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Abstract
Aim: To evaluate the efficacy of three rotary instrumentation
systems in removing gutta-percha/sealer and GuttaFlow
from root canals and to determine retreatment time.
Methodology: Sixty palatal roots of extracted first maxillary
molars were selected. The samples were prepared with ProTaper Universal and then randomly divided into two groups
(n = 30). In groups A and B, the root canals were filled employing lateral compaction of GP/AH Plus and GuttaFlow2,
respectively. The samples in each group were randomly
divided into three subgroups (n = 10). Groups A1 and B1
were retreated using Reciproc. ProTaper Next was used in
groups A2 and B2, whereas groups A3 and B3 were retreated with R-Endo system. Retreatment time was recorded.
The roots were split longitudinally and examined under a
stereomicroscope and then photographed. The remaining
filling material was calculated using Image J software. A
two-way analysis of variance (ANOVA) was conducted to
examine the effect of three systems in the removal of filling
material. Moreover, a Tukey HSD test was used to perform
multiple comparisons (α = 0.05).
Results: Removal of GuttaFlow from the canals was easier
and faster than that of GP/AH Plus (p < 0.05). Generally, the
results revealed that compared to other systems, R-Endo in
group A left less filling material inside the canals (p < 0.05). It
also required less time to reach working length than the other
systems (p < 0.05). One PTN instrument and two Reciproc instruments were fractured during the retreatment procedures.

Conclusions: Based on the findings of this study, none of
the systems could completely remove the root filling material
from the root canals. However, R-Endo was found to be the
most effective instrument in the removal of GP/AH Plus.
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Introduction
The main goal of non-surgical root canal retreatment
is the retention of teeth, in order to restore periapical
tissue’s health and improve patient’s quality of life and
chewing ability. In this regard, contemporary endodontic techniques in non-surgical root canal retreatment are
shown to have satisfactory outcome [1]. The prerequisite for non-surgical root canal retreatment is adequate
removal of filling material from root canals in order to
enhance cleaning, shaping and filling of the root canals
[2]. In a systematic review by Torabinejad, et al. [3] it
was reported that orthograde retreatment has a higher
success rate (83.0%) than endodontic surgery (71.8%)
at 4 to 6 years.
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Gutta-percha is the most universally used filling
material for the obturation of root canals. It should be
removed when secondary therapy is indicated [4]. So
far, a number of techniques such as hand instrument,
rotary Ni-Ti systems, ultrasonic and laser with or without
the use of solvents have been proposed for the removal
of root filling material during retreatment procedures
[2,5,6]. Previous studies have reported that the removal
of filling material was not complete in any of the root
canals [2,4]. The apical third is the most probable area
to be cleaned and disinfected in the course of successful
retreatment as that is the third, where microorganisms
generally persist [2,4]. It is worth mentioning that the
combined use of different techniques has shown to be
more effective than only using one technique for the
removal of filling material [4].
Different Ni-Ti systems have been suggested for removing filling material from root canals [7-9]. Retreatment files are specifically designed for the use in retreatment procedures such as R-Endo system. R-Endo
system consists of four rotary files and one hand file
(Re 25/0.12, R1 25/0.08, R2 25/0.06, R3 25/0.04 and
Rm 25/0.04). The cross-section of R-Endo instruments
has three equally spaced cutting edges with neither
radial lands nor an active tip [7]. Furthermore, Reciproc and ProTaper Next systems were used for the initial root canal therapy, however they can also be used
in retreatment procedures [8,9]. Reciproc system has
three different sizes: R25 25/0.08, R40 40/0.06 and R50
50/0.05. It has an s-shaped cross-sectional design and a
non-cutting tip [8]. As for ProTaper Next, it consists of
five Ni-Ti rotary instruments: X1 17/0.04, X2 25/0.06, X3
30/0.07, X4 40/0.06 and X5 50/0.06. PTN files produce
an asymmetrical rotation and have a unique rectangular
cross-sectional design [9].
Based on literature, comparing different root filling
materials during retreatment is one of the most highly
researched topics and therefore, it is worth investigating [10]. Thus, in line with literature, this study aimed
to evaluate the efficacy of Reciproc, ProTaper Next and
R-Endo in the removal of gutta-percha/sealer and GuttaFlow from root canals. Another objective of this study
was to determine the time for retreatment. The null hypothesis tested, was that there would be no differences
between removal of gutta-percha/sealer and GuttaFlow
during retreatment procedures.

