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Aim: the purpose of this study was to
evaluate the microbial leakage of root-
end fillings materials (ProRoot, MTA-
Angelus and Portland cement) after re-
tro-preparation by two ultrasonic tips
(Osada and CVD). 
Methodology: seventy maxillary ante-
rior human teeth had their root canals
prepared using crown-down technique.
The apical 3 mm was resected and the
root-end cavity was prepared. The sam-
ples then were randomly distributed in
6 groups and two controls groups.  In
order to make the fixation of the teeth,
a platform was used, containing the up-
per chamber and the lower chamber
with Brain Heart Infusion broth (BHI).
Approximately 3 mm of the apical part
of the root were stored in a BHI cultu-
re medium. The samples were inocula-
ted with 0.1 ml of the microbial su-
spension (E. faecalis + S. aureus + P. ae-
ruginosa + B. subtilis + C. albicans) for 60
days. 
Results: all groups showed a certain de-
gree of microbial leakage. There were
no statistically significant differences
among the experimental groups, both
in relation to the retrofilling materials
and ultrasonic tips. 
Conclusion: the present experiment
supports previous information from
studies about the acceptable sealing
quality of MTA and Portland cement
when used in root-end fillings.

Key words:
Root-end fillings, root-end prepara-
tion, microbial leakage, ultrasonic,
MTA.

Several species of microorganisms can
colonize the root canal system and af-
fect the periodontal tissues causing pe-
riapical destruction. The endodontic
treatment involves sanitization pro-
cess, cleaning and shaping and three-di-
mensional sealing of root canal system.
When these objectives are reached, in
most of the cases, the endodontic treat-
ment is successful. 
However, several factors inherent to the
treatment, as the presence of periapical
lesion associated to instrument breaka-
ge, zips, root perforations, intraradicu-
lar posts can lead to failure of root ca-
nal treatment or result in a great risk for
the maintenance of the tooth. In some
cases when the retreatment is not suf-
ficient or not able to solve the problem,
the periapical surgery is also the thera-
peutic option. Several Authors have re-
ported a success rate higher than 80%
in periapical surgery (1, 2). The root-end
filling in general is recommended con-
sidering that most of the failures are due
to inadequate preparation and root ca-
nal obturation. 
Different investigations indicated the
relevance of the cavity preparation in
relation to the root-end filling (3-5), as

well as to biological, physical and che-
mical characteristics of the retrofilling
materials (6-11). Other studies about
root-end cavity preparation compare
the use of burs with ultrasonic tips and
the shape, depth and uniformity of the
cavities, removal of debris and smear
layer (3, 4, 12, 13). Clinical studies ha-
ve shown that the ultrasonic tips pro-
duce deeper root-end cavities, parallel to
the long axis of the canal and with less
smear layer and also provide a more
conservative surgical access (3, 4).
Chailertvanitkul et al. (5) compared the
coronal leakage of the Super-EBA, used
as root-end filling material, after prepa-
ring the root-end cavities with burs or
ultrasonic tips, using two different ty-
pes of microorganisms. The group pre-
pared with ultrasonic tips showed less
leakage than the group prepared with
burs. 
Lee et al. (14) and Torabinejad et al. (15)
discussed the use of a new material –
MTA – in the sealing of the communi-
cations between the root canal and the
periodontal tissues. Several reports
using different methodologies showed
that MTA has excellent sealing proper-
ties and biocompatibility (6-10, 16).
These studies also indicate the need to
obtain good microbial control, which
maintains a better condition of the pe-
riapical tissues, allowing the apical pe-
riodontal tissue regeneration. Wu-
cherpfenning & Green (17), Estrela et al.
(18) and Holland et al. (19) showed
behavior similar between MTA and Por-
tland cement.
Thus, the aim of this study was to eva-
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luate the microbial leakage in root-end
fillings, in relation to the cavity prepa-
ration, made with two ultrasonic tips
(Osada and CVD) and the type of root-
end filling material (ProRoot, MTA-An-
gelus and Portland cement).

