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INTRODUCTION
Failure of endodontic treatment 
can be attributed to several factors 
such as unistrumented canals or its 
irregularities, lack of adequate ob-
turation, insufficient coronal seal, 
persistent infection, among others 
(1-4). When root canal retreatment 
is indicated clinicians should re-
move the obturation material so 
re-instrumentation and chemical 
irrigation of the root canals can 

achieve initial bacterial decontamination allowing further intracanal dressing insertion. After the 
infection has been controlled new obturation material can be inserted inside the root canals (5).

During retreatment procedures, numerous techniques are used to remove the filling material 
from root canals. However, previous studies (6-11) showed that due to the circumferential design 
of retreatment instruments (12), and variability of root canal anatomy, remaining filling material 
(RFM) could still be left inside the root canal. Thus, in a complex canal anatomy, the retreatment 
procedure will be challenging. Therefore, to improve the removal of the RFM several authors rec-
ommend the use of supplementary steps such as Hedström (H) files (13), motor-driven instru-
mentation systems (14), the use of solvents and passive ultrasonic activation (15, 16), the Xp-Endo 

• This Micro-CT study evaluated the remaining wall 
thickness and filling material removal of C-shaped 
canals using SAF and H file.

• 30% and 18% of the RFM still was left inside when 
using SAF and H file respectively.

• The mean wall thickness after all procedures ranged 
between 0.8 and 1.01 mm for the SAF group and 07 
to 0.9 mm with H-file.

HIGHLIGHTS

Objective: The aim of this study was to evaluate the use of Self-adjusting file (SAF) system and Hedström (H) 
file for removing remaining filling material (RFM) from C-shaped canals.
Methods: 20 C-shaped mandibular second molars with C1 configurations were instrumented, filled with 
tagger´s hybrid technique. Samples were divided into 2 groups (n=10). Reciproc R25 and a Mtwo 35/04 file 
were used for retreatment in both groups. Then, a 2.0 SAF file (group I) and a #35 H file (group II) were used 
as supplementary steps for RFM removal. Micro-CT scanning was performed after every procedure. Total 
volumes were calculated and converted into percentages. Also, the minimum wall thickness at 3, 5, 7 mm 
from apex was calculated. The Prism 7.0 software was used as the analytical tool with a significance of 5%.
Results: Initial obturation removal was approximately 64% in group I and 67% in Group II. The apical third 
had the highest values of RFM. The use of a H file significantly reduced the RFM compared to SAF in the to-
tal canal length respectively (30% vs 18%) and at 1-3 mm and 3-6 mm when compared to the use of SAF. A 
statistically significant decrease of RFM and minimum wall thickness were observed in both groups (P<0.05).
Conclusion: None of the retreatment techniques completely removed RFM. The apical region was the more 
unaffected area. Also, the SAF file was less effective than the H file in removing the RFM. Although C-shaped 
canals possesses thinner dentinal wall thickness, no excessive dentine removal was observed after each in-
strument use.
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sterile gauze. The canals were irrigated with 2 mL of 1% NaOCl 
after instrumentation of each third. After completion of root 
canal preparation, three applications (20 seconds each) of 
passive ultrasonic irrigation (PUI) using the Irrisonic tip (Helse 
Ultrasonics, Ribeirão Preto, SP, Brazil) with 1% NaOCl and with 
17% EDTA were implemented. The canals were finally irrigated 
with 5 mL of saline solution and dried with paper points (VDW, 
Munich, Germany).

Afterwards, all specimens were obturated using the Tagger’s 
Hybrid technique with a #60 gutta-percha stainless com-
pactor (Gutta condenser; Dentsply Maillefer) using two R25 
single gutta-percha cones (mesial and distal canals) (VDW, 
Munich, Germany) and 6 auxiliary gutta-percha points. Sealer 
26 (Dentsply Maillefer, Ballaigues, Switzerland) was used as a 
sealer. Finally, the crowns were sealed with Coltosol (Coltène 
AG, Alstätten, Switzerland) temporary restorative material and 
stored at 37°C and 100% humidity for 1 month. 

