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ABSTRACT

Aim: the aim of this study was to evaluate the amount of filling material left on root canal walls,
amount of apically extruded debris, time to reach working length and number of fractured files by
using four different nickel-titanium (Ni-Ti) retreatment file systems (Protaper universal, Rogin,
Soco-pro, M3 progold).

Methods: Forty extracted human mandibular first molar with two separate mesial canals (type
III) were prepared by manual k files taper 0.02% up to master apical file #25. Step back technique
was performed up to size #40 and then obturated with gutta-percha and Adseal. Samples were
equally divided into 4 groups according to the retreatment system used.

Results: Group (I) showed higher efficiency in removal of filling materials with statistically
significant difference compared to other groups. Group (I) and Group (IV) extruded the least
amount of debris with significant difference to other groups. Group (I) was significantly the fastest
in reaching the working length and removal of filling materials. Three D3 in group (I), 3 D2 and
3 D3 in group (II),2 D1,3 D2 and 5 D3 in group (III) and 1 D1, 3 D2 and 3D3 in group (IV) were
broken.

Conclusions: Protaper universal retreatment file system (PTUR) has higher efficiency in
removal of root canal filling material from different root sections, M3 pro gold and PTUR systems
extruded the least amount of debris, PTUR system took the least time to reach the working length,
Soco pro had the highest number of broken files while PTUR had the least number.
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INTRODUCTION

Despite initial root canal therapy being a
predictable and highly treatment,
failures can occur after treatment. Failures can

successful

be due to persistent intra radicular infections in
uninstrumented root canals, dentinal tubules, or in
the complex irregularities of the root canal or may
be due to extra radicular causes such as periapical
actinomycosis, extrusion of endodontic materials
apically causing foreign body reaction'.

The failure might be treated successfully by
orthograde retreatment or, if that is not possible,
by a surgical procedure.” Nonsurgical root canal
retreatment is considered the safest and least
invasive method in solving the problem. The main
aim of retreatment is to create a direct pathway to the
apex by complete removal of obturation material .?

Several difficulties can be faced during the
retreatment process such as the type of obturating
material that was used, the anatomy of the tooth and
other factors that must be considered. Complications
such as causing strip perforations, over-enlarging
of the apical foramen, instrument breakage and
extrusion of obturating material and debris through
the apical foramen can all result in apical pathology
or post-instrumentation pain.*

A lot of methods have been used to remove
obturating materials such as heat pluggers, ultrasonic
instruments, laser and manual files. But none of
these methods proved its efficiency in removing
root canal filling materials completely.!

Nickel-titanium rotary files have been used
widely in retreatments, due to their effectiveness,
and capability to remove obturating material in less
time than manual files. Therefore, investigating
the effectiveness of different retreatment files was
thought to be of value.

MATERIALS AND METHODS

Eighty mesial canals type (III) with curvature <
25° based on Schneider’s method in forty extracted
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human first mandibular molar teeth were selected.
The teeth were collected from an archive of ex-
tracted teeth at Endodontic Department, Faculty
of Dentistry, Ain Shams University. Teeth were ra-
diographed from both the buccolingual and mesio-
distal directions to be confirmed of having 2 patent
separate canals and to rule out any abnormal canal
morphology. Endodontic access cavities were pre-
pared using round diamond burs size 2 and endo-z
bur in high-speed handpiece under water cooling.
Negotiation of the canals was done by using manual
k- files #10 (Mani, Tochigi, Japan). The teeth were
confirmed to be type (III) by introducing files into
canals in mesial root and inspected to be extruded
from different foramen. Samples were equally dis-
tributed into four groups of 20 root canals each.
The mesial root was split from the distal root with
a fissure surgical bur, and the teeth were cut with a
0.5mm diamond disc in straight hand piece, leav-
ing a root segment with a length of 12 mm for stan-
dardization. The MB and ML canals were prepared
and instrumented using manual k files taper 0.02%
(Mani, Tochigi, Japan) up to master apical file #25.
Step back technique was performed with K-file up
to size #40. Sodium hypochlorite (NaOCIl) solution
2.5% (JK dental vision, Mansourah, Egypt) was
used as irrigating solution.

