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Article Type: Original Article  Introduction This study used different irrigation techniques to compare the levels of apical bacterial extrusion 
during the preparation of root canals with a reciprocating instrument widely used in endodontics, the Reciproc 
files 25/0.08 and 40/0.06. Materials and Methods: The irrigation techniques employed were conventional 
syringe irrigation and passive ultrasonic irrigation (PUI); the latter, with one or two activation cycles. Seventy 
extracted mandibular human premolars were contaminated with Enterococcus faecalis for 5 days and were 
distributed into 6 experimental groups (n=10), and the remaining specimens were used as positive and negative 
control groups (n=5). Group 1: instrumentation performed with Reciproc 25/0.08 and conventional syringe 
irrigation; Group 2: instrumentation performed with Reciproc 25/0.08 along with PUI for one minute after 
instrumentation (PUI-1); and Group 3: instrumentation performed with Reciproc 25/0.08 along with PUI for 
one minute before and after instrumentation (PUI-2). Groups 4, 5 and 6 were instrumented with Reciproc 
40/0.06, and irrigation was performed similar to the previous groups, in the aforementioned order. Each root 
canal was irrigated with saline solution. Extruded debris was collected in microtubes. The contents of the 
microtubes were homogenized, diluted, and spread on Brain Heart Infusion agar. After 48 hours, the number 
of colony-forming units was determined for each sample. For statistical analysis, the Kruskal-Wallis test followed 
by the Dunn’s tests were used (α=0.05). Results: The CFU/mL count indicated that the instrumentation with 
Reciproc 25/0.08 was associated with the highest bacterial extrusion, mainly when PUI was performed (P<0.05). 
Conclusion: All the instrumentation techniques caused bacterial extrusion through the apical foramen; however, 
the largest file size of the Reciproc 40/0.06 groups was associated with less apical bacterial extrusion.  
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Introduction 

uring chemomechanical preparation of the root canal 
system, instruments and irrigation solutions are used with 

the aim of eliminating pulp tissue, microorganisms, as well as 
removing debris [1, 2]. In this way, infection control and 
prevention of apical bacterial extrusion are achieved, as they are 
part of endodontic treatment goals [3]. However, the extrusion 
of intracanal bacteria beyond the apical foramen and to the 
periradicular tissues can occur during the instrumentation of 
root canals, regardless of the preparation technique and the 
irrigation protocol employed [1-4]. Clinically, these factors 

promote complications such as postoperative pain, 
inflammation or infection, and flare-ups, and possibly delay the 
healing process [5].  

The extent of bacterial debris extrusion may vary based on the 
instrument type, design, instrumentation technique, number of 
files, size of apical preparation, irrigation solution and technique, 
kinematics, as well as different root canal anatomies [6-9]. Up until 
now, laboratory studies have shown that all instrumentation 
systems commercially available can extrude bacteria beyond the 
apical foramen [4, 6-11]. Among these, the Reciproc (VDW, 
Munich, Germany) is a widely used single-file system in 
endodontics. It is made from a nickel-titanium alloy called M-Wire 
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and has previously been suggested that its apical preparation sizes 
did not have a significant effect on bacterial extrusion [11]. Despite 
that, the literature is limited on the correlation between different 
irrigation techniques as well as the Reciproc system and its apical 
diameter; considering the possible effect of irrigation technique as 
an influential factor on the extrusion of bacterial debris [9].  

The Reciproc single-file system manufacturer recommends 
its use in three steps, with irrigation performed alternately to the 
use of the instrument. Then, irrigation can possibly be 
considered insufficient in this treatment protocol. The 
conventional syringe irrigation (CSI) uses a needle attached to a 
disposable plastic syringe and has been performed routinely; 
nevertheless, this technique has several limitations [2, 9, 12]. To 
compensate these limitations, in addition to mechanical 
systems, irrigating solution agitation has been suggested for 
increasing cleanliness. The passive ultrasonic irrigation (PUI) is 
one indicated method, wherein an ultrasonic tip is activated 
inside the root canal along the working length (WL), moved 
passively in up-and-down motions to induce cavitation and 
acoustic streaming [12], and facilitates the removal of debris and 
remnants of pulp tissue [12-14]. Recently, PUI was associated 
with greater debris and bacterial extrusion [9]. However, it is 
necessary to investigate the variety of file systems and irrigation 
protocols that could be employed in endodontic therapy to 
provide consistent scientific evidence. Additionally, we can 
hypothesize that the number of activation cycles performed 
could have some influence on bacterial extrusion.  

