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ABSTRACT

Purpose: The present study was designed to detect the effect of coronal preflaring 
on the amount of debris extrusion during canal preparation by reciprocating systems, 
WaveOne Golda nd Reciproc. Material and Methods: Sixty lower first molars having 
mesiobuccal canal curvature range between 25°-35°were used. They were divided into 
2 experimental groups (Ι and ΙΙ) according to the method of preparation of the root canal 
(30 samples each). Group I: Samples were prepared with coronal preflaring. Group 
II: Samples were prepared without coronal preflaring. The experimental groups were 
classified into 2 subgroups (A, B) according to the reciprocating single-file system used (15 
samples each). Subgroup A:Samples were instrumented using Reciproc file. Subgroup 
B: Samples were instrumented using WaveOne Gold file. The samples were mounted in 
a model to measure the amount of debris extrusion. Results: In Reciproc subgroup, no 
statistical difference was found in samples prepared with and without coronal preflaring 
regarding the median of debris extrusion(P>0.05).In WaveOne Gold subgroup, samples 
prepared with coronal preflaring showed lower value of apically extruded debris than 
samples prepared without coronal preflaring. However, no statistical difference was 
found between the tested samples in the median of debris extrusion(P > 0.05).In group I 
and II: (with and without coronal preflaring respectively), no significant difference was 
found between Reciproc and WaveOne Gold in the median of debris extruded apically 
(P> 0.05). Conclusions: During preparation of the canal WaveOne Gold and Reciproc 
reciprocating single-file systems presented similar behavior regarding the amount 
of debris extrusion.During canal preparation coronal preflaring has no effect on the 
amount of debris extrusion using reciprocating systems, Wave One Gold and Reciproc.
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INTRODUCTION

Shaping and cleaning of the canal is a very 
important procedure in root canal therapy. Cleaning 
is important in clearing pulp remnants and the 
infected part of dentin from the canals, while shaping 
enlarge the root canal system for easily placement 
of a root canal filling(1,2).Nickel-titanium (Ni-Ti 
instruments have become indispensable, due to 
their greater flexibility and super-elasticity, resulted 
in improved shaping of the canal and decreased 
transportation. Although, fracture by cyclic fatigue 
is still present in Ni-Ti instruments (3-9).

With technological advancements in movement 
kinematics, a new reciprocating Ni-Ti instrument 
has been introduced (10), and new instruments 
in reciprocating motion were used; Reciproc, 
WaveOne and WaveOne Gold. The direction of 
cutting of these instruments is CCW, soif the CW 
movement was smaller than the CCW movement 
the instruments can cut (11-13). 

Extrusion of irrigating solutions and debris 
contain microorganisms, dentin particles, and pulpal 
fragments during canal preparation may occur. 
These extruded elements can cause inflammation, 
flare-ups, and failure (14). It was concluded that 
by many studies all instruments and preparation 
techniques extruded debris apically (15-18). Although, 
the possibility of debris extrusion during preparation 
of the canal in reciprocating instruments is greater 
than those obtained with rotary instruments (19-22). 
Therefore, methods to minimize this phenomenon 
are continuously investigated. 

For debris collection in the coronal portion 
of the canal a reservoir can be created by coronal 
preflaring. Therefore, making coronal preflaring 
before canal instrumentation, make the coronal 
part large for debris removal (23). Moreover, it has 
been concluded that irrespective of the preparation 
technique used coronal preflaring led to smaller 
amounts of debris extruded apically (24).

It has been concluded that more significantly 
debris was extruded by the Reciproc system than 
the WaveOne system (25,26). Moreover, the Wave One 
Gold extruded less amount of debris than Reciproc. 
One Shape and F360 files (27). On the Other hand, it 
has been demonstrated that compared to Reciproc 
system WaveOne had more apical debris extrusion 
(28).In previous studies, it has been reported that 
no significant difference between WaveOne and 
Reciproc(29), or Reciproc, One Shape and Wave One 
instruments(30).

Apical debris extrusion has been demonstrated 
to vary based on files number, shape of the 
file system, movement kinematics and coronal 
preflaring. Therefore, the current study was directed 
to detect the influence of coronal preflaring on 
debris extrusion during preparation of the canal by 
single reciprocating file systems; WaveOne Gold 
and Reciproc.

