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Effect of Mechanical Cycling
on the Push-out Bond Strength
of Fiber Posts Adhesively Bonded
to Human Root Dentin
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Clinical Relevance

When adhesively cemented, tested fiber posts are fatigue resistant and appear to have no affect
on bond strength to root dentin. Thus, the retention strength of these fiber posts could be main-
tained for an extended period; however, further studies should be conducted.
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SUMMARY

This study evaluated the effect of mechanical
cycling on the bond strength of fiber posts bond-
ed to root dentin. The hypotheses examined were
that bond strength is not changed after fatigue
testing and bond strength does not present vast
variations according to the type of fiber post.
Sixty crownless, single-rooted human teeth were
endodontically treated, with the space prepared
at 12 mm. Thirty specimens received a quartz
fiber post (Q-FRC) (DT Light-Post), and the
remaining 30 specimens received a glass fiber
post (G-FRC) (FRC Postec Plus). All the posts
were resin luted (All Bond+Duolink), and each
specimen was embedded in a cylinder with epoxy
resin. The specimens were divided into six
groups: G1- Q-FRC+no cycling; G2- Q-FRC+20,000
cycles (load: 50N; angle of 45° frequency: 8Hz);
G3- Q-FRC+2,000,000 cycles; G4- G-FRC+no
cycling; G5- G-FRC+20,000 cycles; G6- G-
FRC+2,000,000 cycles. The specimens were cut
perpendicular to their long axis, forming 2-mm
thick disc-samples, which were submitted to the
push-out test. ANOVA (0=.05) revealed that: (a) Q-
FRC (7.1+x2.2MPa) and G-FRC (6.9+2.1MPa) were
statistically similar (»p=0.665); (b) the “no cycling”
groups (7.0£2.4MPa), “20,000 cycles” groups
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(7.0£2.1MPa) and “2,000,000 cycles” groups
(7.0+2.0MPa) were statistically similar (p=0.996).
It concluded that mechanical cycling did not
affect the bond strength of two fiber posts bond-
ed to dentin.

INTRODUCTION

The technique of root anchorage using prefabricated
fiber posts that are adhesively luted (passive) follows
the minimal intervention procedures of restorative
dentistry,' with the purpose of: 1) preserving tooth
structure (minimal intervention); 2) reducing the risk
of root fracture by providing sufficient alveolar bone
support,? a long post length? and adhesive systems and
posts with a modulus of elasticity (E) similar to
dentin;*"* 3) increasing the retention of the build-up
material. Adhesive luting (adhesive systems + resin
cements) is fundamental in this technique, since it
increases the bond strength of the post,’™* reduces
marginal microleakage®'® and optimizes the homoge-
neous distribution of stresses to the remaining tooth
structure.”

Fiber-reinforced composite posts (FRC) have an E
similar to that of dentin (post = 40 GPa; dentin = 18
GPa). This characteristic allows for the absorption and
homogeneous distribution of stress to the remaining
root structure, instead of concentrating it.
Concentration of stress has been reported for cast posts
(either metallic or ceramic) and zirconia oxide-based
metallic and ceramic prefabricated posts, because their
E is higher than that of dentin (E of materials: stain-
less steel = 200 GPa; titanium alloy = 110 GPa; gold
alloy = 80 GPa; zirconia oxide = 150 GPa), increasing
the risk of root fracture.'™*

However, either the post diameter or the type of post
fiber may influence the value of stiffness.’®*%*
According to Aird,* “Mathematically, the stiffness
varies with the cube of the thickness, so, if we double
the thickness, we get eight times the resistance to
buckling.” Asmussen and others® demonstrated that
an increase in diameter usually increases the value of
stiffness, while also showing that the type of fiber and
resin employed for post fabrication may change stiff-
ness. Thus, it is possible that different fiber posts may
perform differently from a mechanical standpoint by
changing the pattern of stress distribution. The per-
centage of fibers may also influence the value of stiff-
ness for fiber posts.”