After that, all teeth were mounted on a custom-made acrylic 
attachment and scanned in a micro-CT system (SkyScan 1174; 
Bruker-microCT, Kontich, Belgium), with the following param-
eters: 50-kv x-ray source at 800-μA, 0.8º rotation step, 360º of 
rotation and an voxel size of 14.1-μm. Then, images were re-
constructed with the NRecon software (NRecon v.1.6.3, Bruk-
er-microCT).

Calculation of the filling material volume and sample di-
vision
The CTAn v1.5.4.0 software (Bruker-microCT) was used to cal-
culate the filling material volume (mm3) of the root canal from 
the binarized area inside the region of interest. The binary 
value set on the histogram for each specimen was selected 
and used in all further micro-CT analyses. Additionally, three 
segments of the root canal: apical (1-3), middle (3-6) and cervi-
cal (6-9) mm were measured separately. 

Once the volumes were obtained, the specimens were di-
vided into two groups of 10 teeth each, considering simi-
lar lengths and internal filled canal volumes. An unpaired t 
test using the Prism 7.0 software (GraphPad Software Inc., 
La Jolla, USA) was performed to confirm similar distribution 
regarding the initial obturation volumes. In this part of the 
study, the statistical analysis confirmed an even distribution 
of the group samples with no differences on the median 
canal volumes between group I (19.13±4.72) and group II 
(21.97±5.79) mm3 (P>0.05).

Initial removal of the filling material, re-instrumentation 
of root canals
For the filling material removal, the C-shaped root canal 
anatomy was considered as two main canals (distal and 
mesial). The material removal started with the Reciproc sys-
tem R25 (25/0.08) (VDW, Munich, Germany) using a VDW Sil-
ver motor (VDW) in the reciproc mode. An in-and-out peck-
ing motion in three stages for both canals, (cervical, middle, 
and apical third) until reaching the WL carefully cleaning 
the file after each removal with sterile gauze. Also, a gentle 
brushing movement without forcing the instrument was per-
formed towards the canal walls and isthmus region of the C-
shaped canals trying to remove root filling material from that 

finisher R file (12) sonic and photon-induced photoacoustic 
streaming activation of NaOCl (17) and the Self Adjusting file 
(SAF) (6, 18). This last system has been used in several retreat-
ment studies in curved mesial roots of mandibular molars (12, 
19, 20) and oval shaped canals (6, 13) showing good results as 
a supplementary file to remove RFM. 

Currently, there is a lack of studies regarding retreatment of 
the C-shaped root canal anatomy. This anatomy is usually 
more prevalent in second mandibular molars with fused roots 
containing several internal variations in its cross-sections, high 
canal volumes, large apical diameters and small amount of 
dentine thickness towards the radicular groove (21, 22). These 
complexities make the proper cleaning, shaping and obtura-
tion often complicated, especially in the apical third (22-26). 
For this reason, it is important to evaluate techniques for re-
moving the filling material during retreatment of C-shaped 
canals, without removing excessive amount of dentine next to 
the groove region. 

Based on the above considerations, the aim of this study was 
to:

1. Evaluate with micro-CT technology the remaining filling 
material removal after supplementary steps using the SAF 
system and using a manual H file in mandibular second 
molars with C-shaped canals.

2. Analyze the remaining wall thickness towards the radicular 
groove after removal of the filling material and after the 
supplementary steps.

The null hypothesis to be tested is that there is no difference 
in the removal of filling material and dentine thickness during 
retreatment of C-shaped root canals between the SAF and H 
File used as a supplementary approach.

MATERIALS AND METHODS

Sample preparation
From a previous micro-CT pre-scan of one hundred mandibu-
lar second molars with fused roots, twenty mandibular second 
molars with C-shaped merging type canals and C1 cross-sec-
tional configuration: An uninterrupted C-shaped canal with no 
separation or division (27, 28) were selected. The Institutional 
Ethics Committee approved this research (#703.054).