Materials and Methods
Sixty extracted first maxillary molars with single
palatal roots and fully formed apices were used in this
experimental study. Palatal roots were verified with radiography as having single canals of ≤ 30° curvatures in
buccopalatal direction. The canal curvatures were determined employing the Schneider method [11]. Their
range was between 0° and 30° with a mean of 14.05°
± 8.37° which indicates that the palatal roots had mild
(< 10°), moderate (10-25°) or severe (> 25°) degrees of
Nasiri and Wrbas. Int J Oral Dent Health 2019, 5:087
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canal curvatures. The classification of canal curvatures
in the present study followed that of the study by Alfouzan and Jamleh [12]. Residues of soft and hard tissues were removed mechanically. The selected samples
were immersed in Sodium Chloride 0.9% for 48 hours
and then rinsed with distilled water. After access cavity
preparation, working length was measured using a size
10 C-Pilot® (VDW, Munich, Germany). In fact, the file
was placed into the canal until it was visible at the apical foramen. Also, the working length was established 1
mm shorter of this length.
Regarding the instrumentation of root canals, ProTaper Universal system (Dentsply Sirona, Ballaigues,
Switzerland) was used according to the manufacturer
instruction with a sequence of SX, S1, S2, F1 and F2 (size
25/0.08 taper). After each instrument, root canals were
rinsed with two ml of 2.5% NaOCl. The smear layer was
removed with four ml of 17% EDTA within one minute,
followed by four ml of distilled water. Subsequently, the
canals were dried with paper points and randomly divided into two groups of A and B (n = 30).
Next stage was filling the samples. Samples of group
A were filled using lateral compaction technique. Gutta-percha master cones ISO 25 were coated with sealer
AH Plus (Dentsply DeTrey, Konstanz, Germany) and inserted into the palatal root canals. Also, a finger spreader was inserted for laterally pack and subsequently, accessory cones were inserted into the canals until they
were completely filled. Samples of group B were filled
with GuttaFlow2 (Coltene/Whaledent, Langenau, Germany). The convenient syringe delivery system, ROEKO
GuttaFlow2 was coated with master cones ISO 25 and
slowly inserted into the palatal roots. Subsequently,
employing a backfill technique, GuttaFlow was used to
fill any additional space that may exist in the canals.
Regardless of root length, the root filling material
was homogeneously extended to 12 mm from the
apex to the coronal third allowing the use of heatened
hand plugger. In addition, the volume of filling material
was approximately the same for all palatal roots.
Furthermore, access cavities were sealed with temporary
filling such as Coltosol F (Coltene/Whaledent, Langenau,
Germany). Finally, the teeth were radiographed in
buccopalatal direction to determine the quality of the
filling procedure. The samples were then stored for two
months at 37 °C in 100% humidity to ensure complete
setting of the filling material.
The samples in each group were randomly divided
into three subgroups (n = 10) and an ANOVA test was
performed to assure that there were no significant
differences with regard to the degrees of canal
curvatures within the six groups (p = 0.361). Afterwards,
the palatal roots were dyed and numbered with three
different colors of nail polish (A1: Green, A2: Red, A3:
Black; B1: Green, B2: Red and B3: Black).
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Removal of filling material
Groups A1 and B1: In these groups, retreatment procedures were carried out using Reciproc (VDW, Munich,
Germany) system. According to the manufacturer’s instructions, R25 (size 25/0.08) instrument was used in
an up and down motion until reaching working length.
Final apical enlargement was performed with R40 (size
40/0.06). Groups A2 and B2: In these groups, filling material was removed using ProTaper Next system (Dentsply Sirona, Ballaigues, Switzerland). X3 (size 30/0.07)
and X2 (size 25/0.06) files were used in a crown-down
technique. X3 was used for the removal of filling material in the cervical and middle thirds and X2 was used
in the apical third. Final apical enlargement was performed with X4 (size 40/0.06).
Groups A3 and B3: In these groups, R1, R2 and R3
files of R-Endo (Micro-Mega, Besancon, France) were
sequentially employed. As for the removal of filling
material in different areas, R1 files (size 25/0.08) were
used in the cervical, R2 (size 25/0.06) and R3 (size
25/0.04) were used in the middle and apical thirds
respectively. Final apical enlargement was performed
with Revo-S Classic (Micro-Mega, Besancon, France) AS
40/0.06.
A stopwatch was used to measure the retreatment
time for each specimen in the three stages: When the
working length was reached, when the filling material
was completely removed and when the whole process
was complete (total time). Retreatment procedures
were carried out with an x-smart plus endo-motor
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(Dentsply Sirona, Ballaigues, Switzerlnad) in all groups.
Speed and torque were set for each instrument according to the manufacturer’s instructions. All groups had
the same irrigation protocol for retreatment. After each
instrument, canals were irrigated with 2 ml of 2.5% NaOCl followed by a final rinse with 4 ml of distilled water.
Each instrument was discarded after being used in two
root canals. The palatal roots were decoronated with a
diamond disc up to 12 mm of the reference surface.
Furthermore, the roots were split longitudinally
with a diamond disc and both root halves were photographed under a stereomicroscope with 20 X magnification (Bresser, Rhede, Germany). The images were
then imported in Image J software (National Institutes
of Health (NIH), Bethesda, MD, USA). The root canals
were divided into three parts of four mm and the residual filling material in the canal was demarcated.
The regions and residual filling material were calculated in mm2. Afterwards, the percentages of residual filling material in the coronal, middle and apical
thirds were measured using the following equation:
area of residual filling material
Filling mateial ( % ) =
× 100
area of canal wall
Figure 1 shows an example of the evaluation of
residual material via Image J.

