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Abstract

Introduction: The goal of endodontic instrumentation is to promote 
root canal cleaning and shaping to prepare it for the subsequent 
three-dimensional filling. Objective: The aim of this study was to 
evaluate, ex vivo, root canal cleaning ability executed by nickel-
titanium rotary system instrumentation and this same system plus 
ultrasound passive activation of 17% EDTA, through SEM. Material 
and methods: Seventy upper second single-rooted human bicuspids 
were used. All teeth presented a single root canal, flattened towards 
buccal-palatal direction. The teeth were randomly separated into 3 
groups. Group 1 (n = 30), had the canals instrumented by using 
the original operative sequence of ProTaper Universal System, up to 
instrument #F3. In this group, 5 ml of 5.25% sodium hypochlorite 
was employed as irrigant, every each instrument change. After 
group 1 instrumentation, root canals were irrigated with 5 ml of 
17% EDTA, which was kept inside the canal for 3 minutes. Next, a 
final irrigation with 5 ml of 5.25% NaOCl was performed to remove 
the smear layer in suspension. Group 2 (n = 30) had the canals 
instrumented by the same system and up to the same instrument 
size. It was used 5.0 ml of 5.25% NaOCl as irrigant substance 
every each instrument change. In group 2, however, 17% EDTA (5 
ml) was applied through ultrasonic passive activation for 1 minute, 
and then leaving the substance for 2 minutes within root canal. 
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A final irrigation and with 5.25% NaOCl was also performed. 
Group 3 (n = 10) was the control group, where the canals were not 
instrumented and irrigation was executed with saline solution. After 
that, the teeth were cut into their long axis, metalized and taken for 
SEM analysis, at x2000 magnification. Each tooth’s cervical, middle 
and apical thirds were observed. The cleaning quality of root canal’s 
walls was observed by the images analyzed by three examiners. 
Results: Data were statistically analysed by analysis of variance 
and Tukey test, with a significance level of 5%. The control group 
showed an average score of the presence of smear layer of 3.41; 
group 1 (ProTaper) of 2.34; and the group 2 (ProTaper+Ultrassound) 
of 0.60. Conclusion: None of the studied preparation techniques 
promoted the total cleaning of the root canal walls. The addition 
of the ultrasound passive activation, after rotary instrumentation, 
promoted an increase of the smear layer removal, improving the 
cleaning of root canal wall. The apical third obtained the smallest 
cleaning rate, regardless of the technique employed.

dissociate such knowledge from the elements that 
govern the endodontic treatment today [18]. 

Ultrasonic devices appear in the endodontic 
armamentarium and evolve in such way that they 
are indispensable adjuvants in root canal system 
cleaning [1, 12].

Although effective, rotary instrumentation 
demands a copious irrigation together with the 
instruments’ action, failing to leave organic and 
inorganic material adhered to root canal wall (smear 
layer), material in putrefaction and microorganisms, 
which impedes root canal sanitation and makes 
unviable a complete obliteration during endodontic 
obturation. Studies demonstrated that the smear 
layer removal may be optimized with the use of 
ultrasonic cavitation [13].

Therefore, since the last years have been prolific 
regarding to the advancement of root canal system 
cleaning and shaping, it is important to study 
the effect of the association of technologies such 
as rotary instrumentation with nickel-titanium 
instruments and ultrasonic cavitation on the 
removal of the smear layer formed during root 
canal instrumentation. 

Material and methods

This study project was approved by the Ethical 
Committee in Research of the São Leopoldo Mandic 
School of Dentistry and Research Center in February 
18, 2009, under protocol 2008/0259. 

Seventy single-rooted human bicuspids with 
only one root canal f lattened at buccal-palatal 
direction, donated by the Tooth Bank of São 

Introduction

Endodontic treatment goal is the cleaning, 
shaping and tridimensional filling of root canal 
systems. Root canal cleaning and shaping is 
performed by both the kinematic action of intracanal 
instruments and the irrigants. It is an important 
phase of the endodontic treatment because it 
aims the root canal disinfection, contributing for 
endodontic treatment success [4, 10, 11]. 

While the cleaning and shaping procedures 
involve the emptying and preparing of root canal 
lumen to receive the posterior obturation regardless 
of the pulp’s clinical status, the sanitation process 
is obtained by the action of endodontic instruments 
together with the irrigant. This adjuvant substance 
should not only involve the cutting dentin, but also 
remove the smear layer within root canal’s wall, 
fighting the existing microorganisms. Additionally, 
the irrigant should have a superficial tension enabling 
it to penetrate within the dentinal tubules, lateral 
canals, secondary canals, inter-canals, recurrent 
canals, and apical delta, promoting the cleaning of 
all root canal system. 

