendorf tube with debris – 

Wt. of empty Eppendorf tube 
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Result 

The aim of this in-vitro study was to compare the mean 

weight of dry debris extruded during retreatment 

procedure by different file systems. The empty 

Eppendorf tubes were weighed thrice by using digital 

microbalance which has accuracy of 10-5 gm. Then the 

mean weight of empty Eppendorf tubes was calculated 

and noted for each sample.  

After completion of retreatment procedure, Eppendorf 

tubes which were used to collect debris were weighed 

thrice by using digital microbalance and mean weight of 

each sample was calculated. From this weight the mean 

weight of empty Eppendorf tube was sub structed to 

obtain the weight of debris extruded.  

Group 1- 1.1mg 

Group2-1.61mg  

Group3- 2.21mg 

These values show that the maximum debris extrusion 

was seen with group 3 followed by group 2 and group 1. 

Significant differences can be seen within group 1 and 

group 3 whereas the least difference is observed among 

group 1 and 2. Hence it can be seen that neo endo 

retreatment group showed the maximum debris extrusion 

which can be attributed to its higher dentin removal 

whereas the Protaper retreatment file system showed the 

minimum debris extrusion. 

Table 1: mean values of weight of Eppendorf tubes (in 

mg) among different study groups prior to debris 

collection. 

Table 2: One way ANOVA test results for comparison 

among different study Group with respect to debris. 

Table 2 shows the comparision between the group and 

within the group (p<0.05) 

Graph 1: Mean values of weight of Eppendorf tubes (in 

mg) among different study group prior to debris 

collection  

Graph 1 shows mean values of weights of Eppendorf 

tubes (in mg) among different study group prior so 

debris collection 

Graph 2: comparisons of mean values of debris in 

milligrams among different study group after retreatment  

 

Graph 2 shows comparision of mean values of debris in 

milligrams among different study group after retreatment 
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Discussion 

Achieving the complete debridement of root canal, 

disinfection and fluid tight obturation remains the main 

aim of the endodontically treated teeth. Failure of root 

canal treatment can be associated with poorly treated 

root canal alongside problems associated with canal 

anatomy and microbial factor that can explain failure 

rates of about 8% for treated root canals.6 The most 

conservative approach and first choice to resolve the 

problem of failure is the retreatment.   

The removal of root canal filling and further cleaning, 

shaping and refilling of the canal remains the only 

requirement of endodontic retreatment.7In the present 

study, experimental model used to evaluate apically 

extruded debris was similar to that described by Myers 

and Montgomery (1991). 

It is crucial to emphasise that the usage of extracted 

tooth has its limitations. The outcomes obtained from 

this study may not be specific if implemented in a 

clinical situation, due to the fact the experimental model 

used in this study to evaluate the apical extrusion of 

debris had the apex of tooth suspended in the air without 

any physical back pressure, while in clinical scenario, 

the apex is surrounded by granulomatous or 

periradicular tissues that could limit the apical 

extrusion.8,9 

Some investigators have recommended simulating the 

resistance of periapical tissues the usage of floral foam 

(Hach Meister et al. 2002, Altundasar et al. 2011). 

However, the usage of floral foam can also additionally 

have an effect on the quantity of extruded particles and 

irrigants apically. 10,11,12 Therefore, no try was made to 

simulate the presence of periapical tissues in the current 

study. Thus, the results should not be directly 

extrapolated to clinical situation. 

 Previously, studies evaluated the amount of apical 

debris in a semi quantitative form with the use of the 

scoring system. It would be difficult to detect the tiny 

differences among various techniques and thus tends to 

provide an overoptimistic evaluation of apical 

extrusion.13 In contrast, studies measuring the quantity of 

debris with the aid of microbalance accurate to 10 

thousandths digit did find out the difference.14,15 So to 

calculate the amount of extruded debris, the method 

suggested by Myers and Montgomery was adopted and 

has been made simple, practical and affordable. 