Seventy maxillary anterior human
teeth, extracted due to different reasons
and obtained from the teeth bank of the
University of Taubaté (SP, Brazil) were
used as the experimental sample. The
use of these teeth was appreciated and
approved by the Ethics Committee. Af-
ter being radiographed, teeth with in-
complete rhizogenesis, calcifications,
internal and external resorption, fractu-
re lines, curved root (or dilacerated) and
prepared and/or filled root canals were
excluded. Then, the selected teeth we-
re immersed and maintained for 30 mi-
nutes in 5.0% sodium hypochlorite, in
order to make the previous microbial
control. The sizes of the samples were
standardized through the resection of
part of the coronal structure, keeping a
length of 15 mm. After establishing this
pattern, a working length of 14 mm was
adopted. The root canals were prepared
up to a size 50 file (K-file, Maillefer,
Switzerland), 1 mm short of the apical
foramen, using the crown-down tech-
nique. Three milliliters of a 2.5% so-
dium hypochlorite were used as an ir-
rigating solution, after the use of each
file.  Then, the root canals were dried
and filled with a solution of EDTA
(17%) for 5 minutes to remove the
smear layer. After concluding the remo-
val of the smear layer, the apical 3 mm
of each root was resected with a
Zekrya® bur (Dentsply Maillefer-Switzer-
land) in high speed, under water spray,
in an angle of  90 degrees in relation to
the long axis of the tooth and a root-
end cavity prepared to a depth of 3 mm
(20).
Then, the samples were randomly distri-
buted in 6 experimental groups with 10
samples each. Five additional samples
were used as positive and negative con-
trols. In group 1, the samples were pre-

pared with Osada ultrasonic tips and re-
tro-filled with the gray Portland cement
(CPII F 32, Goania, GO, Brazil), while
the teeth in group 2 were prepared with
Osada ultrasonic tip and retro-filled
with MTA – Angelus®, (Angelus So-
luções Odontológicas Ltda, Londrina,
PR, Brazil). In group 3, the samples we-
re prepared with the use of Osada ultra-
sonic tip and retro-filled with Pro-
Root® (Dentsply Tulsa Dental, Oklaho-
ma - USA), while in group 4, they were
prepared with CVD ultrasonic tip and
retro-filled with gray Portland cement
(CPII F 32, Goiania, GO, Brazil). In
group 5, the teeth were prepared with
CVD ultrasonic tip and retro-filled with
MTA – Angelus®, (Angelus Soluções
Odontológicas Ltda, Londrina, PR, Bra-
zil). In group 6, the samples were pre-
pared with a CVD ultrasonic tip and re-
tro-filled with ProRoot® (Dentsply Tul-
sa Dental, Oklahoma - USA). The teeth
in the negative control group were trea-
ted just like the procedure for the root
canal preparation. The root-end filling
was made with the Portland cement. In
the positive control, the teeth were trea-
ted the same way as the root canal pre-
paration, except that the canals were
not retro-filled.
A platform was designed in order to
make the tooth’s fixation, taking into
consideration other experimental mo-
dels (21). The structure of this platform
was made with 10 ml glass vials (Whea-
ton do Brasil S.A., São Bernardo do
Campo, SP), rubber stoppers with a dia-
meter of 20 mm (Adnaloy Artefatos de
Borracha Ltda., São Paulo, SP) and 1.5
ml Eppendorf tubes (Cral, Comércio de
Artigos para Laboratório Ltda., São Pau-
lo, SP). An 11 mm-diameter steel drill
was used to perforate the rubber stop-
pers. Then, approximately 5 mm of the
Eppendorf tubes’ tip was cut using the
carborundum disk. The tooth was intro-
duced in the Eppendorf mounting and
adapted until it reached the best cervi-
cal third fitting, in order to obtain a mi-
nimum of 8 mm. A cervical line was
made in the tube-tooth limit to identify
the best position to adapt the tooth in-
side the tube when making the final
platform mounting.  After that step, all
samples were identified and the teeth,
tubes and stoppers were autoclaved. At
this time, the root-end fillings were ma-

