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Abstract

Introduction: Complete root canal filling material removal is essential for the good outcome of the secondary
endodontic treatment. Different methods and hand and rotary instruments have been proposed for better filling
removal. Aim: The aim of this article is to review the most commonly used approaches for removal of canal filling
materials, analysing the scientific data from the last 10 years mainly. Materials and Methods: Articles related to
the problem were reviewed with the aim to summarize the techniques mostly used in retreatment protocols and
the effectiveness of the NiTi instruments for removing the root canal filling materials. Conclusion: None of the
techniques described in the up-to-date scientific literature is considered 100% effective in removing of root filling
materials. Supplementary approaches have to be introduced for more efficient cleaning of the root canal walls,
ensuring better prognosis of the endodontic retreatment cases in the daily dental practice.
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Introduction

Endodontic treatment is a procedure performed in the presence of pulpal disease and includes proper
mechanical preparation, disinfection and obturation of the root canal system. When performed properly,
the success rate of the endodontic treatment is over 90% (1). Although it is considered a safe and
predictable procedure (2), in some cases periapical inflammation can occur.
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The available treatment options after a failed primary endodontic therapy are nonsurgical orthograde
endodontic retreatment (NOER), surgical endodontic treatment or extraction. The first choice procedure is
the NOER for which a tooth survival rate of 95,3% is reported (1). The main goal of the orthograde
endodontic retreatment is to completely remove the root filling material, possibly contaminated with
microorganisms and their toxins, and to regain access and patency to the apical foramen, enabling the
proper debridement of the root canal space and reestablishing healthy periapical tissues (3,4).

The most commonly used material for root canal obturation is the gutta-percha in combination with
different types of sealers. Several retreatment techniques for the removal of the root canal filling material
are described, including hand files, different engine-driven NiTi instruments, specially designed for
shaping of the root canals or their retreatment, sonic and ultrasonic devices, instruments producing heat,
solvents, lasers and combinations between them (5,6,7).

Although the contemporary retreatment techniques are sufficiently effective, none of them results in root
canal walls absolutely clean of remnants. This makes some authors consider the use of supplementary
retreatment techniques.

Review Results

The use of NiTi alloy in endodontics was firstly presented in 1988. It consists of three microstructural
phases — austenite, martensite and an intermediate R-phase. When in austenitic phase the alloy is hard,
strong and owns superior superelastic properties. In its martensitic phase the alloy is soft and easily
deformed, owns a specific “shape memory effect’, and has superior cyclic fatigue resistance. The alloy in
the martensite phase changes into the austenite one when heated. Upon cooling the changes go in the
opposite direction. The alloy suffers the same transformations under external stress and is known as
induced martensitic transformation. It is of great importance for one of the special mechanical properties of
the NiTi alloy — its superelasticity and greater flexibility, resulting in fewer procedural errors, especially in
curved root canals.

Several additional procedures for increasing the NiTi flexibility and fracture resistance, like electropolishing
and thermomechanical treatment of the alloy, are used by the manufacturers (8,9).

The presence of NiTi instruments in the field of endodontic treatment shortens the operating time,
decreases the operator and patient’s fatigue and generally facilitates the procedure.

NiTi systems consisting of files with different geometry and number, made of various types of NiTi wire
and driven with continuous or reciprocating rotation were investigated in the last 10 years (10-17).
Although engine-driven instruments are reported to be unable to completely clean the root canal space
from filling remnants, they are still preferred to manual instrumentation for removal of the bulk of canal
obturation, as they require less operating time and in most of the cases are superior or equal to hand
stainless-steel instruments (18-22).

NiTi instruments specifically designed for retreatment were manufactured and introduced to the market —
Mtwo Retreatment (VDW, Munich, Germany), D-Race (FKG, La Chaux de Fonds, Switzerland), Protaper
Universal Retreatment (Dentsply, Ballaigues, Switzerland), R Endo (Micro-Mega, Besancon, France), etc.
Mtwo Retreatment set consists of two instruments — R1(# 25.05) and R2 (# 15.05) which have an S-
shaped cross-section, two cutting edges and active tips. The R1 file is used to remove the filling material
from the coronal two thirds of the root canal while the R2 file is used for the apical area and reaches the
working length. The instruments are used at a speed of 300 rpm and a torque of 1.2Ncm, according to the
manufacturer’s instructions (23,24).
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Two files are included in the D-Race retreatment system — DR1 (# 30.10), and DR2 (#25.04). The first is
used for shaping the coronal part of the root canal and has an active tip for better penetration into the
filling material, while the second one is used to clean the remaining root canal (20,25).

