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ABSTRACT 
Objective: The preparation technique, file design, and irrigation technique influence the risk of debris and the 

bacterial extrusion during root canal preparation, whichtcan lead to inflammation in the periapical tissue. Thus, 

this study sought to evaluate and compare the effects of continuous-rotation and reciprocating single-file 

application on debris extrusion, and the presence of Enterococcus faecalis.  

Methods: Single roots were randomly contaminated with E. faecalis bacterial isolates into the root canal of 32 

mandibular premolars, then divided into two groups. Continuous-rotation single file and reciprocating single 

file Reciproc Blue were used to create root canals (VDW Dental, Germany). Data on debris and bacterial 

extrusions is collected using the Myers and Montogomery models. Weighing the trash tubes before and after 

instrumentation allowed us to detect extrusions. The presence of E. faecalis in the collected trash was 

determined by the development of blue-green colonies on CHROMagar.  The Mann–Whitney U 

nonparametric test and categorical comparative test..were applied..to elucidate significant..differences..among 

the groups.  

Results: No..significant..differences between debris extrusion (p = 0.513) and the number of E. faecalis 

organisms (p = 0.479) were seen between the continuous rotation and reciprocating single files.  

Conclusion: Both continuous-rotation and reciprocating single-file systems were linked to debris and E. 

faecalis extrusion in this investigation, although there were no significant differences in debris weight or E. 

faecalis extrusion between the two instruments. 
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INTRODUCTION 

One of the major prerequisites of root canal 
treatment is chemomechanical root canal system 
preparation [1]. The extrusion of intracanal debris 
and irrigants into the periradicular tissues is, 
however, an inherent hazard with all root canal 
shaping and cleaning techniques [1]. Dentine 
chips and pulp tissue, which contain 
microorganisms that are accidentally pushed 
from the root canal into periapical tissue during 
chemomechanical preparation, may promote 
postoperative complications, and pain or flare-up 
may occur, which may delay periapical healing 
[2].  During chemo-mechanical techniques, apical 
extrusion of the microbe and/or their products 
may cause acute periradicular inflammation. The 
amount and pathogenicity of the extruded 
microorganisms play a role in the host response 
[3]. Thus, selecting the optimal instrumentation 

technique should be done carefully to limit the 
periapical extrusion of intracanal materials during 
treatment [3,4].  
Enterococcus faecalis is not a dominant 
microorganism in the oral niche-associated 
endodontic microflora. However it is, one of the 
most common bacterial species linked to 
persistent endodontic infections. Research 
suggests that E. faecalis in endodontic primary 
infection composes around 4% to 40% of root 
canal microorganisms. However, in the case of 
endodontic failure, the number of E. faecalis 
increases by nine times or more. In infected root 
canals, E. faecalis may form biofilms, make it 
1,000 times more resistant to phagocytosis, 
antibodies, and antimicrobials [5,6]. 
The application of the rotating technique during 
instrumentation, according to Reddy and Hicks, 
tends to pack dentinal debris into the flutes of 
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instruments and send it toward the orifice in 
engine-driven procedures. This results in the 
hypothesis that continuous rotational motion will 
produce less debris extrusion [4]. Ruddle and 
Blum concluded that a wider cutting angle and a 
lower release angle constitute the reciprocation 
movement. The flutes will not remove debris while 
revolving at the release angle, but rather push 
them apically, which may lead to greater debris 
extrusion [7,8].  
Previous studies on the effects of motion on apical 
debris extrusion have shown inconsistent results. 
According to certain research, there are no 
statistically significant variations in the amounts of 
apically extruded debris created by reciprocating 
and rotating devices. Meanwhile, the opposite 
result has been reported by others [9]. The goal of 
this in vitro study was to compare and assess the 
amount of apical debris and E. faecalis 
organisms detected in the apical extrusion 
utilizing continuous rotation and reciprocating 
single-file systems. 
 
MATERIAL AND METHODS 

This was an in vitro study approved by the 
appropriate institutional ethics committee with 
ethical clearance no: 16/ethical 
exempted/FKGUI/XI/2018. A total of 32 removed 
human single-rooted mandibular premolars were 
chosen, each with one root canal and fully 
developed apices. The teeth were cleansed and 
placed in a physiological saline solution to 
eliminate soft tissue remnants and debris, then 
stored in a refrigerator at 4°C until use.  