MATERIAL and METHODS

Samples preparation and selection:

Sixty lower first molars with mesial roots having 
2 separate mesial canals and apical foramina, an 
average length of 15 to 16 mm, were extracted and 
selected. The mesiobuccal canal curvature ranged 
between 25°-35° according to Schneider technique 
(31) and standardized apical foramen diameter to # 10 
K-file. In accordance with guidelines of Research 
Ethics Committee (REC) of Al-Azhar University, 
Faculty of Dental Medicine for Girls, ethical 
approval for the use of extracted teeth of human 
were obtained.

Using diamond disc all crowns were decapitated 
at the cemento-enamel junction using constant water 
cooling to have the same root length (15-16mm).
The distal root of each sample was resected at the 
level of the furcation with a tapered diamond stone 
in a high-speed handpiece. 
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Determination of root canal curvature: 

The samples were placed in plastic dental arches 
that used as a holder to ensure samples stability 
during scanning. Radiographs were taken for each 
sample in the clinical view by using # 10 K-file 
in mesiobuccal canal adjusted to apical foramen, 
using an image plate of indirect digital radiography 
with Orix X-ray machine (ARDET Srl, Italy) at 60 
Kilovolt, 10 mA for 0.04 seconds exposure time. The 
flatbed scanner was used and the image plate was 
inserted into it and within seconds on the computer 
screen the radiographic image was displaced and 
saved.

To determine the angle of curvature by using Vista 
Scan System (DBS-WIN Software),Schneider’s 
technique was used. Through the coronal straight 
part of the canal, a straight line (a) was drawn and 
from the apical foramen a second line (b) was drawn 
to make intersection in the point where the first line 
left the long axis of the canal. The intersection of the 
two lines form the angle (α) and it was measured as 
the canal curvature. In each sample, the root canal 
curvature was drawn three times, where the distance 
of the second line was fixed in each time to ensure 
reproducible measurement and then the mean of the 
three values was calculated.

Debris extrusion model:

To evaluate the extrusion of debris the samples 
were mounted in experimental model (25).On the 
Eppendorf tube cap a hole was created and the 
sample was placed up to the cemento-enamel 
junction. To make the pressure of the air outside and 
inside the Eppendorf tubes equal needle with25-G 
was placed through the cap for drainage. Then, the 
needle and the root in each cap was inserted to its 
Eppendorf tube which was fixed to vials surrounded 
with aluminum foil to not allow seeing debris 
extruded during instrumentation.

The whole apparatus was used only by the 
vial. By using a microbalance, to 10−5 precision 

the Eppendorf tubes were weighed before canal 
instrumentation, three consecutive measurements 
was taken to record the mean value for each 
Eppendorf tube.

Samples grouping and root canal instrumentation:

Samples were classified into 2 experimental 
groups (I and II) according to the method of root 
canal preparation used (30 samples each):

Group I: Samples were prepared with coronal 
preflaring using # 3, #2 and #1 Gates Glidden drills 
respectively, where Gates Glidden drill # 3 used to 
a depth 1mm, followed by #2 to depth 2mmand # 1 
used to depth 3mm, then the canals were irrigated 
with distilled water. 

Group II: Samples were prepared without 
coronal preflaring.

Each experimental group was classified into 
2 subgroups (A and B) according to reciprocating 
single-file system used in root canal instrumentation 
(15 samples each): 

Subgroup A: (Reciproc):

The Reciproc R25 file (# 25/0.08 taper) was used 
according to the manufacture recommendations. 
The Reciproc file was adjusted to 2/3 of the working 
length (WL) and inserted with a slow pecking 
motion in-and-out into the canal without removing 
the instrument totally from the canal. The in-and 
out-movements did not be more than 3-4 mm. 
The instrument was removed from the canal after 
three in-and out-movements to clean the flutes. For 
irrigation distilled water was used, and then the file 
was re-used in the same manner until the correct 
working length was reached.

Subgroup B: (WaveOne Gold):

The WaveOne Gold Primary file (# 25/0.07 ta-
per) was used according to manufacture recommen-
dations. After creating a glide path, the Primary file 
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was inserted and the rubber stopper was adjusted to 
the reference point to detect the initial file penetra-
tion depth. The file was passively advanced down-
ward into the canal upon activation of the recipro-
cating motor and in the presence of irrigation solu-
tion (distilled water).