In the present study Protaper universal retreatment files 

(Group 1) showed least apical extrusion of debris as 

compared to Mani NRT GPR (Group 2) and Neo Endo 

retreatment files (Group 3).  

The Protaper retreatment files were the earliest rotary 

files specifically designed for removing root canal 

filling. These files consist of a set of 3 files, D1, D2, D3. 

The D1 file has a tip size of 30 with 9% taper and is 

16.0mm in length. It has an active cutting tip to 

effectively penetrate into the filling material. The D2 file 

a size of 25 with 8% taper and D3 file has size 20 with 

7% taper. The D2 and D3 file have length of 20.0mm 

and 22.0mm respectively. The three files are designed to 

remove filling material from the coronal, middle and 

apical one-thirds respectively. All the three files have a 

convex triangular cross-section. 

 The Protaper retreatment files both soften the gutta-

percha through rotary action and remove large amounts 

of gutta percha by cutting and incorporating it between 

the blades.16Protaper universal retreatment files tend to 

pull the gutta percha into flutes and lead it towards the 

canal orifice. The File blades have negative cutting angle 

with no radial land, thus exerting a cutting and not a 

planning action on gutta percha that may facilitate its 
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easier removal.17The triangular modified triangular cross 

section of Protaper produces a lower cutting efficiency 

and smaller chip space. The continuous rotary motion 

acts like a screw conveyor and improves the coronal 

transportation of dentin debris.
18

Guiliani et al. attributed 

the gutta percha removal ability of Protaper universal 

retreatment instruments to the spirals running around the 

instruments and the negative cutting angle which 

produces cutting action instead of planning the gutta 

percha against the canal walls. 19 

Bramante et al. attributed the rapid and efficient 

performance of Protaper retreatment instruments to their 

higher taper and more metallic core. Such a design of 

working blade causes increased heat release and rapid 

plasticization of gutta-percha.19 In the present study 

Group 1 i.e, Protaper universal retreatment files showed 

least amount of extruded debris apically during 

retreatment. This may be due to the factors that the cross 

section of Protaper universal retreatment is triangular in 

design, which reduces the contact area between the file 

and root canal wall and consequently the amount of 

debris extrusion.17Protaper universal retreatment files 

have three point contact with root canal dentinal wall, 

there is ample of space between the instrument and the 

walls to accommodate the fragmented debris unlike 

other files.16 In our study Protaper universal retreatment 

file system showed less amount of extruded debris as 

compared to Mani NRT GPR files and the difference 

was statistically significant this difference may be due to 

the fact that Mani NRT GPR files consist of four files 

and Protaper universal retreatment files consist of three 

files. Also the Negative cutting edge angle of Protaper 

universal files may be the reason for less extrusion of 

debris apically as Positive cutting edge angle of files 

removes the root filling material in chunks and pieces.20 

The Mani GPR system (Mani Inc, Tokyo, Japan) is 

composed of 4 file instruments (1S, 2S, 3N and 4N) that 

are operated in continuous rotation. The first 2 

instruments i.e 1S (16 mm, green, 0.70 mm tip size) and 

2S (18 mm, yellow, 0.50 mm tip size) are manufactured 

from a stainless-steel alloy and are meant to remove the 

filling material from the coronal portion of the canal. 