The knowledge on biology and mechanics 
associated with Endodontics enable the execution of 
a new endodontic science based on applied biology, 
consequently resulting in a better clinical developing 
for the dentist, greater comfort for the patient 
and treatment with cost-benefit which assumes 
a relevant role in currently daily practice. These 
current technologic and biologic advancements no 
longer allow the segregation of the basic knowledge 
from the clinical practice because one must never 
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Leopoldo Mandic Dental Research Center, were used. The teeth were radiographed at mesial-distal and 
buccal-lingual direction and kept in 2.5% sodium hypochlorite, for one hour for cleaning and disinfection. 
Following, the teeth were put under running water for one hour to remove sodium hypochlorite excess 
and kept in flasks containing 0.1% thymol solution. 

At the moment of their use, the teeth were washed under running water and kept in flasks with 
saline, dried with air jet and gauze, cut into transversal direction at the level of their anatomic neck, 
keeping the roots with 15 mm to standardize the specimens’ size. Next, the teeth were randomly divided 
into three groups, according to the chart below (figure 1).

Figure 1 – Experimental groups

Teeth of group 1 (n = 30) were mounted into a 
counter for endodontic training and had their root 
canals instrumented with the original operative 
sequence of the ProTaper Universal System (Dentsply/
Maillefer, Switzerland) up to the instrument size #F3. 
The instruments were mounted in an Endo-Mate 
2 motor at a velocity of 300 rpm and torque of 3� 
Ncm². ���������������������������������������������       As irrigant solution, it was employed 5.0 ml 
of 5.25% sodium hypochlorite (Viapharma Farmácia 
de Manipulação Ltda., Brazil). Irrigation/aspiration 
were executed through a 5 ml plastic disposable 
syringe + 0.55X20 needle and the suction tip of the 
dental unit (KaVo do Brasil S.A.) at every instrument 
change (SX, S1, S2, F1, F2 and F3).

After instrumentation, irrigation/aspiration was 
performed with 17% EDTA (Viapharma Farmácia 
de Manipulação Ltda., Brazil) in aqueous vehicle, 
buffered with sodium hydroxide pH 7.0. This 
substance was kept within root canal for 3 minutes. 

Next, a final irrigation/aspiration with 5 ml of 5.25% 
sodium hypochlorite was executed to remove the 
suspended smear layer. 

In group 2 (n = 30), we performed the same 
aforementioned procedures with the exception that 
17% EDTA in aqueous vehicle (5 ml) buffered with 
sodium hydroxide pH 7.0 was inserted with a slow, 
constant, and continuous irrigation/aspiration for 
1 minute, and then leaving the substance for 2 
minutes within root canal. The passive irrigation 
was activated by ST 21B file mounted into an 
ultrasonic device (OE5, Enad Osada, Japan) at 
amplitude #3 from the wave dial, penetrating 12 
mm into root canal, in a way to avoid root canal 
wall. Following, a final irrigation with 5 ml of 5.25% 
sodium hypochlorite was executed to remove the 
smear layer in suspension. 

The teeth from group 3 (control group) did not 
have their canals instrumented. They were only 
irrigated with 5.0 ml of saline. 
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Vertical slots were performed at the distal and 
mesial surfaces through steel disks mounted in slow-
speed handpiece. With the aid of a LeCron spatula, the 
teeth were vertically cleaved at mesial-distal direction. 
Therefore, two root hemi-sections were obtained, 
exposing the prepared root canal lumen. 

The root hemisection that presented the 
best possibility of visualization was selected and 
posteriorly stored into an incubator at 45ºC for 12 
hours to dehydrate the specimens. This would favor 
the process of metallization needed to scanning 
electron microscopy (SEM) visualization. 

The metallization of the specimens were executed 
through the use of Denton Vacuum Desk II metalizer. 
A thin gold layer was applied for SEM analysis using 
the conventional method (high vacuum). For this 
purpose, the samples were fixed with the aid of a 
specific conductive double-sided carbon tape into a 
stub and taken to the metalizer device. 

The metalized samples were seen at SEM (JEOL 
JSM5600lV). The initial image was first seen at x50 
magnification and then at x 2,000 magnification, 
observing the root canal third (cervical, medium, 
or apical) to be analysed. The most representative 
images were selected, then analysed in a computer 
screen, and stored in digital format (.bmp). 

