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Abstract
AIM. The aim of this study was to evaluate bacterial reduction in root canals with the XP-Endo Shaper (XP) and 
Trunatomy (TN) systems. 
MATERIALS AND METHODS. Twenty-eight permanent human type I, oval-shaped Vertucci premolars and 
straight root canals were contaminated with Enterococcus faecalis for 30 days at 37°C. Samples were col-
lected prior to instrumentation. The teeth were divided into two groups (n = 14) and processed with the 
tested groups at 37°C: XP group – (30/0.04) and TN group – Small (20/0.04) and Prime (26/0.04). Biological 
samples before and after instrumentation were collected using a sterile paper cone inserted into the canal 
for one minute. Bacteria were counted using colony forming units (CFU/mL) and results were subjected to 
Kruskal-Wallis test at 5 level of significance. 
RESULTS. Both the XP and TN systems significantly reduced bacterial counts (p < 0.0001), but did not elimi-
nate bacteria in the root canals.
CONCLUSIONS. Both the Trunatomy and XP-Endo Shaper systems were similar in terms of antimicrobial ef-
ficacy, but neither system was able to eliminate bacteria from the root canals.
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Резюме
ЦЕЛЬ. Целью данного исследования было оценить степень снижения бактериальной обсемененности 
в корневых каналах после обработки с использованием систем XP-Endo Shaper (XP) и TruNatomy (TN).
МАТЕРИАЛЫ И МЕТОДЫ. Двадцать восемь постоянных человеческих премоляров типа I по Вертуччи 
с овальной формой и прямыми корневыми каналами были заражены Enterococcus faecalis в течение 
30 дней при температуре 37°C. Образцы собирались до начала инструментальной обработки. Зубы 
были разделены на две группы (n = 14) и обработаны при 37°C: группа XP – инструмент (30/0.04); груп-
па TN – инструменты Small (20/0.04) и Prime (26/0.04). Биологические образцы до и после обработки 
собирались стерильным бумажным штифтом, введенным в канал на одну минуту. Подсчет бактерий 
производился по числу колониеобразующих единиц (КОЕ/мл), результаты анализировались с исполь-
зованием критерия Крускала–Уоллиса при уровне значимости 5%.
РЕЗУЛЬТАТЫ. Обе системы – XP и TN – достоверно снижали количество бактерий в корневых каналах 
(p < 0.0001), однако не обеспечивали полного их удаления.
ВЫВОДЫ. Системы TruNatomy и XP-Endo Shaper продемонстрировали сопоставимую антимикробную 
эффективность, однако ни одна из них не обеспечила полной элиминации бактерий из корневых каналов.
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INTRODUCTION
One of the main aims of endodontic treatment is to 

prevent or promote the healing of apical periodontitis by 
cleaning, shaping, disinfecting and filling the root canal 
system [1]. The microorganisms can organize them-
selves into biofilms, which increases their resistance to 
endodontic procedures and makes root canal disinfec-
tion a challenge [2].

One microorganism of interest in endodontics is 
Enterococcus faecalis, which has been extensively 
studied as it is particularly associated with persistent 
endodontic infections, which are a common cause of 
treatment failure due to their resistance in intracanal 
procedures [3]. This bacterium has an inherent resis- 
tance to various treatments, including irrigation solu-

tions, intracanal medications [4], antibiotics and pH 
changes [5]. Its ability to adhere, multiply, invade, re-
sist host defenses and compete with other bacteria in-
creases its virulence [6].

Mechanical preparation is the most critical phase of 
endodontic treatment, and great development has been 
made in the development of instruments [7]. Studies 
show that even with different techniques, complete re-
moval of organic debris [8] and bacteria [9] is difficult 
to achieve. Automated systems based on a nickel-tita-
nium alloy that work with continuous rotary motion have 
become widely accepted in recent decades [9]. These 
files, with innovative designs, manufacture, alloy com-
position and heat treatment [10], have redefined root 
canal instrumentation.
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Some of these systems are XP-Endo Shaper 
(FKG Dentaire, La Chaux de Fonds, Switzerland) and  
TruNatomy (Dentsply Sirona, Ballaigues, Switzerland). 
These files have an innovative design and use rotary 
motion to enhance the root can preparations [7], con-
sidered effective for complex anatomy that often har-
bor resistant microorganisms such as Enterococcus 
faecalis [5; 6].

The XP-Endo Shaper (FKG) with its serpentine de-
sign and NiTi MaxWire alloy adapts to the irregulari-
ties of the canal and minimizes stress on the dentin 
wall. It transitions from a straight, martensitic shape to 
a spoon shape at body temperature and uses its elas-
ticity and shape memory effect to expand and contract 
during rotation to improve cleaning and disinfection. 
This dynamic ability improves root canal treatments by 
reaching hard-to-reach areas and effectively agitating 
the irrigant [7; 11]. The instrument is 30/.01 (size/taper), 
but can have a final canal preparation of 30/.04 [12].

Another new system is the Trunatomy (Dentsply 
Sirona), which ensures superior peri-cervical dentin 
preservation thanks to a special instrument geometry 
and heat treatment [13]. The Trunatomy instruments 
are characterized by flexibility, regressive tapering and 
a decentralized parallelogram cross-section and faith-
fully reproduce the anatomy of the canal [14]. This sys-
tem comprises five instruments for cervical preparation 
(Orifice Modifier 20.08), the glide path (Glider 17.02v) 
and three sizes for canal shaping: Small (20.04v), Prime 
(26.04v) and Medium (36.03v) [11].

Endo Shaper (FKG Dentaire) and the Trunatomy 
(Dentsply Sirona) system. The null hypothesis tested 
was that there would be no difference between the 
groups in terms of bacterial reduction [15; 16].

MATERIALS AND METHODS 
The study was conducted in accordance with the 

Declaration of Helsinki. This study approved by the 
local ethics committee because it involved biologi-
cal material (Opinion: 5.351.873, 14th April, 2022). The 
manuscript was written according to the Preferred Re-
porting Items for Laboratory studies in Endodontology 
(PRILE) 2021 guidelines [17] (Fig. 1).

