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Removal of the smear layer by passive and
continuous ultrasonic irrigation:
a scanning electron microscopy study.

Eliminacion de la capa de barro dentinario mediante
irrigacién ultrasonica pasiva y continua: un estudio de
microscopia electrénica de barrido.

Abstract: Background: Due to the anatomical complexity of the root
canal system, irrigation plays an essential role in endodontics. This in vitro
studywassoughttocomparetheremovalofthesmearlayer (RSL) promoted
by conventional irrigation (Cl), passive ultrasonic irrigation (PUI) and
continuous ultrasonic irrigation (CUI) with 17% EDTA, by using scanning
electron microscopy (SEM). Material and Methods: Forty single-rooted
human mandibular canines were instrumented and randomly assigned
to four groups (n=10), according to the irrigation protocol aiming to the
RSL: CG (control group) —conventional irrigation with distilled water;
Cl— conventional irrigation with 17% EDTA; PUl —passive ultrasonic
irrigation with 17% EDTA; CUl— continuous ultrasonic irrigation with
17% EDTA. Hemisections from each sample were obtained, and images
of each root canal third (cervical, middle and apical) were captured at
1000 X magnification by SEM. Three previously calibrated and blinded
evaluators classified the RSL, according to the criteria proposed by
Torabinejad et al.: small or no smear layer (all dentinal tubules were clean
and open); 2 = moderate smear layer (no smear layer on the surface of
root canal, but dentinal tubules contained debris); 3 = dense smear layer
(covering practically all dentinal tubules entrances). Statistical analysis
was performed by Kruskal-Wallis and Bonferroni tests (p<0.05). Results:
Overall, CUI and cervical thirds showed better RSL rates, compared with
the other methods and thirds, respectively (p<0.05). More specifically,
the cervical thirds showed better results in the CG, Cl and PUI groups
(p<0.05), whereas the cervical and middle thirds were not significantly
different in the CUI group. Conclusion: CUl was the most effective
method for the RSL.

Keywords: root canal irrigants; scanning electron microscopy; smear layer;
ultrasonics; root canal preparation; endodontics.

Resumen: Antecedentes: Debido a la complejidad anatémica del sistema
de conductos radiculares, la irrigacion juega un papel fundamental en la
endodoncia. Este estudio in vitro se buscé comparar laremocion de la capa de
barrodentinario (RCBD) promovidaporirrigacién convencional (IC),irrigacion
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ultrasonica pasiva (IUP) e irrigacion ultrasoénica continua
(IUC) con EDTA al 17%, mediante el uso de microscopia
electronica de barrido (SEM). Material y Métodos: Se
instrumentaron cuarenta caninos mandibulares humanos
deraizunicayseasignaronaleatoriamente acuatrogrupos
(n = 10), de acuerdo con el protocolo de riego apuntando
ala RCBD: CG (grupo control) —riego convencional con
agua destilada; IC— irrigacién convencional con 17%
de EDTA; IUP: irrigacion ultrasonica pasiva con 17% de
EDTA; IUC: irrigaciéon ultrasénica continua con 17% de
EDTA. Se obtuvieron hemisecciones de cada muestra
y se capturaron imagenes de cada tercio del conducto
radicular (cervical, medio y apical) con un aumento de
1000X mediante SEM. Tres evaluadores previamente
calibrados y ciegos clasificaron la RCBD, segin los
criterios propuestos por Torabinejad et al.: capa de frotis
peqguena o nula (todos los tubulos dentinarios estaban

INTRODUCTION.

Root canal treatment aims primarily at preventing
infection/reinfection of the root canal system (RCS),
and promoting a significant reduction in the microbial
content of infected canals.! Mechanical preparation
reduces the bacterial load significantly, but complete
disinfection cannot be achieved due to the anatomical
complexity of the RCS. Therefore, the use of irrigating
solutions is essential for the disinfection process, in
addition to lubricating the root canal walls, preventing
accidents and iatrogenic events.?

However, endodontic files used together with irri-
gating solutions induce the production of a “material”,
characteristically, a 1-mm to 2-mm-thick amorphous
structure composed of inorganic dentin debris, as well
as organic substances containing fragments of the
odontoblastic process, microorganisms and necrotic
pulp tissue. This “material” is called the smear layer.®

Removal of the smear layer (RSL) has been recom-
mended after chemomechanical preparation and
before applying intracanal dressing or performing
root canal filling, because this adherent layer can
hinder the spread of antimicrobial agents from intra-
canal medications to the root dentin,® intratubular
penetration of the endodontic sealer, and the contact
between obturation materials and the root canal walls,

limpios y abiertos); 2 = capa de frotis moderada (sin capa
de frotis en la superficie del conducto radicular, pero los
tubulos dentinarios contenian residuos); 3 = capa de frotis
densa (que cubre practicamente todas las entradas de
los tubulos dentinarios). El anélisis estadistico se realizd
mediante las pruebas de Kruskal-Wallis y Bonferroni
(p<0,05). Resultados: En general, IUC y tercios cervicales
mostraron mejores tasas de RCBD, en comparacion
con los otros métodos vy tercios, respectivamente
(p<0,05). Més especificamente, los tercios cervicales
mostraron mejores resultados en los grupos GC, IC vy
IUP (p<0,05), mientras que los tercios cervical y medio
no fueron significativamente diferentes en el grupo IUC.
Conclusiéon: CUI fue el método més eficaz parala RCBD.