An endodontic access cavity was prepared (Endo 
Access Bur; Maillefer, Ballaigues, Switzerland) 
using a high-speed handpiece. The canal patency 
was adjusted with a size no. 15 K-file to create 
uniformity (Dentsply Maillefer, Switzerland). Each 
canal's working length (WL) was calculated as 1 
mm less than the length of a size no. 15 K-file 
visible at the major of the apical foramen. 
The experimental model described by Myers and 
Montgomery [8] was used in this work. The 
stopper is removed from an Eppendorf tube and 
put into the experiment. The starting weight of the 
tube was measured using an analytical balance 
with a precision of 10-4 g. Each plug has a hole 
drilled into it. A 27-check needle is put next to the 
plug, acting as a drainage cannula and 
maintaining air pressure within and outside the 
tube. The assay was gas sterilized at 74°C after 
being autoclaved in ethylene oxide gas (STERIS, 
Guide, Gracious, USA) for a 12 hour cycle at 2.4 
bar pressure. 
Laboratory stock of clinical isolates of E. faecalis 
was grown on selective CHROMagar 
(CHROMagar, Paris, France). E. faecalis for 24 
hours at 37°C [10]. These clinical isolates were 
taken after obtaining ethical clearance from the 
Faculty of Dentistry Universitas Indonesia,  
Nomor: 99/Ethical Clearance/FKGUI/X/2014. 
Selective CHROMagar was used to ensure that E. 
faecalis was the only bacteria involved in this 
study without contamination by other 
microorganisms (Figure 1). 

 
 

 
 
 
 
 
  

  
 

 

 

 

 

 

Fig.1:E. faecalis identification on CHROMagar a. CHROMagar showed no E. faecalis, b. E. faecalis 
identification in CHROMagar appeared as blue-green colonies. [11] 

 
Further, turbidity was adjusted to 0.5 McFarland 
to ensure that the number of bacteria was 1.5 × 
108 CFU/mL was inoculated into the prepared 
root canal. Then, 10 µL of sucrose brain–heart 
infusion was added. The entire apparatus 

samples in a jar were supplied with 10% CO2, 
10% hydrogen, and nitrogen to facilitate an 
anaerobic condition, followed by the incubation 
of these samples at 37°C for 48 hours.  
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Fig.2:depicts the device that was used to gather extruded debris. 

 
Figure 2. The apparatus used for the collection of 
extruded debris: A. Tooth, B. rubber cover, C. 
Eppendorf tube, D. Vial glass, E. 23-gauge 
needle.[12] 
All infected teeth were further randomly divided 
into two experimental groups according to the file 
system as follows:  

 Group 1: Root canals were instrumented 
using a One Curve file (size 25, taper: 0.006) 
with an in-and-out action at a rotational 
speed of 400 rpm, and 2 Ncm torque with an 
X-Smart Plus endo motor (Dentsply Maillefer, 
Ballaigues Switzerland).  

 Group 2: Root canals were instrumented with 
a Reciproc Blue file (size 25, taper: 0.008) 
using the recorded Reciproc program of the 
X-Smart Plus endo motor.  

The same operator performed all root canal 
instrumentation procedures in this study. After 
every two in-and-out motions, the instruments' 
flutes were cleaned. Irrigation was done with 2 
mL of 0.9 percent saline (NaCl) solution 
throughout each interval. For each sample, a 
fresh piece of equipment was employed. 
After the instrumentation was done, the teeth and 
tubes were removed from the apparatus. Debris 
adhered to the root surface was collected by 
washing 1 mL of NaCl over the apex and into an 
Eppendorf tube; subsequently, 100 L of the 
solution was extracted from the Eppendorf tube 
and incubated for 24 hours at 37°C in 
CHROMagar. On CHROMagar, bacterial 
colonies from debris extrusion were found. 

Before weighting the dried debris, the Eppendorf 
tubes were stored in a heat block incubator at 
110°C and monitored every 30 minutes until they 
appeared dry to assure evaporation and drying of 
the saline. To determine the ultimate weight of the 
tubes, including extruded debris, an analytical 
balance was used to weigh them. For each tube, 
three successive weights were obtained, and an 
average value was determined. 
The Statistical Package for the Social Sciences, 
version 2.0, was used to conduct statistical tests 
(IBM Corp., Armonk, NY, USA). The Mann 
Whitney U nonparametric test was used to 
examine debris extrusion. A categorical 
comparative test was used to examine the number 
of E. faecalis organisms. Statistical significance 
was defined as a p-value of less than 0.05 (95 
percent). 
 
RESULTS 

The amounts of apically extruded debris and E. 
faecalis were recorded for both two groups. The 
Mann–Whitney U nonparametric test was applied 
to analyze debris extrusion between two groups. 
Table 1 shows that the minimum value of the two 
experimental groups was zero, meaning there 
was no extrusion of debris, while the maximum 
value of instrumentation using continuous-
rotation system (One Curve) was 5.30 mg and 
the maximum value of instrumentation using the 
reciprocating system (Reciproc Blue) was 13.20 
mg. No statistically significant difference was 
found between the weight of extruded debris by 
either the rotation or reciprocal single file 
instrumentation (p > 0.05).  