After 2 in-and-out-movements (pecks) the 
instrument’s flutes were cleaned to enhance 
debris removal. After each step, the instruments 
were inspected for any distortion before using the 
instrument again. Before using the instrument again 
any compacted debris should be cleared from the 
root canal. The next cutting cycle was performed to 
reach the full WL.

With 10 ml of distilled water dispensed through 
a 31-gauge side vent irrigating needle, canal 
irrigation was done after instrumentation; the 
needle was inserted 2mm shorter than the working 
length without binding. Four root canals could be 
prepared by only one file. Finally, each sample will 
be flushed with distilled water in order to clear any 
debris present inthe outerpart of the apex.

Evaluation of apically extruded debris:

The Eppendorf tubes were taken away from the 
vials at the end of the canal preparation. One ml 
distilled water was used to wash and collect the 
debris present in outer surface of the apex. Before 
measuring the dry debris an incubator at 37 °C for 
15 days was used to evaporate the distilled water(15).
With a difference of <0.00002 g for each tube three 
consecutive weights was taken, to calculate the 
mean value. The empty Eppendorf tube original 
weight was subtracted from the gross weight to 
determine the net weight of the dry debris.

Statistical analysis:

The distribution of data was checked by the tests 
of normality (Kolmogorov-Smirnov and Shapiro-

Wilk tests). Data gave non-parametric distribution. 
Data were showed as median, minimum and 
maximum values. To compare between the two 
systems as well as to study the effect of coronal 
flaring Mann-Whitney U test was used. To know 
the difference between the four groups Kruskal-
Wallis test was used. When Kruskal-Wallis test 
is significant Dunn’s test was used for pair-wise 
comparisons. The significance level was set at P ≤ 
0.05. Statistical analysis was performed with IBM, 
SPSS Statistics Version 20 for Windows.

RESULTS

Differences in the amount of debris extrusion 
within each subgroup:(Table 1) and (Fig. 1)

a. Subgroup (A) (Reciproc):

The minimum, maximum and median of 
debris extruded apically of group I (with coronal 
preflaring) and group II (without coronal preflaring) 
were (0.0011, 0.0070 and 0.0023) and (0.0013, 
0.0047 and 0.0023) respectively. Mann-Whitney 
U test proved that, no statistical variables was 
found between samples prepared with and without 
coronal preflaring in the median of debris extrusion 
(P>0.05).

b. Subgroup (B) (WaveOne Gold): 

The minimum, maximum and median of apically 
extruded debris of group I (with coronal preflaring) 
and group II (without coronal preflaring) were 
(0.0011, 0.0057 and 0.0019) and (0.0014, 0.0039 
and 0.0023) respectively. The results revealed that, 
samples prepared with coronal preflaring showed 
lower value of apically extruded debris than samples 
prepared without coronal preflaring. However, 
Mann-Whitney U test showed that, no statistically 
significant variables was found between the tested 
groups in the median of debris extrusion(P>0.05).
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Table (1): The minimum, maximum and median of debris extruded apically with and without coronal 
preflaring within each subgroup.

Instrument
Group I

(With coronal preflaring)
Group II

(Without coronal preflaring) P-value
Minimum mMaximu Median Minimum Maximum Median

Subgroup A
(Reciproc) 0.0011 0.0070 0.0023 0.0013 0.0047 0.0023 0.853

Subgroup B
(WaveOne Gold) 0.0011 0.0057 0.0019 0.0014 0.0039 0.0023 0.426

*: Significant at P ≤ 0.05

Table (2): The minimum, maximum and median of apically extruded debris comparing the tested instruments 
within each group.

