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Comparative Evaluation of Debris Extruded Apically by 
Different File Systems during Retreatment of Root Canals 
with or without Use of Solvent
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Ab s t r ac t​
Objectives: To evaluate the apical extrusion of debris during removal of the root canal filling material by H-files, ProTaper retreatment (PTR) 
files, and Mtwo retreatment (MtwoR) files with and without the use of a solvent.
Materials and methods: Ninety extracted human mandibular premolar teeth were used. All the teeth were prepared with ProTaper universal 
files (Dentsply Maillefer) up to size F3 and obturated using a F3 gutta-percha cone with an AH 26 sealer. After 1 week, the teeth were divided 
into three groups based on the retreatment file systems used. Each group was divided into subgroups I and II based on whether a solvent 
was used or not, group IA (H-file with solvent); group IB (H-file without solvent); group IIA (PTR with solvent); group IIB (PTR without solvent); 
group IIIA (MtwoR with solvent); group IIIB (Mtwo without solvent), and the retreatment procedure was carried out. The debris extruded was 
collected in Eppendorf tubes and the mean weight of debris extruded was measured. Data were analyzed using the t test and one-way ANOVA.
Results: The MtwoR files resulted in less debris extrusion followed by the PTR files and then the H-files with significant difference between all 
the groups. Irrespective of the file system used, the use of a solvent resulted in significantly less debris extrusion.
Conclusion: None of the file systems could avoid apical extrusion of debris during retreatment but the MtwoR files produced significantly less 
debris extrusion compared to the other two groups. The use of a solvent significantly reduced debris extrusion.
Clinical significance: Postoperative complications after endodontic retreatment vary with the type of file system used and also with the use 
of a solvent.
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In t r o d u c t i o n​
Endodontic treatment has a success rate of 62–96%.1 Treatment 
failure may occur due to persistence of infection in missed or 
uninstrumented canals, dentinal tubules or the canal complexities, 
or due to iatrogenic errors or extraradicular infections.2 Nonsurgical 
retreatment is the first approach for the management of an 
endodontically failed tooth.3

The aim of nonsurgical endodontic retreatment is to not only 
remove the root canal filling completely but also ensure effective 
decontamination of the root canal system so as to establish healthy 
periapical tissues.4 During the retreatment procedure, filling 
materials, necrotic tissues, bacteria, or irrigants may be undesirably 
pushed into the periapical tissues. This can result in pain, swelling, 
and discomfort to the patient.5 A greater amount of debris extrusion 
will result in greater reaction.6 The apical extrusion of debris is 
affected by the number of instruments used, the instrumentation 
technique, instrument design, kinematics used, the irrigating 
solution and device, and the root canal morphology.7

Root canal fillings may be removed using hand files, rotary files, 
gates glidden drills, application of heat, and with or without the aid 
of solvents. Recently, Nd:YAG lasers have been used for retreatment. 
The ProTaper retreatment (PTR) and Mtwo retreatment (MtwoR) files 
have been specially designed for removing root canal fillings.8 The 
ProTaper Universal retreatment files (Dentsply Maillefer) consist of 
three instruments (D1, D2, D3) for removing the filling material from 
the coronal, middle, and apical third of the canal. The MtwoR files 
(Vdw) consist of two instruments (R1 and R2) with cutting tips for 
effective removal of root canal fillings.9

Till date, no study has compared the apical extrusion of 
debris caused by H-files, the PTR files, and the MtwoR files during 
endodontic retreatment with and without the use of a solvent.

Therefore, the aim of this in vitro study was to compare the 
amount of debris extruded apically by H-files, PTR files, and MtwoR 
files during endodontic retreatment with and without using a 
solvent (Figs 1 and 2).

Mat e r ia  l s a n d Me t h o d s

Selection of Teeth
Ninety extracted human mandibular premolar teeth with single, 
straight, and oval canals were selected and stored in saline  
until use.
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Exclusion Criteria
Teeth with calcifications, immature apices, and developmental 
disturbances were excluded.

Methodology
All the teeth were decoronated using a diamond disc mounted on 
a straight handpiece with water coolant to standardize the length 
to 15.0 mm. Patency was established with a #10 K-file. Working 
length (WL) was determined by subtracting 1.0 mm from the length 
at which a #15 K-file was visible at the apical foramen. With a #15 
K-file in place, the external root surface of all the teeth was coated 
with two coats of nail varnish leaving apical 1.0 mm.

All the specimens were then prepared with the ProTaper 
Universal files (Dentsply Maillefer) in the sequence of S1, SX, S2, F1, 
F2, and F3. 2 mL of 2.5% NaOCl and normal saline were used for 
irrigation between each file. The root canal space was then dried 
with paper points and obturated with a F3 gutta-percha (GP) cone 
and an AH-26 sealer (Dentsply).

All the teeth were then stored in an incubator at 37°C for 7 days 
to allow complete setting of the sealer.

Debris Collection and Retreatment
For the debris collection during the retreatment procedure, 
Eppendorf tubes were used. A hole was cut on the stopper of the 
tube and the empty tube was then weighed using an electronic 
weighing machine to 10−​4 g precision. For each tube, three 
consecutive measurements were taken and the mean value was 
recorded.

The Eppendorf tube were then mounted over a glass vial and 
a 27-gauge needle was placed over the stopper to equalize air 
pressure. The glass vials were covered with aluminum foil  to avoid 
operator bias. The teeth were randomly divided into three groups 
based on the retreatment file system used and mounted over the 
Eppendorf tube and glass vial assembly. The groups were further 
subdivided based on whether a solvent was used
Group Ia: The retreatment procedure was carried out using 
the H-files 30, 25, 20 with use of a solvent till the WL was  
reached.
Group Ib: The retreatment procedure was carried out using 
H-files 30, 25, 20 without using a solvent till the WL was  
reached.

