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ABSTRACT 
 

Introduction: This randomized clinical study compared the in vivo antibacterial efficacy 

of Reciproc Blue (RB), XP-endo Shaper (XP-S),XP-endo Shaper associated with  XP-endo 

Finisher (XP-F) systems in infected oval-shaped root canals with primary apical 

periodontitis.  

Methods: In this study, 28 human teeth with a single root and a single canal were 

randomly assigned to two groups according to the instrumentation technique: group-

1, RB (n = 14) and group-2, XP-endo (XP-S and XP-F, n = 14). The single-rooted teeth 

were prepared by reciprocating and rotary nickel-titanium (NiTi) instruments with 

5.25% sodium hypochlorite irrigation. Samples were collected from the canal at the 

baseline (S1), after chemomechanical preparation (S2), and after XP-F instrumentation 

(S3). The DNA extracts were subjected to quantitative analysis for total bacterial 

counts by quantitative real-time polymerase chain reaction. The data were analyzed 

using the analysis of variance test (ANOVA), and the level of significance was set at 5%.  

Results: All samples tested positive for the presence of bacteria at baseline, and the 

bacterial counts substantially reduced after treatment procedures (P < 0.01). The 

results showed no statistical difference between RB and XP-S instrumentation with 

respect to the bacterial reduction (P ˃ 0.05). A marked bacterial reduction was 

observed after the use of the XP-F instrument (P < 0.01).  

Conclusion: The XP-S and RB systems sharply reduced the bacterial load in oval-shaped 

root canals with primary apical periodontitis. XP-F, used as a supplementary 

instrument to chemomechanical preparation, promoted a significantly higher bacterial 

reduction. 
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Introduction  

One of the primary goals of root canal instrumentation is to eradicate bacterial 

colonization or to reduce the bacterial load to levels that permit periradicular tissue 

healing (1). The effects of chemomechanical debridement significantly improve when 

antimicrobial substances are used for irrigation such as sodium hypochlorite (NaOCl), 

which is considered a highly effective antimicrobial solution (2). However, the effects 

are restricted to the main root canal, and instruments usually fail to touch all the walls, 

causing unprepared areas to harbor microorganisms (3). In addition to that, studies 

have revealed that chemomechanical preparation using NaOCl at different 

concentrations is not able to render root canals free of bacteria, and 40% to 60% of the 

root canals are still positive for bacterial presence (1,4). 

Over the last few decades, instruments with different designs and concepts have been 

introduced to deal with canals of complex anatomy, including oval-shaped canals. They 

include TrueShape (Dentsply Sirona, Tulsa, OK) (5), Self-Adjusting File (ReDentNOVA, 

Ra‘anana, Israel) (6), and XP-endo Shaper and Finisher (FKG, Dentaire, La Chaux-de-

Fonds, Switzerland) systems (7). It is widely recognized that oval-shaped canals provide 

a challenging task for adequate root canal cleaning, shaping, and disinfection (8–10). 

The unprepared areas may harbor microorganisms and pulp tissue remnants, 

irrespective of the instruments used (11–14). 

A study using a correlative micro-computed tomography (micro-CT) and microscopic 

approach reported that most non-instrumented areas from vital and necrotic teeth 

contained tissue remnants and bacteria, except for the coronal portion of teeth with 

vital pulps (12). Mandibular incisors, maxillary second premolars, and distal root of 

mandibular molars most commonly present the oval-shaped canals (9). According to 

an in vitro research on oval-shaped canals using micro-CT, the images showed that the 

number of untouched areas of the total canal length ranged from 59.6% to 79.9% (15). 

Single-file instrumentation systems are being widely used over the last few years to 

shape root canals. The preparation with a single instrument is potentially time saving 

and cost-effective as compared to multiple rotary instruments systems. Moreover, the 

new generation of instruments has undergone improvements in the treatment of 



nickel-titanium (NiTi), such as electropolishing and thermal treatment protocols, 

providing more flexibility and improvement of the mechanical properties of the NiTi 

instruments (16,17). However, more knowledge is required about the efficiency and 

ability of the new instruments to three-dimensionally shape the root canal and 

maximally reduce the bacterial counts to levels that allow periradicular tissue healing, 

which is paramount for optimal treatment outcomes (1).  