Instrument

Subgroup A
(Reciproc)

Subgroup B
(WaveOne Gold) P-value

Minimum Maximum Median Minimum Maximum Median

Group I
(With coronal preflaring) 0.0011 0.0070 0.0023 0.0011 0.0057 0.0019 0.426

Group II
(Without coronal 

preflaring)
0.0013 0.0047 0.0023 0.0014 0.0039 0.0023 0.912

*: Significant at P ≤ 0.05

Comparison in debris extrusion between the two 
instruments: (Table 2) and (Fig. 2)

a. Group I: (With coronal preflaring):

The minimum, maximum and median of 
apically extruded debris of subgroup A (Reciproc) 

and subgroup B (Wave One Gold) were (0.0011, 
0.0070 and 0.0023) and (0.0011, 0.0057 and 0.0019) 
respectively. The results revealed that, samples 
prepared with WaveOne Gold showed lower value 
of apically extruded debris than samples prepared 
with Reciproc. However, Mann-Whitney U test 
proved that, no statistically significant variables was 
found between the tested instruments in the median 
of debris extruded apically (P>0.05).

b. Group II: (Without coronal preflaring):

The minimum, maximum and median of 
apically extruded debris of subgroup A (Reciproc) 
and subgroup B (WaveOne Gold) were (0.0013, 
0.0047 and 0.0023) and (0.0014, 0.0039 and 
0.0023) respectively. Mann-Whitney U test proved 
that, no statistical variables was found between the 
tested instruments in the median of debris extrusion 
(P>0.05).

Figure (1) A bar chart comparing the median of debris extruded 
apically with and without coronal preflaring within 
each subgroup.
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DISCUSSION

Dentin chips, irrigants, microorganisms and 
remaining pulpal tissues can be escaped into 
periapical tissues when the root canal was prepared 
despite the correct length of the work. Undesired 
consequences, like pain after treatment, delay the 
healing apically and inflammation may cause due 
to escape of these elements into periapical tissues 
(32,33). In the present time none of instruments or 
preparation techniques are not causing debris 
extrusion (15,34); however, quantity of debris may 
be different according to the design of the file and 
endodontic instruments kinematics(16,29). 

Recently a new Ni-Ti reciprocating instruments 
has been introduced (10) .The number of cycles of the 
instrument would be reduced due to the alternating 
changes in direction of rotation and therefore, 
decrease the instrument cyclic fatigue compared to 
instruments with a consistent rotating motion (35,36). 
Also these instruments decrease files needed and the 
steps number while still allowing a good cleaning 
and preparation of the root canal (37). However, there 
are conflicting results regarding the debris extrusion 
during preparation the canal with reciprocating 
systems. (19-22).

The clinical technique in which reciprocating 
instruments like WaveOne Gold and Reciproc 
are used can have a large effect in the successful 
outcome of the cleaning and preparation phase of 

endodontic treatment. The reciprocating movement 
has many advantages compared to instruments that 
are used in a consistent rotating motion (38).

Coronal preflaring is used in the root canal ori-
fice to remove cervical interferences which cause a 
problem in the instrumentation of the canals (39). To 
permit the file preparing the apical part in less fric-
tion and less contact in the wall and facilitates the 
access for irrigants coronal preflaring is used(40,41). 
The reciprocating systems used do not have a coro-
nal flaring instrument so Gates-Glidden drills were 
used.

Between different systems differences in 
extrusion of debris have also been observed. It 
related to cutting blade, the taper, tip design, 
flexibility, and the cross section and also, cutting 
efficacy, number of files and concepts of use. 
Therefore, the aim of the present study was directed 
to detect the influence of coronal preflaring on the 
quantity of debris extrusion while preparation of 
the canal by two reciprocating systems; Wave One 
Gold and Reciproc.

In the current study extracted first lower molars 
with the mesiobuccal root canals curvature range 
between 25°-35° were used according to Schneider’s 
technique (31) due to their anatomical characteristics, 
where most of them are narrow and curved (42).

The most common endodontic complexity is the 
curved canals (43).In the larger and straight canals 
lot of techniques and methods of canal preparation 
work well. However, the complexity of the case 
increases markedly when the curvature of the canal 
reaches 30 degrees or more and in the simpler cases 
the techniques that give good results may or may 
not be successful (44). 

To measure the debris extruded apically, differ-
ent techniques are used. In this study, the technique 
which was used to collect and quantified the amount 
of debris extruded to the apex is easier than other 
methods (25).

Figure (2) A bar chart comparing the median of debris extrusion 
between the tested instruments within each group.
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To prevent sodium hypochlorite from making 
crystals, irrigation with distilled water was used, 
because the crystals that still present cannot be 
detached from the debris after the irrigation solution 
evaporate. These may change the results (45,14).To 
prevent debris extrusion to the apex by anything 
different from the instrumentation system used, the 
irrigating needle was used passively without binding

In the current study, the length of the work was 
adjusted 1 mm short of the apex, where it has been 
reported that significantly less debris extrusion was 
contributed to adjusting the length of the work1 mm 
before the apex (46-48).

