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Comparison of two rotary systems in 
bacteria/lps removal from endodontic 
infections: randomized clinical trial

Abstract: This clinical study compared the effectiveness of two rotary 
systems: HyFlex CM (Coltene-Whaledent, Altstetten, Switzerland) 
and ProTaper Next (Dentsply Sirona, Ballaigues, Switzerland) on the 
removal of cultivable bacteria and endotoxins from primarily infected 
root canals. This study was designed as a randomized single-blinded, 
2-arm, clinical trial. Twenty-four primarily infected root canals were 
selected and randomly divided into 2 groups: HyFlex CM (n = 12); and 
ProTaper Next (n = 12). Samples were collected before and after the 
biomechanical preparation and inoculated in specific flasks. Irrigation 
was performed using 2.5% sodium hypochlorite. A kinetic turbidimetric 
lysate assay of limulus amoebocytes was used to quantify endotoxins. 
Microbiological culture technique was used to determine the count 
of bacterial colony forming units (CFU/mL). Data collected were 
statistically analyzed using SigmaPlot 12.0 for Windows. The Two-Way 
ANOVA statistical test was performed and the level of significance was 
5%. In the samples before the biomechanical preparation, cultivable 
bacteria and endotoxins were evidenced in 100% of the cases. The 
culture analysis revealed that there was no statistically significant 
difference in the bacterial reduction between the two instrumentation 
systems. Endotoxins were present in 100% of the canals after 
instrumentation and there was no statistical difference between the 
two systems in endotoxin reduction. Thus, it was concluded that both 
instrumentation systems were effective in reducing root canal bacteria 
and endotoxins with primary endodontic infection and that there was 
no statistical difference between them. However, no system was able to 
eliminate 100% of the bacteria and their by-products.
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Introduction

The main objective of the endodontic therapy is the reduction of 
bacteria and their byproducts such as Lipopolysaccharides (LPS), which 
are responsible for the development of apical diseases.1 LPS, released 
during division or rupture of the bacterial cell2,3 are detected in 100% of 
root canal infections, playing a key role in triggering inflammation and 
subsequent release of inflammatory mediators,4 and consequently, should 
be eliminated during root canal instrumentation.
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The use of nickel-titanium rotary files has become a 
standard technique for providing faster procedures,5,6 
more centered preparations,7,8 and less apical extrusion 
of debris.9 Due to its super elasticity, it has advantages 
over stainless steel files such as flexibility, and a 
lower number of steps. The flexibility of these files 
reduces the incidence of procedural errors, increasing 
success rates in endodontic treatment compared to 
conventional techniques.10,11,12 

HyFlex CM are NiTi rotary instruments with 
controlled memory (CM) (Coltene-Whaledent, 
Altstätten, Switzerland) produced from a single 
thermal process13 and changes in Ni amounts 
(CM includes 52.1% Ni, versus 54.2-56.2% Ni by 
weight of the conventional alloys). This treatment gives 
HyFlex CM (HCM) instruments greater flexibility 
compared to conventional NiTi instruments.14 

ProTaper Next (PTN) (Dentsply Sirona, Ballaigues, 
Switzerland) is a system consisting of three instruments 
made of a single NiTi alloy and M-wire alloy 
manufactured through a heat treatment process, and 
incorporates a variable conical design and a single 
mass of displacement of rotation, which improves the 
resistance and flexibility throughout its active part.15

LPS act on the synthesis and release of cytokines, 
which activates osteoclasts, therefore stimulating 
bone resorption in the process periapical lesions 
development.16 Thus, the removal of bacteria and their 
by-products must be accomplished by instrumentation 
of the infected canal walls. Previous studies17,18 have 
shown that the preparation of root canals with 
rotary system is capable of achieving a reduction 
of more than 90% of the bacteria and the endotoxin 
load (range of 99.41% to 99,93% for bacteria and 
95,15% to 98,06% for endotoxin) of infected root 
canals. Neelakantan et al.19 observed that there is 
no significant  difference between instrumentation 
techniques in the elimination of endotoxins. However, 
PTN and HCM were not validated yet with clinical 
studies evaluating their effectiveness in reducing 
bacteria and LPS. To date there is no instrumentation 
system that has proven to be 100% effective against 
bacteria and endotoxins in root canal infection. 
Therefore, there is a need for instruments with higher 
cleaning capacity, as well as flexibility, durability, 
ease of use and safety. PTN and HCM are rotary 