The number of 14 samples per group was based 
on previous works [18; 19]. The sample was calculated  
using the t-test, with a minimum difference between the 
means of the treatments of 0.74, a standard deviation of 
0.81–0.78, a number of treatments of 2, a test power of 
0.80 and an alpha of 0.05.

Sample selection and standardization
The criteria included the selection of permanent hu-

man mandibular premolars with fully developed, singular 
roots, a straight single canal curvature < 10° according to 
Schneider [20] and a Vertucci type I and an oval shape (in 
which the buccolingual diameter is twice as large as the 
mesiodistal diameter in the first two thirds of the canal). 
Teeth with fractures, calcifications, dilacerations or pre-
vious endodontic treatment were excluded. Radiographs 
were taken in both vestibulo-lingual and mesiodistal ori-
entations to confirm compliance with the inclusion criteria.

RATIONALE / JUSTIFICATION 
Studies have highlighted the effectiveness of TruNatomy

in shaping and preserving root canal anatomy with limited 
research on its effects on reducing intracanal bacteria

AIM AND HYPOTHESIS 
Aim: To compare the efficacy of mechanical bacterial reduction 

between the XP-Endo Shaper (FKG Dentaire) and TruNatomy 
(Dentspty Sirona) systems

Hypothesis: The null hypothesis tested was that there would be 
no differences between groups in terms of bacteria reduction

ETНICAL APPROVAL 
This study was submitted to and approved 

by the local ethics committee (СААЕ 5.351.873) 
because it involved biological material

SAMPLES 
Twenty-eight permanent human premolars with formed single 

roots and straight canals

EXPERIMENTAL AND CONTROL GROUPS, 
INCLUDE INDEPENDENT VARIABLES 

Group ХР (n = 12): The samples in this group were instrumented 
with the XP-Endo Shaper rotary system

TN group (n = 12): The samples in this group were instrumented 
with the TruNatomy rotary system

OUTCOME ASSESSED 
Bacterial reduction in root canals

METHOD USED TO ASSESS THE OUTCOME 
Colony forming units (CFU/mL)

RESULTS 
There was no difference in the extent of microbial reduction 

between the TN and ХР systems (р = 0.5623)

CONCLUSION(S) 
It was found that the TruNatomy and ХР-Endo Shaper 

instruments were equivalent in microbial reduction of biofilm 
consisting of Enterococcus faecalis Neither system 
was able to eliminate bacteria from the root canals

FUNDING DETAILS 
None

CONFLICT OF INTEREST 
The authors deny any conflict of interests

Fig. 1. Preferred Reporting Items for Laboratory 
studies in Endodontology (PRILE) 2021 guidelines
Рис. 1. Рекомендуемые элементы отчета для 
лабораторных исследований в эндодонтии 
(PRILE) – рекомендации 2021 г.
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The teeth were ultrasonically cleaned to remove any 
residual periodontal ligament or calculus. They were 
stored in 0.1% thymol until the start of the study. In pre- 
paration for the experiments, the roots were thoroughly 
rinsed under running water for one hour to remove all 
thymol residues. They were then dried with a stream 
of air and gauze. The samples were then flattened 
with a diamond disk attached to a ruler and measured 
with a  conventional ruler, ensuring standardization to 
a length of 15 mm.

The working length (WL) was determined with 
a K#10 file (K-File, Dentsply Maillefer, Ballaigues, Swit-
zerland) up to the apical foramen, whereby the WL was 
determined by subtracting 1 mm. The canal was then 
enlarged with a K#20 file (K-File, Dentsply Maillefer, Bal-
laigues, Switzerland) to standardize the original canal 
diameter and make room for bacterial contamination.

Micro-CT Scanning
All teeth were scanned in a micro-CT device (Sky-

Scan 1273; Brucker micro-CT, Kontich, Belgium) at 
70 kV, 114 mA, 12 µm pixel size, 360° around the verti-
cal axis, with 0.5 rotation step and 2 average frame and 
with a 1.0 mm thick aluminum filter. After scanning, the 
N. Recon v.1.6.9.16 software (Bruker micro-CT) was 
used for the image’s reconstruction (ring artifact cor-
rection of 5, a beam hardening correction of 50% and 
a smoothing of 8). The 3-dimensional volume and sur-
face area were measured using CTAn v1.14.4.1 soft-
ware (Bruker micro-CT).

The CTAn v1.14.4.1 software (Bruker micro-CT) was 
also used to measure the major diameter of the buc-
colingual root canal three millimeters from the apex. 
Root canals that had a buccolingual distance that was 
at least three times the mesiodistal distance were con-
sidered oval [21]. This procedure allowed the sam-
ples to be matched and randomly divided in two ex-
perimental groups according to Enterococcus faecalis 
contamination.

Enclosure of the roots in silicone
To prevent the irrigation solution from leaking 

through the apical foramen during root preparation, the 
root apices were first covered with utility wax. These 
roots were then placed in plastic cubes with 4 cm and 
a diameter of 3 cm, filled with silicone and finally co- 
vered with a thin layer of cyanoacrylate around the root 
to ensure stability. The teeth were then sterilized into 
an autoclave at 121°C for 15 minutes and subsequently 
contaminated with E. faecalis.

Contamination of the sample
The target microorganism for the infiltration test 

was E. faecalis (ATCC-29212), which was cultured and 
stored in BHI liquid medium (Brain Infusion Hearth – 
BHI – Difco – Detroit, Michigan, USA) with 20% glycerol. 
To prepare the inoculum, 100 µL of the E. faecalis broth 
was transferred to 2 mL of BHI broth and kept in the oven 
at 37°C for a maximum of 24 hours. After this time, the 
broth became turbid, which was compared with the Mac 
Farland 10 scale (1.0x10 CFU/mL). 37 g of BHI was dis-

solved in 1 liter of demineralized water and distributed 
into smaller containers. After the BHI was prepared, it 
was autoclaved for 40 minutes at 121 °C, pH 7.4, 0.2 at 
25c with typical (g/liter).

