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ABSTRACT

Objectives: The aim of the current study was to assess whether the amount of extruded
debris differs for straight and severely curved root canals during retreatment using H-files,
R-Endo, Reciproc and ProTaper Universal Retreatment (PTU-R) files. Additionally, the area of
residual filling material was evaluated.

Materials and Methods: Severely curved (n = 104) and straight (n=104) root canals of
maxillary molar teeth were prepared with WaveOne Primary file and obturated with gutta-
percha and AH Plus sealer. Root canal filling materials were removed with one of the
preparation techniques: group 1: H-file; group 2: R-Endo; group 3: Reciproc; group 4: PTU-R
(n=26). The amount of extruded material and the area of the residual filling material was
measured. The data were analyzed with 2-way analysis of variance (ANOVA) and 1-way ANOVA
at the 0.05 significance level.

Results: Except for Reciproc group (p > 0.05), PTU-R, R-Endo, and H-file systems extruded
significantly more debris in severely curved canals (p < 0.05). Each file system caused more
residual filling material in severely curved canals than in straight ones (p < 0.05).
Conclusions: All instruments used in this study caused apical debris extrusion. Root canal
curvature had an effect on extruded debris, except for Reciproc system. Clinicians should be
aware that the difficult morphology of the severely curved root canals is a factor increasing
the amount of extruded debris during the retreatment procedure.

Keywords: Canal curvature; Debris extrusion; Ni-Ti instruments; Retreatment

INTRODUCTION

The insufficiency of the root canal treatment can be considered as one of the major factors

in persistent or newly developed periradicular inflammatory lesions following primary
endodontic treatment [1]. In such cases, while teeth may be preserved by nonsurgical
retreatment or endodontic surgery, the complicated nature of preoperative and intraoperative
factors may influence the outcome [2,3]. Retreatment procedures require complete removal
of pre-existent root canal filling material, along with re-instrumentation, re-disinfection,

and re-filling of the root canals [2,4]. Removal of gutta-percha and sealer from the root canal
system can be performed in several ways, including the use of stainless steel hand files,
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Reciproc and PTU-R files. The second aim was to compare the file systems in terms of the
amount of extruded debris and the area of residual filling material for the entire root canal
length and each section, both in straight and severely curved root canals.

MATERIALS AND METHODS

The present study protocol was reviewed and approved by the Ethical Committee of Ege
University, School of Medicine (Approval No. 16-8.1/3). Following Kasikel Bilgi et al. [12], the
minimum sample size at an alpha level of 0.10 was determined as 24 samples for each group.
To prevent possible sample loss, 26 samples were included in each group. In total, the sample
included 208 extracted human maxillary first molar teeth without previous endodontic
treatment apical resorption, vertical or horizontal cracks, visibly immature apices, or calcified
root canals. Disto-buccal or mesio-buccal roots of the maxillary first molar teeth, into which
a15K file could not reach but a 10 K file fitted tightly at the apical foramen, were separated

at the furcation with high-speed diamond burs to prevent superposition. Digital radiographs
were then taken in bucco-palatal and mesio-distal projection to measure root canal curvature
and radius, using AutoCAD 2013 software (Autodesk Inc., San Rafael, CA, USA) as described
by Pruett et al. [14]. Teeth with root canal curvature between 0°-5° and 30°—45° and radius
8-10 mm were enrolled in the study. Overall, 104 teeth of curvature < 5° were allocated to the
straight root canal group (Figure 1A), 104 roots of curvature 30°—45° were assigned to the
curved root canal group (Figure 1B).

Access cavities were prepared, and each root length was standardized to 17 mm in both
curved and straight root canal groups by flattening the buccal cusp edges. Working length
was determined as 1 mm short of the major apical foramen. After creating a glide path
with size 20 K-files, root canal preparation was performed using the Wave One Primary
(Dentsply Maillefer, Ballaigues, Switzerland) Ni-Ti instrument (size 25/0.08). Root canals
were irrigated with a total 5 mL 2.5% sodium hypochlorite (NaOCI) (Merck, Darmstadst,
Germany) during root canal preparation, and final irrigation was performed with 5 mL 17%
ethylenediaminetetraacetic acid (EDTA) (Merck) and 5 mL 2.5% NaOCl solutions. Root
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Figure 1. The root canal curvature and radius measurement according to Pruett et al. [14] using AutoCAD
software. (A) Straight canal, (B) severely curved root canal.