Therefore, the present study aimed for a comparative 
evaluation of the apical bacterial extrusion during 
instrumentation of teeth contaminated with Enterococcus (E.) 
faecalis, using Reciproc files with two distinct sizes and tapers and 
varying number of ultrasonic activation cycles. The null 
hypothesis tested was that no differences in the extent of bacterial 
extrusion exist between the different Reciproc diameters 
associated with PUI technique employed.  

Material and Methods  

Specimen selection  
This study was approved by the Research Ethics Committee of 
the University of São Paulo, Bauru, São Paulo, Brazil (Number: 
941.422). A calculation was performed using G*Power 3.1 
software (Heinrich Heine University, Dusseldorf, Germany) 
based on a previous study [9]. The calculation indicated that the 
sample size for each group should be a minimum of 10 teeth, 
using an effect size of 0.63, α error probability of 0.05, and a 
power of 0.95. So, 10 specimens were assigned to each 
experimental group (n=10).   

To select only teeth with single oval-shaped root canals, root 
curvature degree less than 10°, and an initial apical diameter 
corresponding to a size 15 K-file, micro-computed tomography 
(micro-CT) was performed for each tooth in a micro-CT system 
(SkyScan 1174v2; Bruker-microCT, Kontich, Belgium) using 50 
kV, 800 mA, and an isotropic resolution of 19.7 μm. The scanned 
images were reconstructed, and the volume (mm3) of the root 
canals were measured with CTan software (CTan v1.11.10.0, 
Bruker SkyScan, Kontich, Belgium). The Kruskal-Wallis test 
followed by the Dunn’s tests were performed to confirm the 
uniform root canal volume distribution between the groups 
(P>0.05). This selection process resulted in seventy extracted 
human mandibular premolars that met all the aforementioned 
criteria. Teeth that presented immature apices, root caries, root 
fractures, cracks, lacerations, sharp curvatures, canal calcifications 
or previous endodontic treatment were excluded. These features 
were identified with the aid of a stereomicroscope (SMX800, 
Nikon Co., NY, USA) under 20× magnification. 

After immersion in a 0.1% thymol solution, endodontic 
access cavities were prepared (EndoAccess Bur; Dentsply 
Maillefer, Ballaigues, Switzerland) with a high-speed handpiece. 
The pulp chambers were accessed, and the crown was 
maintained to create a reservoir for the irrigant solution during 
the chemomechanical preparation, with the aim of better 
simulating the clinical conditions [10]. The canals were explored 
with #10 and #15 K-files (Dentsply Maillefer, Ballaigues, 
Switzerland) until the tip of the instrument was observed at the 
apical foramen. The WL was determined by subtracting 1 mm 
from the measured length, establishing the zero position. The 
cusps were flattened to standardize root specimen length at 20±1 
mm. Then, the root canals were instrumented to standardize the 
initial diameters with a #20 K-file (Dentsply Maillefer, 
Ballaigues, Switzerland) 1 mm short of the apical foramen and 
irrigated with 5 mL of saline solution. Next, three ultrasonic 
baths were performed with 1% sodium hypochlorite, 17% 
ethylenediaminetetraacetic acid and phosphate-buffered saline 
solution, for 10 min each, followed by distilled water to eliminate 
ethylenediaminetetraacetic acid and sodium hypochlorite 
residues and open up the dentinal tubules [15].  