instruments made by thermomechanical treatment 
of Ni-Ti alloys, representing the M-wire and CM-wire 
alloys, respectively. In view of the fact that the HCM 
instruments are made of CM-controlled memory 
wires, having a superior flexibility compared to other 
instruments made of M-wire, and the PTN incorporate 
a variable taper design and a single mass rotational 
displacement, it is believed that these systems can 
reach all the walls of the root canal, improving the 
ability to remove bacteria and endotoxins. 

Therefore, the aim of this clinical study was to 
compare the effectiveness of two rotary systems: 
HyFlex CM (Coltene-Whaledent, Altstetten, 
Switzerland) and ProTaper Next (Dentsply Sirona, 
Ballaigues, Switzerland) on the removal of cultivable 
bacteria and endotoxins from primarily infected root 
canals.  The null hypothesis tested is that there are 
no differences in bacterial and endotoxin reduction 
between the two systems tested.

Methodology

This study was designed as a randomized single-
blinded, 2-arm, clinical trial, which was registered at 
the “Registro Brasileiro de Ensaios Clínicos – REBEC” 
website under the registration number RBR-72cyh7. The 
report followed the CONSORT (Consolidated Standards 
of Reporting Trials) guidelines. The minimum sample 
size was determined as 12 teeth per group, based on 
a mean difference of 10% in the result between the 
groups and power = 0.80 (p < 0.05). Randomization, 
allocation, concealment and blinding: a random allocation 
sequence was generated by an external person. This 
sequence was placed in opaque and sealed envelopes. 
Each envelope included the randomization code for 
each patient, which was only revealed at the time of 
biomechanical preparation. Clinical procedures were 
performed by an endodontic specialist. The study 
was not operator blinded because of the structural 
differences and number of files between the two systems 
evaluated. However, data analysis was performed by 
a researcher (RCJ) who was blind to the treatment 
group. Blinding of patients is not relevant as this is 
not a patient-reported outcome measure.

Twenty-four patients who sought the Dental School 
of the São Paulo State University (UNESP), Araçatuba, 
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Brazil, requiring primary endodontic treatment were 
included in the present study. A detailed dental 
history was obtained from each patient. Those 
who had received antibiotic treatment during the 
last 3 months or who had any systemic disease 
were excluded, following previously published 
protocol.17,18,20,21,22,23,24,25 The Human Research Ethics 
Committee of Araçatuba Dental School approved the 
research protocol describing the sample collection for 
this investigation (CAAE: 55513016.8.0000.5420), and all 
volunteer patients signed an informed consent form.

Only maxillary molars or premolars with primary 
endodontic infection and without periodontal 
pockets deeper than 4 mm were selected. Only the 
palatal canal of each tooth was sampled. None of 
the patients reported spontaneous pain and sinus 
tract. Teeth that could not be isolated with a rubber 
dam and teeth in which the paper point could not be 
introduced in the canal were excluded. The following 
clinical/radiographic features were found in root 
canals with primary endodontic infections registered: 
pain on palpation (10/24), tenderness to percussion 
(13/24), and a radiolucent area greater than 3 mm 
in size (09/24).

Files, instruments, and all materials used in this 
study were treated with Cobalt60 gamma radiation 
(20 kGy for 6 hours) for sterilization and the elimination 
of pre-existing endotoxins (IPEN; Instituto de Pesquisas 
Energéticas e Nucleares, São Paulo, SP, Brasil). The 
method used for disinfection of the operative field 
was previously described.20,26 Briefly, the teeth were 
isolated with a rubber dam, and the crown and 
surrounding structures were disinfected with 30% 
hydrogen peroxide (volume/volume for 30 seconds) 
followed by 2.5% sodium hypochlorite (NaOCl) for 
the same period of time, and then inactivated with 
5% sodium thiosulfate. The sterility of the external 
surfaces of the crown was checked by taking a swab 
sample from the crown surface and streaking it onto 
blood agar plates, which were then incubated both 
aerobically and anaerobically.