Root canal instrumentation, obturation and initial micro-
CT scan
Access cavities were performed, and the working length (WL) 
was established 1 mm shorter than the tooth length to the 
major apical foramen using a 10K file (Dentsply Maillefer, Bal-
laigues, Switzerland). Then, a single operator performed the 
root canal instrumentation using the Reciproc system, until 
a R25 (25/0.08) instrument (VDW, Munich, Germany). The C-
shaped root canal anatomy was considered as two main canals 
(distal and mesial) so, the R25 reciprocating instrument was 
introduced in both canals using an in‐and‐out pecking motion 
with an amplitude of approximately 3 mm with gentle apical 
pression until it reached the WL. After three pecking motions, 
the instrument was removed from the canal and cleaned with 
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threshold values were applied. The volume of RFM was calcu-
lated as previously explained.

Volumes of the initial filling material removal with Reciproc/
Mtwo in both groups and the removed RFM with the SAF and 
H file were recorded and converted into percentages relative 
to the pre-treatment volume of the filling material.

Minimum wall thickness analysis
Using the DataViewer v1.5.4 software (Bruker-microCT, Kon-
tich, Belgium), the cross-sectional micro-CT images sections at 
3, 5 and 7 mm from the root apex were recorded and co-reg-
istered, with a total 120 images per group (approximately 40 
slices per third). Then, the Ctan software v1.5.4.0 (Bruker-mi-
croCT, Kontich, Belgium) was used to measure the length of 
the minimum wall thickness towards the C-shaped groove 
(danger zones) at all cross-sections. The final cross-sectional 
image was considered as the initial image to be measured, 
which allowed locating where the minimum wall thickness 
was situated, and then, the rest of the cross-sectional images 
were measured at the exact same point of the initial image. 
Three blind operators performed all the slice measurements 
and the mean values per third were calculated.

Statistical analysis
All collected data from the micro-CT analysis was submitted 
to a Shapiro Wilk test, which confirmed a normal distribution 
of the samples. For the intragroup comparison of the RFM, a 
paired t test was performed, while in the intergroup compari-
son an unpaired t test was used. The minimum wall thickness 
data were analyzed using repeated-measures one-way ANO-
VA. Additionally, comparison between groups was performed 
using the unpaired t test. The Prism 7.0 software (GraphPad 
Software Inc., La Jolla, USA) was used as the analytical tool and 
the significance level was set at 5%.

RESULTS

Remaining filling material
Table 1 shows the mean percentage and standard deviation of 
the filling material removal at the total canal length and also at 
the evaluated thirds. In the intragroup comparison, a statisti-
cally significant decrease of the RFM was observed at the total 
canal length, in both groups, after the use of supplementary 
steps (P<0.05). The initial filling material volume for group one 
was 19.13 mm3 which decreased to 7.15 mm3 after Reciproc/

region. Irrigation with 2 mL of 1% NaOCl after instrumenta-
tion of each third was implemented. The removal procedure 
was considered complete when no further filling material 
was adhering to the instrument. Final apical enlargement 
was performed with the Mtwo (VDW) rotary system until a 
35.04 file. Irrigation with 5 mL of 1% NaOCl and saline solu-
tion was carried out and the canals were dried with paper 
points (VDW, Munich, Germany). 

Second Micro-CT scan.
Subsequently, all specimens were submitted to another Mi-
cro-CT scanning using the same parameters from the begin-
ning. After images reconstruction with the NRecon software, 
calculation of the filling material was made with the CTAn 
v1.5.4.0 software (Bruker-microCT) as explained previously. 

Supplementary step for the remaining filling material removal 
with the SAF system and H File, and final Micro-CT scan.