 

Table 1. Comparison of debris extrusion (mg) between continuous-rotation (One Curve) and 
reciprocal (Reciproc Blue) single file instrumentation* 

 Group N Median (mg) 

(minimum–maximum)  

p-value 

One Curve 

Reciproc Blue 

16 
16 

0.250 (0.00–5.300) 
0.300 (0.00–13.20) 

0.513 
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*Mann–Whitney U test (p < 0,05) 
 
The presence or absence of E. faecalis extrusion 
was observed after 24 hours of incubation time 
grown on CHROMagar. The percentage of E. 
faecalis extrusion in the group prepared with 
continuous rotation (One Curve) was larger 
(62.5%) than that in the group treated using the 
reciprocating system (43.8%). The significance 

value in the categorical comparative test using a 
continuity correction test was 0.473, which means 
that there was no statistically significant difference 
(p > 0.05) between the continuous-rotation 
system (One Curve) and the reciprocal system 
(Reciproc Blue) as shown in Table 2. 

 

Table 2. The significance value of the presence of E. faecalis extrusion (%) between continuous-
rotation (One Curve) and reciprocal (Reciproc Blue) single file instrumentation* 

Groups N 

 

Absence of E. faecalis 

extrusion 

Presence of E. faecalis 

extrusion 

p-value 

 One Curve 

Resiproc Blue 

16 
16 

6 (37.5%) 
9 (56.2%) 

10 (62.5%) 
7 (43.8%) 

0.479 
 

 
*Continuity correction test (p < 0.05) 
 

DISCUSSION 

The current research shows that both continuous 
rotation and reciprocating systems are linked to 
debris extrusion and E. faecalis. This is in line with 
prior studies, which found that all root canal 
preparation techniques and equipment could 
result in a significant quantity of debris and 
bacterial extrusion [8,9,13,14]. Chemomechanical 
root canal preparation treatments can cause an 
inflammatory response by forcing dentin particles, 
necrotic pulp tissue, and bacteria into the 
periapical region from the apical foramen. As a 
result, minimizing debris extrusion can help to 
reduce the likelihood of endodontic flare-up and 
postoperative pain [2,9,15].  
Only single-rooted mandibular premolars with 
straight canals were used in this study in order to 
get valid and comparable anatomical baseline 
data. To eliminate variables that could skew the 
results, the teeth were carefully chosen based on 
tooth type, WL, canal size, and canal curvature 
[2,16,17].  
With an increase in the diameter of the apical 
patency, there is a propensity for increased apical 
extrusion. In the current investigation, if a size 
no.15 K-file protruded beyond the apical 
foramen, the tooth was disqualified. Because a 
WL 1 mm short of the canal length contributed to 
much reduced debris ejection, instrumentation 
was limited to 1 mm short of the apical foramen. 
To eliminate any changes in the amount of 
extruded debris and bacteria due to the size of 
apical enlargement, the apical diameter of 
master apical instruments in all groups was 
standardized at a size of 25 for both continuous- 
 
rotation (One Curve) and reciprocating (Reciproc 
Blue) systems [8,12,18]. 