Palabra Clave: irrigantes del conducto radicular; microscopia
electrénica de rastreo; capa de barro dentinario; ultrasonido;

preparacion del conducto radicular; endodoncia.

thus compromising the sealing and increasing the
chances of reinfection.*

The most common chelating solutions for the RSL
ethylenediaminetetraacetic acid (EDTA),
which reacts with the calcium ions in dentin to form
soluble calcium chelates.®

contains
However, conventional
irrigation (Cl) with EDTA, using a syringe and needle
without agitation, has been found to be ineffective
for the RSL. Thus, the activation of chelating solutions
using different methods has been proposed.®

Weller et al.,® was the first author to describe the
passive ultrasonic irrigation (PUI). The technique
consistsof passivelyinserting a metal tip/file attached
to an ultrasonic device oscillating at a frequency of
30 kHz into the canal filled with a solution (irrigant
or chelating).¢ After activation, the instrument is
surrounded by acoustic streaming, which agitates
the solution to enhance removal of debris and the
smear layer.®

Continuous ultrasonic irrigation (CUI) does not
require the irrigant renewal among ultrasonic file
activations. The ultrasonic tip is placed in the canal
and the irrigant or chelating solution keeps flowing for
the entire activation time. According to Jamleh et al.,”
the effectiveness of CUI in endodontics has not been
fully researched. Thus, this in vitro study was sought to
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compare the RSL promoted by CI, PUI and CUI with
17% EDTA, by using scanning electron microscopy
(SEM). The null hypothesis tested was that there would
be no significant differences among the protocols
researched.

MATERIALS AND METHODS.

This research was performed considering the
principles of the World Medical Association Decla-
ration of Helsinki “Ethical Principles for Medical
Research Involving Human Subjects”, (amended in
October 2013).

Selection and specimen preparation

Forty single-rooted human mandibular canines
were selected from donations made to a private dental
clinic. Inclusion criteria: teeth with single, straight
canals and completely formed root apexes, free of
cracks, endodontic treatment, restorations,
curvatures less than 30°, according to a classification

and

system developed by Schneider.® Mesiodistal and
buccolingual radiographs were performed to confirm
these features. Ultrasound (Profi Il Ceramic, Dabi
Atlante, Ribeirado Preto, SP, Brazil) was used to clean
the external root surfaces. After extractions, the
specimens were stored in containers of 0.2% thymol
disinfection solution, and then rinsed in running water
for 24 hours before the initiation of the experiment.

Afterwards, root segments were standardized to
a length of 18 mm by sectioning the tooth crowns
close to the cementoenamel junction with a double-
faced disc (KG Sorensen, Barueri, SP, Brazil). A layer
of OpalDam Blue gingival barrier (Ultradent Products,
South Jordan, USA) was used to seal the root apex of
each root to simulate clinical conditions, always taking
care to avoid irrigant extrusion.?' The gingival barrier
was kept clear of the canal by inserting a #15 K-file
before applying the barrier layer.?

Chemomechanical preparation

Root canal entrance was prepared with a #2 Largo
(Dentsply/Maillefer, Ballaigues, Switzerland) and
#3082 burs (KG Sorensen). The cervical and middle
thirds were instrumented with #4, #3 and #2 Gates-
Glidden drills (Dentsply/Maillefer), using the crown-
down technique. Afterwards, the working length (WL)
was determined by using a #15 K-File (Dentsply/
Maillefer) inserted in the canal until its tip was visible
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at the apical foramen, and then subtracting 1 mm from
this measurement.

An experienced operator instrumented all the root
canals with the Protaper System up to the F5 file
driven with an electric motor (X-Smart Plus, Dentsply-
Maillefer) following the manufacturer's instructions.
The irrigation was conducted by using a 31-gauge
NaviTip Double Sideport needle (Ultradent Products,
South Jordan, UT, USA), inserted up to 1 mm from the
WL, and a total of 20 mL of 2.5% sodium hypochlorite
(NaOCl) per canal.*t

Removal of the Smear Layer (RSL)

After chemomechanical preparation, the specimens
were randomly divided into 4 groups (n = 10) and the
following protocols were applied for the RSL:

- CG (control group)

The root canal was filled with 18 mL of distilled
water applied for 3 minutes with a 31-gauge NaviTip
Double Sideport needle, inserted up to 1 mm from the
WL.