In vivo studies have reported success rates ranging
from 95% to 99% for teeth reconstructed with FRC
adhesively luted to root dentin (no root fracture), with
the main reason for failure being debonding of the
cement-post-reconstruction assembly (failure between
the adhesive system and root dentin).*”*" In vitro
studies on fracture resistance reveal that fractures are
less harmful when teeth are restored with FRC; where-
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as, teeth restored with rigid posts (metallic or ceramic)
display catastrophic or irreversible root fracture.*'

Despite the limitations of in vitro studies, mechanical
fatigue tests conducted in a humid environment seem
to be the best method for predicting the clinical per-
formance of different materials and restorative tech-
niques.”* A mechanical fatigue test may lead to frac-
ture of a structure after a repeated load. The fracture
may be explained as the result of the spread of micro-
scopic cracks from areas of force concentration, usual-
ly in areas presenting with macroscopic or molecular
structural defects.®®* Normally, fatigue tests are con-
ducted in a humid environment, contributing to degra-
dation of the physical and mechanical properties of the
restoration materials.?**%4%* Pontius and Hutter®”
described 1,200,000 cycles in a mechanical fatigue test
as corresponding to approximately five years of clinical
function.

Therefore, considering that different fiber posts may
perform in different ways under a dynamic mechanical
load, this study: 1) investigated the fatigue resistance
of teeth restored with two types of fiber posts, 2) eval-
uated the bond strengths between post and root dentin
for the different fiber posts and mechanical cycling reg-
imens, 3) tested the null hypotheses that bond strength
is not changed after the fatigue test and that bond
strength does not present sizeable variations according
to the type of fiber post.

METHODS AND MATERIALS

Sixty single-rooted human teeth (maxillary central inci-
sors, canines and mandibular premolars) were selected.
The specimens comprised only teeth not previously sub-
mitted to endodontic treatment. The teeth were cleaned
with periodontal curettes, stored in 1.23% chlorhexi-
dine for two hours for disinfection and stored in H,O at
37°C until used in this study. The crowns of all the teeth
were sectioned using a diamond disc under cooling,
standardizing the length of specimens at 16 mm. The
mean diameter (@, of the root canal at the coronal por-
tion of all roots was measured with a light microscope
(Leica M-10 Wild, Heerbrugg, Switzerland), considering
that Qu = (Qbucco-lingual + Qmesio-distal)/ 2. If one diameter
considered for calculation was larger than the estimat-
ed post diameter at this region (approximately 1.7 mm),
the specimen was discarded and replaced. The speci-
mens were arranged in decreasing order of diameter
dimension and placed into 10 sets of six specimens,
based on the coronal diameter of the root canal. Then,
each of the six study groups received one specimen of
each set (n=10), so that all groups had samples with a
similar average root canal diameter.

The root canals were mechanically instrumented with
NiTi instruments, followed by irrigation with Dakin
solution (10 mL). Then, the root apices were sealed with
an adhesive system (One Step Plus, BISCO,
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Schaumburg, IL, USA) and a resin composite (W3D
Master, Wilcos, Petrépolis, Brazil) to avoid overflowing
of the adhesive systems and resin cements during the
experimental procedures.

Specimens were prepared at 12 mm, using the prepa-
ration burs of each post system: 1) Q-FRC: 30 speci-
mens were prepared for the quartz fiber post DT. Light-
Post #2 (BISCO). These fiber posts are double-tapered
(mean diameter = 1.5 mm; Flexural modulus = 18 GPa)
and are composed of epoxy resin and quartz fibers
(70%). 2) G-FRC: 30 specimens were prepared for the
glass fiber post FRC Postec Plus #3 (Ivoclar-Vivadent
AG, Schaan, Liechtenstein). These fiber posts are
tapered (mean diameter = 1.5 mm; Flexural modulus =
21 GPa) and are composed of dimethacrylates and glass
fibers (70%).