Statistical analysis
Statistical analysis was performed with SAS software
program (SAS institute Inc., Cary, NC, USA). A two-way
analysis of variance (ANOVA) was conducted to analyze

Figure 1: Remaining filling material evaluation with Image J software in the canal in the coronal, middle and apical thirds. a)
Before analysis; b) After analysis with Image J software.
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Table 1: Shows the mean and standard deviation of each group for remnants of gutta-percha/sealer and GuttaFlow across all
systems and regions, as well as the total results.
Region

System

Groups
Mean ± SD

Coronal

Middle

Apical

Total

A*

B*

Mean (A*, B*)

Reciproc

22.91ABa ± 11.34

11.7Ab ± 11.54

17.31A ± 12.53

PTN

25.3Aa ± 14.22

11.42Ab ± 12.49

18.36A ± 14.84

R-Endo

15.28 ± 14.07

12.06 ± 13.09

13.67A ± 13.34

Mean (Rec, PTN, R-Endo)

21.16a ± 13.46

11.73b ± 11.96

Reciproc

14.71Aa ± 12.35

14.17Aa ± 16.1

14.44A ± 13.97

PTN

20.91Aa ± 13.81

11.5Aa ± 12.2

16.2A ± 13.57

R-Endo

11.09Aa ± 7.28

10.05Aa ± 12.05

10.57A ± 9.73

Mean (Rec, PTN, R-Endo)

15.57 ± 11.97

11.9 ± 13.16

Reciproc

25.57 ± 13.06

14.73Ab ± 13.47

20.15A ± 14.3

PTN

25.58Aa ± 11.48

9.79Ab ± 10.07

17.69AB ± 13.27

R-Endo

13.34Ba ± 9.36

12.14Aa ± 9.86

12.74B ± 9.38

Mean (Rec, PTN, R-Endo)

21.5 ± 12.54

12.22 ±11.05

Reciproc

63.19 ± 16.65

40.6Ab ± 11.24

51.89A ± 18.04

PTN

71.79Aa ± 17.18

32.71Ab ± 21.21

52.25A ± 26.65

R-Endo

39.71Ba ± 12.96

34.25Aa ± 15.39

36.98B ± 14.13

Mean (Rec, PTN, R-Endo)

58.23 ± 19.77

35.85 ± 16.26

Ba

a

Aa

a

Aa

a

Aa

a

b

b

Means with the same letter are not significantly different from each other; lowercase letters indicate significant differences between
groups (P < 0.05); uppercase letters indicate significant differences among systems (P < 0.05) A* = Gutta-percha/Sealer; B* =
GuttaFlow.

the residual filling material among the regions (coronal,
middle and apical), systems (Rec, PTN and R-Endo)
and between the groups (A and B). Moreover, a Tukey
HSD test was applied for pair-wise comparisons (95%
confidence intervals). Finally, the retreatment time was
analyzed using the above mentioned tests.