SAF system
In group I, a 2.0 mm in diameter SAF (ReDent Nova, Raanana, 
Israel) was operated in the canal using an RDT3 hand piece 
head (ReDent Nova) attached to the Endomate rotatory motor 
(NSK, Tokyo, Japan) at 5000 rpm which produced 5000 vibra-
tions per minute with an amplitude of 0.4 mm. The SAF was 
connected to a Vatea system irrigator (ReDent Nova) and ac-
tivated for 3 min with 1% sodium hypochlorite as an irrigant 
solution at a flow rate of 5 mL/min. One SAF instrument per 
canal was used in this process. The file was directed towards 
the isthmus direction trying to contour the C-shaped root ca-
nal anatomy. 

Hedström (H) file
A #35 H file (Dentsply Maillefer, Ballaigues, Switzerland) per 
canal was used to remove the RFM of the canal using a in 
and out and push-pull filing motion at full WL towards the 
C-shaped canal walls until no filling material came out. The 
same amount of irrigation solution was used as in the first 
group. 

Final irrigation in both groups with 5 mL of 1% NaOCl and sa-
line solution was carried out and the canals were dried with 
paper points. Then the specimens were submitted to a last 
micro-CT scanning using the same parameters of the pre-
vious ones. Also, during reconstruction of these images, the 
same reconstruction parameters settings and the same binary 

TABLE 1. Mean percentages and standard deviation (SD) of the remaining filling material of both groups at the total canal length and at 
the apical, middle and coronal thirds

                                                      Group I                                             Group II

 After reciproc/Mtwo After SAF After reciproc/Mtwo After H file

Remaining filling material volume (%)
Total canal length 36.01±15.87aA 30.06±13.35bA 33.26±14.74aA 18.68±11.79bB

 1-3 mm 62.31±18.10aA 55.26±19.99bA 65.38±16.89aA 34.86±23.27bB

 3-6 mm 47.61±17.79aA 43.88±17.35bA 43.36±19.27aA 25.96±14.84bB

 6-9 mm 21.61±17.05aA 15.27±12.56bA 17.54±12.07aA 7.46±7.06bA

Different lowercase letters between columns represent significant differences in the intragroup comparison: After Recicproc/Mtwo vs After SAF (group I) and After Re-
cicproc/Mtwo vs After H file (group II), while different uppercase letters were used for the intergroup comparisons; (After Recicproc/Mtwo (gtoup I) vs After Recicproc/
Mtwo (Group II) and After SAF (group I) vs After H file (group II).
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performed in the intergroup comparison, no statistical differ-
ences were found at all evaluated sections (P>0.05).

DISCUSSION
Unsuccessful root canal treatment can provide an optimal en-
viroment for micro-organisms inside the root canal causing 
post-treatment apical periodontitis (4). If the root canal anat-
omy is simpler with few anatomical complexities, around 91% 
removal of the obturation material is achieved (13). On the 
contrary, in complex root canal anatomies, some authors re-
ported more difficulty to remove the obturation material (15, 
29). Hence, leaving canal areas with considerable amounts of 
non-removed RMF might restrict the irrigant solutions and in-
tracanal dressings of contacting bacteria compromising the 
root canal retreatment (2). 

To remove the initial filling material, the Reciproc system was 
used. Approximately 65% of the obturation mass from the 
C-shaped canals in both groups was removed. The cutting effi-
ciency of this instrumentation system has been reported to be 
superior to other retreatment techniques (9, 11). However, in 
C-shaped canals our results evidently reflected the difficulty to 
achieve a fully removal of the RFM especially in the apical third 
followed by the middle third (Fig. 3). For this reason, supple-
mentary instrumentation steps were used. In previous studies 
(6, 18), a better performance of the SAF as a supplementary re-
treatment step in oval shaped canals was reported. However, in 

Mtwo and to 6.05 mm3 after SAF use. In group II, the total ob-
turated canal volume was 21.97 mm3 which decreased to 7.13 
mm3 after Reciproc/Mtwo use, and to 3.68 mm3 with the use 
of the H File.

The apical third had the highest values of RFM in both groups 
after both removal stages (Fig. 1). For the intergroups compar-
ison, no differences between groups were found after initial 
filling material removal with Reciproc/Mtwo. However, the 
use of a H file significantly reduced the RFM in the total canal 
length and also, at 1-3 mm and 3-6 mm when compared to the 
use of SAF (P<0.05).

