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The study aimed at assessing and estimating the fatigue resistance of different ﬁber posts and to observe their ultrastructures through SEM.
Six types of ﬁber posts were used: GC Fiber Post (Group 1), ParaPost Fiber White (Group 2), FibreKor (Group 3), DT
Light-Post radiopaque (Group 4), FRC Postec (Group 5), and Luscent Anchors (Group 6). Ten out of 15 posts within each
group were used for the fatigue test, and the other ﬁve were processed for SEM evaluation.
The fatigue test revealed that Groups 1, 4, and 5 performed better than all the other groups, and that their
performance differed signiﬁcantly from the other tested groups from a statistical standpoint. For SEM analysis, Groups 1,
4, and 5 also obtained better results.
Through correlation analysis, an absence of correlation between fatigue resistance and structural characteristics
suggested that the latter reﬂected more of the divergence inherent in the manufacturing process of ﬁber posts.
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INTRODUCTION
Over the recent years, the development of ﬁber posts
has evolved in leaps and bounds. The introduction of
carbon ﬁber posts in 19901) provided the dental
profession with the ﬁrst true alternative to metal
posts, either cast or prefabricated. The material had
an elastic modulus much closer to dentin than any of
the metal posts2), and the clinical trials performed on
ﬁber posts yielded convincing results3-8). However,
the posts ﬁrst produced had some inadequacies with
regard to their universal use, as they were
radiolucent and difﬁcult to mask under all-ceramic or
composite restorations9). Subsequently, radiopaque
ﬁber posts were obtained and more esthetic posts
were produced. These improvements brought about
a drastic change in the acceptance of ﬁber posts by
the dental profession.
As a consequence of practitioners ﬁnding esthetic
ﬁber posts a viable alternative to metal posts10), a
diverse range of ﬁber posts were quickly introduced
into the market. In response to this surge in the use
of ﬁber posts, many studies have been conducted on
the adhesion of ﬁber posts to root canal
substrates11-13), on the different luting procedures14,15),
and the abutment build-up16-18). All these studies
favorably demonstrated the quality performance of
ﬁber posts19,20).
The rapid inﬂux of these new esthetic ﬁber posts
has fuelled the need for a systematic evaluation of

their mechanical properties and clinical performance.
To meet these evaluation objectives, scanning
electron microscopy (SEM) and fatigue test can
provide an indication of which type of post would
perform better under clinical conditions. In addition,
SEM observation can be useful for assessing the
ﬁber/resin matrix ratio, as well as ﬁber diameter
and the global integrity of the post.
Fatigue is considered as one of the main causes
of structural failure in restorative dentistry21-24). It
has been reported that dental restorations fail more
frequently under cyclic loading tests that are well
below the ultimate ﬂexural strength of these
materials, versus the application of a single,
relatively higher, external force25). Fatigue tests can
reveal the resistance level of each type of post under
cyclic loading, which simulates the normal occlusal
and masticatory function16,26,27).
On ﬁber posts, they are in essence composite
materials. Therefore, it seems logical to expect their
mechanical properties to increase as a result of
increased ﬁber content. The objectives of the present
study were to assess the fatigue resistance of six
different types of ﬁber posts, and to acquire an
insight of their ultrastructures through scanning
electron microscopic observation. The null hypotheses
tested were: (1) there are no differences in the
structural integrity and in the ﬁber/resin ratio of the
posts; and (2) there are no differences in fatigue
resistance among the different kinds of ﬁber posts.
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Table 1

Structural characteristics of the six groups of tested posts

Group

Type of post

Post diameter
(mm)

Fiber diameter
(μm)

Fiber density
(number of
ﬁbers per mm2)

Surface occupied by
ﬁbers per mm2 of post
surface (μm/mm2)

12

34

395

Group 1

GC Fiber Post

2.0

Group 2

ParaPost Fiber White

1.5

6

18

110

Group 3

FibreKor

1.5

18

28

505

Group 4

DT Light-Post radiopaque

2.0

12

32

390

Group 5

FRC Postec

2.0

12

25

300

Group 6

Luscent Anchors

1.7

15

29

195

Table 2

Scoring method to quantify the structural integrity of posts, as assessed under the scanning electron microscope
Score 0

No voids/bubbles

Score 1

Score 2

Microvoids/bubbles (diameter<20 microns)

