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abstract

Objective: This in vitro study evaluated the efficiency of  
EDTA, apple vinegar and SmearClear, with and without ul-
trasonic activation, on smear layer removal. Methods: Sev-
enty extracted canines were randomly divided into eight 
groups and prepared by using ProTaper instruments. The fi-
nal irrigation regimens used were: Group 1 (control)  (SAL) 
and Group 2 (control) (SALUS): saline for 3 minutes with-
out and with ultrasonics, respectively; Group 3 (EDTA) 
and Group 4 (EDTAUS): 17% EDTA for 3 minutes without 
and with ultrasonics, respectively; Group 5 (AV) and Group 
6 (AVUS): apple vinegar for 3 minutes without and with ul-

trasonics, respectively; Group 7 (SC) and Group 8 (SCUS): 
SmearClear for 1 minute without and with ultrasonics, re-
spectively. Specimens were then examined under scanning 
electron microscope and scored for smear layer removal on 
the coronal, middle and apical thirds. Results and Conclu-
sions: Smear layer removal was most efficient when 17% 
EDTA and SmearClear were used, compared to apple vine-
gar. Ultrasonics did not improve the smear layer removal sig-
nificantly in all groups. The poorest results were observed in 
the apical third of  the root canal, with statistical differences 
between the coronal third in all irrigation regimens.
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Introduction
In endodontic therapy, after biomechanical prepa-

rations, an amorphous, granular and irregular layer 
known as the smear layer is formed and deposited on 
root canal walls.1 The smear layer contains organic 
and inorganic substances derived from ground dentin, 
pulpal remnants, fragments of  odontoblastic process-
es, necrotic materials and microorganisms in cases of  
infected root canals.1,2,3

It appears to be prudent to remove the smear layer 
because it occludes the tubules and hinders effective 
penetration of  endodontic irrigants, intracanal dressing 
and sealers into lateral canals and dentinal tubules and 
may compromise the sealing between root canal filling 
and the root canal wall.2,3,4

No irrigating solution used in endodontic treat-
ment is capable of  acting on the organic and inorganic 
elements of  the smear layer simultaneously. Sodium 
hypochlorite (NaOCl), in concentrations of  0.5% to 
5.25%, is the main endodontic irrigant, but when used 
alone is ineffective in removing the entire smear lay-
er.1,2,3 Chelating agents are used in endodontics to aid 
in root canal irrigation and to remove the inorganic 
smear layer.1,3,4 The ethylenediaminetetraacetic acid 
(EDTA) at a neutral pH has been recommended since 
19575 and it is the one most frequently employed for 
the removal of  the smear layer.3,4,6

Other substances have also been suggested to re-
move the smear layer, such as citric acid and apple vin-
egar.7,8,9 Apple vinegar is composed of  5% acetic acid 
and 0,35% malic acid.10 It has good cost-effectiveness 
and is a biocompatible substance.7 Its antimicrobial po-
tential has already been demonstrated,11 but little pub-
lished data is available regarding its cleaning ability.

The apical region is the portion of  the canal most dif-
ficult to be cleaned because of  the difficult of  debride-
ment and its complex anatomy. The chelating agents, 
such as EDTA, has been shown to be effective in achiev-
ing smear-free walls, mainly at the middle and coronal 
thirds.12,13,14 However, the cleaning action is reduced to-
ward the apex and is less efficient in the apical region of  
the root canal.1,12-17 This could be attributed to the narrow 
dimensions of  the apical third, which can prevent the ef-
fective distribution of  irrigants, resulting in limited con-
tact between the canal walls and the solutions.15

Some substances or methods have been proposed 
to improve the penetration of  irrigants into the apical 

third of  the root canal, such as the addition of  surfac-
tants to irrigating solutions and the use of  ultrasonics,18 
SmearClear (SybronEndo, Orange, CA) is a product in-
dicated for smear layer removal, containing 17% EDTA 
with 2 additional surfactants. The use of  ultrasonics has 
been suggested to improve irrigation in the root canal 
because it employs an acoustic streaming effect along 
the length of  the oscillating file,19 and this effect could 
be beneficial in transporting irrigating solutions to the 
apical portion of  the root canal.18

Various studies have been published on the use of  
ultrasonics for root canal irrigation,15,18,20-23 but only one 
study suggests the use of  ultrasonic associated with 
SmearClear.18 There is no study evaluating the effective-
ness of  the combined use of  apple vinegar with ultrason-
ics for removal of  the smear layer from the root canal.

Therefore, the purpose of  this scanning electron 
microscopic (SEM) study was to evaluate the effective-
ness of  17% EDTA, apple vinegar and SmearClear, with 
or without ultrasonic activation in the removal of  the 
smear layer at the coronal, middle and apical thirds of  
the root canal.