canals were then dried with paper points and obturated with a Wave One Primary gutta-
percha cone (Dentsply Maillefer) and AH Plus sealer (Dentsply Sirona, Tulsa, OK, USA) in a
single-cone technique by one experienced operator. The obturations were confirmed to have
no voids by radiographs in the bucco-lingual and mesio-distal directions. Finally, Cavit (3M
ESPE, Seefeld, Germany) was placed into the access cavities, and all teeth were stored at 37°C
in 100% humidity for 30 days for sealer set.

To randomly allocate the curved root canals to the experimental groups, the teeth were first
divided into sub-groups with respect to their root canal curvature angles (30°-35°; 36°-40°;
41°-45°). Roots from each subgroup were then randomly assigned to 4 experimental groups
defined by preparation technique (group 1: H-file [VDW, Munich, Germany]; group 2: R-Endo
[Micro-Mega, Besancon, France]; group 3: Reciproc [VDW]; group 4: ProTaper Universal
Retreatment [PTU-R; Dentsply Maillefer] [n =26]). In this way, mean curvature values for
each group remained stable within the range 36°-37° (36.65° + 6.5°). Similarly, teeth in the
straight root canal group were randomly divided into 4 experimental groups (n = 26). The
method of Myers and Montgomery [15] was used when collecting the extruded material.
Before attaching the teeth to the glass vials as described by Kasike! Bilgi et al. [12] (Figure 2),
all vials were measured using a microbalance (107 g) (Sartorius, Gottingen, Germany), and
their weight was recorded.

Figure 2. The experimental set-up for the collection of the extruded debris.
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All of the tested instruments and Gates Glidden drills (VDW) were operated using the X
Smart plus endodontic motor (Dentsply Sirona) according to the manufacturer's instructions
concerning speed and torque. All retreatment protocols were performed by a single qualified
operator. With the exception of the PTU-R group, a size 3 Gates Glidden drill was used

at 1,200 rpm to remove the coronal 3 mm. Retreatment procedures were performed in
experimental groups as follows:

Group 1 H-file: H-files (sizes 35, 30, 25, 20 and 15) were used to remove the gutta-percha,
employing the crown-down technique. When the working length was reached, root
canals were re-instrumented with size 20, 25, 30, 35 and 40 H-files respectively used at
working length.

Group 2 R-Endo: R1 (25, 0.08 taper) and R2 (25, 0.06 taper) files were used at the coronal
and middle thirds, and R3 (25, 0.04 taper) was used at the working length at 350 rpm and
1.6 Ncm while removing the root canal filling material. For final apical preparation, AS30,
AS35, AS40 (40, 0.06 taper) of Revo-S instruments were then utilized at working length.

Group 3 Reciproc: The R25 (tip size 25, 0.08 taper) instrument was used in a slow in-and-
out motion to remove the root canal filling material. Following 3 pecking movements, the
root canals were irrigated, and the same protocol continued to reach the working length.
The Reciproc R40 (40, 0.06 taper for the first 3 mm) instrument was then utilized for
final preparation.

Group 4 PTU-R: Filling material was removed from the coronal, middle, and apical thirds
of the root canal using the D1 (size 30, 0.09 taper), D2 (25, 0.08 taper), and D3 (20, 0.07
taper) files at 500 rpm and 2.5 Ncm, respectively. Following the completion of gutta-
percha removal, root canals were prepared with the ProTaper Next X2, X3 and X4 (40,
0.06 taper) instruments.

