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Apicoectomy failure is generally related to inappropriate marginal sealing of the retrocavity, which allows percolation of microorgan-
isms and their products from root canal system to periapex. This study evaluated tubular penetration of canal sealers and marginal
permeability after retrocavity irradiation with Er;Cr:YSGG laser and retrofilling with MTA or cyanoacrylate. Twenty-two single-
rooted teeth were decoronated and endodontically treated, their apical 3 mm were resected and the root ends were retroprepared with
a low-speed bur. Twenty roots were randomly assigned to 4 groups (n=5): GI and GII - retrofilling with MTA and cyanoacrylate,
respectively; GIII and GIV - retrocavity irradiation with Er;Cr:YSGG laser (2.78 um, 4 W, 20 Hz, 70.8 J/cm?) and retrofilling with
MTA and cyanoacrylate, respectively. The remaining 2 roots served as positive and negative controls. The analysis of rhodamine B
dye infiltration (p=0.05) demonstrated that laser irradiation and MTA retrofilling presented significantly higher permeability rates
(p<0.05). Retrofilling with cyanoacrylate showed significantly lower permeability, either when laser was used or not on retrocavity.
SEM analysis depicted more cyanoacrylate penetration through dentinal tubules when compared to MTA, suggesting a more efficient
marginal sealing. Based on these results, it may be concluded that cyanoacrylate provided a less permeable retrofilling regardless of the
retropreparation method, suggesting a more favorable condition to the establishment of the periapical healing.
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INTRODUCTION an inappropriate marginal sealing of retrocavity, which
allows percolation of microorganisms and their prod-

Several factors inherent to the endodontic proce- ucts from root canal system to periapex. Retrograde

dures can negatively affect the efficient performance of
cleaning and shaping of the root canal system and lead
to treatment failure. Perforations, instrument breakage,
calcifications and anatomic anomalies are responsible
for a possible insufficiency of the traditional endodontic
treatment and, in this case, a surgical endodontic inter-
vention is required (1) Apicoectomy plus retrograde
filling is a well-established surgical procedure to treat
teeth committed with persistent periapical lesion (2).
Failure of apicoectomy is generally attributed to

filling is regarded as an important procedure to seal the
root end and avoid maintenance of apical infection (3,4).
However, exposure of dentinal tubules and lack of
adaptation of filling material to retrocavity walls may
jeopardize its effectiveness (5). Therefore, the study of
the interaction between retrocavity preparation meth-
ods and materials used in retrofilling is an important
factor to ensure therapy success.

The mineral trioxide aggregate (MTA) has been
developed with the specific goal of sealing communica-
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tions between the root canal system and adjacent
periodontal tissues (6). In previous studies, its applica-
tion as a retrofilling material provided less periapical
inflammation, presence of a fibrous capsule and forma-
tion of new cementum layer in contact with the material
surface (7,8). Likewise, many studies have indicated
the potential use of cyanoacrylate in Endodontics,
especially due to its sealing ability (9), biocompatibility
(10), and bonding property (11,12).

The appropriate interaction between retrofilling
material and retrocavity surface depends not only on
materials characteristics, but also on the surface condi-
tions at the time of the retrograde filling. Smear layer
removal is crucial to provide a proper interface, leading
to abetter adaptation of the material (13). This condition
can be achieved by dentin irradiation with Er;Cr:YSGG
laser, which results in debris and smear layer removal.
When laser is associated with a water coolant, no
carbonization, melting or considerable temperature in-
crease is observed (14,15).

This study evaluated tubular penetration of canal
sealers and marginal permeability after retrocavity irra-
diation with Er;Cr:YSGG laser and retrofilling with
MTA or cyanoacrylate, thus aiming at a more effective
interaction between material and retropreparation
method, and consequently, an optimal apical sealing.