Materials and methods
Seventy extracted fully developed human canines 

with a single straight root were stored in saline solu-
tion after collection. An approval for this study was ob-
tained from Ethics Committee of  Bauru Dental School 
– Process nº 180/2009. The teeth were radiographed 
to observe the pulp chamber and root canal morphol-
ogy and were selected based on uniform root canal 
width as determined by buccolingual and mesiodis-
tal radiographs. The teeth were decoronated and the 
working length was determined by inserting a #10 K-
File until the tip of  the file was visible at the apical fora-
men and deducting 1 mm from this length. Warm wax 
was then used to close the apical foramen. The teeth 
were instrumented using a crown-down technique with 
ProTaper Universal rotary files (Maillefer, Ballaigues, 
Switzerland) with a constant speed of  300 rpm using 
a gentle in-and-out movement up to the F5 file corre-
sponding to a 50/.04 size/taper. Between every instru-
ment change, irrigation with 1 ml of  2,5% NaOCl (Rio-
química, São José do Rio Preto, São Paulo, Brazil) was 
performed by using a disposable syringe with a 27-G 
needle. After instrumentation, the teeth were random-
ly divided into six experimental groups  (n = 10) and 
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two control groups (n = 5) to achieve different final 
irrigation sequences: Group 1 (control) (SAL): 3 ml of  
saline for 3 minutes without ultrasonics; Group 2 (con-
trol) (SALUS): 3 ml of  saline for 3 minutes, activating 
the solution in the first minute with ultrasonics; Group 
3 (EDTA): 3 ml of  17% EDTA (Biodinâmica, Ibiporã, 
Paraná, Brazil) for 3 minutes without ultrasonics; Group 
4 (EDTAUS): 3 ml of  17% EDTA for 3 minutes, acti-
vating the solution in the first minute with ultrasonics; 
Group 5 (AV): 3 ml of  apple vinegar (Castelo, Jundiaí, 
São Paulo, Brazil) for 3 minutes without ultrasonics; 
Group 6 (AVUS): 3 ml of  apple vinegar for 3 minutes, 
activating the solution in the first minute with ultrason-
ics; Group 7  (SC): 3 ml of  SmearClear for 1 minute, 
according to the manufacturer´s instructions, without 
ultrasonics; Group 8 (SCUS): 3 ml of  SmearClear for 
1 minute with ultrasonics. After these procedures, all 
groups received a final flush of  5 ml of  2,5% NaOCl 
followed by 5 ml of  saline. When the ultrasonic was 
used in the final irrigation sequence, it was activated 
using a finger spreader B (Dentsply, Maillefer, Ballai-
gues, Switzerland) adapted to the standard unit Jet 
Sonic (Gnatus, Ribeirão Preto, São Paulo, Brazil) at a 
power setting of  2. The finger spreader was placed in 
the center of  the canal, avoiding the contact of  the 
instrument to the canal walls. The root canals were 
then dried with absorbent paper points and the teeth 
were split open to expose the root interiors. Two lon-
gitudinal grooves were made in a buccolingual direc-
tion along the root surface with a carborundum disc 
at low-speed and a wedge was used to split the roots 
into two halves. The samples were dried, mounted on 
metallic stubs, coated with gold, and evaluated under 
a scanning electron microscope (JEOL, JSM T 220 A, 
Tokyo, Japan) at the coronal, middle and apical levels. 
Each radicular third of  all samples was first viewed at 
a magnification of  500 X in order to obtain an over-
view of  the region analyzed. Subsequently, an image 
acquisition on the most typical zones of  the sample 
was performed at a magnification of  750X to assess 
the presence or absence of  smear layer. Three pictures 
were obtained from each sample, one for each radicu-
lar third, for a total of  210 pictures. The amount of  
smear layer observed was scored as  follows: 1 – no 
smear layer (Fig 1A); 2 – few areas covered by smear 
layer, with many dentinal tubule openings visible 
(Fig 1B); 3 – most areas covered by smear layer, with 

few dentinal tubule openings visible (Fig 1C); 4 – all 
areas covered by smear layer, no dentinal tubule open-
ings visible (Fig 1D).

Three examiners performed the blinded evalua-
tions separately, after the calibration, which consisted 
of  examining a few images together. The intra and 
inter-examiner´s reliability was verified by using the 
Kappa test.

The smear layer scores were calculated between 
the groups using the Kruskal-Wallis and Dunn test. 
The use of  ultrasonics was calculated and evaluated by 
the Mann-Whitney test. The Friedman test was used 
to compare the cleaning of  the thirds of  root canals. 
The level of  significance was set at p < 0.05.

Results
Intra-examiner and inter-examiner agreements eval-

uated with the Kappa test showed satisfactory values of  
0.74 and above for the different categories.

Table 1 shows the median and the mean rank of  all 
groups of  irrigation.

At the coronal third, there were significant differ-
ences (p < 0.05) between groups 3 (EDTA) and 1 (SAL); 
groups 4 (EDTAUS) and 1 (SAL); groups 7 (SC) and 1 
(SAL); groups 8 (SCUS) and 1 (SAL).

At the middle third, the significant differences 
(p < 0.05) were observed in groups 4 (EDTAUS) and 1 
(SAL); groups 4 (EDTAUS) and 2 (SALUS).

At the apical third, the results showed significant dif-
ferences (p < 0.05) in groups 4 (EDTAUS) and 1 (SAL); 
groups 4 (EDTAUS) and 2 (SALUS); groups 7 (SC) and 1 
(SAL); groups 8 (SCUS) and 1 (SAL).