Contamination of the specimens   
The bacterial strain Enterococcus faecalis ATCC 29212 (American 
Type Culture Collection) was reactivated. The purity was 
confirmed by colonial morphology and Gram staining (Oxoid, 
Basingstone, UK). The culture was adjusted according to the 
McFarland standard #1 (3×108 CFU/mL) using an SF325NM 
spectrophotometer (Bel Photonics do Brasil Ltda., Osasco, SP, 
Brazil), and the suspension was kept at 37°C for 7 h to reach  
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Figure 1. The experimental model system 

 
exponential bacterial growth. Two coats of red nail varnish 
(Colorama, Rio de Janeiro, RJ, Brazil) were applied to the 
external surface of all roots to prevent bacterial microleakage 
through lateral canals, and as a manner to ensure that the 
microorganisms would only penetrate via the root canal. The 
contamination of the specimens lasted for 5 days at 37°C, 
according to the Ma et al. [16] sequence of centrifugations and 
the Andrade et al. [17] protocol previously reported [9, 18]. On 
the fifth day, the samples were removed from the microtubes 
used for contamination. All experiments were performed 
under aseptic conditions inside a laminar flow hood. 

Root canal instrumentation  
A single operator performed the instrumentation of the root 
canals. First, the external surfaces of roots were profusely 
disinfected by gauze strips immersed in 5% sodium 
hypochlorite followed by gauze strips immersed in 
phosphate-buffered saline solution. Then, for the 
experimental procedures, the specimens were transferred to 
a previously sterilized, closed system experimental model 
modified with microtubes (2 mL) [10] (Figure 1). The model 
system was vented with a 27-gauge Endo-Eze (Ultradent, 
South Jordan, UT, USA) needle to equalize the internal and 
external air pressure. The apical part of the root was 
suspended within the microtube, which acted as a collecting 
container for any apical material extruded through the 
foramen of the root. The files were activated in a VDW Silver 
electric motor (VDW GmbH, Munich, Germany) using the 

Reciproc mode and were introduced into the canal with a 
slow in-and-out pecking motion, without pulling the 
instruments completely out of the canal, according to the 
manufacturer’s instructions. The amplitude of the in-and-out 
movements did not exceed 3–4 mm. Each third of the root 
length was instrumented with 3 in-and-out pecking 
movements until it reached the WL [10]. After 
instrumentation, the files were sterilized for another use. 
Each instrument was only used to prepare three canals before 
being discarded. The specimens were randomly distributed.  

Table 1 describes the six experimental groups evaluated 
(n=10), based on the single-file and irrigation technique 
performed.  

Groups 1 and 4 
Reciproc R25 file (25/0.08) or Reciproc R40 file (40/0.06) was 
introduced into the canal associated with CSI: the specimens 
were irrigated with 6 mL of sterilized saline solution before and 
after root canal preparation. Irrigation was performed with a 
disposable plastic syringe with a 27-gauge Endo-Eze needle 
(Ultradent, South Jordan, UT, USA), positioned 3 mm short of 
the apical foramen. The irrigant was aspirated to simulate a 
clinical situation with a portable surgical aspirator (Nevoni -
5005BRST, Barueri, SP, Brazil). 

Groups 2 and 5 
Reciproc R25 file (25/0.08) or Reciproc R40 file (40/0.06) was 
used along with PUI performed in one-time activation cycle 
(PUI-1): specimens were irrigated with 6 mL of saline solution 
before and after root canal preparation, using a conventional 
syringe positioned 3 mm short of the apical foramen, but after 
preparation, the saline solution was activated. For PUI, a 
piezoelectric device was used at a frequency of 30,000 Hz 
(Emissonic MMO Jardim São Carlos, São Carlos, SP, Brazil), 
along with an Irrisonic E1 tip (Helse, Santa Rosa de Viterbo, 
São Paulo, Brazil) for 1 min (30 sec in the mesiodistal direction 
and 30 sec in the buccolingual direction), inserted at 3 mm 
short of the WL, in the “endo mode” (10% power). 
 

Table 1. Distribution of groups according to root canal treatment 
performed (n=10) 

Groups  File  Irrigation protocol  
G1  Reciproc R25.08  CSI before and after file use  
G2  Reciproc R25.08  PUI-1: One-time PUI-activation cycle  
G3  Reciproc R25.08  PUI-2: Two-times PUI-activation cycles  
G4  Reciproc R40.06  CSI before and after file use  
G5  Reciproc R40.06  PUI-1: One-time PUI-activation cycle  
G6  Reciproc R40.06  PUI-2: Two-times PUI-activation cycles  

CSI: Conventional Syringe Irrigation; PUI: Passive Ultrasonic Irrigation  
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Groups 3 and 6   
Reciproc R25 file (25.08) or Reciproc R40 file (40.06) was used 
associated with PUI in two-times activation cycles (PUI-2): 
specimens were irrigated, but the saline solution was activated for 
one min before and after complete root canal preparation, similar 
to Groups 2 and 5. 