Voids/bubbles (diameter>20 microns) and/or
ﬁber detachment

MATERIALS AND METHODS
Six types of esthetic posts were selected for this
study (Table 1). They were GC Fiber Post (GC,
Tokyo, Japan; Group 1, pretensioned glass ﬁbers),
ParaPost Fiber White (Coltene/Whaledent, Mawhaw,
NJ, USA; Group 2, glass ﬁbers), FibreKor (Jeneric
Pentron, Wallingford, CT, USA; Group 3, glass
ﬁbers), DT Light-Post radiopaque (RTD, Grenoble,
France; Group 4, pretensioned glass ﬁbers), FRC
Postec (Ivoclar Vivadent, Schaan, Liechtenstein;
Group 5, glass ﬁbers), and Luscent Anchors
(Dentatus, New York, NY, USA; Group 6, glass
ﬁbers). For each group, 15 posts of the largest
available size (Table 1) were collected. Post diameter
in the different groups varied from 1.5 mm to 2.0
mm. Ten randomly chosen posts were used for the
fatigue test, whereas ﬁve more were processed for
SEM evaluation.
Fatigue test
Ten posts from each group were tested in a fatigue
test machine (Procyon systemes, France).
This
device had a counter that measured the number of
cycles, and that it automatically stopped when the
specimen broke (Fig. 1). The three-point bending
method of loading was applied, with a loading angle
of 90° at a frequency of 3 Hz. All posts were
subjected to the same loading conditions. Loading by
punch was 20 N at the beginning, and reached 100 N
at the end of each cycle. The two supports and the
punch had a 3 mm diameter, and distance between
the two supports was 9 mm. In tapered posts, the
loading punch was positioned on the straight portion
of the post. Luscent Anchor posts, which had a
conical shape, were loaded at the midpoint of the

Fig. 1

A post ready to be tested.

post length. All the tests were carried out at a room
temperature of approximately 22°C. The machine
was set to carry out 2,000,000 cycles.
The
assumption was that teeth normally come into
contact once a minute, and therefore this number of
cycles would simulate about four years of physiological occlusal and masticatory activity5,7).
For ﬁber posts that failed prior to reaching the
projected number of cycles, the actual number of
resisted cycles as counted by the fatigue test machine
was recorded. Differences among the tested posts in
the number of resisted cycles were tested for
statistical signiﬁcance with one-way ANOVA,
followed by the Bonferroni test for multiple
comparisons. The level of signiﬁcance was set at
p<0.05.
Upon completing the fatigue test, the posts were
processed for SEM evaluation. The latter was aimed

3

Dent Mater J 2008; 27(5): ●－●
at verifying whether any changes had occurred in the
post structure as a result of loading. Detected modiﬁcations were documented through microphotographs.
SEM evaluation
Each post was cross-sectioned into two halves using
a diamond saw (Isomet, Buehler, Lake Bluff, NY).
One half was used for the observation of the surface
exposed by the cross-sectional cut, whereas the other
half was again sectioned longitudinally (with the
same diamond saw described above) to examine the
ﬁbers along their longitudinal axes. The external
surface of this half of each sectioned ﬁber post was
also examined.
The specimens were mounted on metallic stubs
and sputtered with gold in an ion-sputtering device
(Balzers Ltd., London, UK). Then, the specimens
were observed using a scanning electron microscope
(Philips 505, Eindhoven, The Netherlands), and
microphotographs were taken for documenting the
morphologic characteristics of the posts.
Fiber
diameter, the number of ﬁbers per mm2, and the
surface occupied by ﬁbers per mm2 of post surface
were measured. Three microphotographs were taken
for the evaluation of each post, and results were
obtained by calculating the mean of the scores
assigned to the three individual microphotographs.
In addition, the presence of voids/bubbles within the
post and on its outer surface was assessed and
expressed through a score system, which was thus
deﬁned (Table 2): 0=no voids or bubbles are visible;
1=microvoids or bubbles can be detected (diameter<20
microns); 2=voids or bubbles (diameter>20 microns)
are evident and/or ﬁber detachment due to a loose
bond with the resin matrix.
The scoring method allowed for a quantitative
evaluation of the structural integrity of the posts, as
well as for a statistical evaluation of the differences
among the various types of posts. SEM scores were
assigned by two different operators, who separately
examined the microphotographs taken from the
Table 3
Group

