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ABSTRACT
Objectives: This study evaluated the amount of remaining root canal filling materials after 
retreatment procedures performed by undergraduate students using manual, rotary, and 
reciprocating techniques through micro-computed tomographic analysis. The incidence of 
instrument fracture and the instrumentation time were also evaluated.
Materials and Methods: Thirty maxillary single rooted teeth were prepared with Reciproc R25 
files and filled with gutta-percha and AH Plus sealer by the continuous wave of condensation 
technique. Then, the specimens were assigned to 3 groups (n = 10), according to the retreatment 
technique used: manual, rotary, and reciprocating groups, which used K-file, Mtwo retreatment 
file, and Reciproc file, respectively. Retreatments were performed by undergraduate students. 
The sample was scanned after root canal filling and retreatment procedures, and the images of 
the canals were examined to quantify the amount of remaining filling material. The incidence of 
instrument fracture and the instrumentation time were recorded.
Results: Remaining filling material was observed in all specimens regardless of the technique 
used. The mean volume of remaining material was significantly lower in the Reciproc group 
than in the manual K-file and Mtwo retreatment groups (p < 0.05). The time required to 
achieve a satisfactory removal of canal filling material and refinement was significantly lower 
in the Mtwo retreatment and Reciproc groups (p < 0.05) when compared to the manual K-file 
group. No instrument fracture was observed in any of the groups.
Conclusions: Reciproc was the most effective instrument in the removal of canal fillings after 
retreatments performed by undergraduate students.

Keywords: Endodontics; Retreatment; X-ray microtomography

INTRODUCTION

Although root canal treatments have a high rate (90%) of success when properly conducted 
[1,2], failures may occur and are often associated with poorly treated canals [2]. In these 
situations, nonsurgical root canal retreatment is indicated to improve root canal disinfection 
and debridement, and to place a consistent and homogeneous root canal filling [2]. However, 
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several reports have shown that considerable amounts of root filling materials remain after 
re-instrumentation [3-5]. This residual material should be removed because it may harbor 
bacteria, and weaken the quality of seal of the new root canal filling [6,7].

Many techniques have been proposed for removing gutta-percha and sealer during 
root canal retreatment procedures using various instruments, including hand files, burs, 
nickel-titanium (NiTi) rotary systems, adjunctive solvents, and/or ultrasonics. Some 
endodontic systems are specially designed for use in retreatment procedures, such as the 
Mtwo retreatment system (VDW, Munich, Germany). This system comprises 2 instruments 
(R15/0.05 and R25/0.05) that have a 2-fluted file with an S-shaped cross-sectional design and 
a cutting tip in order to facilitate penetration into the obturation mass. Nevertheless, all 
retreatment systems leave residual debris in the canal walls after endodontic retreatment 
[2,7-9]. Reciprocating systems, such as Reciproc (VDW) and WaveOne (Dentsply Maillefer, 
Ballaigues, Switzerland), that were initially developed for root canal preparation can also 
be used for retreatment purposes. Reciproc instruments have the same cross-sectional 
design as the Mtwo instruments and are available in 3 different sizes: R25 (25/0.08) for 
narrow canals, R40 (40/0.06) for medium-volume canals and R50 (50/0.05) for large canals. 
There is growing evidence of the safety and benefits of using these instruments during 
retreatment cases [8-10]. The reciprocating motion relieves stress on the instrument by 
alternating counterclockwise and clockwise movements, which extends the life span of 
the NiTi instrument when compared to continuous rotation [11]. Moreover, the idea of a 
reduced number of NiTi instruments needed to remove root canal obturation materials 
and to enlarge the canal to a minimum acceptable taper size is indeed appealing due to 
its safety and technique simplification. From an educational point of view, such procedural 
simplification and safety can lead to improved outcomes when performed by novice 
operators [12,13].

The aim of this study was to evaluate the amount of remaining root filling materials after 
retreatment procedures performed by undergraduate students using manual, rotary, and 
reciprocating instruments using micro-computed tomographic (micro-CT) analysis. The 
incidence of instrument fracture and the instrumentation time were also evaluated. The null 
hypothesis tested was that there would be no differences in the quality of root canal filling 
material removal performed by undergraduate students using different techniques.