Control groups  
Five mandibular pre-molars, which had been previously 
infected, were used as positive controls (C+) to confirm 
intratubular contamination. The negative control group (C-) 
consisted of five uninfected pre-molars to confirm sterility. 
The specimens were sectioned longitudinally in an Isomet 
machine (Buehler Ltd, Lake Bluff, IL, USA) with a diamond 
disk under constant irrigation with sterile saline solution. The 
smear layer resulting from the cut was removed by immersing 
the specimens in 17% ethylenediaminetetraacetic acid for 5 
min and washing them with saline solution, as previously 
reported in the literature [9, 17]. According to these reported 
studies, the ethylenediaminetetraacetic acid wash after the cut 
showed no effect on bacterial viability. 

Root halves were stained with 30 μL of dye from a LIVE/DEAD 
BacLight bacterial viability kit (Invitrogen Molecular Probes, Eugene, 
OR, USA). This kit contains the green dye SYTO 9, which stains 
viable bacteria, and the red dye propidium iodide, which stains dead 
bacteria. After 20 min of contact with the dye, each sample was gently 
washed with a phosphate-buffered saline to remove the residual dye. 
The specimens were placed on a glass slide with immersion oil and 
observed by a Leica TCS-SPE confocal microscope (Leica 
Microsystems GmbH, Mannheim, Germany) at 40× magnification.  

Bacterial debris assessment  
Three absorbent paper points (#20) were inserted into the 
microtubes with the contaminated debris and irrigant, and stirred 
for 1 min. Next, the paper points were transferred to a microtube 
with 1 mL of Brain Heart Infusion broth (Difco, Detroit, MI, USA).  

Dilutions were made with 100 µL of the content of each tube 
and transferred to other microtubes, until it reached the 10-4 
concentration. One hundred microliter of the dilutions was 
seeded in Petri dishes with BHI-agar broth. The dishes were 
stored in a bacteriological incubator at 37°C for 48 h, for later 
counting of the colony-forming units per mL (CFU/mL).  

Statistical analysis  
All data were initially analyzed using the Shapiro-Wilk test to 
verify the normality. The Kruskal-Wallis and Dunn’s post-hoc 
tests were performed to analyze the data of bacterial debris 
extrusion. The CFU counts were log-transformed before the 
statistical tests. The GraphPad Prism 8.0 software (GraphPad 
San Diego, CA, USA) was the analytical tool used (α=0.05).  

Results  

No bacterial growth was observed in the negative control group. All 
positive controls demonstrated a higher proportion of viable 
bacteria inside the dentinal tubules, confirming the efficacy of the 
contamination protocol (Figure 2). All the instruments tested 
caused bacterial extrusion through the apical foramen. The 
instrumentation with Reciproc Primary 25/0.08 files resulted in 
higher CFU values compared to the Reciproc 40/0.06 files (P<0.05). 
There were no statistically significant differences in the amount of 
bacterial extrusion between the groups instrumented with the same 
files but different irrigation techniques (P>0.05) (Figure 3).  

Discussion  

The present study highlights the role of the root canal 
preparation with different irrigation techniques, conventional or 
PUI, performed on the amount of apically extruded bacteria. 
The Reciproc files were chosen because there is a lack of 
information regarding their effects on bacterial extrusion during 
root canal instrumentation when associated with commonly 
performed irrigation techniques. The main result of this study 
revealed that Reciproc file 40/0.06 associated with irrigation 
techniques extruded fewer bacteria apically than the Reciproc 
file 25/0.08. Therefore, the null hypothesis was rejected.  