Reciproc Blue (RB; VDW, Munich, Germany) is a reciprocating NiTi system that has a 

distinctive blue color due to a thermal process, resulting in a visible titanium oxide 

layer on the surface of the instrument. According to the manufacturer, it regulates the 

phase transition temperatures, rendering part of the crystallographic structure of the 

alloy and creating a predetermined shape memory. The RB instrument has a non-

cutting tip enabling better centering between the canal walls. Cutting performance 

and high efficiency can be attributed to the S-shaped cross-section, taper, and cutting 

angles (18). This new generation of heat-treated instruments are more flexible and 

fatigue resistant when compared to instruments made of M-wire, due to the alteration 

of the molecular alloy structure (19,20).  

Recently, a heat-treated snake-shaped NiTi rotary instrument, XP-endo Shaper (XP-S) 

(FKG Dentaire, Chaux-de-Fonds, Switzerland) was introduced. It is made from a special 

alloy called MaxWire (Martensite-Austenite electropolish-fleX). The manufacturer 

claims that it has an initial taper of .01 in the “M” phase, but the XP-S expands inside 

the canal to a taper of .04 when exposed to body temperature, preparing areas of the 

canal space that conventional NiTi systems cannot access (21). Apparently, it can 

expand and contract to adapt itself to the canal morphology. The interplay between a 

specific predetermined snake shape and the extreme flexibility allows this instrument 

to contract. The Booster tip has six cutting edges that enables the file to enlarge the 

apical area from size #15 to #30, respecting the trajectory of the canal (22,23). 

The XP-endo Finisher (XP-F) (FKG Dentaire, La Chaux-de-Fonds) is also a new file that 

was introduced for use after root canal instrumentation as a final approach. The 

manufacturer states that it provides optimal cleaning of the root canal system and 

disrupts the bacterial biofilm while preserving the dentin. Similar to XP-S, it is made 

from the special NiTi proprietary alloy MaxWire, and it consists of a small core size (tip 



size #25, non-tapered) that is straight at room temperature, but expands in its apical 

portion and forms a spoon-like shape when placed inside the canal at body 

temperature (7,24). 

The present randomized clinical study was undertaken to evaluate the in vivo 

antibacterial efficacy of two different single-file systems in oval-shaped root canals. 

The reduction of the total bacterial levels was assessed by employing quantitative real-

time polymerase chain reaction (qPCR). 

The null hypothesis tested was as follows:  

1. There is no significant difference in the intracanal bacterial reduction load 

between the RB and XP-S instruments. 

2.  There is no significant difference in the reduction of the intracanal bacterial 

load with the additional use of XP-F in the XP-S group. 

 

Materials and Methods 

Patients and Case Selection 

A total of 125 patients were selected for the treatment of asymptomatic apical 

periodontitis associated with mature teeth, from March 2018 to October 2019, at the 

dental clinic of the Pontifical Catholic University of Minas Gerais, Belo Horizonte, Minas 

Gerais, Brazil. The inclusion criteria consisted of teeth with a single root and a single 

canal presenting with a carious lesion with intact pulp chamber walls, necrotic pulp 

clinically confirmed by pulpal sensitivity tests, and clinical and radiographic evidence of 

primary apical periodontitis. The exclusion criteria were teeth with extensive crown 

destruction by caries that did not permit rubber dam placement, presence of root or 

crown fracture, teeth subjected to previous endodontic treatment, symptomatic teeth, 

patients who received antibiotic therapy in the last 3 months, and patients with 

periodontal pockets deeper than 4 mm.  

The final study population consisted of 18 patients (12 females and 6 males; mean age 

39 years, range, 18-78 years). Some patients contributed with more than 1 tooth. The 

teeth included in the study were 9 mandibular incisors, 4 maxillary and 2 mandibular 

canines, 9 maxillary second premolars and 6 mandibular premolars. The included 

patients had no systemic disease. Radiographs of the teeth were recorded from the 

orthogonal, mesial, and distal positions, and only the root canals presenting a 



buccolingual diameter four times greater than the mesiodistal diameter, were 

classified as oval and flat, were included in this study (25). Approval for the study 

protocol was obtained from the Ethics Committee of the Pontifical Catholic University 

of Minas Gerais, CAAE 9713.1918.7.0000.5137, and informed consent was obtained 

from all participating individuals. 

