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This study evaluated the effect of post surface conditioning on

the fatigue resistance of bovine teeth restored with resin-bonded
fiber-reinforced composite (FRC). Root canals of 20 single-rooted
bovine teeth (16 mm long) were prepared to 12 mm using a
preparation drill of a double-tapered fiber post system. Using
acrylic resin, each specimen was embedded (up to 3.0 mm from the
cervical part of the specimen) in a PVC cylinder and allocated into
one of two groups (n = 10) based on the post surface conditioning
method: acid etching plus silanization or tribochemical silica

coating (30 pm SiO, + silanization). The root canal dentin was
etched (H,PO, for 30 seconds), rinsed, and dried. A multi-step

adhesive system was applied to the root dentin and the fiber posts
were cemented with resin cement. The specimens were submitted
to one million fatigue cycles. After fatigue testing, a score was
given based on the number of fatigue cycles until fracture.

All of the specimens were resistant to fatigue. No fracture
of the root or the post and no loss of retention of the post were
observed. The methodology and the results of this study indicate
that tribochemical silica coating and acid etching performed
equally well when dynamic mechanical loading was used.

Received: January 5, 2007
Accepted: February 20, 2007

Ithough teeth restored with
Acarbon, glass, and quartz

fiber-reinforced composite
(FRC) resin posts have produced
good results (with a 95-97%
success rate), some failures were
noticed, including debonding of the
cement-FRC-core set (loss of reten-
tion) and debonding of the compos-
ite core from the fiber post."?

For cementation, the manufactur-
ers of the FRC recommend etching
it with phosphoric acid; however,
other post surface conditioning
methods have been proposed for
improving the resin bond to the
FRC surface.** Compared to acid-
etching, the tribochemical silica
coating method appears to increase
the resin bond to FRC significantly.*
The abrasion pressure embeds the
silica oxide-coated alumina particles
on ceramic, polymer, and metal sur-
faces.” As a result, silane coupling
agents (3-methacryloxyprophyltri-
methoxy silane) make the silica-

modified surface more chemically
reactive to the resin.

Silane molecules react with
water to form three silanol groups
(-Si—OH) from the corresponding
methoxy groups (-Si—-O-CH,).*’
The silanol groups react further
to form a siloxane network (—Si—
0O-Si—O-) with the silica surface.
The monomeric ends of the silane
molecules react with the methacry-
late groups of the adhesive resins
through a free radical polymeriza-
tion process.*” However, those
bond strength results were obtained
from static bond strength tests,
which do not simulate the oral con-
dition the way mechanical fatigue
tests do.%%?

Fatigue tests approximate the
clinical performance of restorative
techniques. Fatigue means that
a structure may fracture after a
repeated load due to the spread of
microscopic cracks from areas of
force concentration, usually from

macroscopic or molecular structural
defects.” Normally, fatigue tests are
conducted in a humid environment,
contributing to degradation of the
physical and mechanical properties
of the restoration materials.®'*" In
22002 study, Pontius and Hutter
stated that 1,200,000 cycles in a
mechanical fatigue test correspond
to approximately five years of clini-
cal function.”

This study sought to assess the
effect of post surface conditioning
on the fatigue resistance of bovine
teeth restored with an adhesively
luted FRC. It was hypothesized
that the tribochemical silica coating
could allow for fewer failures and
higher fatigue resistance than acid
etching.

Materials and methods

The coronal and cervical portions
of 20 single-rooted bovine teeth
(all mandibular incisors) were
sectioned and the specimens were
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standardized at 16 mm. Thereafter,
the coronal diameters of the canals
were measured with a digital caliper
(Starrett 727, Starrett, Athol, MA;
978.249.3551). Specimens whose
diameters were larger than the
diameter of the post (1.8 mm) were
discarded and replaced with other
specimens. The canals were instru-
mented sequentially and irrigated
with 0.5% sodium hypochlorite.

Root canals were prepared with
the preparation bur of a tapered glass
FRC post system (Premier Anatomic
IP-110-VR, Innotech Dental Inno-
vation Technology, Robbio, Italy;
0384.673234) in which each post
was 20 mm high and double-tapered
with a mean diameter of 1.1 mm.
The glass FRC posts were positioned
in the root canal and the post coro-
nal portion was cut to a standard-
ized height of 6.0 mm.

After preparation, each root was
embedded in a plastic cylinder (25
mm high and 12 mm in diameter)
and filled with a chemically cured
acrylic resin (Dencrilay, Dencril,
Caieiras, SP, Brazil; 55.11.4441.8238).
The preparation bur of the post
system was placed inside the pre-
pared root canal; at that point, the
bur (with the root) was attached
to an adapted surveyor, with the
long axes of the bur, specimen,
and cylinder parallel to each other
and perpendicular to the ground.
Acrylic resin was prepared and
poured inside the cylinder up to 3.0
mm of the most coronal portion of
the specimen.

After preparation, the specimens
were allocated to two groups (# =
10), depending on the post surface
conditioning method. The teeth in
Group 1 were acid-etched; the FRC
was treated with 32% phosphoric
acid for 60 seconds (Uni-Etch,
Bisco, Schaumburg, IL; 800.247.
3368), washed, and dried. The

teeth in Group 2 received chairside

Fig. 1. Left: A specimen placed in the fatigue tester at a 45 degree angle for cycling.
Right: A fatigue tester with the five stations for cycling.

tribochemical silica coating; the
FRC was air-abraded using 30 pm
AL O, particles modified with sili-
con oxide (CoJet-Sand, 3M ESPE,
St. Paul, MN; 888.364.3577).
This blasting protocol utilized 2.8
bars of pressure for 20 seconds

at a distance of 10 mm; the post
was rotated manually during air
abrasion. For both conditioning
methods, the silane coupling agent
(Espe-Sil, 3M ESPE) was applied
to each post and allowed to dry for
five minutes.