Twenty microliters (μL) of the suspension at the final 
concentration was added to the root canals using a pi-
pette. A sterile, absorbent cotton was moistened, and 
placed in four wells of each cell culture plate. The lid 
of the plate was closed and sealed with adhesive tape 
and the whole was incubated in an oven at 37°C with 5% 
CO2 for 30 days, when the used absorbent cotton was 
changed in plates wells [4]. During the contamination 
period, the bacteria viability was checked every three 
days and BHI was added daily to keep the strains viable 
to confirm that the contamination was effective. The 
container was then opened, and the contaminated teeth 
were used to start the experiment.

Root canal Instrumentation
Once the biofilm had matured, the individual samples 

were removed prior to instrumentation and randomly al-
located into experimental groups (n = 12):

– Group TruNatomy (TN);
– Group XP – Endo Shaper (XP).
Samples were collected in a laminar flow chamber 

using a sterile cone of absorbent paper No. 20 (En-
dopoints, Manacapuru, Amazonas, Brazil) immersed 
in the canal for 1 minute. The samples were then trans-
ferred to an Eppendorf tube containing 5 mL of sterile 
0.85% saline solution and shaken for 30 seconds (Vor-
tex CP 600 Plus, Phoenix, Araraquara, Brazil). Serial 
dilutions (10–1, 10–2, 10–3 and 10–4) of this suspension 
were prepared and transferred to test tubes. Aliquots of 
0.1 mL of the suspension and each dilution were seeded 
in Petri dishes containing BHI agar. The plates were in-
cubated in an oven with 5% CO2 at 37°C for 24 hours. 
The number of CFU/mL per culture plate was then 
counted before the root canals preparations.

After the antimicrobial samples prior to instrumen-
tation, 5 mL of sterile 0.9% saline solution was used as 
irrigant, and the canals were instrumented. Root canal 
preparation was performed at 37°C in a heating cabi-
net (800-Heater; PlasLabs, Lansing, MI) built into the 
laminar flow. Instrumentation of the root canal was per-
formed as follows:

Group XP (n = 12): Samples in this group were in-
strumented with the XP-Endo Shaper rotary system. 
While the canal was filled with 0.9% saline, a K#15 file 
(K-File, Dentsply Maillefer, Ballaigues, Switzerland) was 
inserted third by third up to the WL. The file reached 
the WL by long, even back and forth movements in the 
longitudinal direction. The movements were wide and 
uninterrupted so that the conical shape of the canal 
was defined. Once the WL was reached, 3 incremental 
movements were done. The teeth were instrumented 
with the X-Smart Plus motor (Dentsply Maillefer, Bal-
laigues, Switzerland) at 800 rpm and 1.5 Ncm. At each 
instrumented root third, the canal was irrigated with 
5 mL of sterile 0.9% saline solution (Farmax, Brazil) us-
ing a conventional irrigation syringe (Ultradent, USA) 
and a 25 x 4 irrigation needle (Injex, São Paulo, Brazil) 
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and the glide path was performed with a K#20 hand file. 
A 30/ 04 gutta-percha cone was used to check the final 
preparation diameter.

TN group (n = 12): The specimens in this group were 
instrumented with the TruNatomy rotary system. While 
the canal was filled with 0.9% sterile saline, a K#15 file 
was inserted third by third up to the WL. Initially, the 
Orifice Modifier 20.08 instrument was used, followed by 
the 17.02v, 20.04v, 26.04v and 36/.03 instruments. The 
torque used was 1.5 Ncm and the speed was 500 rpm 
with continuous rotation using the X-Smart Plus mo-
tor. Each time the instrument was used, three to four in 
and out movements were performed until the WL was 
reached. 

All procedures were performed in a cabinet at 37°C 
with a heater (800-Heater; PlasLabs, Lansing, USA) to 
simulate body temperature. In both groups, each root 
canal was irrigated with 25 mL of saline after 3 prepa-
ration cycles (1 cycle corresponds to 3 back and forth 
movements).

Sample collection after instrumentation
After the final irrigation, the samples of each group 

were taken again using sterile paper cones, which re-
mained in the canal for 1 minute. After 1 minute, the 
cones were removed and stored in a plastic container. 
The dilutions were prepared in test tubes according to 
the same protocol as the previous collection.

Statistical analysis
The results were analyzed using BioEstat 5.3 and 

the Shapiro-Wilk normality test was used. The sample 
showed non-normal behavior, then Kruskal-Wallis para-
metric test (Student-Newman-Keuls) was chosen, con-
sidering a significance level of 5%.

RESULTS
The previous count showed no significant difference 

between the groups before the preparation (0.5546). 
The results showed a significant intragroup microbial 
reduction after root canal instrumentation with the TN 
(p < 0.0001) and XP (p < 0.0001) systems. Also, no dif-
ference was found in an intergroup comparison be-
tween the TN and XP systems (p = 0.5623) (Table 1).

DISCUSSION
The primary goal of endodontic treatment involves 

thorough cleaning, disinfection and proper root canal 
obturation [22]. However, the complicated anatomy of-
ten harbors microorganisms in the bifurcations, isthmi 
and dentinal tubules, making them resistant to con-
ventional mechanical and chemical treatments. This 
resistance could contribute to the failure of endodontic 
therapy [23].

In the present study, the instrumentation capacity of 
2 rotary systems for the removal of E. faecalis was com-
pared. Despite the different designs, cross-sections and 
heat treatments, there was no difference in the ability to 
disinfect root canals with the XP-Endo Shaper and the 
TruNatomy system. Both systems promoted partial bacte-
rial reduction. The null hypothesis was therefore accepted.

Oval mandibular premolars were selected for this 
study because cleaning and shaping these teeth is 
challenging [12]. This is because the canal usually has 
a  round cross-section during rotary instrumentation 
and the polar areas in oval canals remain unprepared.

In this study, the final preparation size was 30/0.04 
for XP-Shaper and 36/0.03 for Trunatomy. Despite the 
differences in final apical diameter, studies have shown 
that both systems have similar capabilities in reducing 
microbial presence in root canals. This consistency of 
results suggests that factors such as instrument flexibi- 
lity, cutting efficiency and ability to move irrigants may 
play a more critical role than preparation size alone [11]. 
The design and material composition of the instru-
ments facilitate thorough cleaning of the canal so that 
even complicated canal anatomies can be reached ef-
fectively. These results emphasize the sophistication of 
modern endodontic instruments, where design com-
plements size to achieve the desired results in bacterial 
reduction [11].