MATERIALS AND METHODS

Teeth selection
This study protocol was approved by the Grande Rio University Ethics Committee (ID: 
CAAE 47448315.2.0000.5283). Fifty-three maxillary single rooted teeth presenting one canal 
and similar root length were selected from a pool of teeth. Buccolingual and mesiodistal 
radiographs were taken to select teeth with oval canals according to the technique previously 
described [8]. Canal curvature was determined using Schneider's method [14], and the angle 
of curvature of each specimen was measured through an image analysis program (AxioVision 
4.5, Carl Zeiss Vision, Hallbergmoos, Germany). Access openings were performed using 
diamond burs and a size 10 K-file (Dentsply Maillefer) was used to initially negotiate the 
canal. Only straight teeth with root curvature < 10°, approximately 22 ± 1 mm in length, and 
an initial apical size equivalent to a size 10 K-file were included (n = 30).
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Root canal preparation and filling procedures
Working length (WL) was established introducing a size 10 K-file into the root canal until 
its tip was visible at the apical foramen under an operating microscope (DFV, Valença, RJ, 
Brazil) with ×20 magnification, and reducing 1 mm short of this measurement. After WL 
determination, the apical foramen diameters of all teeth were standardized to a size 15 K-file 
(Dentsply Maillefer).

The same experienced operator performed all canal shaping and filling procedures. Teeth were 
instrumented with Reciproc R25 files (VDW) as recommended by the manufacturer. Irrigation 
was performed using a total volume of 25 mL of 2.5% sodium hypochlorite (NaOCl). Smear 
layer was removed using 3 mL of 17% ethylenediaminetetraacetic acid (EDTA) for 3 minutes. 
Then, canals were irrigated with 2 mL of bi-distilled water, dried with R25 paper points 
(VDW), and finally filled with R25 gutta-percha cones (VDW) and AH Plus sealer (Dentsply 
De Trey, Konstanz, Germany). Condensation of the root filling material was achieved by 
using the continuous wave of condensation technique, and the down pack (EQ-V Endodontic 
Obturation System, MetaBiomed, Cheongju, Korea) was established at 5 mm from the WL. 
Then, the remainders of the canals were filled with the aid of a McSpadden condenser (Dentsply 
Maillefer). The access cavities were sealed with Cavit G (3M ESPE, Seefeld, Germany). After 
that, the specimens were radiographed in mesiodistal and buccolingual directions to confirm 
the quality of the fillings. A lack of voids in all samples was noted in the radiographs; therefore, 
none of the samples was discarded. The specimens were kept at 100% humidity and 37°C for 4 
weeks to allow complete setting of the sealer.

Root canal retreatment
Ten undergraduate dental students of the same semester had 3 fifty-minute lectures 
presenting and comparing manual, rotary and reciprocating techniques, their main 
systems and information regarding their properties, and constructional features. After that, 
demonstrations of endodontic retreatments using the aforementioned techniques were 
performed. Each participant received a handout defining the sequence of instruments to be 
used in each technique. Then, each undergraduate student received 3 teeth and retreated 
them using each of the 3 retreatment techniques: manual, rotary, and reciprocating groups, 
which used K-file, Mtwo retreatment file, and Reciproc file, respectively. Thus, each 
retreatment group included ten different specimens.

1. Retreatment with manual K-files (manual K-file group). A size 3 Gates-Glidden drill 
(Dentsply Maillefer) was used at 5,000 rpm to remove part of the coronal filling material in 
order to create a reservoir for the solvent. An increment of eucalyptol (0.1 mL) was introduced 
into the root canal to soften the gutta-percha for 30 seconds before further instrumentation. 
Then, all root canals were re-instrumented to the original WL using manual K-files (Dentsply 
Maillefer) up to size 40 with a push-pull movement alternated with a rotary motion. After that, 
manual K-files in sizes from 45 to 60 were used in a step-back technique.

2. Retreatment with Mtwo retreatment files (Mtwo retreatment group). A size 3 Gates-
Glidden drill and an increment of eucalyptol (0.1 mL) were used at the same manner as 
described in the manual K-file group. Then, Mtwo retreatment files R15/0.05 and R25/0.05, 
and Mtwo rotary files in sizes of 30/0.05, 35/0.04, and 40/0.04 (VDW) were used with an 
electric motor (VDW Silver, VDW). Speed setting and torque for each instrument were used 
as recommended by the manufacturer. The instruments were applied using in-and-out 
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movement, associated to a short stroking/brushing motion in a coronal direction to the full 
original WL. After 3 gentle in-and-out motion strokes, the instruments were removed from 
the canal, cleaned off by inserting into a clean stand with sponge until the WL was reached.