de. A gutta-percha cone was fitted in the
canal, 3 mm away from the apical fora-
men, in order to avoid the dislodge-
ment of the filling material inside the
canal.  The root-end filling materials we-
re inserted in the cavities using the Map
System and were condensed with a Ber-
nabé-type condenser.
Further, the tooth was fitted to the tu-
be until it reached the cervical limit li-
ne so that the internal impermeabiliza-
tion could be made between the Eppen-
dorf tube and the tooth with nail poli-
sh. After that procedure, the impermea-
bilization of the apical portion was ma-
de using two layers of cyanoacrylate
(Super Bonder®, Henkel Loclite Adesivos
Ltda., Itapevi, SP, Brazil), with an inter-
val of an hour.  The samples were kept
in room temperature until they got dry.
Then, the tube-tooth portion was sea-
led with an epoxy-resin layer (Du-
repóxi®, Alba Química Indústria e
Comércio Ltda., Boituva, SP) to ensure
the proper sealing. A layer of nail poli-
sh over the impermeabilized root and
epoxy-resin surface was used after the
previous procedures. The samples were
kept in an incubator at 37º C for 24
hours to ensure the complete setting of
the impermeabilizing agents. 
After 24 hours, the teeth were stored for
30 minutes in a 5% sodium hypochlo-
rite to keep the perfect microbial con-
trol. The samples were then inoculated
in sterilized tubes containing 8 ml of
Brain Heart Infusion® culture media
(BHI, Difco Laboratories, Detroit, MI,
USA) and sodium thiossulfate and
tween 80 as neutralizers, both in a con-
centration of 1%. Therefore, approxima-
tely 3 mm of the root apical portion was
stored in the culture media. An additio-
nal caution was taken to ensure the sea-
ling between the rubber stopper and the
glass platform, with additional imper-
meabilization (cyanoacrylate and nail
polish) being performed. To guarantee
the aseptic control of the set (platform
and culture media) during the described
procedures, the teeth were kept for 24
hours in a bacteriological incubator at
37ºC (20). 
A microbial suspension was prepared in
5 ml of sterilized distilled water from a
culture incubated for 24 hours and a
turbidity equivalent to 1 McFarland
standard (3 x 108 cells/ml). One ml of
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each microbial suspension was with-
drawn to prepare a solution containing
the five indicating microorganisms of
the American Type Culture Collection
(E. faecalis (ATCC 29212) + S. aureus
(ATCC 6538) + P. aeruginosa (ATCC
27853) + B. subtilis (ATCC 6633) + C. al-
bicans (ATCC 10231). From this solu-
tion, 0.1 ml was employed to prepare a
new microbial suspension in 8 ml of
BHI. Then, 0.1 ml of this new solution
was used to make the microbial inocu-
lation of the samples. This microbial
inoculation was made every seven days,
with a culture of 24 h, during 60 days.
After the inoculation of the microbial
suspensions, the samples were kept in
a bacteriological incubator at 37ºC. The
turbidity in the culture media was
checked during all the experimental pe-
riod in the bottom of the glass vial con-
taining the tooth apex, which indicated
the presence or lack of microorganisms,
characterizing the microbial leakage th-
rough the root-end filling. The micro-
scopic analysis (Gram stain) was perfor-
med in the samples randomly selected
from the contaminated tubes so that
the contamination would have the sa-
me biological indicators used in the ino-
culation process. The results were writ-
ten down in a data sheet, being daily in-
terpreted by two calibrated observers,
following the directions of a double
blind experiment (20).