Root canal preparation was stopped when the working length was reached and gutta-percha
was not observed on the surface of the instruments. Any procedural errors such as blockage,
instrument fractures, or apical perforations were recorded. No solvents were used to remove
the root filling materials in any of the experimental groups. A 30 G side-vented irrigation
needle was inserted into the canal 2 mm short of the working length, and 10 mL distilled
water was used for irrigation during the instrumentation procedure. Before the vials were
stored in a dry-heat oven at a stable temperature of 95°C for 48 hours, the apex was irrigated
into the vials, with an extra 1 mL of distilled water for collecting the debris adhering to the
external part of the root. In total, 11 mL of distilled water was used. Following evaporation of
the irrigant, each vial was measured 3 times by an examiner, who was blinded to groups. The
amount of extruded debris was obtained by subtracting the empty weight of the vial from the
post-instrumentation weight. The total area of the residual filling material was calculated
from mesio-distal and bucco-lingual projections of the periapical radiographs (Figure 3),
using Image J software (National Institute of Health, Bethesda, MD, USA). Before taking
digital radiographs, a 10 x 10 mm wire was positioned on the phosphor plates to calibrate the
measurement. The total area was calculated without distinguishing between gutta-percha
and sealer remnants during measurement. Standard radiographic exposure conditions were
employed to obtain the digital radiographs, and the X-ray source was placed 10 cm away from
the periapical film.
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Figure 3. (A) An image showing the residual filling material on the root canal walls (B) calculation of the area of
residual filling material using Image J software.

Statistical analysis

Data were analyzed using GraphPad statistical package software program (GraphPad Software,
LA Jolla, CA, USA). Shapiro Wilk test was used to evaluate the distribution of the variables

in each group in terms of both extruded debris and residual filling material. As parametric
distribution was assessed by the Shapiro-Wilk test, the influence of curvature and the
instrument type (independent variables) on the amount of extruded debris and the residual
filling material (dependent variables) were analyzed with 2-way at the 0.05 significance level.
Post hoc comparisons were completed by Bonferroni test. Since the 2-way analysis of variance
(ANOVA) test showed an interaction between curvature and instrument type on the area

of residual filling material, one-way ANOVA was performed to compare the effect of either
curvature or instrument type on the area of residual filling material for the entire and each
section of the root canals. Likewise, the correlation between the amount of extruded debris
and the residual filling material was investigated using Pearson correlation analysis.

RESULTS

Debris

No procedural errors occurred during the experiment. The mean amount of extruded debris
for each experimental group is shown in Table 1. The 2-way ANOVA test revealed that the
curvature had a significant impact (p < 0.001), whereas the instrument type had no influence
on the amount of extruded debris (p = 0.947). According to the data obtained through post hoc
analysis of 2-way ANOVA, PTU-R, R-Endo, and H-file systems extruded significantly more
debris in severely curved root canals than straight ones (Porg.y < 0.001, Py gnpo- 0.013, Prypyg <

Table 1. Amount of extruded debris (g) associated with the 4 nickel-titanium (Ni-Ti) file systems in severely curved
and straight canals

Instrument type Extruded material (g) p value
Severely curved canals Straight canals

H-file 0.00203 = 0.00090 0.000623 + 0.00045 <0.001

R-Endo 0.00173 + 0.00124 0.00093 + 0.00098 0.013

Reciproc 0.00149 + 0.00171 0.00095 + 0.00090 0.246

PTU-R 0.00187 = 0.00115 0.00068 + 0.00073 <0.001

Values are presented as mean = standard deviation.
PTU-R, ProTaper Universal Retreatment.
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0.001). However, there was no significant difference between the severely curved and straight
root canals in terms of the amount of extruded debris caused by Reciproc system (p = 0.246).

When each file system was compared with respect to the extruded debris in severely curved
root canals, the differences were not statistically significant between the file systems
(PRECIPROC'PTR»U =0.574, Precierocrenno = 0.852, Precroc-n-rie = 0.272, Prrpurenno = 0.964, Prrpou.
wre = 0.953, Prpxpo-nrie = 0.747). Moreover, regarding the amount of the extruded debris, 4
groups ranked as follows: Reciproc < R-Endo < PTU-R < H-file.

In straight root canals, 4 file systems caused a statistically similar amount of extruded debris
during removal of the root canal filling material (Pggciroc-prru = 0.807, Preciroc-renvo > 0.999,
Precioroct-rie = 0.685, Prrpu-renvo = 0.829, Prrpu-n-pie = 0.997, Prgnpo-trie = 0711), and the
ranking order of the file systems were as follows: H-file < PTU-R < R-Endo < Reciproc.