Enterococcus faecalis was focused on in this study 
because it appears to be the most common microor-
ganism in persistent endodontic infections [24]. This 
bacterium tolerates hostile alkaline pH values and re-
sists prolonged nutrient deprivation with reduced me- 
tabolic activity in treated root canals [25]. In addition, 
mature E. faecalis biofilms in root canal dentin exhibit 
greater resistance to disinfectant solutions than young 
biofilms [26].

In this study, a culture-based microbiological test 
based on an ex vivo approach was chosen. Despite 
newer, more advanced methods for evaluating cell cul-

Table 1. Kruskal-Wallis (Student-Newman-Keuls) 
statistical test of colony forming units/mL (log10)  
of the sample groups
Таблица 1. Результаты статистического 
анализа методом Крускала-Уоллиса (и критерия 
Стьюдента – Ньюмена – Келса) количества 
колониеобразующих единиц/мл (log10) 
в исследуемых группах

TN XP

PC CAI PC CAI

MN 4.28 3.33 5.46 3.38

MX 6.30 4.98 7.05 5.40

MD (ID) 5.98(0.50)A 3.97(0.55)B 6.00(0.74)A 4.09(1.24)B

MA (SD) 5.79 (0.52) 4.00 (0.45) 6.08 (0.47) 4.29 (0.68)

Note: TN – TruNatomy system; XP – XP-Endo Shaper system; 
PC – prior collection; CAI – collection after instrumentation; 
MN – minimum values; MX – maximum values; MD – median; 
ID – interquartile deviations; MA – arithmetic means; SD – 
standard deviation; p < 0.0001
Примечание: TN – система TruNatomy; XP – система  
XP-Endo Shaper; PC – забор до инструментальной обра-
ботки; CAI – забор после инструментальной обработки; 
MN – минимальные значения; MX – максимальные значе-
ния; MD – медиана, ID –межквартильные размахи; сред-
ние MA – арифметические значения; SD – стандартное 
отклонение; p < 0.0001
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tures and root canal disinfection, this method is widely 
supported in the literature [11; 27]. Collection via ste- 
rile paper tips, followed by serial dilution and seeding 
in culture media, facilitated the enumeration of colonies 
in Petri dishes [28]. Although these systems have simi-
larities in potential bacterial reduction in root canals, it 
is important to emphasize the method chosen for this 
study, the bacterial counting [27; 28], which is crucial 
for the evaluation of instruments and substances. which 
is crucial for the evaluation of instruments and sub-
stances. However, it must be acknowledged that the 
use of paper points may underestimate the bacterial 
count in the canal system, as bacteria located in areas 
further away from the main canal lumen, such as den-
tinal tubules, isthmuses and bifurcations, may not be 
detected [1].

Other studies investigating bacterial reduction are 
in agreement with these results [2; 29]. It has been 
shown that the reciprocating, manual and rotary tech-
nique in combination with 2.5% NaOCl is equally ef-
fective in reducing the number of microorganisms in 
the oval root canals [2]. The efficacy of Trunatomy and 
Rotate in the disinfection of root canals [29]. Although 
without significant differences, the preparation with 
XP-Endo Shaper resulted in a significant reduction in 

bacteria compared to TruNatomy instruments [14] or 
compared to compared to Reciproc [30], which con-
tradicts the present study.

The results of the study emphasize the continuing 
need for research and innovation in endodontics and 
highlight the importance of developing new instru-
ments, techniques and strategies for thorough root 
canal disinfection, especially in cases with resistant 
microorganisms. Although the study provides valuable 
insights, the limitations of the study caution against im-
mediate application of the results in clinical practice. It 
suggests that further research, including clinical trials, 
is needed to validate and build on the observations.

CONCLUSION
It was found that the Trunatomy and XP-Endo Sha- 

per instruments were equivalent in microbial reduc-
tion of biofilm consisting of Enterococcus faecalis. 
Neither system was able to remove bacteria from the 
root canals. Therefore, the integration of effective irri-
gation protocols and solutions is crucial to improve the 
antibacterial efficacy of these systems. Continued re-
search and development are essential to refine these 
technologies and improve the clinical outcomes of en-
dodontic therapy.

REFERENCES / СПИСОК ЛИТЕРАТУРЫ

1.	 Siqueira J.F. Jr, Rôças I.N. A critical analysis of research 
methods and experimental models to study the root ca-
nal microbiome. Int Endod J. 2022;55(Suppl. 1):46–71. 
https://doi.org/10.1111/iej.13656

2.	 Nakamura V.C., Candeiro G.T., Cai S., Gavini G. Ex 
vivo evaluation of three instrumentation techniques on 
E.  faecalis biofilm within oval shaped root canals. Braz 
Oral Res. 2015;29(1):1–7. https://doi.org/10.1590/1807-
3107BOR-2015.vol29.0027

3.	 Gomes B.P., Berber V.B., Kokaras A.S., Chen T., Pas-
ter  B.J. Microbiomes of endodontic-periodontal le-
sions before and after chemomechanical prepara-
tion. J Endod. 2015;41(12):1975–1984. https://doi.
org/10.1016/j.joen.2015.08.022

4.	 Matos Neto M., Santos S.S., Leão M.V., Habitante S.M., 
Rodrigues J.R., Jorge A.O. Effectiveness of three in-
strumentation systems to remove Enterococcus faeca-
lis from root canals. Int Endod J. 2012;45(5):435–438. 
https://doi.org/10.1111/j.1365-2591.2011.01994.x 

5.	 Evans M., Davies J.K., Sundqvist G., Figdor D. Mecha-
nisms involved in the resistance of Enterococcus faecalis 
to calcium hydroxide. Int Endod J. 2002;35(3):221–228. 
https://doi.org/10.1046/j.1365-2591.2002.00504.x

6.	 Kayaoglu G., Ørstavik D. Virulence factors of Entero-
coccus faecalis: relationship to endodontic disease. 
Crit Rev Oral Biol Med. 2004;15(5):308–320. https://doi.
org/10.1177/154411130401500506