 

Sample Size Calculation  

Based on a previous study (26), a given 0.91 effect size was input together with an 

alpha-type error of 0.05 and power 0,95 into an analysis of variance (ANOVA) repeated 

measures within factors from the F family (G*Power 3.1 for Macintosh; Heinrich Heine, 

Universität Düsseldorf, Dusseldorf, Germany). The results revealed the need for a 

minimum of 14 samples to highlight the impact of intracanal bacterial reduction 

promoted by RB, XP-S, and supplementary instrument XP-F systems in long-oval 

shaped canals.  

 

Sample Collection 

Samples were collected from the root canals under strict asepsis, which included 

scaling of the tooth and cleaning with pumice, removal of caries and previous coronal 

restorations under saline irrigation. A rubber dam was applied, and the operative field 

(tooth, clamp, and dam) was disinfected by a two-step disinfection protocol with the 

sequential use of 3% hydrogen peroxide and 5.25% NaOCl both before and after the 

preparation of the access cavity. The second step was performed after access 

preparation, and it included the pulp chamber. Following this, 5% sodium thiosulfate 

was used to inactivate 5.25% NaOCl, and sterility control samples were collected from 

the internal surfaces of the cavosurface angle of the access cavity by scrubbing with 

sterile paper points (Dentsply Maillefer, Ballaigues, Switzerland) (27). The area 

sampled served as the sterility control, because the paper points used later for 

collecting root canal samples could accidentally touch the access cavity walls. Paper 

points were transferred aseptically to a cryotube containing Milli-Q® water and 

immediately frozen at −80°C. For the inclusion of the tooth in the study, these control 

samples had to test negative in the end-point PCR using universal bacterial primers, 

and the initial sample collected at baseline had to test positive for bacterial presence. 



Before chemomechanical procedures, an initial sample was collected from the root 

canal and served as the baseline (S1). Sterile 5% sodium thiosulfate solution was 

carefully used to irrigate the root canal without overflowing, and a sterile single-use K-

type hand file #15 (Dentsply Maillefer, Ballaigues, Switzerland) was placed 1 mm short 

of the root apex as determined radiographically. This instrument was gently used in a 

circumferential filing motion to suspend the canal contents in the sodium thiosulfate 

solution. Sterile paper points were consecutively placed in the canal to a level 

approximately 1 mm short of the radiographic root apex to soak up the fluid in the 

canal. Each paper point was left in the canal for 1 min. The paper points were then 

inserted in tubes containing 1 mL of sterile Milli-Q® water, which were homogenized in 

a vortex for 3 min. Subsequently, the paper points were removed with sterile 

tweezers, and the tubes were cooled in a freezer at −80℃. The same procedures were 

performed to obtain samples after chemomechanical preparation (S2) and after XP-F 

instrumentation (S3).  

 

Root Canal Treatment Procedures 

The selected teeth were randomly assigned to two groups according to the 

instrumentation technique: group-1 RB, (n = 14) and group-2, XP-endo (n = 14). Two 

teeth in group-1 were excluded because of positive results in sterility controls. 

Additional specimens were used to compensate two samples losses. The canal 

instrumentation was completed in the same appointment in all cases. In all groups, a 

mean volume of 25 mL of 5.25% NaOCl was used for irrigation per root canal, and an 

average exposure time of 12 min was counted from the first irrigation until final 

irrigation after the use of EDTA. Irrigants were delivered using 30-gauge NaviTip 

needles (Ultradent, South Jordan, UT) reaching up to 2 mm short of the WL. This 

irrigation protocol was standardized. Each instrument was used to prepare only one 

canal, and all teeth were obturated in a single visit. To eliminate variability between 

operators, all canals were prepared by a single endodontics specialist. 

After collecting S1 samples in both groups, the root canal was irrigated with 5 mL of 

5.25% NaOCl. A glide path was established using a size #15 K-file (Dentsply Maillefer, 

Ballaigues, Switzerland) to establish the apical foramen patency using an electronic 



apex locator (Root ZX II; J Morita, California, USA) and confirmed by radiographs. 

Patency was achieved for all canals included in this study.  