Group IIa: The retreatment procedure was carried out with the PTR 
files in the sequence of D1, D2, D3 at 500 rpm speed and 3 N cm 
torque with use of a solvent till the WL was reached.
Group IIb: The retreatment procedure was carried out with the PTR 
files in the sequence of D1, D2, D3 at 500 rpm speed and 3 N cm 
torque without using a solvent till the WL was reached.
Group IIIa: The retreatment procedure was performed using MtwoR 
files R1 and R2 in simultaneous technique at 300 rpm speed and 1.2 
N cm torque with use of a solvent till the WL was reached.
Group IIIb: The retreatment procedure was performed using MtwoR 
files R1 and R2 in simultaneous technique at 300 rpm speed and 
1.2 N cm torque without using a solvent till the WL was reached.

New set of files were used for each tooth. Distilled water was 
used for irrigation throughout the procedure. The retreatment 
procedure was deemed complete when no GP remnant was seen 
on the flutes of the file. After the retreatment procedure was 
completed, the tooth was removed from the Eppendorf tube and 
the debris adhered to the root apex of the tooth was washed off 
with distilled water into the tube. The Eppendorf tubes were then 
placed in an incubator at 70˚C for 5 days to allow the moisture to 
evaporate.

The Eppendorf tubes containing the dry debris were weighed 
again using the same electronic weighing machine and the mean 
weight of three consecutive measurements was recorded.

Weight of apically extruded debris was calculated by the 
following formula:

Weight of the apically extruded debris = mean weight of the 
Eppendorf tube with dry debris − mean weight of the empty 
Eppendorf tube

Stat i s t i c a l An a lys i s​
The mean weight of apically extruded debris was calculated for 
each group. Data were analyzed using the independent t test and 
one-way ANOVA at 95% confidence level (p < 0.05).

Re s u lts​
The intragroup comparison of the mean weight of apically extruded 
debris is depicted in Table 1. The intergroup comparison of mean 
weight of apically extruded debris is depicted in Tables 2 and 3.  
It was found that irrespective of the file system used, significantly 

Fig. 1: Weighing of the Eppendorf tubes using an electronic weighing 
machine

Fig. 2: Tooth and Eppendorf tube assembly mounted on a glass vial
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more debris was extruded when no solvent was used for 
retreatment. Among the file systems, the MtwoR files extruded 
the least debris followed by the PTR files and then the H-files with 
significant difference between all the three.

Di s c u s s i o n​
The aim of nonsurgical endodontic retreatment is to completely 
remove the existing filling materials and address the existing 
pathologies.10 Apical extrusion of debris and filling materials 
during retreatment can result in postoperative pain, inflammation, 
and failure of healing. Compared to primary root canal therapy, 
the nonsurgical retreatment procedure leads to more extrusion 
apically.11

Several techniques have been advocated for the removal of root 
canal fillings. These include hand and rotary instruments with and 
without aid of solvents, ultrasonics, and lasers.8 The hand H-files 
because of their positive rake angle remove the root filling material 
in chunks and pieces.12 Rotary nickel-titanium (NiTi) instruments 
generate frictional heat that helps to plasticize the GP and ease 
its removal.13

In the present study, the MtwoR files caused significantly less 
debris extrusion compared to the PTR and H-files. This could be 
related to several factors: the active cutting tips of both the MtwoR 
files that actively engage and pull the GP coronally, the less number 
of file systems employed in the MtwoR files, and the “S”-shaped 
cross-section of the these files, which provides greater space for 
augering the debris coronally compared to the triangular cross-
section of the PTR files.14–16 The hand H-files resulted in maximum 
debris extrusion. This result is in accordance to previous studies, 
which state that rotary instruments position the debris between the 
blades and auger it coronally.11 Also the hand files act as a piston 

in the tube, which results in greater extrusion of debris whereas 
the rotary instruments act as a screw conveyor that transports the 
debris coronally.17

It was found that the use of a solvent during the retreatment 
procedure resulted in less debris extrusion. This can be explained 
by the fact that the solvents result in a thin film of GP and sealer on 
the canal walls and thus a less extrusion through the apex.

Although decoronation of teeth does not mimic clinical 
situations, the specimens were decoronated to standardize the 
specimens by eliminating variables such as crown anatomy and root 
canal length.4 In the present study, the single cone technique with 
an AH-26 sealer was used as the single GP cone with sealer cement 
results in a uniform core of the filling material. This prevents the 
failures observed in multiple cone techniques.18

Distilled water though not the preferred root canal irrigant 
was used during the retreatment procedure because the use of 
saline or sodium hypochlorite may have a positive effect on the 
weight of debris extruded.19 No attempt was made to simulate the 
periapical tissues as the floral foam used may absorb the extruded 
irrigant and debris and interfere with the results.7 The Myers and 
Montgomery model is the most widely accepted and commonly 
used system for assessing the apically extruded debris and was 
thus used in this study.20

Co n c lu s i o n​
Within the limitations of this in vitro study, it was found that none of 
the file systems could prevent apical extrusion of debris during the 
retreatment procedure. The rotary files because of their screwing 
action resulted in less debris extrusion than hand files. Among 
the rotary files, the MtwoR because of its cross-section, active tip, 
and fewer instrument system resulted in significantly less debris 
extrusion than the PTR files. Use of chemical solvents significantly 
reduced the apical extrusion of debris.
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