Results
Remnants of filling material were observed in all
hemisection samples (Table 1).
Regarding the coronal third region, the results in
group A revealed that R-Endo system left the least residuals of filling material, while PTN system left the
highest and this result was statistically significant (p <
0.05). However, no statistically significant difference
was observed among the three systems in group B. As
for the middle third, there was no statistically significant
difference in the residuals of filling material among the
three systems and between the two groups (p > 0.05).
The results in the apical third of group A showed that
R-Endo system left significantly less remnants of filling material than Reciproc and PTN systems (p < 0.05).
However, no statistically significant difference was observed among the three systems in group B (p > 0.05).
In total, according to the results, the type of system in
group A had a significant main effect on the amount of
residuals of root filling material. R-Endo system left the
least residuals while Reciproc and PTN systems showed
significantly higher residuals of filling material (p < 0.05).
The specimens in group B, on the other hand, demonNasiri and Wrbas. Int J Oral Dent Health 2019, 5:087

strated no statistically significant difference among the
three systems (p > 0.05). Furthermore, GuttaFlow was
removed significantly easier than gutta-percha/sealer
from the root canals.
Results of the retreatment times were observed in
table 2. The results for the first retreatment time in
group A revealed that compared to Reciproc and PTN
systems, R-Endo system was significantly faster with regard to working length (p < 0.05). In group B, however,
Reciproc system required less time than the other two
systems (p > 0.05). As for T2 in group A, Reciproc system was found to be significantly slower than PTN and
R-Endo systems with regard to the complete removal of
filling material (p < 0.05). The mean of the two groups
confirmed this result. Regarding T2 in group B, the results showed that the complete removal of the filling
material took approximately the same amount of time
in all three systems and therefore, no significant difference was found (p > 0.05). The results for T3 in group
A indicated that PTN and R-Endo systems were significantly faster than Reciproc (p < 0.05). In group B, however, no significant difference was observed regarding
the total time among the three systems. In sum, it can
be reported that GuttaFlow was removed significantly
faster than gutta-percha/sealer from the root canals.

Fractured Instruments
Two Reciproc (R 25) instruments with canal curvatures of 29°, 26° and one PTN (X4) instrument with 30°
were fractured during retreatment procedures. The
• Page 4 of 6 •
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Table 2: Provides mean and standard deviation for the retreatment time (T1, T2 and T3) across all systems and groups.
Time

System

Groups
Mean ± SD

T1

T2

T3 (T1+T2)

A*

B*

Mean (A*, B*)

Reciproc

87.9Aa ± 25.46

26.82Ab ± 7.55

57.36AB ± 36.27

PTN

87.61Aa ± 34.75

35.54Ab ± 7.46

61.58A ± 36.22

R-Endo

51.4Ba ± 9.48

39.24Aa ± 12.76

45.32B ± 12.59

Mean (Rec, PTN, R-Endo)

75.63 ± 30.13

33.87 ± 10.66

Reciproc

205.95 ± 81.95

52.29Ab ± 21.71

129.12A ± 98.72

PTN

91.67Ba ± 37.84

58.5Aa ± 25.77

75.09B ± 35.81

R-Endo

91.81Ba ± 37.38

56.96Aa ± 17.5

74.38B ± 33.57

Mean (Rec, PTN, R-Endo)

129.81 ± 77.21

55.92 ± 23.2

Reciproc

293.85 ± 91.69

79.1Ab ± 26.26

186.47A ± 128.23

PTN

179.28Ba ± 45.02

94.05Ab ± 27.56

136.66B ± 56.86

R-Endo

143.21Ba ± 43.61

96.2Aa ± 16.89

119.7B ± 40.22

Mean (Rec, PTN, R-Endo)

205.44a ± 89.98

89.87b ± 24.46

a

Aa

a

Aa

b

b

Means with the same letter are not significantly different from each other; lowercase letters indicate significant differences between
groups (P < 0.05); uppercase letters indicate significant differences among systems (P < 0.05) A* = Gutta-percha/Sealer; B* =
GuttaFlow; T1 = time to reach WL; T2 = time for complete removal of filling material.

broken instruments were successfully removed and the
time needed for their removal was not recorded.