E. faecalis was chosen for this investigation 
because it is a nonfastidious, easy-to-grow 
anaerobic bacteria that has been linked to the 
pathogenesis of periradicular lesions after root 
canal treatment [17]. This bacterium is detected in 
a high percentage of root canal failures and can 
survive in the root canal as a single organism or 
as a large component of the flora without 
symbiotic support from other bacteria [16,19]. As 
we found in this study, E. faecalis colonies were 
observed after the extruded debris had been 
distributed on an agar medium. This indicates 
that there was E. faecalis growth in the root canal. 
However, the location of the bacterium could not 
be predicted either in the root canal or in dentin, 
as E. faecalis can survive in both locations [19–21]. 
Additionally, as we grew the bacterium only for 
24 hours prior to the experiment, we assumed 
that the bacterium could be staying only in the 
root canal. Therefore, further studies are 
necessary to determine the location of E. faecalis 
and to discern which preparation method 
appears appropriate to eliminate this bacterium 
from infected root canal teeth. 
The irrigation techniques in this study were 
controlled by using manual passive irrigation to 
prevent bias in the research results. As the irrigant 
was put into the canal, the 30-gauge side-vented 
needle tip was entered passively and never 
permitted to bind. Using side-vented needles to 
reduce apical extrusion has been demonstrated to 
be beneficial in several trials. This needle design 
was developed to improve the hydrodynamic 
activation of irrigants, prevent high pressure in 
the apical terminus, and avoid pushing debris 
and irrigants into the periapex [14,22]. 
Because saline has no antibacterial qualities, it 
was utilized as an irrigating solution. As a result, 
debris and bacterial extrusion were solely 
dependent on instrument mechanical action. To 
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avoid such a mismatch in data collecting, the 
NaOCl irrigant was substituted with saline to 
avoid crystal formation, which could not be 
separated from the cutting debris [9,19,23]. 
According to recent studies, engine-driven rotary 
instruments produce less extrusion than hand 
instrumentation because the former has a 
tendency to attract debris into its flutes, causing 
the material to be drawn out of the root canal in 
a coronal direction. 
When compared to the step-back approach, the 
crown-down technique has been demonstrated to 
have less extrusion [14]. Because the coronal third 
of the root canal contains the greatest number of 
microorganisms, this initial preparation of this 
section of the root canal system serves to limit the 
quantity of microorganisms that may be propelled 
apically. 
Since the greatest number of microorganisms in 
the root canal is located in the coronal third, this 
initial preparation of this part of the root canal 
system helps reduce the number of 
microorganisms that may be propelled apically. 
Second, opening the coronal portion of the 
preparation early can help with instrument control 
throughout the apical part of the root canal 
preparation [14,19]. 
The obtained difference of debris extrusion may 
be associated with preparation techniques, the 
cross-sectional design of the instrument, pitch 
design, and variations in tapering of the 
instruments [9,24,25]. Both the single file One Curve 
and Reciproc Blue instruments exhibit progressive 
variable pitch. The increasing variable pitch 
decreases the tendency to screw in and also 
reduces the helical angle, which in turn reduces 
the apical extrusion [14].  
The One Curve file features three different cross-
sections over the length of the blade, whereas the 
Reciproc Blue system has an S-shaped cross-
sectional design with sharp cutting edges. The file 
has a changeable three-cutting-edge pattern 
towards the tip. The cross-section gradually 
changes from three to two cutting edges in the 
middle, and the blade has two cutting edges as it 
approaches the shaft. The aggressive cutting 
ability of the files allows them to remove a 
significant quantity of dentin in a shorter period of 
time than continuous-rotation files, but they are 
unable to displace debris coronally and hence 
promote apical extrusion of debris when used in 
conjunction with a reciprocal motion [24,26].  
A wider cutting angle and a lower release angle 
constitute the reciprocal movement. The flute will 
not remove material when rotated at an angle of 
release, but will push it apically, possibly resulting 
in extrusion of bigger debris [8,27]. Due to their 
reciprocating and in-and-out filing motion, the 

Reciproc Blue files may operate as a piston, 
extruding more debris and irrigant than the One 
Curve instrument. Meanwhile, the file's constant 
movement could operate as a screw conveyor, 
allowing dentin chips and debris to be 
transported coronally more efficiently  However, 
several studies have found no significant 
difference in the amount of debris extrusion 
between reciprocal and continuous rotational 
motion measurement. [26]. However, several 
studies have found no significant difference in the 
amount of debris extrusion between reciprocal 
and continuous rotational motion measurement 
[9,28–30]. 
Many investigations have discovered that bacteria 
extrude with debris through the apical foramen, 
and that the weight of the debris (quantitative 
factor) is directly connected to the virulence of the 
bacteria, while the intensity of the periapical 
inflammation is connected to the virulence of the 
bacteria (qualitative factor) [12]. However, some 
research has shown no correlation between the 
volume of extruded debris and the number of 
bacteria extruded. These findings could be 
explained in a variety of ways. First, the irrigant is 
expected to diffuse or be moved more easily than 
solid hard tissue debris through the apical 
foramen. Furthermore, because of the use of an 
antibiotic irrigant such as NaOCl in the clinical 
setting, it is believed that the majority of extruded 
bacteria will be dead [23,31]. 
The CHROMagar E. faecalis was used to 
determine whether there was extrusion of E. 
faecalis following root canal preparation and 
irrigation in the test groups. brain–heart infusion 
agar can also be used as a culture medium but, 
in this study, CHROMagar was used to facilitate 
the identification of E. faecalis bacteria via the 
appearance of blue-green colonies [11,32]. 
This study collected apically extruded debris using 
the approach outlined by Myers and Montgomery 
(see Kalra, 2017) [12]. This methodology is well 
acknowledged and has been used in past 
research.However, although this technique allows 
comparison of system records under the same 
conditions, this technique has limitations. The 
most significant drawback of this approach is that 
periapical tissue is required and cannot be 
duplicated. Apical extrusion is unrestricted in the 
absence of physical backpressure exerted by the 
periapical tissues in vivo. As we also found in this 
study, this is a drawback of the in vitro design 
without periapical resistance; consequently, when 
applying current findings to clinical 
circumstances, a certain amount of caution is 
required [22,23,33].  

 
CONCLUSION 
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Both instruments, the continuous-rotation and 
reciprocating single files, were linked to some 
apically extruded debris and E. faecalis 
survivability. In terms of apical debris extrusion or 
E. faecalis, there were no statistically significant 
variations between the two groups. However, 
additional research should be conducted in order 
to have a better understanding of the biological 
processes that play a large role in post-
instrumentation flare-up. 
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