A 2-stage access cavity preparation was made 
without the use of water spray but under manual 
irrigation with sterile/apyrogenic saline solution 
and using a sterile/apyrogenic high-speed diamond 
bur. The first stage was performed to promote a 

major removal of contaminants, including carious 
lesions and restorations. In the second stage, before 
entering the pulp chamber, the access cavity was 
disinfected according to the protocol described 
previously. All procedures were performed aseptically. 
After initial access, sterility was also checked, by 
analyzing a swab sample from the cavity internal 
surface. The collections were performed in the palatal 
canal and, when needed, Gattes-Gliden drill was 
used to remove dentin only at the orifice entrance, 
before the first sample collection. The first endotoxin 
sampling was taken by introducing sterile/apyrogenic 
paper points (size #15, Dentsply Sirona, Ballaigues, 
Switzerland) into the apparent length of the root, 
which was determined radiographically and retained 
in position for 60 seconds for sampling. Immediately 
afterwards, the sample was placed in a pyrogen-free 
glass and immediately suspended in 1 mL limulus 
amebocyte lysate (LAL) water, according to the 
endotoxin dosage by using a kinetic turbidimetric 
LAL (Lonza, Walkersville, MD) assay. This sampling 
procedure was repeated with 3 paper points that were 
pooled in a sterile tube containing 1 mL Viability 
Medium Göteborg Agar III (VMGA III) transport 
medium27 for microbial cultivation.

After accessing the pulp chamber and subsequent 
first endotoxin sampling, teeth were randomly divided 
into 2 groups: HCM (n = 12) and PTN (n = 12). After the 
first sampling, the root canal length was determined 
from the preoperative radiograph and confirmed 
using an apex locator (Root ZXII, J. Morita Corp., 
Tokyo, Japan). The root canals were then prepared 
according to the group selection.

All instruments were set into permanent rotation 
with a 6:1 contra-angle handpiece (Sirona, Bensheim, 
Germany) powered by a torque-limited electric motor 
(VDW.Silver Reciproc motor, VDW). The preparation 
sequences were as described below.

Group HCM
HCM instruments were used according to the 

manufacturer’s instructions. The first instrument was 
used in an in-an-out pecking motion of about 3 mm 
in amplitude with apical pressure. After 3 pecking 
motions, the instrument was removed from the canal 
and cleaned. Next, a size #15 K-type file was taken to 
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the working length (WL) to check whether the canal 
was patent. These procedures were repeated until 
the HCM instrument reached the WL (−1 mm). All 
HCM instruments were used to the WL of the canals 
in a gentle in-and-out motion. The instrumentation 
sequence was as follows: file Step 1 #25/08 at two 
thirds of the WL, followed by the file Step 2 #20/04, 
Step 3 #25/04, Step 4 #20/06, Step 5 #30/04, and Step 
6 size #40/04 at the WL.

Group PTN
PTN instruments were used according to the 

manufacturer’s instructions in a gentle in-and-out 
motion. Afterward, the instrument was removed 
from the canal and cleaned. Next, a size #15 K-type 
file was taken to the WL (−1 mm) to check whether 
the canal was patent. The instrumentation sequence 
was as follows: X1 instrument at two thirds of the WL, 
X1 instrument at the WL (−1 mm) (taper = 04, size 
#17), X2 instrument at the WL (−1 mm) (taper = 06, 
size #25), X3 at the WL (−1 mm) (taper = 07, size #30). 

For both groups irrigation was performed with 
disposable syringes and 30-G NaviTip needles 
(Ultradent, South Jordan, UT) by using 5 mL 
2.5% NaOCl solution between files. Before the 
second sampling after instrumentation, NaOCl 
was inactivated with 5 mL sterile 0.5% sodium 
thiosulfate during a 1-minute period, which was 
then removed with 5 mL sterile/apyrogenic water. 
Next, a new sampling procedure was performed as 
described previously. After instrumentation and 
sample collection, the root canals received calcium 
hydroxide intracanal medication and after 14 days 
were filled with Gutta-Percha (Dentsply Sirona 
[PTN] or VDW [HCM]) and FillApex MTA (Angelus, 
Londrina, Paraná, Brazil) and then restored with 
composite resin (3M, Maplewood, Minnesota, EUA).