Post Luting

The following procedures were performed for the luting
of the two post types:

A) post surface conditioning: air abrasion (Dento-
Prep, RONVIG A/S, Daugaard, Denmark) with 30 pm
Al,O5 particles modified with SiO, (Codet-Sand, 3M
ESPE, Seefeld, Germany), rotating the post manually
until its surface appeared matte under visual inspec-
tion (air-particle protocol: pressure = 2.8 bars; distance
= 10 mm; perpendicular to the post surface; time = 20
seconds). Thereafter, the ESPE-SIil silane was applied
and allowed to dry for five minutes.*

B) root canal dentin conditioning: a multiple-bottle
total-etch adhesive system (All Bond 2 system, BISCO)
was used, as described: 1) etching with 32% phosphor-
ic acid for 30 seconds; 2) washing with 10 mL of water
using a disposable syringe; 3) removal of excess water
with #80 absorbent paper points; 4) mixing Primer A
and Primer B (All Bond 2 system), applying the mix-
ture and removing the excess material

Adequacy of the Specimens for Mechanical
Cycling

For mechanical cycling, the specimens were embedded
in epoxy resin (285, Schaller, Florence, Italy), using a
support with a 16 mm diameter specific for each post
(Figure 1A), with a central orifice slightly larger than
the coronal diameter of the post. This allowed the spec-
imen to be as perpendicular as possible to the ground
(Figure 1A). A 10 ml surgical plastic syringe was sec-
tioned in a mechanical lathe so that the surface of this
section was parallel to the ground (@ = 12 mm; h = 40
mm). Thus, when the support-specimen set was posi-
tioned in the syringe, the specimen was embedded as
perpendicular as possible to the ground (Figure 1B).
Following this procedure, the epoxy resin was pre-
pared and poured into the syringe. The support with
the coupled specimen was positioned into the syringe
so that the root was embedded 3 mm in the apical
direction (Figure 1C).

Fatigue Test

The fatigue test was carried out in a machine designed
and produced by Baldissara.* The specimens were
placed in a metallic base at a 45° angle, so that a point
with a 1.6 mm diameter at the upper rod of the cycling
machine could induce load pulses from 0 N to 50 N at
a frequency of 8 Hz directly onto the post (Figure 2).
During cycling, the specimens were irrigated with
water at 37°C = 1°C, as regulated by a thermostat.??
Ten specimens from each FRC were not cycled, 10
specimens from each FRC were submitted to 20,000
cycles and 10 specimens from each FRC were cycled
2,000,000 times.

Considering the two factors studied in this study
(“type of fiber post” in two levels and “mechanical
cycling regimens” in three levels), six groups were

with the Cavi-tip brush (Svenska Dental
Instrument AB, Upplands Vérby,
Sweden); 5) application of Pre-Bond resin
(All Bond 2 system) and removal of the
excess material with a brush.

C) post cementation: 1) the A and B
pastes of the resin cement Duolink
(BISCO) were measured and mixed. The
cement was applied to the post and root
canal with a Lentulo #40 spiral (Maillefer);
2) light-curing through the incisal surface
for 40 seconds, using the XL 3000 unit (3M
ESPE) at a light intensity of 450 mW/cm?.

Taking into account the post-luting

length (12 mm) and the length of both G-

and Q-FRC (20 mm), 8 mm of the FRC Figure 1: Adequacy of specimen: A) specimens positioned on the support for embedding. The
remained out of the root canal in the coro- POst was introduced into a guide orifice and kept perpendicular to the ground; B) support and

nal portion.

specimen positioned in the embedding syringe (h,=40 mm; h,=30 mm); C) specimen embed-
ded into epoxy resin (h4=8 mm; h,=3 mm; h3=30 mm).
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Figure 2: A) Fatigue tester, having five stations for cycling; B) Specimens placed in an angle of 45°.
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placed downward. For push-out
testing, a metallic cylinder
(Dextremity = 0.85 mm) induced a
load in the apical to coronal
direction on the post without
applying any pressure to the
cement and/or dentin.
Considering that the specimens
were embedded into the epoxy
resin parallel to the root axis
(Figure 1) and that the speci-
mens were sectioned perpendicu-
lar to that axis, the post was sub-
mitted to parallel pressure to the
greatest extent in relation to the

A

e s o et e

R;
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-

R; - Ry

root axis. The test was performed in a uni-
versal testing machine (EMIC, Sao José dos
Pinhais, Brazil) at a speed of 1 mm/minute.