Instruments 3N (21 mm, black, 0.40 mm tip size) and 

4N (21 mm, blue 0.30 mm tip size) are made of nickel-

titanium alloy and are used in middle and apical canal 

segments. All files are teardrop shaped in cross 

section.70,103 In our study NRT GPR files extruded 

more debris than PTUR files and the probable reason 

may be the no. instruments used. NRT GPR consist of 4 

instruments whereas PTUR consist of only three 

instruments. Previous studies have concluded that more 

the number of instruments used more will be the 

extrusion of debris.21 

Xu D. et al. had compared extrusion of debris apically 

during retreatment procedure by using NRT GPR, PTUR 

and H files and concluded that NRT GPR files extruded 

less amount of debris as compared to PTUR files and H 

files.22 In our study Mani NRT GPR showed less 

extrusion of debris apically and the difference was 

statistically significant as compared to Neo Endo 

Retreatment files this may be due to the difference in 

cross section of two file systems, Mani NRT GPR files 

have a tear drop shaped cross section and Neo Endo files 

have Parallelogram cross section. This unique cross-

sectional tear drop design that cuts exceptionally well, 

which eliminates the screwing in effect, while removing 

debris effectively and reducing instrument stress.23The 

deep helical grooves on NRT GPR files increases the 

elimination space of softened gutta-percha and make it 

easier to roll it in the blade edge resulting in less debris. 
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22Mani NRT GPR files have noncutting tip and greater 

tip diameter as compared to Neo Endo retreatment files 

which results less removal of Gutta percha during 

retreatment procedure and simultaneously less extrusion 

of debris apically. Mani NRT GPR instruments were 

designed based on GPX stainless steel instruments, they 

have only one cutting edge, wide radial land and neutral 

cutting angle which reduces their cutting capacity. Also 

another reason may be that NRT GPR files have limited 

cutting efficiency as compared to other retreatment files, 

which means that NRT GPR files are less efficient in 

removal of gutta-percha which may have resulted in less 

extrusion of debris apically.21 

Neo Endo Retreatment files (Orikam Healthcare, India) 

consist of three instruments. N1 (#30/0.09) was used for 

coronal one-third, N2 (#25/0.08), for middle-one third, 

and N3 (#20/0.07), for apical one-third of the obturated 

root canals. Files were used in circumferential filing 

motion in a crown-down approach using a torque-

controlled motor at a speed and torque of 350 rpm and 

1.5 N-cm, respectively. Discussion Neo Endo 

retreatment files resulted in more extrusion of debris 

apically during retreatment procedure as compared to 

PTUR files (Group 1) and Mani NRT GPR files (Group 

2) and the difference was statistically significant. There 

is insufficient information in literature to compare the 

use of Neo Endo retreatment files. Earlier no study had 

compared the amount of extruded debris by using 

PTUR, Mani NRT GPR and Neo Endo retreatment files.  

However, A.V. Muraleedhar et al. had compared the 

efficacy of PTUR and Neo Endo retreatment files in 

removing Gutta percha from root canals and concluded 

that Neo Endo retreatment files were more efficient and 

less time consuming as compared to PTUR 

files.17NeoEndo retreatment files have a heat-treated Ni-

Ti metallurgy design having parallelogram cross-section, 

positive cutting edge and a positive rake angle with 

micro grinding manufacturing technology which limits 

the engagement zone.24The parallelogram cross section 

limits the contact between the file and dentin to only one 

or two points at any given cross section. This will 

subsequently reduce the binding and make sure that 

there is little or no screwing in, thus, improving the 

safety and cutting efficiency. Also it has an active 

cutting tip which helps in easy initial penetration.17 

However, following factors may be considered for more 

extrusion of debris apically. The main parameter of the 

file that causes apical extrusion of debris is the cross-

section of file and design of the file. Higher taper and 

more metallic core as compared to Mani NRT GPR files, 

which results in more rapid and more effective removal 

of gutta-percha from canal and consequently more 

extrusion of debris. Positive Rake angle and cutting-edge 

angle Difference in cross section of all three retreatment 

files. There is limited literature review regarding the Neo 

Endo retreatment file; hence, the study was conducted 

with available data obtained from the manufacture. 

Conclusion 

Within the limitations of the study, following, it can be 

concluded that, all three retreatment files used in this 

study extruded debris apically. However, Protaper 

Universal Retreatment files extruded least debris and 

Maximum extrusion of debris apically was seen with 

Neo Endo retreatment Files. 
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