All canals have been obturated by 0.02/25
master cone guttapercha (Dentsply Maillefer,
Ballaigues, Switzerland) and Meta-biomed adseal
epoxy resin sealer (Meta-biomed, Cheongwon,
Korea). Lateral condensation was done using #20
finger spreader and accessory cones size #20. After
finishing obturation, coronal access was closed with
temporary filling material. Mesiodistal radiographs
were taken to confirm complete filling. The samples
were stored for 14 days at 37°C to let the sealer set
completely.

The amount of apically extruded debris was
collected in a custom made apparatus. Each sample
was inserted firmly into a rubber stopper. A hole was
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created in the rubber stopper, a 27-G needle was
inserted. Each stopper with the tooth and the needle
was then attached to its Eppendorf tube. A needle
was used alongside the stopper to equalize air
pressure inside and outside the tubes. The tubes were
fitted into vials. The entire apparatus was handled
only by the outer vial. Before the root canal shaping
procedure, the Eppendorf tubes were weighed to
107 precision using a microbalance (Sartorius Lab
Instruments GmbH, Goettingen, Germany).

Obturation material was removed in a crown-
down direction and pecking motion with the
retreatment Kit sequence. Retreatment was done
without the help of any solvent; irrigation had been
carried by 1 mL of distilled water between every
file. The file was taken out of the canal after three
pecking motions and the canal was finally cleaned
with irrigation.

*  Group I: pro-taper universal retreatment system
consists of 3 files D1(30/.09), D2(25/.08), and
D3(20/.07) used respectively at 2-Ncm torque
and 500-rpm speed.

* Group II: Rogin retreatment system consists of
3 files D1(30/.09), D2(25/.08), and D3(20/.07)
used respectively at 2.5-Ncm torque and 300-
rpm speed.

* Group III: soco pro retreatment system con-
sists of 3 files D1(30/.09), D2(25/.08), and
D3(20/.07) used respectively at 2-Ncm torque
and 375-rpm speed.

* Group IV: Root canal filling materials were
removed using M3 pro gold retreatment sys-
tem consists of 3 files M3RT1 (30/.09),
M3RT2(25/.08), and M3RT3(20/.07) used re-
spectively at 2-Ncm torque and 350-rpm speed.

After instrumentation had been finished, each
root segment was removed from the Eppendorf tube.
The Eppendorf tubes were incubated at 37°C for 10
days, so that moisture can be evaporated, and the
dried debris could be weighted by the microbalance.
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Weight of extruded debris was calculated by
subtracting the weight of empty Eppendorf tube
before instrumentation from its weight containing
the dried debris after instrumentation.

To measure remaining filling materials left on
canal walls, all samples were cut longitudinally into
mesial and distal halves by using a chisel after being
grooved with a diamond disc 0.5 mm buccolingually
until the canal’s shadow could be seen through a
thin layer of dentin . The half of the roots that had
the largest area of remaining obturation materials
was selected for scanning using stereomicroscope.
A stereomicroscope at a fixed magnification of x3.5
was used. Images were taken by using a digital
camera attached to the microscope, and then were
transferred to desktop and stored as JPEG format.
Image J software was used to analyze the obtained
images by measuring the percentage of area covered
by remaining obturation material with no attempt to
distinguish between residual filling material and
sealer.

The time to reach working length is the time
lapsed from the first file to the last file used to
reach the working length. It was recorded using
a stopwatch. Time required to change files and
irrigation was not included. The number of fractured
instruments was calculated. In case a file fractured,
anew file was used, and new sample was introduced
to the group.

RESULTS

Data were normally distributed and were
analyzed using one-way ANOVA followed by
Tukey’s post hoc test for intergroup comparisons.
The significance level was set at p <0.05 within all
tests.

Apical third was neglected during evaluation
of remaining filling material due to difference in
apical diameter between manual files during apical
preparation and D3 file the last file in retreatment.

(Fig.1)
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TABLE (1) Intergroup comparisons and mean + standard deviation (SD) values of remaining filling material

(%) for different files.