The bond strength (o) in MPa was obtained
with the formula o=F/A, where F = load for
specimen rupture (N) and A = bonded area
g (mm?). To determine the area (Figure 3A), the
formula to calculate the lateral area of a cir-
cular straight cone with parallel bases was
used. The formula used is: A=x* g * (R; + Ry),
where n1=3.14, g= slant height, R,;= smaller

base radius, Ry= larger base radius. To deter-
mine the slant height, the following was

Figure 3: * A) schematic drawing that corresponds with the internal section of the specimen  yged (Figure 3B): g = (h? + [Ry-R,1)"2, where
(root walls)—geometric figure of a circular straight cone trunk of parallel bases; B) geomet- h= section height Rl and 1{2 were obtained

ric figure for calculation of the cone trunk.

examined (n=10): (G1) Q-FRC + no cycling; (G2) Q-FRC
+ 20,000 cycles; (G3) Q-FRC + 2,000,000 cycles; (G4) G-
FRC + no cycling; (G5) G-FRC + 20,000 cycles; (G6) G-
FRC + 2,000,000 cycles.

To standardize the water storage period and eliminate
a variable storage period, all specimens were kept in
distilled water (37°C + 2°C) for the same period, regard-
less of mechanical cycling. The storage period was
defined according to the time required for cycling of G3
and G6 (groups with the highest number of cycles).

Push-out Strength Test

Each specimen was fixed on a metallic base of a sec-
tioning machine (LabCut 1010, Extec Corp, Enfield, CT,
USA), which enabled the preparation of approximately
2-mm slices by using perpendicular sectioning along the
root axis, using a diamond disc under cooling spray. The
first cervical slice (approximately 1 mm) was discarded,
given that the excess cement in that region could influ-
ence adhesive resistance. Four to five other sections per
specimen were sectioned (50 per group).

Each specimen was positioned on a metallic device
with a central opening (@=3 mm) larger than the canal
diameter. The most coronal portion of the specimen was

by measuring the internal diameters of the

smaller and larger base, respectively, which
corresponded to the internal diameter between the root
canal walls. These diameters were measured using a
light microscope (Leica M-10 Wild), while h was meas-
ured with a digital caliper (Starrett 727, Starrett, Itu,
Brazil).

Statistical Analysis

The mean bond strength value for each specimen was
initially calculated from its respective disk specimens.
Considering that each group was composed of 10 speci-
mens, 10 mean bond strength values from each group
(n=10) were used for statistical analysis (two-way
analysis of variance, 0<0.05).

Evaluation of the Type of Failure

All specimens tested were initially analyzed under a
light microscope (Leica M-10 Wild), up to 98x magnifi-
cation, to observe the area of failure: (Adhes DC) adhe-
sive failure between dentin and adhesive system;
(Adhes PC) adhesive failure between post and cement;
(Cohes P) cohesive failure of the post; (Cohes D) cohe-
sive failure of dentin; (M) mixed adhesive/cohesive fail-
ure and (Cohes C) cohesive failure of the cement at the
DC or PC interface.
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Specimens from the six groups were

