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This study evaluated the ability of three materi-
als—a resinous root canal sealer (Sealer 26) pre-
pared in a thick consistence, a reinforced zinc ox-
ide-eugenol cement (IRM), and a glass-ionomer
cement (Fuji IX)—in preventing bacterial leakage.
Retrofilled teeth were mounted in an apparatus
and then challenged by human saliva. The number
of days required for the bacteria from saliva to
penetrate the root-end filling materials was deter-
mined. Evaluation was conducted for 60 days.
Leakage was observed in all teeth of the Fuji IX
group, and in 95% (19 of 20 specimens) of the teeth
retrofilled with IRM. Sixty-five percent (13 of 20
teeth) of the teeth retrofilled with Sealer 26 showed
leakage. No difference was detected between Fuji
IX and IRM (p > 0.05). However Sealer 26 was
significantly more effective in preventing bacterial
leakage when compared with other materials
tested (p < 0.05).

Endodontic surgery may be indicated in the following situations: if
there is a strong possibility of failure from nonsurgical treatment;
if failure has resulted from nonsurgical endodontic treatment, and
retreatment is impossible or would not achieve a better result; and
if a biopsy is necessary at or near the tooth apex (1). Endodontic
surgery usually consists of exposure of the involved apex, root
resection, root-end preparation, and root-end filling.

Several substances have been proposed as root-end fillings,
including amalgam, gutta-percha, zinc oxide-eugenol cements,
Cavit, resin composite, polycarboxylate and glass-ionomer ce-
ments, mineral trioxide aggregate (MTA), and myriad other re-
storative materials (1–3). An ideal root-end filling material should
produce a complete apical seal, have antibacterial activity, and be
nontoxic, biocompatible, nonabsorbable, dimensionally stable,
easy to manipulate, unaffected by moisture, and radiopaque
(1, 2, 4).

Most endodontic failures occur as a result of a persistent or
secondary intraradicular infection (5). Therefore a root-end filling
material should provide an apical seal to an otherwise unobturated
root canal or improve the seal of existing root canal fillings,

thereby impeding both the traffic of tissue fluids into the root canal
and the egress of microorganisms from the root canal system
toward the perirradicular tissues.

In reality the coronal seal of root-end filling materials seems to
be probably more important than that of the apical seal. Tor-
abinejad et al. (6) evaluated the time needed for Staphylococcus
epidermidis to penetrate a 3 mm thickness of root-end filling
materials and found no significant differences between the leakage
of amalgam, Super-EBA, and IRM. MTA leaked significantly less
than the other materials maintained under test for 90 days. How-
ever Adamo et al. (7) compared MTA, Super-EBA, composite
resin, and amalgam for resistance to bacterial microleakage, and
reported that there were no significant differences among the
materials tested at 4, 8, or 12 wk of evaluation.

Because a plethora of new materials have been recommended
for use as root-end fillings, the purpose of this study was to
evaluate the ability of three materials—a resinous cement, a rein-
forced zinc oxide-eugenol cement, and a glass-ionomer ce-
ment—in preventing bacterial leakage.

MATERIALS AND METHODS

Seventy intact, caries-free human cuspids with straight roots
were selected for this study. After initial radiographs conventional
access preparations were made in 65 teeth, and the coronal portions
of the canals were flared with Gates-Glidden burs #3 and #4. To
standardize the diameter the apical foramen was enlarged and kept
patent to a #40 file. Preparation was completed using step-back of
1-mm increments. Irrigation was conducted using 2% NaOCl so-
lution.

The apical 3 mm of each root was removed with a fissure bur in
a high-speed handpiece, under water spray, at 90 degrees to the
long axis of the tooth. Afterward root-end preparations (3 mm
deep) were created using diamond ultrasonic retrotips (no. DF-R
3.5–908, ENAC, Osada, Japan). During all procedures throughout
the experiment the teeth were kept moist.

A #70 or #80 gutta-percha cone with a snug fit was placed 3 mm
from the apical opening of each prepared root canal. It served as a
matrix against which the root-end materials were condensed. Sixty
teeth were divided into three equal groups of 20 teeth each. The
root-end preparations were then filled with each of the following
materials: IRM (L. D. Caulk Co., Milford, DE), Fuji IX (GC
Corporation, Tokyo, Japan), and Sealer 26 (Dentsply, Petrópolis,
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RJ, Brazil). All materials except Sealer 26 were prepared according
to the directions from the manufacturers. Sealer 26, a root canal
sealer, was prepared in a thicker consistency than recommended by
the manufacturer for root canal filling (4:1, vol:vol, powder:resin
ratio).

Radiographs were made of all specimens to evaluate the quality
of the root-end fillings. Five prepared teeth not retrofilled served as
the positive control group. Another five teeth with intact crowns
served as the negative control group. In all experimental and
control groups no coronal sealing was done.

The apparatus used to evaluate bacterial leakage was modified
from that described previously (8). Briefly glass assay tubes with
rubber stoppers were adjusted for use in this experiment. By using
a heated instrument a hole was made through the center of every
rubber stopper in which a cylinder prepared from insulin syringes
was inserted. The tooth crown was inserted under pressure within
a rubber tube, which was fixed to the cementoenamel junction by
means of cyanoacrylate. Syringe cylinders were then adapted on
the another side of the rubber tube to create a reservoir to saliva.
Cyanoacrylate was applied in the tooth/rubber tube, syringe/rubber
stopper, and rubber tube/syringe junctions. The rubber stopper was
then placed in position with the tooth inside the glass tube.