The images were analysed by three examiners 
who received a CD containing the digitized images, 
numbered and disposed in a Power Point software 
presentation. The information regarding to which 
experimental group and which third the images 
corresponded was not provided. Also in the CD, 
a second Power Point presentation was available 
containing five SEM digital images to be used 
as example of the scores to be attributed to the 
study’s images. The score images were disposed 
in descending order of cleaning, from 0 to 4, 
according to the criteria adapted from those of 
Hülsmann et al. ����[9]:
0 –	a completely clean surface, with all dentinal 
tubules completely cleaned or rare presence of 
smear layer;
1 –	visible dentinal tubules, but with presence of 
smear layer dispersed by the dentinal wall;
2 –	surface covered by a thin smear layer with 
most of dentinal tubules exposed; 
3 –	surface covered with a thick smear layer, 
with rare exposed dentinal tubules; 
4 –	surface totally covered with smear layer, 
without the possibi l it y of dent inal tubules 
visualization. 

These criteria allowed that the examiners could 
score the digital images regarding to the quality 
evaluation of the root canal wall cleaning. 

A mean value of the three scores of each image 
was calculated. Data was statistically analysed by 
analysis of variance for repeated measures and 
calculated through a mixed model for the variables 
group, third, and interaction. The comparison of 
the means was executed by Tukey test and the 
level of significance was set at 5%. Statistics was 
performed by SAS system (SAS Institute Inc. The 
SAS system, release 9.2 – TS Level 2MO. SAS 
Institute Inc., Cary:NC.2008).

Results

The results obtained by the qualitative evaluation 
allowed a trustable comparison among groups.

By interpreting the data provided by Tukey test, 
at level of significance of 5%, we found statistical 
significant differences in the presence of smear 
layer between the studied technologies. The highest 
presence of smear layer was found in control 
group, followed by ProTaper alone and ProTaper 
+ ultrasound (graphs 1 and 2). 

Graph 1 – Score means among groups

Graph 2 – Mean of smear layer not removed at each third
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The obtained results are seen in figures 2, 3, 
and 4. 

Discussion

Nickel-titanium instruments driven by electrical 
motors have facilitated endodontic treatment by 
reducing the operator’s fatigue and the patient’s 
stress [11, 14, 15, 16, 17]. 

Despite of the efficiency, rotary instrumentation 
of root canals demands a copious irrigation together 
with the instruments use because although it 
promotes a greater amount of removed dentin due 
to its more accentuated taper, it does not promote 
according to some studies an effective cleaning 
of root canal’s wall, particularly in apical third, 
curvatures [9], and oval-shaped canals [15, 16], even 
presenting a centralized and symmetric preparation, 
avoiding perforations and communication with the 
periodontium [7] and maintaining a better root 
canal shaping [4]. 

Aiming to improve root canal sanitation 
and to aid the smear layer removal during root 
canal cleaning and shaping, we performed rotary 
instrumentation together with passive ultrasonic 
activation, resulting in a better root canal cleaning 
because it removes the residual dentin and debris 
layer which would be retained within the wall 
during instrumentation [1, 6]. 

In the comparison among groups, we aimed 
to standardize the several study’s variables: type 
of tooth; shaping diameter; rotary instrumentation 
system; type, amount, and concentration of the 
irrigant; ultrasound type, device, and tip; amount 
and concentration of the final irrigant; specimen’s 
section; specimens’ preparation for SEM evaluation; 
SEM magnification for specimens’ analysis. 

Concerning to the specimens’ preparation for 
SEM evaluation, we realized the need of dehydrating 
the samples. Due to their rigidity, dehydration is 
executed through air dry in an incubator at 45ºC 
up to the specimen’s critical point, to avoid the 
appearance of undesirable artefacts, such as the 
structure’s cleavages or cracks. Following, the teeth 
were submitted to gold metallization in Denton 
Vacuum Desk II metalizer. In this study an initial 
x50 magnification for SEM analysis for a general 
visualization of the root was used and then we 
chose the root’s third to be studied. Next, a x2,000 
magnification was chosen, aiming to obtain a 
better visualization of dentinal tubules and better 
assessment of the smear layer presence.

 
Conclusion

Within this study’s conditions, it can be 
concluded that none of the studied preparation 
techniques promoted a total cleaning of root canals’ 

Figure 2 – SEM image of group 1 (x 2,000 
magnification)

Figure 3 – SEM image of group 2 (x 2,000 
magnification)

Figure 4 – SEM image of control group (x 2,000 
magnification)
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walls. Passive ultrasonic activation after rotary 
instrumentation resulted in an increase of smear 
layer removal, improving root canal wall cleaning. 
SEM analysis showed that the apical third obtained 
the smallest cleaning rate in comparison with the 
other thirds, regardless of the preparation technique 
employed. 
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