Table 1: Means (+ standard deviation) of the Bond Strength Data (MPa)

selected for analysis in a scanning

Fiber Post
electron microscope (SEM) - - N g
(JEOL-JSM-5400, Jeol Ltd, Tokyo, [ roooryend | GZRCD Ly =
Japan) (35x to 5,000x magnification). 20.000x 7'1 : 1'8 6'9 : 2'4 7'0 : 2'1
For SEM analysis, the selected speci- ’ T S SN
mens were initially fixated on an alu- 2,000,000x 71+28 6.9+19 7:0+20
minum support with double-face car- Total 71+22 6.9+2.1

bon adhesive

tape (SPI, West

Table 2: Two-way Analysis of Variance of the Bond Strength Data

Chester, PA,

USA) and sput- Source df SS MS F P
ter-coated with a Post 1 0.948 0.94753 0.19 0.665 ns
gold-palladium Mechanical Cycling 2 0.039 0.01926 0.00 0.996 ns
alloy in a sputter Between 2 0.004 0.00216 0.00 1.000 ns
coater (Polaron Within 54 270.367 5.00679

SC 7620 Sputter Total 59 271.357

Coater’ Quorum ns: not significant.

Technologies,

Newhaven, UK)

(time: 130 seconds, current 10-15 mA, vacu-
um 130 mTorr, sputter coating rate: 3.5
nm/minute, approximate layer of Pd-Au of 80 A).

RESULTS

For both types of fiber posts that were inves-
tigated, there was no root, post fracture or
loss of retention after the mechanical fatigue
test (20,000 or 2,000,000 cycles).

The bond strength data are presented in
Table 1. The mean values for the Q-FRC (DT
Light Post) and G-FRC (FRC Postec Plus)
posts are very similar at all cycling levels.
The result of the ANOVA test (Table 2)
revealed that the factor “fiber post” was not
statistically significant (the null hypothesis

was accepted, p=0.665). The bond strength

values achieved for the fiber post Q-FRC (DT) Figure 4: Graphic representation of percentages of the type of fractures occurring in spec-
(7.1 £ 2.2 MPa) and the fiber post G-FRC imens submitted to the push-out test (Adhes DC = adhesive fracture between dentin and
(FRC) (6.9 = 2.1 MPa) were statistically sim- cement; Cohes P = cohesive fracture of the post; Mixed = adhesive fracture between post-

ilar to each other. The factor “mechanical ¢ementand cohesive fracture of the post).

cycling” was not statistically significant (the

null hypothesis was accepted, p=0.996). The values
obtained for the condition without cycling (7.0 + 2.4
MPa) were statistically similar to those obtained at the
20,000 (7.0 + 2.1 MPa) and 2,000,000 (7.0 + 2.0 MPa)
conditions. The interaction effect was not statistically
significant (p=1.000). This indicates that the six exper-
imental groups were statistically similar to each other.

The fracture types of the specimens of each experi-
mental group are graphically presented in Figure 4.
Twenty-six percent and 0.4% of the specimens present-
ed cohesive fracture of the post (Figures 5A, 5B, 5C and
5D) and mixed fracture, respectively; whereas, 78% of
the pushed-out specimens presented adhesive fracture
between the dentin and adhesive system (Figures 6A,

6B, 6C and 6D). Considering the types of fracture of
each fiber post, the percentage of Adhes DC fracture
was higher for the Q-FRC post (82%) than for the G-
FRC post (73%); whereas, the percentage of cohesive
fractures of the post was higher for the G-FRC post
(27%) compared to the Q-FRC post (17%). There was no
adhesive fracture between post and cement.

DISCUSSION

The minimally invasive approach of associating adhe-
sive techniques and posts with similar mechanical
characteristics to dentin seems to contribute to a better
clinical prognosis of endodontically-treated teeth.
However, one of the main problems with this approach
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posts are used,” which may have
affected adhesion between the post
and dentin. Thus, it seems that
posts with values of E similar to
dentin probably affect the adhesion
to root dentin less due to the more
homogeneous stress distribution,
compared with posts with a higher
value of E than that of dentin.'"* In
this way, the report from all in vivo
studies of no root fracture probably
is related to the issue discussed
above.5-8,10-11,42

In the current study, the fatigue
test (2x10° was performed over a
few days, representing nearly 10
years of clinical function.”” This ver-
satility is the main advantage of
fatigue tests, since they may pre-
dict, within a short period of time,
the long-term clinical performance
of dental techniques and materials.