Remaining filling material (%) (mean+SD)

Root section p-value
Group (I) Group (IT) Group (III) Group (IV)

Coronal 1.81+0.388 2.38+0.9948 2.84+0.58* 2.88+1.134 <0.001%*

Middle 2.67+1.258 3.49+1.0748 4.30+1.114 3.55+1.3448 <0.001°*

Means with different superscript letters within the same horizontal row are significantly different *; significant (p < 0.05)

ns; non-significant (p>0.05).
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Fig. (1): Photograph showing difference in apical diameter
between master apical file (used for initial preparation)
(A) and D3 file (last file used in retreatment) (B).

Group (I) protaper universal retreatment files
system demonstrated efficiency in removing filling
materials from the whole canal wall surface with
significant difference to other groups (p < 0.05),
followed by Group (II) Rogin retreatment files
system followed by Group (IV) M3 pro-gold and
Group (III) Soco pro retreatment files systems.

DISCUSSION

Root canal therapy has been a reliable, effective
and also successful treatment for the maintenance
of teeth when the rules of root canal cleaning and
obturating are fulfilled. Consequently, failure to
reach these rules results in persistent intracanal
pathogens and treatment failure®¢. So, nonsurgical
root canal (NSRC) retreatment and endodontic
surgery are available choices.” Nonsurgical root

Fig. (2): A graph illustrating the mean remaining material for
various files.

canal retreatment is the first treatment option to
eradicate infection as it is the least invasive method
with favorable outcomes®.

In this study, solvent wasn’t used because soften
gutta-percha could go deeper into root canal walls
and dentinal tubules, making its removal more
difficult>!®!!, Distilled water was recommended to
be used as irrigant during retreatment procedure
to eliminate the potential impact of sodium
hypochlorite crystallisation.!>!3

Retreatment was deemed finished when the last
used file didn’t have any obturating materials on
it. Nevertheless, all the canals contained remnants
of obturating materials, as proved by previous
studies.'*"> According to our results, absence of
obturating materials on the file is not a reliable
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measure to represent full removal of obturating
materials from the canals, as found by Schirrmeister
and others’.

Different methods have been used to evaluate
remaining material after retreatment procedure. Re-
maining obturation material was evaluated radio-
graphically, or roots were divided longitudinally be-
fore subjected to photographic or microscopic anal-
ysis or using evaluation scales'’. Recently, many
studied preferred to use high resolution micro-CT
scans in determining the amount of obturating ma-
terial that was left after retreatment procedures were
finished. This method allows for a noninvasive, ac-
curate, 3D quantitative examination of the left fill-
ing material on the canal walls.'®!".

Dueto the limited availability of micro-CT scans,
the amount of residual filling material in the current
study was determined by longitudinal cleavage of
the roots, followed by quantitative analysis. Root
sections were imaged by stereomicroscope followed
by analysis using Image] software. Two different
parts of the root were evaluated: the coronal
and middle parts. Image] software for analysis
of stereomicrographs is a subjective method for
evaluation of remaining filling debris. This method
has been proven to be successful in determining the
amount of obturating materials and to have reduced
subjectivity in the scale-based scoring method.'®
According to Takahashi et al."” vertical splitting and
viewing under stereomicroscope is considered a
suitable method, since it is easy to use and provides
advantages over other techniques.

Under the conditions of the current study,
of filling material

impossible despite the retreatment method used.
15,19.20,21

removal completely was

This is in full agreement with other studies

In the current study, regarding the effect of file
type on remaining filling material our results showed
group (I) protaper universal retreatment files system
showed efficacy in removal of obturating materials
from the root canal walls with significant difference
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to other 3 groups. This is due to the design of
PTUR. Its triangular cross-section allows removal
of large amounts of obturating materials in spirals
around the instrument, it has negative cutting angles
and no radial land which permits cutting action
instead of planning action. Furthermore, engine
driven files rotary movements create frictional heat
which plasticizes gutta-percha (GP). plasticized GP
encounters less resistance to remove. Our results
agree with Giuliani et al .>2, Takahashi et al.", Yilmaz
et.al.'”, Japtag et.al.’, Gu et al.”*. But disagreed with
somma et.al.>* who found that manual retreatment
technique removed obturating materials more
successfully than NiTi rotary files and explained
that due to the small size of master apical file used
in rotary systems.