Determination of cultivable bacterial 
counts (culturing procedure)

The method used for culture procedures in the 
present study was previously reported.18,26,28 Briefly, 
the transport media containing the root canal samples 
were thoroughly shaken for 60 seconds (Vortex; 
Marconi, Piracicaba, São Paulo, Brazil). Serial 10-fold 
dilutions were made up to 10−4 in tubes containing 

Brain Heart Infusion broth (BHI; Himedia, Mumbai, 
Maharashtra, India). Fifty microliters of the serial 
dilutions were plated onto 5% defibrinated sheep 
Brain Heart Infusion agar (BHI agar; Kasvi, São 
José dos Pinhais, PR, Brazil) by using sterile plastic 
spreaders to culture nonselectively obligate anaerobes 
and facultative anaerobes. The plates were incubated 
at 37°C in anaerobic atmosphere for up to 14 days. 
After this period, colony-forming units (CFU/mL) 
were visually quantified for each plate.

Determination of endotoxin concentration 
(kinetic turbidimetric LAL assay) 

The kinetic turbidimetric LAL assay Pyrogent-5000 
(Lonza, Walkersville, EUA) used for quantification of 
endotoxins was previously described(21, 22). Briefly, for 
the test, 100 mL apyrogenic water (reaction blank), the 
5 standard endotoxin solutions (0.01–100 endotoxin 
units [EU]/mL), root canal samples, and positive 
controls (each root canal sample contaminated with a 
known concentration of endotoxin [10 EU/mL]) were 
added to a 96-well apyrogenic plate. The tests were 
performed in duplicate. The plate was incubated at 
37°C ± 1°C for 10 minutes in the microplate reader 
BioTek ELx808 (Lonza, Walkersville, MD, EUA), 
which was coupled to a microcomputer by means of 
the WinKQCL software. Next, 100 μL Pyrogent-5000 
reconstituted reagent was added to each well. After 
the beginning of the kinetic test, the software 
continuously monitored absorbance at 340 nm in 
each microplate well and automatically calculated 
the log/log linear correlation between the reaction 
time of each standard solution and the corresponding 
endotoxin concentration.

Statistical analysis
The data collected (CFU/mL and endotoxin 

concentrations EU/mL) were statistically analyzed 
by using Sigma Plot 12.0 for Windows (Systat Software 
Inc, San Jose, CA). The Shapiro-Wilk test showed that 
the variables studied had normal distribution. The 
data also presented a homogeneous distribution. 
A comparison between different sampling times and 
the root canal treatment groups was performed by 
using the Two-Way ANOVA test. The significance 
level was always set at 5% (p < 0.05).
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Results

A total of 24 patients, being 8 males and 16 females, 
participated in this study. Random allocation of 
subjects resulted in 12 patients in the PTN group 
(4 males and 8 females) and 12 patients in the HCM 

group (4 males and 8 females) (Table 1). The mean 
age of patients in PTN group was 41.58 ± 12.09 whilst 
it was 44.25 ± 15.95 in the HCM group (Table 1). 
Recruitment was performed from March/2017 until 
May/2018. The trial was completed in May/2018. 
Fig. 1 shows the participant flow chart. 

Table 2 shows the number of CFU/mL and the 
concentration of Endotoxins (EU/mL) found before 
(S1) and after (S2) the instrumentation with PTN or 
HCM. Concerning the bacterial culture, the presence 
of bacteria was verified in 100% of the initial samples 
(S1) in the two systems. At S2, there was no bacterial 
growth in 4 of 12 PTN samples and 5 of 12 HCM 
samples. Bacterial culture analysis revealed no 

Table 1. Demographic data of the study.

Group Male/Female Age (years)

PTN 04/08 41.58 ± 12.09

HCM 04/08 44.25 ± 15.95

Total 08/16 42.92 ± 15.78

PTN, ProTaper Next; HCM, HyFlex CM.

Figure 1. Consolidated standards of reporting trials flow chart.