In the RB group, a file of #25 size and .08 taper was introduced into the canal and used 

on “Reciproc ALL” working mode as recommended by the manufacturer and powered 

by an electric motor (VDW Silver; VDW). The instrument was used in a slow in-and-out 

motion, approximately 3 mm in amplitude in the apical direction for 10 s, using a 

gentle brushing motion against the canal wall. After three apical motions, the file was 

removed from the canal and cleaned. The canal was subsequently irrigated with 5 mL 

of 5.25% NaOCl. Irrigants were delivered using 30-gauge NaviTip needles (Ultradent, 

South Jordan, UT) up to 2 mm short of the working length (WL). This procedure was 

performed twice until the WL was reached. The apical foramen patency was checked 

with a size #20 K-type hand file after preparation. Next, the root canal was irrigated 

with 5 mL 17% ethylenediaminetetraacetic acid (EDTA) and then 5 mL 5.25% NaOCl to 

remove the smear layer. After chemomechanical preparation, the canal was flushed 

with 3 mL 5% sodium thiosulfate for 1 min to inactivate the 5.25% NaOCl, and the S2 

sample was collected from the root canal. 
In the XP-endo group, the instrument XP-S (size #30, .01 taper) was introduced into the 

canal and used on rotation mode at 800 rpm and 1 N-cm torque as per manufacturer 

recommendations, powered by an electric motor (VDW Silver; VDW). Each root canal 

was filled with 5 mL of 5.25% NaOCl. The file was used for 10 s with slightly up-and-

down movements, gentle strokes, with amplitude of 3 mm up to the WL. When the 

instrument failed to reach the WL after the initial five strokes, the canals were irrigated 

with 5 mL of 5.25% NaOCl, recapitulated, and continued again with the XP-S 

instrument. Once the file reached the WL, three cycles of 10 more up-and-down 

motions were applied. Irrigants were delivered using 30-gauge NaviTip needles 

(Ultradent, South Jordan, UT) up to 2 mm short of the WL. The same procedures 

employed in group 1 to remove the smear layer and to inactivate the 5.25% NaOCl 

were performed, and the S2 sample was collected from the root canal. Following this, 

the canals were irrigated with 5 mL of 5.25% NaOCl. The XP-F instrument (size #25, 

taper .00) was inserted up to WL and activated for 60 s on rotation mode at 800 rpm 

and 1 N-cm torque with a slow and gentle lengthwise up-and-down movements of 7-

10 mm to contact the entire length of the canal (28). Subsequently,  the root canal was 



flushed with 3 mL of 5% sodium thiosulfate and the S3 sample was collected from the 

root canal.  

 

DNA Extraction and Quantitative Polymerase-Chain-Reaction Analysis 

The total bacterial DNA of the samples was extracted with the aid of the MiniSpin DNA 

extraction kit (Kasvi, Brazil) according to the manufacturer's instructions. The samples 

were quantified using the NanoDrop ND-1000 spectrophotometer (Thermofisher, 

United States). The total bacterial quantification was determined by qPCR using the 

Applied Biosystems 7500 Real-Time PCR System (Thermofisher, United States), with 

universal primers for the 16S rRNA gene (338F: TACGGGAGGCAGCAG; 518R: 

ATTACCGCGGCTGCTGG) (29). The assay was performed with 1 µL of DNA template and 

5 µL of Power SYBR Green PCR Master Mix (Thermofisher, United States) in a final 

volume of 10 µL. The program consisted of a 10-min denaturation cycle at 95℃, 

followed by 40 cycles of 15 s at 95℃ and 60 s at 60℃. After 40 cycles, a melting curve 

with a ramp between 60℃ and 95℃ was determined with a reading every 0.2℃ using 

SYBR fluorescence. A standard curve was prepared from a 10-fold serial dilution of the 

pool of all DNA-extracted samples, which were amplified using conventional PCR, and 

the same primers were used for qPCR (R2 > 0.99, efficiency = 106 %). All samples were 

analyzed in triplicate, including the standard and controls. 

 

Statistical Analysis 

The total bacterial count samples data were collected at three different times for each 

patient: S1, S2, and S3. Poisson regression is the primary approach for modeling 

bacterial count data, but it could not be used in the present study because the data 

were overdispersed with more significant than average variation. Therefore, different 

variants of the Poisson model, including the negative binomial model (BN) and the 

quasipoisson model were considered. The ANOVA test was used to test the models (p 

˂ 0.05). The BN model was selected with the introduction of random patient effects. 