MATERIAL AND METHODS

Twenty-two extracted human permanent teeth
with a single root canal were used. The crowns were
removed at the level of the cementoenamel junction and
root cervical thirds were debrided with no. 3 Gates
Glidden drills (Dentsply/Maillefer, Ballaigues, Switzer-
land) to standardize access to the canal. The working
length was established 2 mm beyond the apical foramen
with a size 15 K-file (Dentsply/Maillefer). The root
canals were instrumented up to a size 40 K-file and
irrigated with 3 mL of 1% NaOC]I (Férmula & A¢éo, Sdo
Paulo, SP, Brazil) at each file change. The canals
received 10 mL of 17% EDTA-T (Férmula & Acdo) as
final flush, were dried with paper points and filled 2 mm
beyond the apex with vertically condensed gutta-percha
and AH Plus canal sealer (Dentsply De Trey, Konstanz,
Germany). Apical root resections were performed on all
roots by removing 3 mm of each apex at 90 degrees to
the long axis of the tooth with a no. 701 fissure bur
(Dentsply/Maillefer) in a high-speed handpiece with
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water coolant.

Root-end cavities were shaped with a low-speed
round no. 2 Carbide bur (Dentsply/Maillefer) to 3 mm
depth. Twenty specimens were randomly assigned to 4
groups of five roots each: GI - retrofilling with MTA
(Angelus, Londrina, PR, Brazil); GII - retrofilling with
cyanoacrylate (Super Bonder®, Loctite Henkel, Itapevi,
SP, Brazil); GIII - retrograde cavity irradiation with
Er;Cr:YSGQG laser and retrofilling with MTA; Group IV-
retrograde cavity irradiation with Er;Cr:YSGG laser and
retrofilling with cyanoacrylate.

The laser used in this study was a Waterlase
Millenium Er;Cr:YSGG laser system (Biolase Technol-
ogy Inc., San Clemente, CA, USA; Center of Research,
Teaching and Clinics of Laser in Dentistry, LELO, Brazil
- Project CEPID/FAPESP 98/14270-8) at 2.78 um,
output energy of 200 mJ, output power of 4 W, energy
density of 70.8 J/cm? at the distal end of the fiber,
repetition rate of 20 Hz and 75% air pressure level and
80% water level. The delivery system consisted of a
fiber optic tube terminated by a sapphire crystal tip of
600 pm diameter and 4 mm length. There was a single
perpendicular irradiation of 5 s each, with scanning
movements and 2 mm away from the target surface.

The retrograde cavities of GI and GII were filled
with 17% EDTA-T for 2 min and irrigated with 3 mL of
saline before filling procedures. The retrograde cavities
of GIIl and GIV were irrigated with 3 mL of saline only.
All root-end cavities were aspirated, dried with absor-
bent paper points and filled with MTA or cyanoacrylate,
according to the group to which they belong. MTA was
inserted into the cavity with a no. 1 spatula, condensed
until the apical level and burnished with the use of a
burnisher. Cyanoacrylate was minutely inserted until
retropreparation was completely full.

The two remaining roots were prepared as fol-
lows: one root with retropreparation received no retro-
grade filling and was used as positive control ; the other
root without retropreparation had the entire root surface
covered with two coats of cyanoacrylate and was used
as negative control.

All roots were fixed perpendicularly to a plate of
wax with apexes up. A coat of cyanoacrylate was then
applied on the whole surface of each root, except on the
end ofthe roots where retrograde filling was performed.
They were later immersed in 1% rhodamine B (Féormula
& Acgdo) for 24 h, after which the roots were rinsed
under tap water and dried with gauze. The roots had one
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of the proximal faces sanded under tap water, gradually
increasing sandpaper grit (600, 1200 and 4000 grit) until
the canal and its contents were completely exposed.

Dye penetration area was photographed. The
images obtained were digitized and the linear length of
the stained area between dentin surface and retrofilling
material was measured using an image-analysis soft-
ware (ImageLab; Softium, Sao Paulo, SP, Brazil) to
determine permeability rates of each group. The values
obtained were thereafter submitted to statistical analy-
sis. The test for normality indicated that the values were
normally distributed. Therefore, ANOVA (parametric
analysis of variance) was used to verify the occurrence
of statistically significant values. Multiple comparisons
were done by Tukey’s post-hoc test to identify the
significant differences among the groups. Significance
level was set at 5%.

The specimens were then cleaned for 1 min in
phosphoric acid diluted in saline and subsequently
washed with sterile saline. They were dehydrated in a
graded series of ethanol, mounted in stubs, sputter-
coated with gold and observed by scanning electron
microscopy using a JEOL JSM-6100 microscope (Jeol
Ltd., Tokyo, Japan).