Discussion
The most important stage in the orthograde secondary root canal therapy is the removal of filling material,
including an effective debridement and use of irrigation
solution on microorganisms that trigger post treatment
diseases [13]. The present study examined the effect of
Reciproc, ProTaper Next and R-Endo systems in the removal of filling material. In addition, this study aimed to
measure and record the retreatment time. In this study,
the samples were prepared with ProTaper Universal.
PTU is a well-known system for preparation which is
made of conventional Ni-Ti alloy and is defined as an active cutting with a convex triangular cross-section for F2
[14]. One of the distinguishing features of the present
study is the use of two obturation techniques.
In this study, three different Ni-Ti systems were
used for retreatment procedures. Reciproc movement
reduces the stress on the instrument allowing the use of
counter clockwise and clockwise movements. Reciproc
and PTN are produced with M-Wire alloy. M-Wire has
higher resistance to cyclic fatigue and therefore, has
better flexibility than traditional nickel-titanium [9,15].
However, in the present study three Ni-Ti instruments
were fractured. Those were tooth number 6 and 10 in
Reciproc system and number 46 in PTN system with
canal curvatures of 29°, 26° and 30° respectively. This
may be due to the fact that the instruments were
used twice or the fact that the three teeth had severe
canal curvatures. This result was suggested by previous
studies [2,12].
As concluded in previous studies, when the enlargement in retreatment procedures is greater than the
Nasiri and Wrbas. Int J Oral Dent Health 2019, 5:087

initial preparation, the amount of residual filling material in the canal decreases [16,17]. A study conducted
by Mohammadzadeh Akhlaghi, et al. [18] showed that
preparation with larger size/taper instruments is more
effective for cleaning and disinfecting the apical third.
Therefore, in the present study, the cross sectional diameters of the final instruments were chosen with larger size. The final preparation was performed with files
size 40 to refine the root canal preparation, especially in
the apical third. The taper of file size 40 was increased
from D0 (diameter) to D1 by 0.06 mm in width and
length. The findings of the current study revealed that
the ideal file size after retreatment is ISO 40/0.06 taper
in straight, mild and moderate canal curvatures.
Retreatment time was recorded in three categories
of T1 (to reach WL), T2 (complete removal of filling
material) and T3 (total time) as done by Iriboz and
Sazak Ovecoglu [10]. Based on the results of this study,
all types of rotary Ni-Ti systems in group B required
less time in order to remove GuttaFlow compared to
the time needed for the removal of the gutta-percha/
sealer in group A. This result is consistent with that of
Khedmat, et al. study [19].
So far, various methodologies have been used in
order to determine residuals of filling material such
as rendering transparency [7], x-ray imaging [9],
micro-CT [17], cone beam CT [19] and splitting roots
longitudinally [20]. Vertical splitting is a well-established
and an adequate method, which was employed in this
study [21,22]. In this study, the specimens were split
vertically and images of the halves were obtained using
a stereomicroscope and then evaluated with Image J
software. Image J software is a well-known program for
analysis of scientific images [23].
• Page 5 of 6 •
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According to the data of the results in the present
study, GuttaFlow was removed significantly easier
from the root canals in group B in comparison to the
removal of gutta-percha/sealer in group A. Thus, the
null hypothesis tested was rejected. This finding is in
line with that of the study conducted by Khedmat, et
al. [19]. Furthermore, in group A, more residuals of root
filling were observed in the coronal third than in the
middle third. As Capar, et al. [16] reported this result
might be rooted in the fact that Gates Gliden drills were
not used in the coronal third.
Generally, it can be reported that R-Endo system
removed gutta-percha and sealer significantly better than
other systems which is consistent with the result of Mollo,
et al. study [2]. This finding can be attributed to the use
of R-Endo retreatment system followed by Revo-S as final
preparation. Moreover, the findings of this study showed
that none of the Ni-Ti rotary systems completely removed
all root filling material from the root canals, which is in
agreement with previous studies [13,24].

Conclusions
Based on the findings of the present investigation, it
can be concluded that R-Endo and Revo-S system in group
A, were found to be effective in the removal of GP/AH Plus
from the root canals. Moreover, R-Endo reached working
length faster than Reciproc and PTN systems in group A.
Finally, GuttaFlow was removed significantly easier than
GP/AH Plus from the root canals.
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