When the irrigating solutions were analyzed with-
out considering the use of  ultrasonics, there were sig-
nificant differences (p < 0.05) in the following compari-
sons: EDTA and saline; and SmearClear and saline in all 
thirds evaluated; apple vinegar and saline at the middle 
and apical thirds; and EDTA and apple vinegar only at 
the coronal third.

When comparing the effects of  ultrasonic activation, 
there were no significant differences (p > 0.05) between 
the groups with and without the use of  ultrasonics, in all 
radicular thirds.

When comparing the cleaning in the different radicu-
lar thirds, there was significant difference (p < 0.05) at 
the coronal and apical thirds, independent of  the irriga-
tion regimen used.
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Figure 1. Representative SEM photomicro-

graphs of specimens with score 1 (A), score 2 

(B), score 3 (C) and score 4 (D) (750X).

Discussion and Conclusion
In this SEM study, we attempted to evaluate meth-

ods to improve, especially in the apical third, the re-
moval of  the smear layer of  prepared root canals. 
The  results showed that EDTA could efficiently re-
move the smear layer from all canal thirds, whereas 
saline was not able to effectively remove the smear 
layer from any of  the root canal’s portions. Some au-
thors23,24,25 demonstrated that irrigation with EDTA 
is effective in removing the smear layer, which is in 
agreement with the finding of  our study.

Reducing the surface tension of  an endodontic so-
lution improves its flow into narrow root canals.26 The 
apical third is the most difficult portion of  the root ca-

nal to be cleaned and this could be attributed to its 
narrow dimensions.15 The results of  this current study 
demonstrated that SmearClear had a better perfor-
mance compared with EDTA in the apical third, but 
not statistically significant. In this study, SmearClear 
and EDTA had similar abilities to remove the smear 
layer from the root canal. These findings show that the 
addition of  surfactants in SmearClear did not enhance 
the cleaning ability of  the EDTA, which is in agree-
ment with the findings of  other studies.17,18,25,27,28

In our study we used apple vinegar as an experi-
mental solution to possibly remove the smear layer 
in comparison with conventional chelators, such as 
EDTA. Apple vinegar has acids in its constitution, 

Table 1. Median and the mean rank of all groups of irrigation.

A

C

B

D

Group
Cervical third Middle third Apical third

Nº specimens
Median Mean rank Median Mean rank Median Mean rank

Saline solution 4.0 68.00 4.0 61.70 4.0 65.50 5

Saline solution + ultrasonics 3.0 46.40 3.0 58.80 4.0 58.50 5

EDTA 1.5 22.90 2.0 28.50 2.0 32.95 10

EDTA + ultrasonics 1.5 22.90 1.0 15.20 2.0 22.80 10

Apple vinegar 2.0 41.60 2.5 38.20 3.0 35.05 10

Apple vinegar + ultrasonics 2.5 39.40 2.0 37.70 3.0 41.35 10

SmearClear 2.0 32.30 2.0 33.60 2.0 26.65 10

SmearClear + ultrasonics 2.0 32.20 2.0 35.05 2.0 27.70 10
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especially acetic acid and malic acid.10 Malic acid in 
apple vinegar confers its therapeutic properties.11 Ap-
ple vinegar also has an antimicrobial potential against 
the endodontic microbiota.11 In this study, apple vin-
egar was not able to completely remove the smear 
layer from the root canal, with significant differences 
between EDTA in the coronal third, and with some 
dentinal tubules remaining covered by a smear layer 
in all thirds. Besides, the pH of  apple vinegar used in 
this study was 2.96, and it could cause damage on the 
root canal walls.

In analyzing the photomicrographs of  all groups, 
we observed a better cleaning ability in the specimens 
with the use of  ultrasonics, although there were no 
statistical differences between the groups with and 
without the ultrasonics. In our study, ultrasonic activa-
tion of  irrigants did not improve smear layer removal 
and dentinal tubule opening, which is in accordance 
with the findings presented by other authors.14,15,23,29 
Ultrasonic activation in this study was performed dur-

ing a 1 minute period. Cameron20 reported better ef-
fects with ultrasonics when used for 3 minutes. Other 
researchers also achieved an effective smear layer re-
moval when ultrasonic activation was performed for a 
longer period than 1 minute.21,30 The diameter of  the 
finger spreader used corresponded to a 25# file, and 
some authors21 recommend the use of  an instrument 
with a smaller diameter to avoid the contact of  the 
instrument with the root canal walls.

Our results demonstrated that the removal of  the 
smear layer was less effective in the apical third of  the 
root canal, with a statistical difference in the coronal 
third, regardless of  the irrigation regimen used. Torabi-
nejad et al6 attributed this fact to the inadequate pen-
etration of  the solution into the apical portion of  the 
canal during the irrigation.

Based on the results of  this experiment, we observed 
that the removal of  the smear layer appears to be mostly 
influenced by the chemical action of  the irrigating solu-
tion than the ultrasonic activation of  irrigants.
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