Residual filling material

The mean areas of residual filling material (mm?) are summarized in Table 2. Both curvature
(7 <0.001) and the instrument type (p = 0.021) had an influence on residual filling material.

Each file system caused more residual filling material in severely curved canals than straight
ones (Porry = 0.012, Prnpo < 0.001, Pryprs < 0.001, Prgeproc < 0.001).

In severely curved canals, the Reciproc system was associated with significantly more residual
filling material than the H-files for entire root canal length (p = 0.027). Considering each
third of the root canal, there were no significant differences among the file systems in apical
(p=0.408) and coronal thirds (p = 0.246), but at the middle third, Reciproc system resulted in
more residual filling material than both PTU-R (p = 0.015) and H-file (p = 0.004).

On the other hand, in straight canals, significantly more filling material remained for the
PTU-R than for the R-Endo system (p = 0.002) and the Hand File (p = 0.033) for the entire
root canal length. When each third of the root canal was considered, PTU-R system left more
residual filling material than the H-file (p = 0.006) and R-Endo (p = 0.034) system at the
apical and coronal third of the root canals, respectively.

The correlation between the amount of extruded debris and residual filling material was
insignificant both in severely curved (Pprr.y = 0.429, Prgnpo = 0.157, Prypig = 0.085, Preciproc =
0.299) and straight canals (Pprry = 0.211, Py gnpo = 0.478, Py gie = 0.590, Prgcroc = 0.898) for
each file system (Table 3).

Table 2. Radiographic assessment of the area of residual filling material (mm?)

Canal thirds Instrument type
Severely curved canals Straight canals

H file R-Endo Reciproc PTU-R H file R-Endo Reciproc PTU-R
Coronal 0.522 + 0.403 0.600 =+ 0.506  0.694 + 0.393 0.522 + 0.483 0.113 = 0.21 0.025 £ 0.044  0.084 = 0.164 0.145 + 0.256
Middle 0.295 + 0.341 0.523 + 0.680 0.915 + 0.952 0.369 + 0.430 0.107 + 0.138 0.063 + 0.130 0.116 + 0.233 0.219 + 0.274
Apical 0.180 + 0.332 0.380 + 0.418 0.193 £ 0.277 0.345 + 0.500 0.068 + 0.079 0.108 + 0.146 0.181+0.200  0.238 + 0.260
Total 0.998 + 0.697 1.505 + 1.164 1.799 +1.019 1.237 £1.117 0.289 + 0.304 0.197 + 0.248 0.433 + 0.435 0.599 + 0.556
Values are presented as mean =+ standard deviation.
SD, standard deviation; PTU-R, ProTaper Universal Retreatment.
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Table 3. Correlation between extruded debris and residual filling material

Curvature type Residual filling material
Value H-file R-Endo Reciproc PTU-R

Severely curved canals
Extruded debris

H-file r 0.344
p 0.085

R-Endo r -0.286
p 0.157

Reciproc r -0.212
p 0.299

PTU-R r -0.162
p 0.429

Straight canals
Extruded debris

H-file r 0.m
p 0.590

R-Endo r 0.146
p 0.478

Reciproc r 0.026
p 0.898

PTU-R r -0.254
p 0.21

PTU-R, ProTaper Universal Retreatment.

DISCUSSION

It is known that apical debris extrusion may lead to postoperative pain and flare-up, and
diminish the success rate of nonsurgical retreatment [16,17]. This may occur during
endodontic retreatment using current preparation techniques and instruments, as well as
during primary root canal treatment [5,18].

Apical debris extrusion during endodontic retreatment has previously been studied separately
for straight and curved root canals, but a few studies addressed severely curved root canals
[9,10,12,19,20]. As no previous study has evaluated the impact of root canal curvature on

the amount of extruded debris in retreatment procedures, we aimed to assess this issue was
in the current study. To prevent heterogeneity between experimental groups, only teeth of
similar length and angle of curvature (< 5° and 30°-45° with radius 8-10 mm) and teeth in
which the 15 K file could not reach the apex and the 10 K file could be tightly fitted at the
apical foramen were included.