Considering that the bacteria extruded is the main 
pathological component of debris [4], E. faecalis, a commonly 
found Gram-positive facultative anaerobe in teeth with failed 
endodontic treatment was selected for the contamination of root 
canals [4, 5, 9]. In order to evaluate the extent of bacterial 
extrusion, a 5-day protocol for contaminating intratubular dentin 
with E. faecalis was performed, wherein specimens were subjected 
to centrifugation cycles with inoculum addition at each cycle. 
After centrifugation, sterilized BHI broth was added and incubated 
at 37 °C for 24 hours. Centrifugation steps were performed until 
the fifth day, when contamination was verified using CLSM, 
revealing a mature bacterial biofilm with a complex structure that 
is more difficult to eliminate [17]. To minimize variations 
between different groups and produce a reliable and comparable 
anatomic baseline, single-rooted, single-canal mandibular pre-
molars instrumented to the initial diameters with a #20 K-file were 
selected for the current study. In addition, according Siqueira et 
al. [19] the root canals of premolars presented approximately 35% 
of unprepared wall area with Reciproc R40, containing remnants 
of pulp tissue, bacteria, and dentin chips [19], which makes the 
assessment of the amount of bacterial extrusion important.  
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Figure 2. Confocal laser scanning microscopy image of the positive 
control group after the intratubular contamination protocol. Viable 

bacteria are indicated in green, and nonviable bacteria are indicated in 
red; magnification: 40× 

 

It is important to point out that caution is required to infer clinical 
significance about the present results due to the in vitro nature of 
this study. Saline solution was used as an irrigant because it is 
innocuous, since our objective was to evaluate the bacterial 
extrusion promoted by instrumentation techniques and not the 
antimicrobial efficacy of the irrigant. Extrusion of a solution with 
antimicrobial effect, such as sodium hypochlorite, could produce 
false negative results and prevent the detection and differentiation 
of the experimental groups. This approach is commonly performed 
in studies to facilitate quantification of apically extruded bacteria 
and avoid their destruction [4, 9-11]. To circumvent the limitations 
of debris extrusion methods, no device was used that could simulate 
the periodontal ligament. Although periapical tissues may act as a 
natural barrier in preventing debris and bacterial extrusion, studies 
reported that extrusion accidents generally occur in teeth with 
necessary to consider the existence of an interplay between the 
periapical pathology that lack such a barrier [9, 10]. In addition, it is 
number of bacteria and bacterial virulence as a correlated factor to 
acute inflammatory response of the periradicular tissues [9, 10]. In 
the presented study, reciprocating files with two different file 
diameters and tapers (Reciproc 25/0.08 or 40/0.06) were used with 
rrigation techniques (CSI, PUI-1, or PUI-2) to simulate the root i 
canal preparation. All instrumentation protocols resulted in apical 
extrusion of bacteria and these findings are in agreement with 
previous reports [4, 10, 20]. 

The influence of apical size preparation has been discussed in 
literature [19, 21, 22]. Although no specific guidelines are available, 
minimal shaping often combines a smaller apical diameter with 
increased taper [23-25]. On the other hand, apical sizes beyond #30 

Figure 3. Data of apical extrusion of Enterococcus faecalis after 
instrumentation with Reciproc files, comparisons were done by the 
Kruskal-Wallis and Dunn’s post hoc tests; different letters represent 

significant differences between the groups (P<0.05) 
 

or #35 have been suggested [9, 23], as well as increased root canal 
enlargements by three instruments larger than the anatomic diameter 
[9, 19]. Likewise, the literature is controversial in regards to the apical 
limit [26], but the adoption of the zero position technique has been 
shown to enhance apical repairs [27]. In the present study, the file 
diameter proved to be important for the results found. A possible 
explanation for this is that an increase from 25 to 40 file diameter 
could result in a greater removal of cut dentin chips and an improved 
reflux toward the direction of the crown, making it easier to remove 
debris by suction flow of the irrigant. The aspiration of solution was 
performed to simulate a clinical situation with the intention of 
reducing the excess debris inside the root canals [11]. These findings 
could be related to previous studies wherein an irrigant flow in a 
minimally tapered root canal with a large apical preparation size also 
improved irrigant replacement and wall shear stress, and reduced the 
risk for irrigant extrusion, compared to the tapered root canals with a 
smaller apical preparation size [24, 25]. Therefore, the hypothesis is 
that root canals instrumented with greater apical diameters (sizes) 
such as Reciproc 40/0.06, can produce an extra space for debris to 
flow back toward the pulpal chamber, and consequently, decrease the 
bacterial extrusion to the periapical region, regardless of the irrigation 
technique performed.  