The BN random-effects model was adjusted for the significant differences in bacterial 

counts in S1 sample between the RB and XP-S and XP-F treatments. There were 

significantly more bacterial counts in the RB treatment as compared to the XP-S and 



XP-F treatment in S1 sample. Statistical analyses were performed using Program R 

version 3.5.1, using the MASS and lme4 packages. 

 

Results 

Groups 1 and 2 were instrumented and obturated in a single session. Patients were 

contacted by phone 72 hours after treatment, and no patient reported acute 

postoperative pain, flare-up, or any discomfort. It was not necessary to prescribe an 

analgesic or anti-inflammatory for any patient.  

For the inclusion of the tooth in the study, sterility control samples had to test 

negative for PCR using universal primers and positive for bacterial presence in S1  

Two samples were excluded from group 1 because they tested positive for sterility 

control in the initial pre-instrumentation phase, but no sample was excluded from 

group 2. Two patients were replaced by another two individuals selected from the 

dental clinic at Pontifical Catholic University according to the inclusion/exclusion 

criteria. All teeth showed negative results for sterility control and positive results for 

initial microbial count.  

Quantitative data are summarized in Table 1. The reduction in the microbial count was 

observed in both groups in phases S2 and S3. An average of 3.57 × 108 bacterial cells 

was found in S1 samples and decreased sharply in the RB group after instrumentation 

to an average of 3.08 × 105 (P < 0.001). The S2 sample represented 0.09% of S1 

(99.91% bacterial reduction). In the XP-S/XP-F group, an average of 2.62 × 107 bacterial 

cells was found in the S1 sample, which decreased markedly after instrumentation 

with XP-S to an average of 3.06 × 104 (P < 0.001). The S2 sample represented 0.02% of 

S1 (99.88% of microbial reduction). An average of 5.13 × 103 bacterial cells was 

observed after using the XP-F instrument, with a total bacterial reduction of 99.98% of 

S1-S3 (P < 0.001). A marked intra-group bacterial reduction (P < 0.001) can be seen in 

groups RB and XP-S/XP-F in phases S1, S2, and S3 (Fig. 1). 

Quantitative assessment of inter-group microbial reduction is shown in Graph 2. The 

microbial reduction data for S2 and S3 samples were compared between groups after 

adjusting for the bacterial count in S1. There was no statistical difference between the 

groups (P ˃ 0.05) when analyzing the data in the S2 sample (Fig. 2). A marked bacterial 



reduction was observed after obtaining the S3 sample following the use of the XP-F 

instrument (P < 0.01) when compared to the S2 sample. There was a statistically 

significant difference (P < 0.01) between the groups in S2 and S3. 

Discussion 

Endodontics has achieved significant advances in recent decades with the 

development of new instruments (16,17). Despite this, a constant and permanent 

challenge for endodontists is the preparation of the oval-shaped root canal. It 

represents a root area that is difficult to access, clean, and obturate (12,16,25). 

The new single-file instruments developed to prepare the root canal cannot contact all 

the canal walls (12), resulting in the presence of necrotic pulp tissue and/or bacteria in 

the areas that are not instrumented (14). Enlarging the root preparation with 

instruments of different diameters does not solve the problem and increases the 

susceptibility to root fracture (30). 

Different systems have been proposed to overcome the difficulties and limitations with 

the instrumentation of oval-shaped canals, such as the TrueShape (Dentsply Tulsa 

Dental Specialties) and Self-Adjusting file (ReDent NOVA, Ra’anana Israel) systems. 

These systems were also not able to overcome all limitations and challenges (10). 

Research carried out with micro-CT showed a large area of the root surface that 

remains untouched in oval-shaped canals, regardless of the instruments used 

(5,31,32). The effectiveness of these single file instrumentation systems in reducing 

microbial load is still unknown in clinical studies. 