Minimum wall thickness analysis
In both groups, a progressive and significant decrease of the 
wall thickness was observed at all the evaluated cross-sec-
tions (P<0.05) (Table 2 and Fig. 2). The initial remaining wall 
thickness at 3, 5 and 7 mm was 0.97, 1.05 and 1.25 mm, while 
in group two was 0.93, 0.96 and 1.23 mm, respectively. In the 
initial obturation removal step, an approximately 0.10 mm of 
dentine was removed with the Reciproc/Mtwo files in both 
groups and all cross-sections. Subsequent SAF use removed 
an additional 0.80, 0.77, 0.98 mm while the H file removed 
0.63, 0.49 and 1.30 mm of root dentine at 3, 5 and 7 mm from 
the apex respectively. However, when an unpaired t test was 

TABLE 2. Mean percentages and standard deviation (SD) of the minimum wall thickness measurements at 3, 5 and 7 mm from the root 
apex

   Group I   Group II

  Initial (mm) Reciproc/Mtwo (mm) SAF (mm) Initial (mm) Reciproc/Mtwo (mm) H file (mm)

3 mm 0.97±0.38aA 0.89±0.35bA 0.81±0.33cA 0.93±0.39aA 0.83±0.34bA 0.74±0.30cA

5 mm 1.05±0.45aA 0.96±0.47bA 0.89±0.44cA 0.96±372.9aA 0.85±0.37bA 0.78±0.37cA

7 mm 1.25±0.57aA 1.11±0.55bA 1.01±0.50cA 1.23±0.45aA 1.07±0.46bA 0.898±0.42cA

Different lowercase letters represent significant differences in the intragroup comparison: Initial vs Reciproc/Mtwo vs SAF (Group I) and Initial vs Reciproc/Mtwo vs H 
file, while different uppercase letters were used for the intergroup comparisons: Initial between gorup I and II, Reciproc/Mtwo between gorup I and II and SAF vs H file 
comparisons (P<0.05).

Figure 1. Representative micro-CT 3D images of all retreatment proce-
dures at the total canal length, Group I: (a) Initial, (b) after R25/Mtwo, 
(c) after SAF 2.0 mm, and Group II: (d) Initial, (e) After R25/Mtwo, (f) 
after #35 H file in the attempts to remove the RFM

a

d

b

e

c

f

Figure 2. Representative micro-CT 2D images of the remaining wall 
thickness at 7 mm from the apex. Group I: (a) Initial, (b) After R25/
Mtwo, (c) After SAF 2.0 mm. And Group II: (d) Initial, (e) After R25/
Mtwo. (f) After #35 H file. Notice the progressive removal of dentine 
towards the C-shaped groove after each supplementary step
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use large tapers in C-shaped canals due to the excessive dentine 
removal towards the C-shaped groove which could weaken the 
tooth structure. In our study, the initial minimum wall thickness 
was around 1mm in average at 3 and 5 mm, and 1.2 mm at 7 
mm from the apex in both groups similar to a previous study 
(22). After each retreatment step, a significantly thickness de-
crease was observed towards the radicular groove (Table 2). The 
cervical third had the lower quantity of RFM after instrumen-
tation steps but had the highest amounts of dentinal removal. 
The H file was more aggressive in removing RFM than the SAF, 
however, it was at expenses of removing more root dentine (Fig. 
2) rejecting our second null hypothesis. Although our results 
showed that it still remained an average of 0.74 mm of dentine 
thickness at the apical and middle thirds, special care must be 
taken to avoid canal transportation or excessive dentine remov-
al that could induce root fracture while attempting to eliminate 
the RFM from C-shaped canals (33). Perhaps, the use of solvents 
during the supplementary steps would help the instruments to 
remove the RMF more easily (34). However, this factor was not 
part of the aim of this study. 