The testing apparatus was sterilized overnight in ethylene oxide
gas. The glass assay tubes were then filled with sterile trypticase-
soy broth (TSB) (Difco, Detroit, MI) so that �2 mm of the resected
root was immersed in the broth. To ensure sterilization the whole
apparatus was incubated at 37°C for 4 days.

Afterward the reservoir of each whole apparatus was filled with
human saliva mixed in TSB broth in a 3:1 (vol/vol) ratio. Saliva
was collected from the laboratory staff and completely replenished
every 3 days. The whole apparatus was then incubated at 37°C and
checked daily for the appearance of turbidity in the TSB broth
during 60 days. Data obtained were statistically analyzed using the
�2 test comparing pairs of groups, with the significance level
established in 5% (p � 0.05).

RESULTS

No growth was observed when checking the sterilization of the
whole apparatus. All specimens of the positive control group
showed broth turbidity within one day of incubation. By contrast
there was no evidence of broth turbidity in the negative control
group throughout the experiment. After 60 days of evaluation
bacterial leakage was observed in all teeth of the Fuji IX group, and
in 95% (19 of 20 specimens) of the teeth retrofilled with IRM.
Sixty-five percent (13 of 20 teeth) of the teeth retrofilled with
Sealer 26 showed leakage. Sealer 26 was significantly more ef-
fective in preventing bacterial leakage than the other materials
tested (p � 0.05). No difference was detected between Fuji IX and
IRM (p � 0.05). Data are shown in Table 1.

DISCUSSION

Dye leakage has been used for many years to evaluate the
sealing ability of endodontic materials. Nevertheless when evalu-
ating leakage inadequacies in dye leakage studies should be taken
into account (3, 6 8–11). The molecular size of dye particles is less
than that of bacteria. Thus dyes can give a false result because they
can penetrate where bacteria cannot. In addition most of the studies
measure the degree of dye leakage in only one plane. Other factors,

such as pH and chemical reactivity, may also influence the degree
of dye penetration. Dye leakage may also give false results because
short-term exposure is usually required. Therefore because of
inherent inadequacies in dye leakage studies, and a lack of corre-
lation between dye particles and bacterial leakage, the sealing
ability of endodontic materials may be better determined using a
bacterial leakage model, that seems to have more clinical rele-
vance.

To create and maintain a bacteria-tight seal, root-end filling
materials should have adhesiveness to dentin, be dimensionally
stable, be insoluble and impermeable to tissue fluids, and have
antimicrobial activity. Root-end filling materials that have antimi-
crobial effects can theoretically prevent both microbial growth and
leakage at the margins of the retrofillings. Chong et al. (12)
assessed the antibacterial activity of a light-cured glass ionomer,
three reinforced zinc oxide-eugenol cements and amalgam against
two bacterial species and reported that the glass-ionomer cement
had the most pronounced antibacterial activity against both bacte-
ria. Torabinejad et al. (13) compared the antibacterial effects of
amalgam, zinc oxide-eugenol, Super-EBA, and MTA on 16 bac-
terial species and found that none of the test materials had the
antibacterial effectiveness desired for root-end filling materials.

Glass-ionomer cements have been reported to have several
advantageous properties for using as restorative material, such as
adhesiveness to tooth structure, fluoride release, and antimicrobial
activity (14–16). Because of these properties glass-ionomer ce-
ments have also been recommended for use as retrofilling material
(14). Nonetheless all teeth retrofilled with Fuji IX, a glass-ionomer
cement, showed entire bacterial leakage after 60 days of evalua-
tion. These results discourage the use of Fuji IX as a root-end
filling.

Reinforced zinc oxide-eugenol cements were developed in an
attempt to increase the strength and reduce the setting time of zinc
oxide-eugenol cement. It has been reported that reinforced zinc
oxide-eugenol cements, particularly IRM and Super-EBA, have
shown favorable results in sealing ability, tissue tolerance, and
clinical success (2, 17). It has been said that the sealing ability of
IRM depends on how the material is manipulated. We mixed this
material as suggested by the manufacturer. Our results revealed
that practically all teeth retrofilled with IRM showed bacterial
leakage at the end of the experiment. Therefore it appears that IRM
does not have a good sealing ability against bacteria, at least in the
powder:liquid ratio used herein (6:1 in weight).

Of the materials tested in the present study, Sealer 26 was the
most effective in preventing bacterial leakage. Sealer 26 is a
resinous cement similar to AH26. However it contains calcium
hydroxide, but not silver, in its formulation. Studies have revealed
that Sealer 26 as used as a root canal filling material possess
antibacterial activity and has good apical and coronal sealing
abilities (8, 18, 19). Although it is recommended for use as a root

TABLE 1. Distribution of teeth retrofilled with the different
materials exhibiting bacterial leakage after 60 days of

evaluation

Material
Total

(n)
No

Leakage
Leakage %

Range
(days)

Sealer 26 20 7 13 65 3–42
IRM 20 1 19 95 2–49
Fuji IX 20 0 20 100 2–42
Positive control 5 0 5 100 1
Negative control 5 5 0 0 —
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filling material, our findings indicated that Sealer 26 has a potential
also to be used in retrofillings when it is prepared in a thicker
consistency. Further laboratory and clinical studies can confirm the
potential use of this material as a root-end filling.
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Alviano for their valuable technical assistance.

Dr. Siqueira is chairman and professor, and Drs. Rôças, Abad, Castro,
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