No statistical difference was found in Reciproc 
system between Reciproc with coronal preflaring 
and Reciproc without coronal preflaring in the 
quantity of extrusion. This could be with reason 
that, centering ability associated with reciprocation 
and the cutting efficiency of the Reciproc 
instruments allows the enlargement of narrow 
and un-instrumented canals in a safe manner 
without coronal preflaring. Moreover, the Reciproc 
instrument used in the lateral walls in a brushing 
motion making the same action of coronal preflaring 
with Gates Glidden drills (49).

These results were in disagreement with other 
study which reported that, using Reciproc file 
without coronal preflaring produced significantly 
more debris in comparison to Reciproc file used 
with coronal preflaring(23). This divergence in results 
could be explained by using different teeth (single 
rooted mandibular incisors).

In Wave One Gold system, the canals prepared 
with coronal preflaring produced less apically 
extruded debris compared to those prepared 
without coronal preflaring. However, no significant 
variables were found between Wave One Gold with 
coronal preflaring and Wave One Gold without 
coronal preflaring in the amount of debris extrusion. 
This could be due to creation of debris container to 
collect of debris in the coronal part of the canal by 
coronal preflaring, as debris were directed coronally 

by Ni-Ti instruments (50). Therefore, the amount 
of debris extrusion may reduce by increasing the 
coronal part for debris.

These results were in agreement with other study 
which stated that, the amount of debris extrusion was 
reduced by coronal preflaring when compared to no 
coronal preflaring using two reciprocating single-
file systems. Moreover, another study stated that, the 
amount of debris extrusion was reduced when using 
reciprocating single-file systems after making coronal 
preflaring before canal preparation (23, 24).

In group I (with coronal preflaring), the use of 
Wave One Gold system produced lower value of 
apically extruded debris compared to Reciproc 
system. However, no significant difference was 
observed between WaveOne Gold and Reciproc 
systems in the median of debris extrusion.

These results could be due to the cross-section 
of the WaveOne Gold instrument which is a 
parallelogram with two 85-degree cutting edges 
in touch with the walls of the canal, changing 
with a patented off-centered cross section where 
only one cutting edge is in touch with the walls 
of the canal that allow additional space around 
the instrument. Therefore might provide space for 
debris accumulation and coronal removal of debris 

(51). Furthermore, Wave One GOLD decrease the 
mass at the center of the tip as its tip is tapered and 
modified, therefore improves its penetration into 
any canal eliminating the need to push on the file, 
and thereby promoting minimal apical extrusion (52).

These results were in agreement with a recent 
study which revealed that, maximum amount of 
debris extruded by Reciproc while Wave One 
Gold system resulted in smallest quantity of debris 
extrusion in comparison with WaveOne Gold, One 
Shape and F360 file systems (27).

In group II (without coronal preflaring), no 
significant variables was found between Reciproc 
and Wave One Gold systems in the median of 
debris extrusion. These can be due to the design of 
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the cross-sectional of Wave One Gold and Reciproc 
systems, where, the constant taper in the first 3 mm 
of the working part that descends to D16 and the 
S-shape cross-section of Reciproc instrument along 
the entire length of the working part might favor 
better removal of debris in coronal direction (26).
Moreover, the additional space around Wave One 
Gold instrument might provide space for coronal 
debris removal (51).

These results were inconsistent with other study 
which detected that smallest quantity of periapical 
debris extrusion was resulted by Wave One Gold, 
while maximum amount of debris was resulted by 
Reciproc, when compared with Wave One Gold, 
One Shape and F360 file systems. This divergence 
in results could be explained by using different teeth 
(straight single canals) (27).

CONCLUSIONS

1. Reciproc and WaveOne Gold reciprocating 
single-file systems presented similar behavior 
during preparation of the root canal regarding 
the quantity of debris extrusion.

2. Coronal preflaring has no impact on the 
quantity of debris extrusion using Reciproc and 
Wave One Gold reciprocating systems while 
preparation of the canal.
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