-Cl (conventional irrigation group):

The root canal was filled with 18 mL of 17% EDTA
applied for 3 minutes with a 31-gauge NaviTip Double
Sideport needle, inserted up to 1 mm from the WL.

- PUI (passive ultrasonic irrigation group):

The root canal was filled with 2 ml of 17% EDTA
applied with a 31-gauge NaviTip Double Sideport
needle, inserted up to 1 mm from the WL. PUI was
performed by using the Irrisonic tip (Helse, Santa
Rosa de Viterbo, SP, Brazil), calibrated to 1 mm short
of the WL, and was ultrasound-activated (Profi Neo -
US, Dabi Atlante, Ribeirao Preto, SP, Brazil) at a power
of 40%, as indicated by the manufacturer, and taking
care to avoid contact with the root canal walls. PUI
was performed for 9 cycles of 20 seconds with 2 mL
of 17% EDTA replaced before each cycle, totaling 3
minutes and 18 mL of 17% EDTA.

- CUI (continuous ultrasonic irrigation group):

The root canal was filled with 2 ml of 17% EDTA
by using a 31-gauge NaviTip Double Sideport needle,
insertedupto I mmfromthe WL.A 17% EDTA solution
was placed in the bottle of the ultrasonic device,
which was set to a power of 40%, as indicated by the
manufacturer. The ultrasonic device was adjusted
to release about 2 mL for 20 seconds of activation,
with the tip inserted 1 mm short of the WL, and CUI
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Figure 1. Representative images of the score system used.
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A. Small or no smear layer. B. Moderate smear layer. C. Dense smear layer .

Table 1. General analysis of the groups regardless of the thirds.

Group Median Quartile Deviation p-value
CG (Control) 3.00* 2.00 0.000
Cl (Conventional Irrigation) 3.00° 2.00

PUI (Passive Ultrasonic Irrigation) 2.00® 2.50

CUI (Continuous Ultrasonic Irrigation) 2.00¢ 1.50

*: Different superscript letters indicate statistically significant differences (p<0.05).

Table 2. General analysis of the thirds regardless of the groups.

Third Median Quartile Deviation p-value
Cervical 2.00? 2.50 0.000
Middle 3.00° 2.00

Apical 3.00° 2.00

*: Different superscript letters indicate statistically significant differences (p<0.05).

Table 3. Comparison among thirds, considering the removal
of the smear layer scores (median and quartile deviation) in each group.

Group Third p-value
Cervical Middle Apical

CG (Control) 2.00 £ 2.00*A 3.00 £+ 2.004 3.00 £ 1.50°* 0.00

Cl (Conventional Irrigation) 2.00 £ 2.50*A 3.00 + 2.00>A 3.00 + 2.00>A 0.02

PUI (Passive Ultrasonic Irrigation) 1.00 £ 1.50*8 2.00 + 1.50%4 3.00 £ 1.50* 0.00

CUI (Continuous Ultrasonic Irrigation) 1.00 + 1.502¢ 1.00 + 1.50*A 2.00 + 1.005A 0.00

Different superscript letters indicate statistically significant differences (p<0.05). Considering thirds (columns): lowercase letters; considering rows: uppercase
letters.
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was performed for 9 cycles of 20 seconds, totaling 3
minutes and 18 mL of 17% EDTA.

After completing the irrigation protocol of each
group, all the canals were irrigated with 5 mL of
distilled water, and then aspirated and dried with
absorbent paper points.*®

Analysis of the RSL by SEM

First, a F5 gutta-percha cone was introduced into
the canal. Then, vertical grooves were made on the
mesial and distal external surfaces of each root to
facilitate fracturing into halves with double-sided
diamond discs (KG Sorensen), operated at low rotary
speed, until the gutta-percha cone could be seen,
always taking care to avoid accidental contamination
and invasion of the canal by sharp debris.?*?

The hemisections were then fixed on circular metal
stubs to sputter coat the surface with a 30-nm layer
of gold (Quorum Q150R ES, Ashford Kent, UK). A
scanning electron microscope (VEGA 3, Tescan,
Brno, Czech Republic) captured images at 1000X
magnification for each hemisection, corresponding to
each root third (cervical, middle and apical).

Three different previously
calibrated by analyzing 24 images randomly selected

examiners were
from two specimens of each group, using the score
system proposed by Torabinejad et al.,3:

1= Small or no smear layer (all dentinal tubules were
clean and open);

2= Moderate smear layer (no smear layer on the
surface of root canal, but dentinal tubules contained
debris);

3= Dense smear layer (covering practically all
dentinal tubules entrances) (Figure 1).