7.	 Marceliano-Alves M.F.V., Ronquete V., Coutinho T.M.C., 
Boukpessi T., Salvioni A.L.F., Goulart P.A.S.R. et  al. 
Unprepared areas and centralization of oval ca-
nals prepared with WaveOne Gold or XP-endo Shap-
er: microcomputed tomographic analyses. Acta 
Odontol Latinoam. 2023;36(3):177–182. https://doi.
org/10.54589/aol.36/3/177

8.	 Versiani M.A., Pécora J.D., de Sousa-Neto M.D. Flat-
oval root canal preparation with self-adjusting file 
instrument: a micro-computed tomography study. 
J Endod. 2011;37(7):1002–1007. https://doi.org/10.1016/j.
joen.2011.03.017

9.	 Neves M.A.S., Provenzano J.C., Rôças I.N., Siquei-
ra J.F. Jr. Clinical antibacterial effectiveness of root ca-
nal preparation with reciprocating single-instrument 
or continuously rotating multi-instrument systems. 
J   Endod. 2016;42(1):25–29. https://doi.org/10.1016/j.
joen.2015.09.019

10.	Aksoy Ç., Keriş E.Y., Yaman S.D., Ocak M., Geneci F., Çe-
lik  H.H. Evaluation of XP-endo Shaper, Reciproc Blue, 
and ProTaper Universal NiTi systems on dentinal micro-
crack formation using micro-computed tomography. 
J Endod. 2019;45(3):338–342. https://doi.org/10.1016/j.
joen.2018.12.005 

11.	Macedo F.P.G., Soares A.J., Marceliano-Alves M.F.V., 
Martinez E., Lopes R., Bastos L.F. et al. The effect of 
root canal preparation tapers on planktonic bacteria 
and biofilm reduction in the apical third: A correlative mi-
crotomography and microbiological laboratory study.  
Int Endod J. 2024;57(6):700–712. https://doi.org/10.1111/
iej.14052

12.	Lacerda M.F.L.S., Marceliano-Alves M.F., Pérez A.R., 
Provenzano J.C., Neves M.A.S., Pires F.R. et al. Cleaning 
and shaping oval canals with 3 instrumentation systems: 
a correlative micro-computed tomographic and histo-
logic study. J Endod. 2017;43(11):1878–1884. https://
doi.org/10.1016/j.joen.2017.06.032

13.	Elnaghy A.M., Elsaka S.E., Mandorah A.O. In vitro 
comparison of cyclic fatigue resistance of TruNatomy 
in single and double curvature canals compared with 
different nickel-titanium rotary instruments. BMC Oral 

https://doi.org/10.1111/iej.13656
https://doi.org/10.1590/1807-3107BOR-2015.vol29.0027
https://doi.org/10.1590/1807-3107BOR-2015.vol29.0027
https://doi.org/10.1016/j.joen.2015.08.022
https://doi.org/10.1016/j.joen.2015.08.022
https://doi.org/10.1111/j.1365-2591.2011.01994.x
https://doi.org/10.1046/j.1365-2591.2002.00504.x
https://doi.org/10.1177/154411130401500506
https://doi.org/10.1177/154411130401500506
https://doi.org/10.54589/aol.36/3/177
https://doi.org/10.54589/aol.36/3/177
https://doi.org/10.1016/j.joen.2011.03.017
https://doi.org/10.1016/j.joen.2011.03.017
https://doi.org/10.1016/j.joen.2015.09.019
https://doi.org/10.1016/j.joen.2015.09.019
https://doi.org/10.1016/j.joen.2018.12.005
https://doi.org/10.1016/j.joen.2018.12.005
 https://doi.org/10.1111/iej.14052
 https://doi.org/10.1111/iej.14052
https://doi.org/10.1016/j.joen.2017.06.032
https://doi.org/10.1016/j.joen.2017.06.032


447

Том 23, № 3 / 2025

Health. 2020;20:38. https://doi.org/10.1186/s12903-
020-1027-7

14.	Loyola-Fonseca S.C., Campello A.F., Rodrigues  R.C.V., 
Alves F.R.F., Brasil S.C., Vilela C.L.S. et al. Disinfec-
tion and shaping of Vertucci class ii root canals after 
preparation with two instrument systems and supple-
mentary ultrasonic activation of sodium hypochlorite.  
J Endod. 2023;49(9):1183–1190. https://doi.org/10.1016/j.
joen.2023.06.017

15.	Silva E.J.N.L., Lima C.O., Barbosa A.F.A., Lopes  R.T., 
Sassone L.M., Versiani M.A. The impact of Tru- 
Natomy and ProTaper gold instruments on the pres-
ervation of the periradicular dentin and on the en-
largement of the apical canal of mandibular molars. 
J Endod. 2022;48(5):650–658. https://doi.org/10.1016/j.
joen.2022.02.003

16.	Oliveira S.C.A., Bueno C.E.D.S., Pelegrine R.A., Fon-
tana  C.E., Martin A.S., Stringheta C.P. Debridement 
ability of the WaveOne Gold and TruNatomy systems in 
the apical third of root canals: ex vivo assessment. Braz 
Dent J. 2024;35:5773. https://doi.org/10.1590/0103-
6440202405773 

17.	Nagendrababu V., Murray P.E., Ordinola-Zapata R., 
Peters O.A., Rôças I.N., Siqueira J.F. Jr et al. PRILE 
2021 guidelines for reporting laboratory studies 
in Endodontology: A consensus-based develop-
ment. Int Endod J. 2021;54(9):1482–1490. https://doi.
org/10.1111/iej.13542

18.	Colak M., Evcil S., Bayindir Y.Z., Yigit N. The effectiveness 
of three instrumentation techniques on the elimination 
of Enterococcus faecalis from a root canal: an in vitro 
study. J Contemp Dent Pract. 2005;6(1):94–106. https://
doi.org/10.5005/jcdp-6-1-94

19.	Machado M.E., Sapia L.A., Cai S., Martins G.H., 
Nabeshima C.K. Comparison of two rotary systems in 
root canal preparation regarding disinfection. J Endod. 
2010;36(7):1238–1240. https://doi.org/10.1016/j.
joen.2010.03.012