Group (III) Soco pro retreatment files system
showed the highest amount of remaining filling
material. Unfortunately, there are no studies
regarding Soco pro retreatment files system, but
it may be due to the type of wire used in these
instruments which is controlled memory (cm) wire.
This agrees with Topcuoglu et al.*® who found
less efficiency of files made of cm wire during
retreatment compared to other wires so they stated
that as the flexibility of the files increases, their
performance in removal of obturating materials

could decrease.

Regarding the percentage of remaining root
filling material in different root sections, our results
showed that the least percentage was observed in the
coronal one-third. Because of the cutting tip of D1
file which allows more effective initial penetration
in gutta-percha. Also, viewing the filling material
in the coronal third is easier, especially with the
help of clinical microscope. Our results agree with
Takahashi et al.!®, Giuliani et al.*?and Patil et al.*®
and Marques da Silva et al.”’

While the greatest percentage of filling material
was found in the middle one third. This agrees with
Zmener et al.?® who found that the rotary files were
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used with pecking motion. So, round preparations
will be formed in oval shaped canals. Thus, the
polar recesses found in the middle thirds of oval
canals are prone to be out of reach of rotary files.

In this study apical one third evaluation was
neglected, due to small apical diameter of D3
(20/.07) retreatment file which doesn’t permit full
cleaning action, so apical one third will remain
untouched by the file. This was explained by Somma
et al.**, Giuliani et al.2, Marfisi et. al.”, Kfir et. al.*.
Accordingly, they suggested that hand files would
help in completing the cleaning of the canals from
obturating materials after the use of the D3 file®.
But our study aimed to evaluate the effect of the
rotary files only without the help of any additional
instruments. *.

Regarding the amount of apically extruded
debris, our results showed that the lowest value
was found in group (IV) M3 pro gold retreatment
system with non-significant difference with group
(I) Protaper universal retreatment system.

Despite PTUR files having three points of contact
with the root canal wall, there is enough space
between the file and the walls for collection of the
debris. Our results in agreement with Topc,uoglu et
al.”?, S.Gkampesi et. al.*!, Mannu Vikram*?. But this
was disagreed with by Silva et al.**, Amit jena et
al.**, who found that PTUR system group extruded
more debris than tested groups with significant
difference.

M3 progold retreatment file system has a
parallelogram cross section with flat side according
to manufacturer’s information to allow more space
for collection of debris and pushing them in coronal
direction. The root canal is shaped asymmetrically
by the file, as it allows only two points of contact
with the canal walls. Thus, file has a large area
for escaping of debris and directing it in coronal
direction. Our results agree with Machado M E de
L.etal?
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Unal et al 3%, Dincer et al.”’, found less extrusion
of debris with parallelogram cross section files.
They explained that the file attaches less to the canal
wall and allows for more space to extrude debris
coronally during root canal treatment.

Regarding time to reach working length, Group
(D) Protaper universal retreatment system was the
fastest with significant difference to other groups.
This is due to the easy penetration of D1 file in the
root filling because of its active tip, and because of
its efficient cutting angles, removal of obturating
materials can be done easily and rapidly. Also,
the higher speed recommended by manufacturer
instructions minimizes the time needed to achieve
the apex. The speed operated by Protaper files was
500 RPM with torque 2.5N. Our results agree with
Bramante et al.®, S. Gkampesi et al*', Ozlek and
Giindiiz®.

Regarding the number of fractured files, Group
(I) Protaper universal retreatment system showed
three D3 fractured. This agrees with Jorgensen et
al.*, Beasley et al.*!, who found that the D3 file was
the only deformed or fractured PTUR file during
use.

Group II (Rogin) showed 6 fractured files, 3 D2
files and 3 D3 files. Group III (Soco pro) showed 13
fractured files 2 D1, 3 D2 and 5 D3 files. Group IV
(M3 pro gold) showed 10 fractured files 1 D1, 3 D2
and 3 D3 files.

CONCLUSION

Protaper retreatment file system has higher
efficiency in removal of root canal filling material
than Rogin, Soco pro and M3 pro gold retreatment
file systems. M3 pro gold and Protaper retreatment
file systems extruded less amount of debris than
Rogin and Soco pro retreatment file systems.
Protaper retreatment system was the fastest to reach
working length than other 3 systems. Protaper
retreatment system had the least number of broken
files than other 3 group.
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