RESULTS

The data used to de-
termine the results in this
study were the millimeters
counted in the stained area
of each tooth. Means and
standard deviations were cal-
culated (Table 1). Figure 1
shows the scanning electron
microscopic analysis of
retrofilling material tubular
penetration in the 4 groups.

The positive control
showed dye leakage through-
out the length of the canals,
while the negative control
had no dye penetration.

In the groups in which
retrocavities were filled with
MTA, significantly higher
permeability (p<0.05) was
found in the irradiated

retrocavities (GIII) when compared to non irradiated
(GI). In specimens retrofilled with cyanoacrylate, no
statistically significant difference was found between
both methods of retrocavity preparation, bur (GII) or
laser (GIV). The retrograde cavities prepared without
laser irradiation and retrofilled with MTA presented
significantly more permeability (p<0.05) than those
retrofilled with cyanoacrylate.

Likewise, specimens irradiated with Er;Cr:YAGG

Table 1. Marginal infiltration means (mm) (+ SD) of rhodamine
B dye.

Retrofilling Retropreparation method
material
EDTA-T Er;Cr:YSGG laser
irrigation irradiation
MTA 39.51 +4.95a 157.03 + 13.85b
Cyanoacrylate 1.94 £ 3.15¢cd 7.50 £ 4.62d

Different letters indicate statistically significant difference at 5%.

Figure 1. SEM micrographs of retrofilling material tubular penetration in the experimental
groups. A: Group I - retrocavity irrigated with EDTA-T and retrofilled with MTA; B: Group II
- retrocavity irrigated with EDTA-T and retrofilled with cyanoacrylate; C: Group III - retrocavity
irradiated with Er;Cr:Y SGG laser and retrofilled with MTA; D: Group IV - retrocavity irradiated
with Er;Cr:YSGG laser and retrofilled with cyanoacrylate.
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laser and retrofilled with MTA showed significantly
higher permeability rates (p<0.05) than cyanoacrylate.
To summarize, cyanoacrylate had the lowest rates of
dye penetration, independent of the retropreparation
method, whereas MTA presented higher rates, espe-
cially when retrocavities were irradiated with
Er;Cr:YAGG laser.

SEM examination of MTA retrofilling depicted
lack of continuity in the union between material and
cavity surface and great amount of porosity. This
interface presented even more discontinuity when laser
was used on retrocavity before retrofilling. The SEM
micrographs of cyanoacrylate groups showed more
union between the retrofilling material and dentin sur-
face in comparison to MTA, thus suggesting a more
efficient sealing of the dentinal tubules (Fig. 1).

DISCUSSION

In case of failure of traditional endodontic treat-
ment, the performance of parendodontic surgery fol-
lowed by retrograde filling is needed to inhibit leakage of
irritants from root canal system to periradicular tissues.
The placement of a root-end filling material should
provide an efficient apical sealing. Treatment prognosis
partially depends on the conditions in which the retro-
grade filling is done (16). Thus, retrofilling requires an
ideal material, which, in addition to being able to adhere
to cavity walls and maintain the sealability for a long
period, has also to be easy to mix, non-toxic, biocompatible,
nonabsorbable, radiopaque, dimensionally stable and
not affected by the presence of moisture (17).

In the present study, root-end cavities were
prepared with bur and their surfaces were treated with
EDTA-T or laser. The use of demineralizing irrigating
solutions like EDTA-T has been reported for cleaning of
root canals due to their action on the inorganic portions
of'the canals contents, thus increasing dentin permeabil-
ity and enabling a freer passage of medications and
solutions through the dentin tubules (18). Dentin irradia-
tion with Er;Cr:YSGG laser also increases the number
of open dentinal tubules and root dentin permeability.
This laser is highly absorbed by water, causing
microexplosions of the water content of dentin, which
results in debris and smear layer removal (14).