20.	Schneider S.W. A comparison of canal preparations 
in straight and curved root canals. Oral Surg Oral 
Med Oral Pathol. 1971;32(2):271–275. https://doi.
org/10.1016/0030-4220(71)90230-1

21.	Jou Y.T., Karabucak B., Levin J., Liu D. Endodontic 
working width: current concepts and techniques. 
Dent Clin North Am. 2004;48(1):323–335. https://doi.
org/10.1016/j.cden.2003.12.006

22.	Haapasalo M., Shen Y., Qian W., Gao Y. Irrigation in en-
dodontics. Dent Clin North Am. 2010;54(2):291–312. 
https://doi.org/10.1016/j.cden.2009.12.001

23.	Xu J., Gao Y., Meng Y., Wu W., Tsauo C., Guo T. et al. Mecha- 
no-chemical coupling of irrigation enhances endodon-
tic biofilm debridement. Biofouling. 2020;36(7):792–799. 
https://doi.org/10.1080/08927014.2020.1814753

24.	Pinheiro E.T., Gomes B.P., Ferraz C.C., Sousa E.L., 
Teixeira F.B., Souza-Filho F.J. Microorganisms from 
canals of root-filled teeth with periapical lesions. Int 
Endod J. 2003;36(1):1–11. https://doi.org/10.1046/
j.1365-2591.2003.00603.x

25.	Stuart C.H., Schwartz S.A., Beeson T.J., Owatz C.B. 
Enterococcus faecalis: its role in root canal treat-
ment failure and current concepts in retreatment.  
J Endod. 2006;32(2):93–98. https://doi.org/10.1016/j.
joen.2005.10.049 

26.	Wang Z., Shen Y., Haapasalo M. Effectiveness of en-
dodontic disinfecting solutions against young and 
old Enterococcus faecalis biofilms in dentin ca-
nals. J Endod. 2012;38(10):1376–1379. https://doi.
org/10.1016/j.joen.2012.06.035 

27.	Fernandes K.G.C., Silva B.B.D., Boer N.C., Man-
darini  D.R., Moreti L.C.T., Kato A.S. The effectiveness 
of three irrigation systems in the enterococcus faecalis 
reduction after instrumentation with a reciprocating in-
strument. Eur J Dent. 2020;14(4):539–543. https://doi.
org/10.1055/s-0040-1714760 

28.	Soares J.A., Santos Soares S.M.C., Santos César C.A., 
de Carvalho M.A.R., Brito-Júnior M., de Sousa G.R. et al. 
Monitoring the effectiveness of photodynamic therapy 
with periodic renewal of the photosensitizer on intraca-
nal Enterococcus faecalis biofilms. Photodiagnosis Pho-
todyn Ther. 2016;13:123–127. https://doi.org/10.1016/j.
pdpdt.2016.01.002 

29.	Usta S.N., Solana C., Ruiz-Linares M., Baca P., Ferrer-
Luque C.M., Cabeo M., Arias-Moliz M.T. Effectiveness of 
conservative instrumentation in root canal disinfection. 
Clin Oral Investig. 2023;27(6):3181–3188. https://doi.
org/10.1007/s00784-023-04929-z 

30.	Alves F.R.F., Paiva P.L., Marceliano-Alves M.F., Cabrei-
ra L.J., Lima K.C., Siqueira J.F. Jr et al. Bacteria and hard 
tissue debris extrusion and intracanal bacterial reduc-
tion promoted by XP-endo shaper and reciproc instru-
ments. J Endod. 2018;44(7):1173–1178. https://doi.
org/10.1016/j.joen.2018.04.007

INFORMATION ABOUT THE AUTHORS
Alana Cassia Soares Moraes Souza – Faculdade São Leopoldo Mandic, Instituto de Pesquisas São Leopoldo Mandic, 
Department of Endodontics, Campinas, SP, Brazil; https://orcid.org/0009-0000-5389-5264
Carlos Eduardo da Silveira Bueno – Dentist, MSc, PhD and Professor, Faculdade São Leopoldo Mandic, Instituto de Pesqui-
sas São Leopoldo Mandic, Department of Endodontics, Campinas, São Paulo, Brazil; https://orcid.org/0000-0002-2675-0884
Carlos Eduardo Fontana – Dentist, Professor, Faculdade São Leopoldo Mandic, Instituto de Pesquisas São Leopoldo 
Mandic, Department of Endodontics, Campinas, São Paulo, Brazil; https://orcid.org/0000-0002-2868-6839
Carlos Henrique Meloni – Faculdade São Leopoldo Mandic, Instituto de Pesquisas São Leopoldo Mandic, Department of 
Endodontics, Campinas, SP, Brazil; https://orcid.org/0009-0004-0642-9067
Carolina Pessoa Stringheta – Faculdade São Leopoldo Mandic, Instituto de Pesquisas São Leopoldo Mandic, Depart-
ment of Endodontics, Campinas, SP, Brazil; https://orcid.org/0000-0002-0022-558X
Alexandre Sigrist De Martin – Faculdade São Leopoldo Mandic, Instituto de Pesquisas São Leopoldo Mandic, Depart-
ment of Endodontics, Campinas, SP, Brazil; https://orcid.org/0000-0002-3320-9172
Rina Andrea Pelegrine – Dentist, MSc, PhD and Professor in the Department of Endodontics, Faculdade São Leopoldo 
Mandic, Instituto de Pesquisas São Leopoldo Mandic, Department of Endodontics, Campinas, São Paulo, Brazil; https://
orcid.org/0000-0003-4175-2121