 

 

Assessed for eligibility (n = 40)

Randomized (n = 24)

Excluded (n = 16)

• Not meeting inclusion criteria (n = 14)

• Declined to participate (n = 2)

• Other reasons (n = 0)

ProTaper Next Group (n = 12)

• Received intervention (n = 12)

• Did not received allocated 
   intervention (give reasons) (n = 0)

HyFlex CM Group (n = 12)

• Received intervention (n = 12)

• Did not received allocated 
   intervention (give reasons) (n = 0)

Lost to follow up (give reasons) (n/a) Lost to follow up (give reasons) (n/a)

Analysed (n = 12)

• Excluded from analysis (n = 0)

Analysed (n = 12)

• Excluded from analysis (n = 0)
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statistically significant difference between the two 
instrumentation systems (p=0.226) in the reduction of 
root canal bacteria with primary endodontic infections. 
In relation to endotoxin concentrations, its presence 
was detected in 100% of the samples collected before 
and after root canal instrumentation. However, there 
was no statistically significant difference between the 
two instrumentation systems in reducing endotoxin 
concentration (p = 0.240). The percentage values of 
bacterial and endotoxin reductions found in groups 
tested are shown in Table 3.

Discussion

The present clinical trial compared the effectiveness 
of two rotary systems (PTN and HCM) on the removal 
of cultivable bacteria and endotoxins from primarily 
infected root canals. The PTN files presents larger taper 
compared to the HCM files, and its decentralized core 
design promotes less contact of the instrument with 
the root canal walls,29 favoring a greater extrusion of 
debris in the coronal direction.30  HCM has a great 
flexibility when compared in to other instruments 
made of super-elastic wires. Instruments with great 
flexibility have their cutting power diminished since 

it deforms easily in the walls of the root canals against 
slight pressure,31 which could influence the bacterial 
and LPS reduction.  The results demonstrated that 
the two instrumentation systems were effective in the 
reduction of bacteria and endotoxins of root canals 
with primary endodontic infections. The data are in 
accordance with other studies that also demonstrated 
bacterial reduction above 95% with mechanized 
systems.18,32 However, none of the systems were able 
to completely eliminate bacteria and endotoxins.

In our study, we observed the presence of negative 
culture in the samples in part of the patients after the 
instrumentation. Although CFU/mL counting is a reliable 
method to evaluate the cleaning ability of endodontic 
instrumentation, one should take into account several 
limitations that may have led to samples with negative 
bacterial cultures, which does not mean that bacteria 
were not present. Thus, these negative cultures could 
be a consequence of a very low level of bacteria that 
possibly could not be detected; limitations related to 
the sampling procedures, to the culture techniques, or 
to the presence of bacteria that cannot yet be cultured.33 

It is known that pulp and periapical diseases are 
mainly caused by bacteria and their byproducts.1 
Endotoxins are related to the triggering of 
inflammation and subsequent release of inflammatory 
mediators.4,34 In the present study, the detection of 
endotoxins was performed in 100% of the samples, in 
accordance with previous studies.23,24,25,28 Endodontic 
files systems reduced endotoxins by more than 
89%, with no statistical difference between them. 
However, endotoxins were detected in all cases after 
instrumentation, regardless of the system used. It is 
important that the chemomechanical preparation focus 

Table 3. Percentage reduction values of cultivable bacteria 
and endotoxins found in primarily infected root canal after 
PTN or HCM instrumentation.

Groups Cultivable bacteria Endotoxins

PTN 98.70% 89.20%

HCM 99.80% 93.10%

PTN, ProTaper Next; HCM, HyFlex CM.

Table 2. Effectiveness of PTN and HCM for the removal of cultivable bacteria (CFU/mL) and endotoxins (EU/mL) from primarily 
infected root canals.

Groups
Cultivable bacteria (CFU/mL) Endotoxins (EU/mL)

Before treatment (S1)a After treatment (S2)b Before treatment (S1)a After treatment (S2)b

PTN
3.6 x 106 4.4 x 104 27.50 2.95 

(2.0 x 104 – 3.0 x 107) (0–4.0 x 105) (2.34–100) (0.24–7.63)

HCM
1.2 x 106 1.7 x 103 26.38 1.82 

(5.0–8.6 x 106) (0–1.7 x 104) (1.63–122) (0.29–7.10)

CFUs, colony-forming units; EUs, endotoxin units. PTN, ProTaper Next; HCM, HyFlex CM. Media, minimum and maximum of cultivable bacteria 
and endotoxins found in primarily infected root canals. Different letters indicate significant statistical differences between initial and final sampling 
(Fisher LSD Method, p < 0.05).