Pro Taper Universal Retreatment (PTUR) system consists of three files — D1, D2, D3, used for removing
the filling material from the coronal, middle and apical third of the root canal, respectively. They have a
convex triangular cross section, various tip sizes and tapers — 30.09 for D1, 25.08 for D2 and 20.07 for
D3. The first file has an active tip, facilitating its penetration into the filling material, while D2 and D3 are
with passive tips to avoid procedural errors, such as perforations, ledging or stripping, during their use
(24).

Four instruments are found in the R Endo system — Re (# 25.12) for cleaning the orifice area (1-3mm), R1
(# 25.08), R2 (# 25.06), R3 (# 25.04) used for each canal third, respectively. They all have noncutting tips,
three cutting edges and a triangular cross-section. A finishing file Rs (# 30.04) is also available, if needed
(18).

A number of articles compare the effectiveness of the retreatment NiTi systems for removing the root
canal filling materials. Discrepancy about the superiority of the aforementioned instruments is presented in
the literature. Marques da Silva B et al. compared in their study the effectiveness of ProTaper
Retreatment, D-Race and Mtwo Retreatment Systems in the removal of root canal filling material and
concluded that PTR left significantly less residual material than D-Race. Raj PKT et al. came to the same
findings in their investigation (26,27). Meanwhile, other authors found D-Race to be better and also faster
than PTR files in the filling material removal (28,25). However, there are studies that found no statistically
significant difference between the systems used (29,30,31). This conflicting data could be addressed to
the difference in the sample selection, primary shaping techniques, preparation of the apical area, filling
materials and techniques used, etc.

A sophisticated number of articles examine ProTaper Retreatment system’s ability to remove filling
materials, confronting it with other retreatment system. The articles investigating the other retreatment
systems are few.

The difficulties in the contemporary endodontic retreatment make some authors use for the removal of
filling materials NiTi instruments which are originally designed for initial canal shaping. Files with different
motions have been examined — with continuous rotation (ProTaper Next, Dentsply, Ballaigues,
Switzerland) (32,33), reciprocation (Reciproc and Reciproc Blue, VDW, Munich, Germany), Wave One
and Wave One Gold, Dentsply, Ballaigues, Switzerland) (11,13,14,34-37) or adaptive motion (TF
Adaptive, Kerr, Orange, CA, USA) (10,12).

Based on the experimental results, the researchers concluded that the reciprocating systems are equally
effective in removing the root canal filling materials compared to the rotary retreatment systems in general
(16,38,39). Nevertheless, the first one are more rapid and remove fillings faster, due to their specific
motion, file design (more cutting edges) and the simplicity of the single — file systems (15,40,41). Other
investigators, like Jorgensen B et al., came to opposite conclusions. In their study they compared the
efficacy of ProTaper Universal Retreatment and WaveOne systems in removing the root canal filling
material from mandibular molars obturated with two different techniques. They stated that ProTaper
Retreatment system was faster and more efficient in removing the filling material than WaveOne,
regardless of the filling technique used in the samples (42).

Gu et al. reported that the use of files with continuous rotation results in less extruded filling material
apically and cleaner apical third of the root canal, due to their ability to take out debris towards the orifice
(43). Another current study (44) stated that the use of reciprocating files with small tip sizes resulted in a
small amount of apical extrusions because of the compacted gutta-percha in the apical area.
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Many investigators observe remnants of the filling material on the root canal walls, especially in the apical
third. The complex anatomy of the root apex makes it difficult to be managed and increases the incidence
of procedural errors and flare-ups (21,45,46,47). An additional shaping and further enlargement with one
or even two sizes bigger files (40) have been proposed for better cleaning of the apical area (12,13,26).
Additional instrumentation weakens the root structure and can cause perforations, zipping, transportation,
especially in curved canals. G.Navares et al. reported that PTN and Reciproc could be safely used for
removing the gutta-percha and sealer in curved canals as they rotate in the center of the apical third,
preserving its original anatomy (33).

Conclusion

No single technique described in the up-to-date literature is considered 100% effective in removing root
filing materials. Although NiTi instruments, specifically designed for retreatment have been developed,
they have some limitations. Supplementary approaches have to be introduced for more efficient cleaning
of the root canal walls and for better prognosis of the endodontic retreatment cases in the daily dental
practice.
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