During this process, communication among exa-
miners was allowed, in order to ultimately establish
only one score per image. The same methodology was
used in undertaking the definitive process of scoring
the images, however, with no communication among
examiners. The analysis was blindly performed by
examiners.

Statistical analysis

Initially, the Kappa test was applied to analyze
the level of agreement among evaluators, and thus
validate the findings. The Kruskal-Wallis test was
used to compare the results, based on the obtained
scores. Afterwards, the Bonferroni test was applied
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for pairwise multiple comparisons. Statistical analysis
was performed using the SPSS 2.0 software (SPSS Inc.,
Chicago, IL, USA) (p<0.05).

RESULTS.

Kappa p-values of 90.83% were obtained, indicating
excellent interexaminer agreement with the scores
given. Scanning electron microscopy analysis allowed
cleanliness to be evaluated by applying scores to all
the samples. Overall, CUl and cervical thirds showed a
better RSL rate compared with the other methods and
thirds, respectively (p<0.05) (Table 1 and Table 2).

More specifically, the cervical thirds showed better
results inthe CG, Cl and PUl groups (p<0.05), whereas
the cervical and middle thirds were not significantly
different in the CUI group (Table 3).

DISCUSSION.
Chemomechanical preparation produces amor-
phous and irregular surface sediments formed by
inorganic and organic components, such as necrotic
pulp tissue, remains of odontoblastic processes and
microorganisms, which accumulate on the root canal
walls. This “material” is called the smear layer.}41>
Considering the success of endodontic treatment
mainly depends on the cleaning of the RCS,*¢ the RSL
has been recommended. This in vitro study was sought
to evaluate the efficiency of the RSL promoted by Cl,
PUI and CUI, according to SEM. The null hypothesis
was rejected because CUI showed better results.
EDTA was used in the current study because it is a
chelating agent capable of removing calcium ions from
the dentin, and of acting on the inorganic portion of
the smear layer to open the dentinal tubules.*”18 |n
addition, recent research has shown that ultrasonic
EDTA effective in
endotoxin levels in infected root canals.*820

activation renders reducing

The volume of irrigant is an important factor for the
RSL, since it mediates the flow rate, which influences
the delivery, renewal and mechanical effect of the
solution on the root canal walls. The reflux created
by irrigation and aspiration promotes more effective
debris elimination.?*22 For this reason, it was deemed
important to standardize the volume of irrigant used
in the 3 irrigation techniques evaluated in this study

(CI, PUI and CUI). The tested irrigation protocols
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basically involve the delivery of irrigation solution with
or without activation. Irrigation activation devices
have been developed to minimize the apical vapor lock
effect that prevents the solution from reaching the
final millimeters of the root canal.?324

Many studies have shown that ultrasonic irrigation
can improve the dispersion of the irrigating solution
along the entire length of the root canal,?>?¢ and
increase the contact of the liquid with the canal
walls.?728 |t uses a process that transmits acoustic
energy from an oscillating tip to the irrigant, ultimately
resulting in acoustic microextraction and cavitation,
and improving cleaning efficacy through effective
fluid flow dynamics.?82?

The comparison among the Cl, PUl and CUI systems
was conducted only in human mandibular canines to
avoid sampling bias, and the RSL rate was assessed
by SEM. Despite the limitations regarding subjective,
quantitative and non-reproducible evaluation,®® SEM
is still the most common method available and used for
this type of research.303!

The current results showed the RSL was best by
CUI. This outcome was similar to those reported by
Jamlehetal.,” and Laytonetal.,*2CUl allows the irrigant
to penetrate the RCS dynamically and effectively, in
addition to being renewed uninterruptedly. It induces
an increase in the flow in the apical portion,?83334 and
maintains the canal constantly filled with the irrigating
solution.®? Overall, the efficiency of the 3 irrigation
techniques for the RSL was greater in the coronal
thirds, as previously reported by other studies.353¢
This may be attributed to the number and diameter
of dentinal tubules that decrease from the cervical to
the apical third,®” and to the greater difficulty for the
irrigant to be delivered to the final millimeters of the
root canal.

Our study used a clinical configuration of extracted
human teeth with a closed system similar to that
of previous studies.®®4% However, since an in vitro
environment was used, it is difficult to predict whether
the resistance exerted by the root, created by the
closed system, is greater than, less than or equal
to that exerted by the periradicular tissues. Hence,
more research should be conducted to ascertain the
reliability of the method used.

CONCLUSION.

J Oral Res 2021; 10(6):1-8. D0i:10.17126/joralres.2021.070

According to the results of the present in vitro
study, it can be concluded that CUl is the most effective
method forthe RSL, especiallyinthe cervical and middle
thirds of the root canal.
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