specimens. Where disagreement arose between the
two investigators on the score assigned to a specimen,
the worse score was chosen for the statistical
analysis. The observations were repeated twice to
verify interexaminer reliability. Differences in scores
recorded for the six groups of posts were tested for
statistical signiﬁcance with Kruskall-Wallis ANOVA
by ranks, followed by Mann-Whitney U test for
multiple comparisons. Level of statistical signiﬁcance
was set at p<0.05.
Correlation analyses
A further objective of the investigation was to verify
the existence of a correlation between the fatigue
resistance exhibited by the different types of posts
and their structural characteristics, namely ﬁber
diameter, ﬁber density, and the surface occupied by
ﬁbers per mm2 of post surface. For this purpose, the
strength of correlation between the number of
resisted cycles and each of the abovementioned
structural variables of the posts was measured by
calculating the Pearson’s correlation coefﬁcients.
Statistical signiﬁcance of the correlations was also
assessed (p<0.05).
RESULTS
Fatigue test
Table 3 lists the means and standard deviations of
the numbers of cycles that the different types of posts
were able to withstand before breaking. Results of
the statistical analysis performed on these data are
summarized in Table 4.
Highest resistance to cyclic loading was exhibited
by GC Fiber Post and DT Light-Post (Groups 1 and
4), followed by FRC Postec (Group 5). None of the
specimens from GC Fiber Post and DT Light-Post
broke after two million cycles, whereas among the
FRC Postec posts only one failure occurred. From a
statistical standpoint, the results given by these
three groups were similar (Table 4).
On the other hand, FibreKor, Luscent, and

Means and standard deviations of the numbers of cycles that each type of post withstood before breaking
Type of post

Shape

Mean
number of
resisted
cycles
2,000,000

Standard
deviation

Minimum
number of
resisted
cycles

Maximum
number of
resisted
cycles

0

Group 1

GC Fiber Post

Double-tapered

2,000,000

2,000,000

Group 2

ParaPost Fiber White

Cylindrical with serrations

84,915.7

59325.4

15,968

373,882

Group 3

FibreKor

Cylindrical with serrations

29,687.8

24327.5

3,297

82,375

Group 4

DT Light-Post radiopaque

Double-tapered

2,000,000

2,000,000

2,000,000

Group 5

FRC Postec

Double-tapered

1,910,513.7

282,980.5

1,105,137

2,000,000

Group 6

Luscent Anchors

Conical

807,242.9

213,567.7

467,421

989,640

0
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Table 4

A star sign indicates that the difference between the groups was statistically signiﬁcant.
indicates that the difference between the two mean values was negative

The minus sign

ParaPost, FibreKor

vs

*(－)Light-Post, Postec, GC Fiber Post, Luscent Anchors

Luscent Anchors

vs

*(－)Light-Post, Postec, GC Fiber Post
*FibreKor, ParaPost

FRC Postec, DT Light-Post, GC Fiber Post
Table 5
Group

vs

*FibreKor, ParaPost, Luscent Anchors

Median values of the scores assigned to the different types of posts, providing an estimate of each post’s
structural integrity, as shown by scanning electron microscopy
Scores

Type of post

Cross-section of post

Longitudinal section of post

External surface of post

Group 1

GC post

0

0

0

Group 2

ParaPost Fiber White

2

2

1

Group 3

FibreKor

0

1

1

Group 4

DT Light-Post radiopaque

0

0

0

Group 5

FRC Postec

0

0

0

Group 6

Luscent Anchors

1

2

1

Fig. 2

Surface of Group 1 sample after the crosssectional cut.

Fig. 4

A sample from Group 3, whereby post was
fractured after fatigue test.

Fig. 3

Surface of Group
longitudinal cut.

Fig. 5

A sample from Group 4, whereby the post
remained unbroken after 2,000,000 cycles.
Contact area with the loading punch is evident.

1

sample

after

the
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Table 6

Strength and statistical signiﬁcance of the correlation between posts’ fatigue resistance and their structural
characteristics