The overall mean of bacterial reduction was 99.91% for RB and 99.88% for XP-S in S2 

phase. The comparison between the groups in the S2 phase did not show statistical 

difference, (P ˃ 0.05). Thus, the first null hypothesis tested cannot be rejected. This 

result was different from the in vitro study observed by Alves et al. (28), where a more 

significant microbial reduction was found in the XP-S group when compared with RB 

group using a saline solution as an irrigating agent  to evaluate only the mechanical 

effects of instrumentation (33).  

The instrumentation of the teeth followed the protocol recommended by the 

manufacturer. Due to the differences between the instrumentation protocols of both 

groups, possible differences occurred in the irrigant retention time in the root canal. 



Given the absence of significant differences between groups, these factors did not 

seem to influence the research results. Besides, the use of 5.25% NaOCl played an 

essential role in the microbial reduction in the groups (34). 

The second result from this study indicated that a significant bacterial reduction of 

99.98% was observed in S3 phase after using the XP-F instrument, (P < 0.01). Thus, the 

second null hypothesis was rejected. This is consistent with the results of previous in 

vitro studies (33–36). In addition to that, Azim et al (37) concluded that XP endo 

Finisher appears to be more efficient than other 3 techniques in disinfecting the main 

canal space. According to Debelian and Trope (7), the XP-F instrument has a superior 

cleaning capacity over passive ultrasonic irrigation to remove the bacterial biofilm. Its 

exclusive property of expanding and promoting the agitation of the irrigating solution 

and adapting to the canal anatomy without removing the dental structure, makes this 

instrument essential in endodontic treatment. 

One of the limitations of this research was the method of obtaining biological samples 

with a paper point, which only reveals the bacteriological conditions of the main canal 

and tissues in its immediate vicinity. The bacteria located in areas of the isthmus, 

apical and lateral ramifications, and dentinal tubules may not be detectable by paper 

point sampling (3). No conclusions can be drawn regarding the total bacterial 

reduction of the entire RCS. 

This research used the qPCR approach to evaluate the effect of microbial reduction by 

different instrumentation systems. This culture-independent method can detect and 

quantify cultivable bacteria, non-cultivable bacteria, or those difficult to culture, and it 

can be considered an excellent option to evaluate the antibacterial effect of 

endodontic treatment on human teeth with pulpal necrosis and asymptomatic apical 

periodontitis (11,38). However, as it is a method based on DNA, one can also detect 

bacteria that were recently killed in the root canal. 

All instruments used in this study were effective in reducing the bacterial load. Despite 

the bacterial reduction after the instrumentation, all groups tested positive for 

bacterial presence, which is in accordance with previous in vitro studies (27,39,40). 

Further studies regarding rotary and reciprocating systems are required to investigate 

the efficacy of XP-F as a supplementary approach. 



In conclusion, within the limitations of this study, it can be concluded that the XP-endo 

Shaper and Reciproc Blue systems sharply reduced the bacterial load in oval-shaped 

root canals of teeth with primary apical periodontitis. The XP-endo Finisher used as a 

supplementary instrument in the chemomechanical preparation promoted a 

significantly higher bacterial reduction. 
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Figure Legends 

 

Figure 1. Quantitative assessment of intra-group microbial reduction. 

 

 

Figure 2. A box plot showing quantitative assessment of inter-group microbial 
reduction. 



TABLE 1. Total Bacterial Load in Root Canal Samples of Teeth with Apical Periodontitis 
Collected before (S1) after Chemomechanical Preparation Using  Reciproc Blue and XP-
endo Shaper (S2) and after Using XP-endo-Finisher (S3) 
 

Groups S1 S2 S3 
Reciproc Blue (n=14) 

   

Mean 3,57 x 108 3,08 x 105 
 

Median 5,36 x 107 4,17 x 104 
 

Range (S1-S2) 3,57 x 108 
  

Reduction (S1-S2 %) 99,91% 
  

XP-endo Shaper/XP-endo Finisher (n=14) 
   

Mean 2,62 x 107 3,06 x 104 5,13 x 103 
Median 1,30 x 107 2,86 x 104   2,74 x 103 
Range (S1-S2) 2,62 x 107 

  

Reduction (S1-S2 %) 99,88% 
  

Range (S2-S3) 2,54 x 104 
  

Reduction (S2-S3 %) 83,20% 
  

Range (S1-S3) 2,62 x 107 
  

Reduction (S1-S3 %) 99,98% 
  

 

 