A reduction in debris extrusion is desirable to help reduce 
postoperative pain after root canal treatment [5]. The results 
indicate that apical bacterial extrusion occurred in all the single-file 
systems tested with the distinct irrigation techniques evaluated. 
However, apical bacterial extrusion occurred mainly when PUI 
activation was performed. In a recent study, Cuellar et al. [9] 
evaluated the apical bacterial extrusion from root canals 
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instrumented with rotary and reciprocating systems (ProDesign 
Logic or ProDesign R), with different file diameters, and using CSI 
or PUI. As a result, PUI was associated with a greater extrusion of 
contaminated dentinal debris [9] and exhibited congruence with 
the present findings, wherein the ultrasonic agitation of saline 
solution in the apical third of the root canal may force this solution 
towards the apical foramen, which could consequently cause the 
largest extrusion of bacteria, although not statistically significant.  

The agitation of solution by PUI is important and strongly 
recommended for improving the antiseptic effects of the irrigants 
in the root canal system and eliminating microorganisms, including 
areas of difficult access such as the isthmi, ramifications, and 
dentinal tubules, where E. faecalis and other species can penetrate 
and remain viable as in persistent infections [5, 7]. It should 
therefore be considered that there is a possible amount of bacterial 
debris produced during the treatments. Passive ultrasonic irrigation 
removes debris from the dentinal walls of the root canal, but 
without due care, the debris can be extruded through the foramen 
and can cause tissue inflammation, even though painful symptoms 
may not be present. In relation to different agitation times (PUI-1 
and PUI-2), it is noteworthy that the Reciproc 40+PUI-2 group 
presented an intermediate value, same as the Reciproc 25+CSI 
group. The agitation of solution performed in two different 
intervals, before and after preparation, may have some influence on 
the amount of bacterial debris extrusion; although the size and taper 
of the files have shown greater importance, mainly when root canals 
are instrumented with files larger than size 25 [23].  

In the present study, the Irrisonic E1 tip was used for PUI-
activation. This insert has a diameter equivalent to a #20 K-file and 
0.01 taper. It was operated at 10% power according to the 
manufacturer’s recommendation and used in in-and-out motions 
to prevent it from touching the root canal walls [28]. The use of 
ultrasonic agitation may be suggested only after the 
chemomechanical decontamination procedures have been 
performed, as well as an instrumentation by files with larger tips 
whenever possible, along with considering the clinical conditions, 
to avoid greater bacterial extrusion. Another important 
consideration is that the insert should be placed 2 mm short of the 
WL, as ultrasonic movements of the irrigant solution can reach 2-
3 mm ahead. With that in mind, all apparatus, like ultrasonic 
activation, should be used correctly.  

Another topic to discuss is the bacterial quantification method 
performed in this study. It can be argued that polymerase chain 
reaction (PCR), a molecular technique based on DNA extraction, 
used for identifying difficult-to-grow endodontic pathogens could 
have been used [28]. However, we performed the CFU/mL 
counting analysis to quantify only the viable bacteria. The PCR 
technique can account for non-viable bacteria, that is, cells that may 

exert some virulence due to their components. However, viable 
bacteria could be more harmful to periapical tissues. Therefore, the 
CFU/mL counting analysis was applied for being a more realistic 
quantification method in this situation.  

Conclusion  

Considering the limitations of this in vitro study, it can be 
concluded that Reciproc #40/0.06 are associated with less bacterial 
extrusion compared with Reciproc #25/0.08 size/taper 
preparations. The agitation of solution performed in two different 
intervals, before and after preparation, did not exhibit a significant 
effect on the amount of apically extruded bacteria; however, the 
influence of PUI agitation should not be discarded since the 
extruded bacterial debris can cause tissue inflammation with or 
without painful symptoms. Moreover, the correct manner of 
using the ultrasonic agitation (2-3 mm short of radicular apex) 
should be emphasized for all clinicians, to avoid the extrusion of 
contaminated debris to the apical periodontal space.  
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