3. Retreatment with Reciproc files (Reciproc group). A size 3 Gates-Glidden drill and an 
increment of eucalyptol (0.1 mL) were used at the same manner as described in the manual 
K-file group. Reciproc files were moved in an apical direction in a reciprocating motion 
using in-and-out pecking motion of about 3 mm in amplitude with a light apical pressure. 
Brushing motion against the lateral canal walls was also used. After 3 pecking motions, the 
instrument was removed from the canal, and its flutes were cleaned off. An R25 file was 
used to remove the filling materials until WL was reached. Afterward, the R40 file (VDW) 
was used with the same protocol.

Each set of instruments was used in one tooth and then discarded. The criteria for the 
completion of retreatment procedures were smooth canal walls and no evident filling 
material on the files. The same irrigation protocol was applied in all groups. A 2.5% NaOCl 
was delivered using a 30-gauge side-vented needle (Max-i-Probe, Dentsply Rinn, Elgin, IL, 
USA) between each instrument change, and a total of 25 mL of 2.5% NaOCl was delivered 
per canal. After final instrumentation, all canals were dried with paper points (Dentsply 
Maillefer) and the access openings were sealed with Cavit G.

Micro-CT scanning procedures and evaluation
The sample was scanned using a micro-CT device (SkyScan 1174v2, Bruker microCT, Kontich, 
Belgium) after root canal filling and retreatment procedures using the following parameters: 
50 kV, 800 mA, isotropic resolution of 21.8 μm, 360° rotation around the vertical axis, 
rotation step of 0.5°, and frame averaging of 3, using a 1-mm thick aluminum filter. Then, the 
NRecon v.1.6.9 software (Bruker microCT) was used to reconstruct the acquired images into 
cross-sectional slices, and the volume of interest was selected to extend from the cemento-
enamel junction to the apex of the root, resulting in the acquisition of 700–800 transverse 
cross sections per tooth. CTAn v.1.16.1 software (Bruker microCT) was used for measuring 
initial and residual volumes of filling materials (mm3). The percentage of residual volume 
relative to the initial volume of the filling material was calculated.

Statistical analysis
The preliminary analysis of the raw pooled data revealed a bell-shaped distribution 
(D'Agostino and Person omnibus normality test), and statistical analysis was performed using 
parametric methods. One-way analysis of variance (ANOVA) was followed by post hoc pair-wise 
comparisons, which were performed using Tukey multiple comparisons. The alpha-type error 
was set at 0.05, and SPSS 11.0 (SPSS Inc., Chicago, IL, USA) was used as the analytic tool.

RESULTS

Remaining filling materials were observed in all specimens. The mean volume (%) of the 
remaining filling material is shown in Table 1. All techniques left an average of 3.67%–16.21% 
of root filling materials in the root canal after retreatment procedures. The mean volume of 
remaining material was significantly lower in the Reciproc group when compared to manual 
K-file and Mtwo retreatment groups (Figure 1, p < 0.05).
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The mean operating time is also presented in Table 1. The time required to achieve a 
satisfactory removal of root canal filling material and refinement was significantly lower in 
the Mtwo retreatment and Reciproc groups (p < 0.05). No instrument fracture or accident 
was observed in any of the groups.
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Table 1. Remaining filling material (%) and the time required to complete endodontic retreatments (minutes)
Group Remaining filling material (%) Time (min)
Manual K-file 13.86 ± 17.83a 23.33 ± 15.70a

Mtwo retreatment file 16.21 ± 17.08a 10.11 ± 6.15b

Reciproc file 3.62 ± 5.52b 10.11 ± 5.51b

The values are shown as mean ± standard deviation. Different superscript letters demonstrate significant 
differences in the column (p < 0.05).

Manual

A B C

Reciprocating

Rotary

c

m

a

c

m

a

c

m

a

Figure 1. Reconstructed 3-dimensional micro-computed tomographic (micro-CT) images of a given specimen of 
each group showing the presence of remaining root canal fillings in (A) bucco-lingual and (B) mesio-distal views. 
(C) Cross-sections at the (c) cervical, (m) middle, and (a) apical thirds showing the presence of remaining root 
canal fillings. 
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DISCUSSION

Although it has not been shown that there is a correlation between the presence of remaining 
material and retreatment failure [15], removing as much filling material as possible would 
minimize pulp tissue or any bacteria that may remain hidden in the canal from prior 
treatment [16,17]. Therefore, the present study evaluated the amount of remaining root filling 
materials after retreatment procedures performed by undergraduate students using manual 
K-files, Mtwo retreatment files, and Reciproc files. Although several techniques have been 
used to assess the remaining filling material inside the canal walls [3,4,9,10,17], micro-CT 
imaging was used because this highly accurate, noninvasive, and reproducible technology 
enables a precise 3-dimensional quantitative evaluation of residual filling material [7,8]. 
Moreover, this technique not only overcomes the limitations of 2-dimensinal images, but it 
may also limit potential operator bias in the interpretation of the results [18].