6 Braz. Oral Res. 2019;33:e039



Machado CAD, Souza ACA, Loureiro C, Martinho FC, Cintra LTA, Dezan Junior E et al.

on reducing LPS to a level that initiates periradicular 
tissue healing, rather than just reducing/eliminating 
microorganisms and infected tissues,24 as even small 
amounts of endotoxin are capable of triggering the 
inflammatory osteolysis by inducing the release 
of pro-inflammatory cytokines and MMP-1 from 
macrophages.35 Such a threshold value of the infectious 
content remains unknown.19 However, it is expected 
that in the absence of living gram-negative cells to 
maintain LPS levels, its action would only be transient 
and unlikely to impact treatment outcome.

The endotoxin values found are in agreement 
with previous studies that used the Pyrogent-5000 
turbidimetric LAL kinetic test (Lonza).36,37 LAL tests for 
the quantification of endotoxins use a coagulation cascade 
that is activated by the presence of endotoxin.21 In the 
chromogenic tests (chromogenic endpoint [QCL test] and 
kinetic chromogenic [KQCL test] assays) this presence is 
represented by the yellow color intensity of the samples 
while in the turbidimetric test (Pyrogent-5000) the 
measurement is by turbidity. In both, higher amount 
of endotoxins, more yellowish or turbid the solutions 
with the samples are presented. According to Martinho 
et al.21 the turbidimetric kinetic method is one of the 
most useful tests to quantify the endotoxins of root 
canal infections, being an accurate test with good 
reproducibility, as well as the KQCL test. Whereas, QCL 
test is limited in relation to its sensitivity.21

In the present study, molars and pre-molars with 
primary endodontic infections and chronic apical 
periodontitis were used, in order to obtain a sample 
with similar microbiological characteristics. To perform 
the initial collection without previous instrumentation, 
the palatal canal was chosen due to its larger anatomy, 
even so, a pilot study showed that dentinal removal 
was necessary in order to allow the introduction of 
the paper cone until the apparent tooth length, which 
was accomplished by using Gattes-Gliden drill to 
remove dentin only at the orifice entrance.

Conventional needle irrigation was used here 
instead of ultrasonic activation. It has been shown 
that ultrasonic activation is more effective than needle 
irrigation in removing bacteria from root canals in 
a clinical setting.38 Therefore, if activation of the 
irrigating solution was used it could influenced the 
results when comparing both instrument systems. 

The HCM system presents a greater number of 
instruments than the PTN systems and consequently, 
a different volume of irrigation was used during 
the biomechanical preparation since the root canals 
were irrigated with each file change, respecting the 
clinical protocol. A systematic review has proved 
that when irrigating regimens are kept constant, the 
type of instrument used does not have an influence 
on endotoxin reduction during root canal treatment.19 
Nevertheless, no statistical difference was observed 
between both instrument systems. Another difference 
between the protocols of instrumentation evaluated is 
the final tip diameter of the last instrument used for 
each system: while HCM presents size #40/04 (step 
6), PTN has size #30/07 (X3), which promotes further 
widening of the zone suggesting greater cleanliness 
of this region.37 Nevertheless, no statistical difference 
was found in the reduction of bacteria and endotoxins 
between the two systems of instrumentation and 
none of the systems were able to eliminate 100% 
of the bacteria and their byproducts, which could 
be related to untouched canal areas. Therefore, the 
difference found between both protocols regarding 
the apical preparation diameter, and also their design 
features, did not affect the outcome of the root canal 
bacterial and endotoxin disinfection.   

Given the results of the present study, where 
bacteria and endotoxins were not completely 
eliminated regardless of the system used, it is 
important to highlight the relevance of using intracanal 
medication as an aid in the disinfection of infected 
root canals. Recent studies showed that calcium 
hydroxide-based intracanal medication reduces 
99.5% of microorganisms in persistent infections, in 
addition to reducing pro-inflammatory cytokines.39 

Other studies confirm the ability of calcium hydroxide-
based medication to eliminate endotoxins at different 
time periods of action.40

Conclusion

Thus, it could be concluded that both systems 
were able to eliminate large amounts of bacteria 
and endotoxins from the root canals with primary 
endodontic infections, although remnants of 
endotoxins were found in all cases.
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