https://doi.org/10.1186/s12903-020-1027-7
https://doi.org/10.1186/s12903-020-1027-7
https://doi.org/10.1016/j.joen.2023.06.017
https://doi.org/10.1016/j.joen.2023.06.017
https://doi.org/10.1016/j.joen.2022.02.003
https://doi.org/10.1016/j.joen.2022.02.003
https://doi.org/10.1590/0103-6440202405773
https://doi.org/10.1590/0103-6440202405773
https://doi.org/10.1111/iej.13542 
https://doi.org/10.1111/iej.13542 
https://doi.org/10.5005/jcdp-6-1-94
https://doi.org/10.5005/jcdp-6-1-94
https://doi.org/10.1016/j.joen.2010.03.012
https://doi.org/10.1016/j.joen.2010.03.012
https://doi.org/10.1016/0030-4220(71)90230-1
https://doi.org/10.1016/0030-4220(71)90230-1
https://doi.org/10.1016/j.cden.2003.12.006
https://doi.org/10.1016/j.cden.2003.12.006
https://doi.org/10.1016/j.cden.2009.12.001
https://doi.org/10.1080/08927014.2020.1814753
https://doi.org/10.1046/j.1365-2591.2003.00603.x
https://doi.org/10.1046/j.1365-2591.2003.00603.x
https://doi.org/10.1016/j.joen.2005.10.049
https://doi.org/10.1016/j.joen.2005.10.049
https://doi.org/10.1016/j.joen.2012.06.035
https://doi.org/10.1016/j.joen.2012.06.035
https://doi.org/10.1055/s-0040-1714760
https://doi.org/10.1055/s-0040-1714760
https://doi.org/10.1016/j.pdpdt.2016.01.002
https://doi.org/10.1016/j.pdpdt.2016.01.002
https://doi.org/10.1007/s00784-023-04929-z
https://doi.org/10.1007/s00784-023-04929-z
https://doi.org/10.1016/j.joen.2018.04.007
https://doi.org/10.1016/j.joen.2018.04.007
https://orcid.org/0009-0000-5389-5264
https://orcid.org/0000-0002-2675-0884
https://orcid.org/0000-0002-2868-6839
https://orcid.org/0009-0004-0642-9067
https://orcid.org/0000-0002-0022-558X
https://orcid.org/0000-0002-3320-9172
https://orcid.org/0000-0003-4175-2121
https://orcid.org/0000-0003-4175-2121


448

Volume 23, no. 3 / 2025

Wayne Martins Nascimento – Dentist, MSc, Phd and Professor and Researcher Faculdade São Leopoldo Mandic, Insti-
tuto de Pesquisas São Leopoldo Mandic, Department of Endodontics, Campinas, São Paulo, Brazil; https://orcid.org/0000-
0003-4201-4710
Ana Grasiela da Silva Limoeiro – Dentist, MSc, PhD and Professor, Department of Dentistry, Endodontics and Dental 
Materials, Bauru Dental School, University of Sao Paulo, Bauru, Brazil; https://orcid.org/0000-0003-4633-720X
Monique Aparecida de Lima Rios Pitzschk – Educational Society University of Santa Catarina, Joinville, Brazil; https://
orcid.org/0009-0002-2107-5397
Aida Meto – School of Dentistry, University of Modena and Reggio Emilia, Italy; https://orcid.org/0000-0002-3354-2194
Michel Klymus – Faculdade São Leopoldo Mandic, Instituto de Pesquisas São Leopoldo Mandic, Department of Endodon-
tics, Campinas, SP, Brazil; https://orcid.org/0000-0001-6429-7964
Marilia Fagury Videira Marceliano-Alves – Dentist, Holds MSc and PhD degrees in Endodontics, Professor and Re-
searcher, Professor at Posrgraduate Program in Dentistry, Iguaçu University, Nova Iguaçu, Brazil; https://orcid.org/0000-
0002-2917-5934
Daniel Guimarães Pedro Rocha – Dr. Sci. (Med.), Lecturer and Researcher in the Department of Endodontics at the 
Faculty of Dentistry, PUC Campinas, Department of Endodontics, Center of Life Sciences, Programa de pós-graduação em 
Ciências da Saúde, Campinas, São Paulo, Brazil; https://orcid.org/0000-0001-9792-2260

ИНФОРМАЦИЯ ОБ АВТОРАХ
Алана Кассия Соарес Мораэс Соуза – факультет Сан-Леопольду Мандик, Институт исследований Сан-Леопольду 
Мандик, кафедра эндодонтии, Кампинас, Сан-Паулу, Бразилия; https://orcid.org/0009-0000-5389-5264
Карлос Эдуардо да Силвейра Буэно – врач-стоматолог, профессор, факультет Сан-Леопольду Мандик, Инсти-
тут исследований Сан-Леопольду Мандик, кафедра эндодонтии, Кампинас, Сан-Паулу, Бразилия; https://orcid.
org/0000-0002-2675-0884
Карлос Эдуардо Фонтана – стоматолог, профессор, факультет Сан-Леопольду Мандик, Научно-исследователь-
ский институт Сан-Леопольду Мандик, кафедра эндодонтии, Кампинас, штат Сан-Паулу, Бразилия; https://orcid.
org/0000-0002-2868-6839
Карлос Энрике Мелони – факультет Сан-Леопольду Мандик, Институт исследований Сан-Леопольду Мандик, ка-
федра эндодонтии, Кампинас, Сан-Паулу, Бразилия; https://orcid.org/0009-0004-0642-9067
Каролина Пессоа Стрингета – факультет Сан-Леопольду Мандик, Институт исследований Сан-Леопольду Ман-
дик, кафедра эндодонтии, Кампинас, Сан-Паулу, Бразилия; https://orcid.org/0000-0002-0022-558X
Александр Сигрист Де Мартин – факультет Сан-Леопольду Мандик, Институт исследований Сан-Леопольду 
Мандик, кафедра эндодонтии, Кампинас, Сан-Паулу, Бразилия; https://orcid.org/0000-0002-3320-9172
Рина Андреа Пелегрине – д.м.н., преподаватель кафедры эндодонтии, факультет Сан-Леопольду Мандик, Ин-
ститут исследований Сан-Леопольду Мандик, кафедра эндодонтии, Кампинас, Сан-Паулу, Бразилия; https://orcid.
org/0000-0003-4175-2121
Уэйн Мартинс Насименто – врач-стоматолог, преподаватель и исследователь, факультет Сан-Леопольду Ман-
дик, Институт исследований Сан-Леопольду Мандик, кафедра эндодонтии, Кампинас, Сан-Паулу, Бразилия; https://
orcid.org/0000-0003-4201-4710
Ана Гразиэла да Силва Лимойру – врач-стоматолог, магистр в области эндодонтии, кафедра стоматологии, эн-
додонтии и стоматологических материалов, Стоматологическая школа в Бауру, Университет Сан-Паулу, Бауру, Бра-
зилия; https://orcid.org/0000-0003-4633-720X
Моник Апаресида де Лима Риос Питшк – Университет Санта-Катарины, Жоинвиль, Бразилия; Факультет Сан-
Леопольду Мандик, Институт исследований Сан-Леопольду Мандик, кафедра эндодонтии, Кампинас, Сан-Паулу, 
Бразилия; https://orcid.org/0009-0002-2107-5397
Аида Метo – Стоматологическая школа, Университет Модены и Реджо-Эмилии, Италия; https://orcid.org/0000-
0002-3354-2194
Мишель Климус – факультет Сан-Леопольду Мандик, Научно-исследовательский институт Сан-Леопольду Ман-
дик, кафедра эндодонтии, Кампинас, штат Сан-Паулу, Бразилия; https://orcid.org/0000-0001-6429-7964
Марилия Фагури Видейра Марселиану-Алвес – врач-стоматолог, имеет степени магистра и доктора филосо-
фии (MSc и PhD) в области эндодонтии, преподаватель и исследователь, профессор программы последиплом-
ного образования по стоматологии, Университет Игуасу (Iguaçu University), Нова-Игуасу, Бразилия; https://orcid.
org/0000-0002-2917-5934
Даниэль Гимарайнс Педру Роша – д.м.н., преподаватель и исследователь кафедры эндодонтии стоматологиче-
ского факультета Университета PUC Campinas, кафедра эндодонтии, Центр наук о жизни, программа последиплом-
ного образования по наукам о здоровье, Кампинас, Сан-Паулу, Бразилия; https://orcid.org/0000-0001-9792-2260