Previous studies have suggested that undergraduate dental students can successfully prepare 
root canals with rotary instruments, and these instruments are increasingly being integrated 
into clinical courses [13,19-20]. Up to now, no study evaluated the quality of endodontic 
retreatment performed with manual, rotary, and reciprocating techniques by undergraduate 
students. Students enrolled in this study received a standardized introduction to the use of the 
3 different instrumentation systems that were used in retreatment cases. Prior to treating the 
samples in this study, retreatment demonstrations using manual K-files, Mtwo retreatment, 
and Reciproc instruments were shown to each student.

In the current study, residual filling materials were seen in all specimens, regardless of the 
retreatment technique used. Similar findings have also been reported in previous studies 
[3,4,7-10]; however, the Reciproc technique exhibited the lowest percentage of remaining 
obturation material. Thus, the null hypothesis tested was rejected. Two previous studies 
presented controversial results regarding filling material removal when comparing Mtwo 
retreatment and Reciproc systems [9,21]. Zuolo et al. [9] showed that Reciproc files left 
the lowest mean percentage (4.57%) of remaining filling material, whereas Alves et al. [21] 
showed that the percentage of filling material removed with Mtwo instruments (96%) was 
significantly higher than Reciproc instruments (89%). This discrepancy in the results may 
be explained by differences in the methodologic design. While maxillary central incisors 
were analyzed based on photographs taken after splitting the teeth in the former study [9], 
a micro-CT tool was used to evaluate mesial canals of mandibular molars in the latter one 
[21]. Mtwo and Reciproc systems were chosen because they are similar in design, therefore 
allowing a well-controlled comparison between a single-file reciprocating system and a 
multi-file rotary system. Although these systems are similar in design, it was not possible 
to standardize the tapers because Reciproc has a variable taper along the shaft. This feature 
combined with the reciprocating movement can partly explain the improved performance 
of Reciproc instruments in the removal of root fillings herein. Moreover, contrary to 
the previous studies where retreatments were always performed by only one operator 
with experience in all tested techniques, all retreatment procedures were performed by 
undergraduate students in the present study. None of them had any type of experience using 
the 3 retreatment techniques. Thus, the present results showed the reduced learning curve of 
Reciproc instruments due to its simple usability.

Regarding the operating time, both Mtwo retreatment and Reciproc systems required 
less time to remove root filling material than manual instruments. This result is consistent 
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with others who reported that mechanical instrumentation was significantly more rapid 
than hand files [22-24]. It can be hypothesized that the active tip and the cutting blades 
of Mtwo retreatment system and the special design of Reciproc instruments as well as 
its reciprocating motion positively influenced the time required for the retreatment 
procedures [24,25].

It is well known that solvents can be used to soften and dissolve gutta-percha in the root 
canals to facilitate its penetration and removal [4,26]. In the present study, a small (0.1 mL) 
increment of eucalyptol was used only at the beginning of the retreatment procedures in 
all groups to soften the coronal filling material, and to improve the penetration of the files.

According to the results of the scans after canal obturation, no statistical difference was 
observed between the mean percentage volumes of the filling materials in all groups 
before retreatment procedures. Therefore, it allowed a better comparison of the amount of 
remaining filling material after the second scans because of standardized samples at the 
beginning of the retreatment procedures. In this study, maxillary single rooted teeth were 
used; in fact, in most of the studies evaluating retreatment techniques, straight root canals 
have been used to simplify the standardization of the specimens [3,4,9,10,17,19]. Some 
previous retreatment studies have filled teeth with lateral condensation; however, the 
continuous wave of condensation technique was used in this study because it produces a 
better root canal filling adaptation to the root canal walls than lateral condensation [27].

Two important methodological aspects should be discussed in the present study. First, since 
the students enrolled were not experienced, the order of the retreatment (manual, rotary or 
reciprocating) could affect the results. Moreover, depending on the student, the results could 
be affected, e.g., one skillful student could show better results. Nevertheless, it is important to 
emphasize that even an unskilled student would take benefits from a procedural simplification.

CONCLUSIONS

Under the conditions of this study, it can be concluded that Reciproc was the most effective 
instrument in the removal of canal filling materials during retreatments performed by 
undergraduate students. Mtwo retreatment and Reciproc techniques required less time to 
perform the retreatment procedures. No instrument fracture was observed in any of the groups.
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