The penetration of dentinal tubules by canal
sealers was evaluated through the analysis of SEM
micrographs obtained from the interface between retro-
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grade cavity and filling material. In the present study,
slight tubular penetration was noticed in the groups
retrofilled with cyanoacrylate, whereas penetration of
MTA was not apparent. Dentin surface irradiation with
Er;Cr:YSGG laser creates a rough and irregular mor-
phology with open and wide dentinal tubules. This fact
may have affected the marginal sealability of MTA,
which was not capable of filling the irregularities present
on the irradiated surface, probably because of its high
viscosity. Thus, the interface between the MTA and the
lased surface was interrupted in several areas, and gaps
indicating this inappropriate integration were observed.
The retropreparation with bur and EDTA-T presented
better results than with laser, as that method of cavity
preparation probably maintained the regularity of the
dentin surface and facilitated material adaptation. MTA
permeability rates were higher than cyanoacrylate
(p<0.05). These results are in accordance with those of
Kairalla et al. (19), who reported an evident failure of
MTA adaptation to cavity surface.

Differently from the results observed for MTA,
open dentinal tubules caused by laser irradiation may
have been important to allow the efficient sealability of
cyanoacrylate. Its bonding and more flowable charac-
teristics may have increased material infiltration through
dentinal tubules, thus resulting in significantly lower
rates of dye penetration. The same bonding and leaking
properties of cyanoacrylate led to favorable results for
specimens retroprepared with bur and EDTA-T. Com-
parison between both groups did not show statistically
significant difference. Although dentinal tubules are
wider in lased dentin surfaces, cyanoacrylate was also
able to penetrate into dentinal tubules previously cleaned
by the EDTA-T. This infiltration depths may have been
different from each other according to the method
applied for retropreparation. However, as the rates of
permeability were not significantly different, the
sealability may be more related to the presence of
material penetration into dentinal tubules than to the
depth of this penetration. The use of cyanoacrylate as
retrofilling material was discussed elsewhere, and the
same promising results could be equally observed (5,10).

With the development of materials and tech-
niques, and the use of appropriate instruments espe-
cially created for this purpose, further research are
expected to indentify better results regarding the apical
marginal sealability related to retrograde treatment mode.

The results of this study showed that cyanoacry-



Sealer penetration and marginal permeability after apicoectomy 327

late had lower rates of marginal permeability and more
tubular penetration, independently of the retropreparation
method. Therefore, it is suggested that its use for apical
retrograde filling after apicoectomy would provide a
more favorable condition to the development of the
expected periapical healing.

RESUMO

O insucesso das cirurgias apicais ¢ geralmente atribuido ao
selamento marginal inadequado das retrocavidades, caracterizado
pelo contato ineficiente entre o material retrobturador e a superficie
dentindria, o que acaba por permitir a percolacdo de
microorganismos provenientes do canal radicular para aregiao do
periapice. Este trabalho teve como objetivos a analise da
penetrabilidade tubular de materiais retrobturadores e a avaliagdo
da permeabilidade marginal dentinaria apos irradiagdo das
retrocavidades com laser de Er;Cr:YSGG e retrobturagdo com
MTA ou cianoacrilato. Vinte e dois dentes humanos
unirradiculares tiveram a coroa seccionada, foram tratados
endodonticamente e tiveram os 3 mm apicais removidos. As
retrocavidades foram preparadas com broca em baixa rotagao.
Vinte raizes foram aleatoriamente divididas em 4 grupos (n=5):
GI e GII - retrobturagdo com MTA e cianoacrilato,
respectivamente; GIII e GIV - retrocavidades irradiadas com
laser de Er;Cr:YSGG (2,78 pum, 4 W, 20 Hz, 70,8 J/cm?) ¢
retrobturagdo com MTA e cianoacrilato, respectivamente. As
duas raizes restantes atuaram como controles positivo e negativo.
A andlise da infiltracdo do corante rodamina B (p=0,05)
demonstrou que a irradiagdo com laser e a retrobturagdo com
MTA apresentaram niveis de permeabilidade significantemente
maiores (p<0,05). A retrobturagio com cianoacrilato proporcionou
niveis de permeabilidade significantemente menores em ambas as
situagdes (EDTA-T ou laser). A andlise das micrografias revelaram
maior penetracdo tubular do cianoacrilato quando comparado ao
MTA, indicando um selamento marginal mais eficiente. De acordo
com os resultados obtidos, foi possivel concluir que o cianoacrilato
promoveu uma menor permeabilidade da retrobturagdo,
independentemente do método utilizado para o retropreparo,
sugerindo, portanto, uma condi¢do mais favoravel ao
estabelecimento da reparagao periapical.
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