Figure 5: A-B Micrograph representing a cohesive fracture of the quartz fiber post (DT Light-Post). The HOW?VQTa even. though no “macro-
square in A (75x) is magnified in B (500x). In A, @ = fiber post, ® = resin cement and ® = dentin. The scopically visible” failure was
signal (*) in B indicates some fibers loosened from the filling resin. C-D Micrograph representing a  observed during or after the fatigue
cohesive fracture of the glass fiber post (FRC Postec Plus). The square in C (75x) is magnified in D test, it should be noted that, in a

(500x). In C, @ = fiber post, ® = resin cement and ® = dentin. The signal (* ) in D indicates some fibers

loosened from the filling resin.

is that clinicians are concerned with factors affecting
the retention of root posts instead of being concerned
with the preservation of tooth structure and factors
that may protect the tooth from catastrophic failure
under masticatory load. Clinical studies have demon-
strated that preservation of the remaining tooth struc-
ture significantly influences retention of the post-recon-
struction-crown assembly, while also reducing the risk
of root fracture.”**

The current study observed that mechanical cycling
did not reduce the bond strength for two types of fiber
posts. This result may corroborate studies of stress dis-
tribution analysis, since the stresses yielded during the
fatigue test were most likely distributed equally along
the post-cement-root dentin interface; therefore, a
greater dentin area supported the applied load.'"*
These results uphold the findings of two recent stud-
ies,®* which also revealed that mechanical cycling (10°
cycles) did not affect bond strength between root dentin
and adhesively luted fiber posts.

In opposition to the current study, Galhano and oth-
ers,” employing a similar methodology, demonstrated
that the push-out bond strength between a zirconia
oxide post and the root dentin was significantly reduced
after the dynamic fatigue test (2x10° cycles). This reduc-
tion is probably related to the potential of stress con-
centration in the root dentin when rigid zirconia oxide

real clinical situation, there may be
marginal leakage at one interface
during the actual 10 years of clinical
functioning. This microleakage could lead to degrada-
tion of the cement or adhesive interface and the occur-
rence of caries,” neither of which were considered in
this study. Within this context, Baldissara* commented
that, even though specimens restored with a fiber post
can be resistant to fatigue, different degrees of leakage
at the dentin-resin composite interface may arise, espe-
cially at the lingual, as opposed to the buccal, aspect of
teeth** due to the tensile stresses yielded during the
test. The authors also mentioned that, despite fatigue
resistance, there might be failures at the interface with-
out an occurrence of macroscopically observable cata-
strophic failures. Thus, the fatigue-resistance or bond-
strength test in isolation should not be considered a
parameter for the good performance of this technique.
Other tests, including microleakage tests and micro-
scopic evaluation of the interface integrity, should be
conducted to complement the results observed in a
fatigue study.

Analysis of Table 2 reveals that the main effect “fiber
post” was not significant, and thus the quartz fiber
posts (DT Light-Post) and glass fiber posts (FRC Postec
Plus) presented statistically similar bond strengths.
Regardless of the similar bonding strengths, it is impor-
tant to consider that the posts were resistant to fatigue,
which is fundamental from a clinical standpoint.
Quartz and glass fiber posts present similar composi-
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tional features and mechanical
properties, respectively:® a) the
quantities of quartz and glass fibers
(70%) and resin matrix (30%); b)
flexural modulus (18 and 21 GPa);
¢) conical (5°); d) density of fibers (32
and 25 fibers/mm?); e) average
diameter of the post (1.5 mm). This
may have contributed to similar
performance in this in vitro fatigue HE
study; however, no controlled clini-
cal trial has been conducted to com-
pare these two fiber posts.