A previous study recommended thermoplasticized gutta-per-
cha techniques to fill the irregularities of these anatomies (24). 
In our study the tagger´s hybrid technique was used to fill the 
C-shaped canals with the intention to push sealer and soft-
ened gutta-percha into the isthmuses areas and try to stan-
dardize the obturated canal volumes. In a recent in vitro study 
using 3D printed replicas (31), the cold lateral compaction 
technique showed less voids percentage in the apical region 
when compared to thermoplasticized gutta-percha tech-
niques. In our study, the lateral compaction was used before 
using the guttacondensor to thermoplasticize the gutta-per-
cha, thus, this probably influenced in the good quality of ob-
turation revealed by the Micro-CT analysis. Perhaps in a clinical 
situation where a C-shaped canal needs retreatment, the canal 
obturation quality could be inferior and the removal of the fill-
ing material would be easier. 

Micro-CT has the advantage to be a non-destructive research 
method that permitted to evaluate quantitative and qualita-
tive 3D data of root filling material removal (11, 35). Another 
advantage was that the specimen could be analyzed at dif-
ferent stages of the treatment procedure serving as its own 
control (25). A limitation of the study could be the small sam-
ple size so the results should be interpreted with caution. 
However, a rigorous sample selection was made to minimize 
variables that would interfere with our results. Selecting C1 
merging type canals only, almost equal root lengths, and se-
lecting similar obturated canal volumes in both groups were 
performed to the reduce the risk of bias.

CONCLUSION
Within the limitations of this in vitro study it can be concluded 
that: 

1. The C-shaped root canal system presents an anatomical 
challenge where none of the retreatment techniques com-
pletely removed the remaining filling material.

2. The apical region presented the highest values of RFM af-
ter all the performed procedures. 

our study, the SAF system only removed an extra 6% of the RFM 
form the C-shaped canals, leaving about 29% of RFM. Thus, the 
first null hypothesis could be accepted. A possible reason to ex-
plain the SAF performance in our study could be found in a re-
port of Siqueira et al. (30) which suggested that the contraction 
capacity of the SAF file may challenge the SAF file from entering 
the isthmus area and cut dentine or filling material with its abra-
sive surface. Furthermore, Abramovitz et al. (19), suggested that 
that the high flexibility of the SAF file might interfere with its 
scrubbing effect, and it may not be sufficient to remove such 
quantities of RFM attached to the different dentinal walls.

The second supplementary instrument used in this study was 
the H file which removed 14% of the RFM form the total ca-
nal. A previous study reported that the H file had a better per-
formance in removing RFM as a supplementary file (13). This 
manual file has a rigid metal core that can be directed and 
forced into the dentinal walls in circumferential movements 
removing the RMF out of the canal more easily. Even though a 
better performance with H file in comparison to the SAF was 
found in our study, high percentages of RFM still remained in-
side the canals in both the groups (30% SAF and 18% H file) 
and thus, it should not be considered as an effective removal. 

As mentioned before, the apical portion of the C-shaped ca-
nal systems are connected by ribbon-like isthmi in which in-
struments could hardly be inserted making it complicated to 
shape and obturate (23-25, 31). Thus, in C-shaped retreatment 
procedures, these complications might also be expected when 
removing the RFM as revealed by our results. After supple-
mentary instrumentation with SAF and H files, the RFM of the 
apical third reduced to 55% and 34% respectively. As to our 
knowledge, this is the first study of retreatment of C-shaped 
canals using Micro-CT technology and no other studies were 
found to compare similar results. However, other studies using 
different anatomical variations also reported high percentag-
es of RFM at the apical third (15, 32). 

A previous study reported that the usage of large tapers and 
tips may promote greater filling material removal but also larger 
apical transportation (32). Gao et al. (27) recommended not to 

Figure 3. Representative micro-CT 2D images of at 1 mm from the apex 
(WL). Group I: (a) Initial, (b) After R25/Mtwo, (c) After SAF 2.0 mm 
and Group II: (d) Initial, (e) After R25/Mtwo, (f) After #35 H file in the 
attempts to remove the RFM
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