The method of Myers and Montgomery [15] was used during the retreatment procedure
since the most commonly preferred technique to collect extruded debris. In clinical settings,
irrigation solutions such as NaOCl and EDTA are routinely used to enhance the removal of
gutta-percha and sealer [21]. However, because a constant temperature was necessary for
evaporation of the irrigant, distilled water was used in the present study to prevent possible
crystallization of both solutions and to avoid affecting the amount of extruded debris as in
previous studies [9,10,18].

The finding of the current study revealed that curvature had a significant impact on the amount
of extruded debris. Due to the lack of data about retreatment, the results of this study could
only be compared with primer debris extrusion studies. Both Hinrichs et al. [22] and Leonardi
etal. [23] reported that curvature had no effect on the amount of extruded debris, but in
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contrast to our study, both of those studies compared only straight and moderately curved root
canals. On the other hand, Karataslioglu et al. [24] reported that root canal curvature played a
significant role in debris extrusion, and our results are in accordance with that finding. It may
be speculated that in straight root canals, debris could be easily transported coronally, but in
severely curved canals, more pecking motion would be required to reach the apical area as
noted previously by Karataslioglu et al. [24] and that may result in more debris extrusion.

In the current study, 2 multi-file retreatment systems and 1 single file system, with different
kinematics were used to evaluate the amount of extruded debris during the retreatment
procedure. In the previous studies, there has been no consensus about which kinematics may
increase debris extrusion [18,25-27]. There are several investigators who reported that the
debris extrusion is more in the rotational movement or reciprocal movement [18,26-28]. On
the other hand, Kirchhoff et al. [25] compared reciprocal, rotary and adaptive movement to
evaluate the amount of extruded debris during the primary root canal treatment and reported
that there was no difference among the used kinematics. Similarly, Silva et al. [29] used the
PTU-R, Reciproc and WaveOne systems during endodontic retreatment while evaluating the
extruded debris and stated that there was no difference between the rotary and reciprocal
movement. The present study showed that the Reciprocal movement had a comparable
effect with rotary movement both in straight and severely curved root canals and this result
is consistent with the previous studies [25,29]. The present study also revealed that both
H-file and 3 Ni-Ti file systems caused a similar amount of extruded debris both in severely
curved and straight root canals. Even though the difference was not significant, H-file caused
more extruded debris in severely curved root canals. In contrast, the least extruded debris
was observed with H-file in straight root canals. Whereas the Ni-Ti files tend to displace

the debris or filling material coronally due to their design, hand files push the debris to the
periapical area in crown-down shaping. However, increased taper of Ni-Ti instruments in

the present study might have had an influence in increasing the amount of extruded debris

in straight canals as it was previously reported by Biirklein et al. [30]. On the other hand,

in severely curved root canals, H-file might have removed excessive dentin along the outer
surface of the severely curved canals in order to shape the curved area and consequently, this
might have increased the extruded debris.

In clinical conditions, gutta-percha should be removed completely from the root canal during
the retreatment procedure because the bacteria may be concealed between the filling material
and the recesses of the root canal walls. Where total removal of gutta-percha is not achieved,
apical inflammation may persist, reducing the likelihood of success [17]. Therefore, the residual
filling material should be checked by a radiograph during the process in order to make sure

that no gutta-percha is observed on the instrument. If any residual filling material is seen on
the radiographs especially at the apical area of the root canal, the shaping procedure has to be
continued until the residual filling material is completely eliminated. However, in laboratory
studies, maintaining the shaping process to completely remove the root canal filling residue
adhering to the canal wall may influence the standardization among the experimental groups.
Therefore, in the current study, after using the retreatment systems, final root canal preparation
was performed up to 2 large files from the initial instrumentation size in order to reduce the
amount of residual filling material as suggested by previous studies [12,31].

However, in the previous debris extrusion studies in retreatment procedure, the amount of

residual filling material was not evaluated except for 2 studies [10,12,20,32]. Depending on
the gutta-percha removing ability of the instrument, the area of residual filling material on
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https://rde.ac

Impact of curvature on debris extrusion

Restorative
Dentistry
& Endodontics

https://rde.ac

root canal walls would influence the amount of extruded debris. Although the primary aim in
the current study was to assess whether the amount of extruded debris differs for straight and
severely curved root canals, the area of residual filling material was also evaluated as done
previously, because the evaluation of these 2 factors concurrently and assessment of their
correlation is necessary to get a consistent data [12,32].