Table 1 shows the experimental period
(days) and mean rank of the microbial
leakage. Data were analyzed statistical-
ly using the Kruskal-Wallis test that eva-
luated the differences between the
groups of root-end filling cements
using the same ultrasonic tips in the re-
trocavity preparation. The Mann-Whit-
ney test was adopted to analyze the re-
sults of the experimental groups, with
the various types of ultrasonic tip used
in the root-end cavity preparation.
The results showed no statistically signi-
ficant differences among the experi-
mental groups, when comparing the
microbial leakage period of time, both
in relation to the retrofilling materials

and ultrasonic tips. All groups showed
a certain degree of microbial leakage.

New materials, equipment and techni-
ques have been introduced to the den-
tist community providing lots of bene-
fits to the population. Some investiga-
tions employing different methodolo-
gies are required to prove their efficacy.
Thus, it is relevant to emphasize the
evolution in the periapical surgery with
the introduction of modern techniques
for the preparation of the root-end ca-
vity using ultrasonic tips and the use of
MTA as a root-end filling material.
Although, the success the parendodon-
tic surgery is directly related to the sha-
ping, disinfection and three-dimensio-
nal obturation of the root canal systems
should be also highlighted. 
Many materials, such as amalgam, gut-
ta-percha, zinc oxide-eugenol cement
and its derivates and calcium hydroxi-
de-based cements, Cavit®, composite re-
sin, gold foil and glass ionomer have
been used in the root-end filling (10, 22-
24). However, none of these materials
show ideal biological and physical and
chemical properties. Mineral trioxide
aggregate (MTA) was developed at the
Loma Linda University (USA) with the
specific goal of sealing communications
between the rot canal and the external
surface of the tooth (14). Due to its ex-
cellent biological properties and sealing
capacity investigated through previous
studies (6-8, 14-16), this material has
been indicated as the first choice in
root-end fillings. Different studies de-
monstrated the similarity of chemical

elements between MTA with Portland
cement (17-19, 25)
While carrying out a study about the in-
fluence of the apical preparation and
these materials on the periapical surgery,
it is important to investigate whether
there is a difference in the quality of the
apical sealing when using the Osada or
CVD ultrasonic tips to prepare the root-
end cavities. The root-end filling mate-
rials Portland cement, MTA-Angelus
and Pro-Root were also analyzed. 
The results show no statistically signi-
ficant difference among them in terms
of leakage on polymicrobial markers.
However, there was microbial leakage in
all materials tested in some of the sam-
ples during the experimental period of
60 days (Table 1). 
Most of the evaluated samples did not
show leakage during the observation pe-
riod. This finding supports the ones
found in several other studies that ha-
ve shown the excellent sealing capacity
of these materials, when used to seal the
communications between the root canal
and the periodontal tissues (8, 14, 26).  
The current study analyzed the sealing
capacity of various materials - Portland
cement, MTA-Angelus and ProRoot -
using a conventional experimental mo-
del on a polymicrobial culture as a
leakage marker.
The comparison to others studies resul-
ted difficult, particularly because of the
different variables in the methodologies
used, such as: methods of coronal or
apical leakage, microbial or non-micro-
bial markers, period between the root-
end filling and the exposure to the
markers, leakage length, period of time
required for the leakage, apicectomy an-
gle, types of root-end cavity prepara-
tions and different root-end filling ma-
terials (3-5, 10, 14).  

DISCUSSION
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Tab. 1 - Minimum and maximum period (days) and mean rank of the microbial leakage, considering the
preparation of retrocavities and root-end filling materials (Kruskal-Wallis test; Mann-Whitney test).