Two procedures were performed
on each post cementation. First,
each cementation received dentin
treatment with a multiple-bottle,
total-etch adhesive (ScotchBond
Multi Purpose Plus; 3M ESPE).
The root and coronal dentin were
etched with 37% phosphoric acid
for 15 seconds and washed with
10 mL of water using a disposable
syringe. The excess water was
removed with No. 80 paper points
and the adhesive was applied using
microbrushes (Cavi-Tip, Directa
AB, Upplands Vasby, Sweden;
46.8.506.505.75).

In addition, each post cementa-
tion was treated with a dual resin
cement (Rely-X, 3M ESPE). The
A and B pastes of the cement were
measured and mixed. The cement

and post were carried to the root
canal with a Lentulo No. 40 spiral
(Maillefer). Finally, the area was
photocured through the incisal
surface for 40 seconds (XL 3000
unit, 3M ESPE) at a light intensity
of 450 mW/cm?.

After cementation, the core was
prepared with a hybrid composite
resin (W3D Master, Wilcos, Petro-
polis, Brazil; 24.2237.3000), using
plastic matrixes at standardized
dimensions. The composite was
packed inside the matrix, which
was positioned on the post and the
top surface of the tooth. Photocur-
ing was performed through the
vestibular, lingual, medial, and
distal surfaces for 20 seconds.

The specimens were stored in
water for seven days at 37°C.

Fatigue test

The specimens were placed in a
metallic base at a 45 degree angle
so that a point from the cycling
machine with a 1.6 mm diameter
tip could induce load pulses of
50 N at a frequency of 8.0 Hz.
During cycling, the specimens
were irrigated with water at 37 +
1.0°C (Fig. 1).® Specimens were not
submitted to more than 1 million
cycles, simulating approximately
five years of clinical use.®’
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Effect of post surface conditioning

Table. Fatigue resistance scores.

Score No. of cycles before fracture

0 0-249,999
1 250,000-499,999

2 500,000-749,999
3 750,000-1,000,000
4 No root, post, or core fracture and no loss of retention of the post

after one million cycles

Fatigue resistance scores and
statistic analysis

After fatigue testing, a score was
given based on the number of
fatigue cycles administered before
the specimen fractured (see the
table). The collected data were
submitted to statistical analysis
(Kruskal-Wallis test) using a level of
significance of 5.0%.

Results

All of the specimens were resistant
to fatigue. No fracture of the

root, post, or core and no loss of
retention of the post were observed;
both groups had a score of 4. The
hypothesis was rejected, since both
post surface conditioning methods
allowed similar fatigue resistance.

Discussion
In the present study, no cata-
strophic failure occurred during
fatigue testing. This is consistent
with the results obtained by
other investigations that studied
mechanical cycling of endodonti-
cally treated teeth restored with
a fiber post by applying loads of
40-250 N.1V

A 2006 study used static testing
(that is, microtensile bond strength)
and noted that conditioning fiber
posts with tribochemical silica
coating improved the resin bond to

fiber posts.* Conversely, the current
study used dynamic mechanical
cycling and reported no difference
between the chairside tribochemical
silica coating method and etching
with phosphoric acid (per manu-
facturer’s instruction), as all of the
specimens survived the fatigue test-
ing. Even though the results from
the present investigation did not
note differences between the two
post surface conditioning methods,
the prospective clinical studies
noticed debonding of the composite
core from fiber posts.”? Those
clinical studies etched the fiber post
surface with phosphoric acid.
Additional in vitro and in vive
studies should be conducted to
evaluate other fiber post condition-
ing methods to improve the bond
between core composites and fiber
posts, reducing debonding of the
composite core-fiber post interface.
In the present study, the fatigue
test (1 million cycles) was per-
formed over the course of several
days to simulate approximately
five years of clinical function.'®!!®
However, even though no mac-
roscopically visible failure was
observed during fatigue testing, it is
important to clarify that marginal
leakage may occur at an interface
in an actual clinical situation. This
microleakage could lead to degra-

dation of the cement or adhesive
interface and caries, neither of
which were considered in the pres-
ent study.”

In 2006, Baldissara ez 4/ com-
mented that specimens restored
with a fiber post may resist fatigue;
however, different degrees of
leakage may occur at the dentin-
composite resin interface, especially
at the lingual (as opposed to the
buccal) aspect of teeth.'®?® This
leakage is due to the tensile stresses
yielded during the test. The authors
also mentioned that, despite the
fatigue resistance, there might be
failures at the interface that are not
immediately visible.!**® The fatigue
resistance or bond strength test in
isolation should not be considered
a parameter for the success of this
technique. Other tests, including
microleakage tests and microscopic
evaluation of the interface integrity,
should be conducted to comple-
ment the results observed in a
fatigue study.

Conclusion

Considering the methodology

and the findings of this study, the
tribochemical silica coating and acid
etching presented the same perfor-
mance, using dynamic mechanical

loading.
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