Regarding the evaluation of the amount of residual filling material, conventional radiography,
cone beam computed tomography and micro-computed tomography have been utilized

in the literature [33-38]. Although 3D analysis provides more detailed results [34,36,37],

these methods do not precisely reflect the clinical conditions for daily routine retreatment
procedures. Moreover, using 2-dimensional radiographs in similar studies is still considered
relevant, as stated previously [39]. Thus, as done in a former study the area of the residual filling
material was evaluated using conventional radiographic images in the present study [12].

In order to remove the root canal filling material, H-files, R-Endo, Reciproc and PTU-R
instruments were used in this study. In straight canals, the PTU-R system left significantly

more residual filling material than either the R-Endo system or Hand file; in contrast, Gergi and
Sabbagh [40] reported no significant difference between the H-file, PTU-R, and R-Endo systems.
Among the tested instruments, as the only D1 file of PTU-R system has an active working tip,
which simplifies penetration into the gutta-percha, Gates Glidden drill was not used for PTU-R
group [41]. It can be concluded that this may account for the reduced effectiveness of the PTU-R
instrument. Although previous studies have reported no statistical difference between Reciproc
and H-file in terms of residual filling material, their results align with the current study's finding
that the Reciproc system removed less material than H-file [12,36]. This may be due to subjective
factors such as brushing and pecking motions associated with the operator.

In the present study, each file system remained more filling material in severely curved root
canals. Instrumentation, especially in curved root canals, could cause procedural errors and
also files result in excessive dentin removal. Similarly, removing the root canal filling material
from the curved root canals could lead to introducing complexity to the Ni-Ti instruments
for removing the root canal filling material. A pilot hole created inside the gutta-percha
allows the files to go through inside the filling material. However, the cutting action of the
instruments could have concentrated more along the curved area. Consequently, this could
prevent the centering ability of the files as it was previously reported [42]. In addition, it
could be attributed that the presence of severe curvature could have increased the residual
filling material due to the curvature limits the access of the file to one aspect of the canal,
whereas other parts of the canal remain untouched.

In the literature, either primer root canal treatment or retreatment studies related to extruded
debris caused by Reciproc system reported contradicting results. It was reported that Reciproc
system caused less or more debris extrusion in primer root canal treatment [18,29,43].
Similarly, Reciproc system resulted in less or more debris extrusion during retreatment studies
[12,19,44]. In the present study, even though PTU-R, R-Endo, and H-file systems extruded
significantly more debris in severely curved root canals, curvature did not have a statistically
significant impact on the amount of extruded debris caused by Reciproc system. Moreover,
Reciproc system removed less filling material both in straight and curved root canals.

Although Reciproc system was assessed in the current study during the retreatment procedure
in terms of the debris extrusion and residual filling material, it was developed for primer root
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canal treatment purposes. Contrary to the primer root canal treatment, files encounter a
restriction within the root canal filling material during the retreatment procedure. Therefore,
it could not be anticipated for Reciproc system to remove the root canal filling material as
effective as the Ni-Ti files that were designed especially for retreatment purposes. The results
associated with the Reciproc system could be explained by its ineffectiveness of removing the
root canal filling material during the retreatment procedure.

While there was more residual filling material on the root canal walls, it could be anticipated
that there would be less extruded debris. However, aligning with Kasike1 Bilgi et al. [12]

and Azim et al. [32], the present study revealed that the correlation between the amount of
extruded debris and residual filling material was insignificant. Both of these parameters were
more accentuated in severely curved root canals, and it is reasonable to speculate that this is a
consequence of the difficult morphology of severely curved root canal.

CONCLUSIONS

All instruments used in this study caused apical debris extrusion and none of them could
completely remove the filling material. Although the instrument type affected only the
residual filling material, root canal curvature had an effect both on extruded debris except
for Reciproc, and residual filling material. Clinicians should be aware that the difficult
morphology of the severely curved root canals is a factor increasing the amount of extruded
debris during the retreatment procedure.
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