Materials n Minimum Maximum Mean p
(days) (days) Rank

Osada® (Portland cement) 10 39 > 60 16,45 not significant
Osada® (MTA-Angelus®) 10 32 > 60 15,15
Osada® (Pro-Root MTA®) 10 3 > 60 14,90
CVD® (Portland cement) 10 42 > 60 14,50
CVD® (MTA-Angelus®) 10 26 > 60 13,90
CVD® (Pro-Root MTA®) 10 13 > 60 18,10



Dyes, radioisotopes, electrochemical
methods, endotoxins and other sub-
stances have been employed as markers
to evaluate the leakage. Wu & Wesse-
link (27) comparing some of the data
concerning the linear measurements of
the dye leakage after the gutta-percha
lateral condensation, after several stu-
dies, have observed a range of 0,12 mm
to 9,25 mm. These Authors have que-
stioned whether this high level of varia-
tions in the results is reliable and if any
conclusion may be reached as the eva-
luation of the modern techniques. The
Authors have also questioned if the
quantitative methods that measure the
fluid volume that may penetrate within
the filled root canal are not more valua-
ble than the semi-quantitative methods
that investigate the linear penetration
and that only indicate the cracks length
between the filling and the root canal
walls. 
The present study model tried to simu-
late, as much as possible, clinical situa-
tion and deserves some considerations.
The adopted study model was designed
based on observations and changes in
studies previously presented (21, 26, 28,
29). The microbial markers used in this
work included important microorgani-
sms with different structural characte-
ristics.  
The use of an ultrasonic tip as a varia-
ble aimed to compare the degree of
leakage while using Osada and CVD ti-
ps. The results have shown that there
were no statistically significant differen-
ces in relation to the microbial leakage,
when comparing the Osada and CVD ti-
ps, regardless the type of root-end filling

material used. 
It is important to highlight that many
studies in vitro do not simulate the real
surgical conditions. In these cases, the
tips of conventional high and low
speed burs and even mini hand-pieces,
are too large in relation to the surgical
cavities and the use of a bur within the-
se bony cavities is complicated. In mo-
st of the cases, it is impossible to pre-
pare the cavities in the long axis of the
tooth. Ultrasonic tips specifically desi-
gned to prepare apical cavity represent
one of the greatest technical evolution
in endodontic surgery. In addition to be
small and easy to use, they produce pre-
parations that follow the long axis of
the root canal, deeper cavities, more pa-
rallel cavities and a reduced amount of
smear layer, when compared to apical
cavities prepared with burs (13, 30, 31).
The relevance of the root-end materials
properties indicate once that the failu-
re of the endodontic treatment may be
directly related to the improper apical
sealing. Therefore, a root-end material
with good sealing qualities is critical to
the periapical surgery success. Resear-
ches have shown that MTA is a mate-
rial that presents superior biological and
physical and chemical properties in re-
lation to the other materials employed
so far. However, Saidon et al. (25) high-
light the high cost of MTA.  As the Por-
tland cement is a cheap material and
apparently presents similar properties
when compared to MTA, it is only rea-
sonable to consider the Portland ce-
ment as a possible substitute for the
MTA in endodontic applications.  Due
to this observation, the Portland ce-

ment was included in this investigation,
since current and future scientific evi-
dences may provide the introduction of
a less expensive material. Holland et al.
(7) have investigated the reaction of rat
subcutaneous connective tissue to im-
planted dentin tubes filled with mine-
ral trioxide aggregate, Portland cement
or calcium hydroxide. The results
showed that the action mechanism of
MTA and Portland cement stimulated
the hard tissue deposition and that it
has some similarity with the mechani-
sm of calcium hydroxide. So, up to
now, MTA is the material that best
meets the biological properties of a
good root-end filling material because
it allows the total repair of the injured
tissues through the regeneration of the
periodontal tissue of apical insertion, in-
cluding the cement that covers the api-
cectomized root surface and the root-
end filling material, periodontal mate-
rial and alveolar bone. This is more
likely to occur when the root canal is re-
tro-filled with a material that results in
a properly sealing, avoiding the recon-
tamination by the remaining bacteria
and their products.
Therefore, the results of the present ex-
periment support the previous studies
about the sealing quality of MTA and
Portland cement used in root-end fil-
lings. However, it should be emphasized
that retrospective and prospective stu-
dies and clinical observations should be
carried out to confirm the behavior of
these materials. Additional studies
using different methodologies should
also be performed to evaluate other va-
riables. 
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