The 21% mode of fracture of the
pushed-out specimens was cohesive
in the fiber post. These cohesive
fractures (Figure 5A, 5B, 5C and
5D) may be explained by the expo-
sure of FRC to water and its effect
on the organic matrix of the post
and on the fiber-organic matrix
interface. It should be noted that,

KS5aa

after the completion of post-luting, Figure 6:  Micrograph representing an adhesive fracture between the dentin and adhesive system, with
the specimens were immediately cohesive fracture of the resin tags (post DT Light-Post). A (500x) and B (2000x) are images of the dentin
stored in water (37°C) and always surface, indicating adhesive rupture. In B, the resin tags that were fractured on their base can be
kept in contact with water from that observed (=), slightly extruded by the shear stress applied during the push-out test. C (500x) and D

moment until the push-out test,
totaling  approximately three
months of contact with water. Some
authors have observed a reduction
in the mechanical properties of FRC after storage in
water,?*2%4¢ due to water sorption of the organic matrix
of FRC increasing the matrix volume and also stress on
the matrix-fiber interface.**

Still, with regard to the cohesive fracture of the post,
utilization of a compression cylinder with a rounded
end and a 0.85 mm diameter in the push-out test may
have contributed to the extrusion of one part of the
fibers and epoxy resin from the post. Utilization of a
cylinder with a flat base might reduce the number of
cohesive failures of the post. There was no adhesive
fracture between the post and resin cement, which is
probably related to the post-surface treatment (tribo-
chemical silica coating method), which significantly
increases bond strength of the resin cement.***

Considering that debonding of the cement-post-
buildup is the main in vivo failure,”™*" some clinical
procedures may optimize adhesion to root dentin and
post retention: a) utilization of multi-bottle adhesive
systems with dual or chemical curing associated with
chemical- or dual-resin cements;**! b) utilization of size
compatible brushes to the root canal to apply the adhe-
sive system;”® c) utilization of Lentulo burs to insert
the resin cement.”®®® Though often contraindicated by
some manufacturers, the Lentulo burs were used in

(2000x) are images of the surface of the cement that was kept adhered to the post, confirming the adhe-
sive fracture. In D, the tags that were fractured on their base can be observed (=) and the post surface
was kept covered by cement and/or by the adhesive system (= ).

this study, and analysis of the failure modes of the spec-
imens did not reveal visible bubbles in the resin cement
at the tooth-post interface when examining the magni-
fications employed in SEM.

With regard to the methodology of bond strength test-
ing, it is important to bear in mind that the current
study observed 21.6% cohesive failures in the fiber post,
which may be considered a limitation of the push-out
test for fiber posts, since cohesive failures in the post
underestimate the real bond strength, as previously
discussed. Goracci and others® considered the push-out
test to be better indicated to evaluate the bond strength
between fiber posts and root dentin when compared to
the microtensile test, because many specimens in the
last test (nearly 22%) fractured during preparation;
whereas, no specimen was lost in the push-out test.
Therefore, it should be considered that both tests pre-
sented limitations for bonding evaluation between
these substrates. Discussing the validity of the single
push-out test for bone-fixed implants, An and
Draughn® stated that it is known that most push-out
tests do not measure pure shear strength but report a
value that is a combination of various fixation princi-
ples, such as friction, mechanical interlocking and
chemical bonding. The authors say that researchers
should use strictly designed and detailed protocols that,
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although they do not make studies comparable, allow
for comparisons within a single study.

Even though the current study demonstrated that
teeth restored with quartz fiber posts or glass fiber
posts were resistant to fatigue, and in vitro (fatigue
tests, mechanical resistance and FEA) and in vivo
(prospective and retrospective) studies demonstrate
favorable outcomes when using fiber posts, no con-
trolled clinical study (randomized controlled study) has
actually demonstrated the longitudinal performance of
the root anchorage technique with fiber-reinforced fiber
posts.* Further longitudinal clinical evaluations should
be performed.®

CONCLUSIONS

Considering the results, the following can be concluded:
1) all specimens restored with fiber posts were resistant
to fatigue; 2) the bond strength of fiber post to root
dentin was not affected by the fatigue test; 3) fiber posts
presented significantly similar bond strengths to root
dentin.
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