AUTHOR’S CONTRIBUTION
Alana Cassia Soares Moraes Souza – data acquisition and analysis, manuscript preparation, manuscript review.
Carlos Eduardo da Silveira Bueno – data analysis, design, definition of intellectual content, manuscript preparation, 
manuscript review.
Carlos Eduardo Fontana – data analysis, manuscript preparation, manuscript review.

 https://orcid.org/0000-0003-4201-4710
 https://orcid.org/0000-0003-4201-4710
https://orcid.org/0000-0003-4633-720X
https://orcid.org/0009-0002-2107-5397
https://orcid.org/0009-0002-2107-5397
https://orcid.org/0000-0002-3354-2194
https://orcid.org/0000-0001-6429-7964
https://orcid.org/0000-0002-2917-5934
https://orcid.org/0000-0002-2917-5934
https://orcid.org/0000-0001-9792-2260
https://orcid.org/0009-0000-5389-5264
https://orcid.org/0000-0002-2675-0884
https://orcid.org/0000-0002-2675-0884
https://orcid.org/0000-0002-2868-6839
https://orcid.org/0000-0002-2868-6839
https://orcid.org/0009-0004-0642-9067
https://orcid.org/0000-0002-0022-558X
https://orcid.org/0000-0002-3320-9172
https://orcid.org/0000-0003-4175-2121
https://orcid.org/0000-0003-4175-2121
https://orcid.org/0000-0003-4201-4710
https://orcid.org/0000-0003-4201-4710
https://orcid.org/0000-0003-4633-720X
https://orcid.org/0009-0002-2107-5397
https://orcid.org/0000-0002-3354-2194
https://orcid.org/0000-0002-3354-2194
https://orcid.org/0000-0001-6429-7964 
https://orcid.org/0000-0002-2917-5934
https://orcid.org/0000-0002-2917-5934
https://orcid.org/0000-0001-9792-2260


449

Том 23, № 3 / 2025

Carlos Henrique Meloni – design, definition of intellectual content, manuscript preparation, manuscript review.
Carolina Pessoa Stringheta – design, definition of intellectual content, manuscript preparation, manuscript review.
Alexandre Sigrist De Martin – data analysis, design, definition of intellectual content, manuscript preparation, manuscript 
review.
Rina Andrea Pelegrine – manuscript preparation, manuscript review.
Wayne Martins Nascimento – data acquisition and analysis, manuscript review.
Ana Grasiela da Silva Limoeiro – data acquisition and analysis, manuscript review.
Monique Aparecida de Lima Rios Pitzschk – data analysis, design, definition of intellectual content, manuscript review.
Aida Meto – design, definition of intellectual content, manuscript review.
Michel Klymus – design, definition of intellectual content, manuscript review.
Marilia Fagury Videira Marceliano-Alves – design, definition of intellectual content, manuscript preparation, manuscript 
review.
Daniel Guimarães Pedro Rocha – design, definition of intellectual content, manuscript review.

ВКЛАД АВТОРОВ
А.К.С.М. Соуза – сбор и анализ данных, подготовка рукописи, рецензирование рукописи.
К.Э.С. Буэно – анализ данных, дизайн исследования, формирование интеллектуального содержания, подготовка 
рукописи, рецензирование рукописи.
К.Э. Фонтана – анализ данных, подготовка рукописи, рецензирование рукописи.
К.Э. Мелони – дизайн исследования, формирование интеллектуального содержания, подготовка рукописи, рецен-
зирование рукописи.
К.П. Стрингета – дизайн исследования, формирование интеллектуального содержания, подготовка рукописи, ре-
цензирование рукописи.
А.С. Мартин – анализ данных, дизайн исследования, формирование интеллектуального содержания, подготовка 
рукописи, рецензирование рукописи.
Р.А. Пелегрине – подготовка рукописи, рецензирование рукописи.
У.М. Насименто – сбор и анализ данных, рецензирование рукописи.
А.Г.С. Лимойру – сбор и анализ данных, рецензирование рукописи.
М.А.Л.Р. Питшк – анализ данных, дизайн исследования, формирование интеллектуального содержания, рецензи-
рование рукописи.
А. Метo – дизайн исследования, формирование интеллектуального содержания, рецензирование рукописи.
Мишель Климус – дизайн исследования, формирование интеллектуального содержания, рецензирование рукописи
М.Ф.В. Марселиану-Алвес  – дизайн исследования, формирование интеллектуального содержания, подготовка ру-
кописи, рецензирование рукописи.
Д.Г.П. Роша – дизайн исследования, формирование интеллектуального содержания, рецензирование рукописи.