Variable

Variable
Fiber Diameter

Mean number of
resisted cycles

Fiber Density

Surface occupied by ﬁbers per mm2
of post surface

Pearson’s
correlation
coefﬁcient

r = 0.128

r = 0.028

r = 0.112

Statistical
signiﬁcance

p = 0.257

p = 0.806

p = 0.322

ParaPost (Groups 3, 6, and 2 respectively) showed
fatigue resistance levels that were signiﬁcantly lower
than the other tested posts (Table 4).
Structural integrity
The scores assigned to the different types of posts in
order to quantify their structural integrity, as
revealed by SEM observation, are summarized in
Table 5. Specimens from ParaPost and Luscent
groups (Groups 2 and 6 respectively) exhibited voids
and/or bubbles within the post structure on both the
cross- and longitudinal sections. The ParaPost group
recorded scores signiﬁcantly higher than the other
tested posts (p<0.05). Only specimens from DT
Light-Post (Group 4), FRC Postec (Group 5), and GC
Fiber Post (Group 1) neither exhibited visible
structural defects on the cross and longitudinal
sections (Figs. 2 and 3) nor on the outer surface of
the posts. The scores assigned to these three types
of posts were signiﬁcantly lower than the other
tested groups (p<0.05).
When the posts that were fractured after load
cycling were observed under SEM, their loss of
structural integrity was evident (Fig. 4). On the
other hand, the DT Light-Post, GC Fiber Post, and
FRC Postec posts, which were able to withstand the
fatigue test, exhibited only a small circumferential
depression at the area of contact with the loading
punch (Fig. 5).
Correlation analysis
Data expressing the strength of correlation between
fatigue resistance and structural characteristics of
the posts are summarized in Table 6. No correlation
was found to be statistically signiﬁcant (p>0.05).
DISCUSSION
Fiber-reinforced materials, as composite materials,
owe their mechanical properties not only to the characteristics of ﬁbers and matrix, but also to the
strength of the bond at the interface between these
components and to the geometry of reinforcement.
The addition of ﬁbers to a polymer matrix leads to a

signiﬁcant increase in fracture toughness, stiffness,
and fatigue resistance of the material.
In the
fabrication of endodontic posts, glass, quartz, carbon,
and ceramic ﬁbers have been used2,10,28).
The posts produced by GC, RTD, and Ivoclar
Vivadent contained silanized glass ﬁbers and an
epoxy resin. In particular, during the manufacturing
process of GC and RTD posts, the ﬁbers were prestressed in tension and then soaked in resin, which
was ﬁnally polymerized. On the ﬁnal cure of the
resin, the tension in the ﬁbers was released and, as a
result, the resin surface was placed under
compression. For this reason, when the post was
subjected to a ﬂexural force, the tensile stresses
which were introduced could easily be absorbed. For
the Ivoclar Vivadent posts, they were made following
the Vectris technology29).
The methods of fabrication of GC Fiber Post, DT
Light-Post, and FRC Postec could provide an
explanation for the signiﬁcantly higher resistance to
fracture under cyclic bending forces as demonstrated
in the present study. Unfortunately, the manufacturers did not disclose the modulus of elasticity of
the resin employed for the resin matrices of these
posts. This is because this parameter might play an
inﬂuential role in the determination of the fatigue
resistance of the posts. Another important factor
was whether the ﬁbers were silanized prior to
embedding in the resin matrices. This could also
affect both the resistance of the ﬁber posts to the
fatigue test, as well as the structural integrity of
these posts.
At this juncture, it must also be
highlighted that good interfacial bonding can ensure
efﬁcient load transfer from the matrix to the reinforcement, and is a primary requirement for effective
use of reinforcement properties.
In his scholar
thesis, Gu30) stated that ‘…a fundamental understanding of interfacial properties and a quantitative
characterization of interfacial adhesion strength can
help in evaluating the mechanical behavior and
capabilities of composite materials…’.
During daily normal occlusal and masticatory
function, both the natural and restored teeth are
subjected to a number of cyclic loads. Failure due to
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fatigue stress is a phenomenon of paramount
importance from a clinical standpoint19-21). In the
explanation of the occurrence of this type of failure,
it is assumed that failure commences from a small
structural defect within the material.
When
subjected to cyclic functional loading, a line of
fracture can gradually propagate from this weak area
through the material, ﬁnally culminating in
catastrophic failure31). Potential areas of weakness
in a ﬁber-reinforced post can be seen in the voids
present within the resin or in the discontinuities
along the interfaces between ﬁbers and matrix.
Therefore, a solid (with ﬁbers evenly distributed)
structure of the ﬁber-reinforced posts seems to be
critical for their clinical success.
Areas of potential weakness also refer to sections
of the post subject to abrupt changes22). For this
reason, the addition of a notch on the post for
retention purpose did not seem to augur well for the
post’s fatigue resistance. In the context of the
present study, this might account for the relatively
low resistance to cyclic loading exhibited by ParaPost
Fiber White and Fibrekor, with serrations present in
both posts. In addition, the conical shape might have
a negative bearing on the Luscent Anchor post,
resulting in lower fatigue resistance in comparison
with the double-tapered GC Fiber Post, DT LightPost, and FRC Postec posts. Consequently, SEM
observation of ParaPost Fiber White, Fibrekor, and
Luscent Anchor posts ― with signiﬁcantly lower
fatigue resistance ― showed loss of their structural
integrity after they fractured under load.
In a fatigue test, as in any repeated masticatory
action, the load varies between a minimum (Kmin)
and a maximum (Kmax). Theoretically, the moment
in which a rapid fracture occurs has to be related to
the Kmax value. On the other hand, the difference
between the maximum and minimum values (K)
corresponds to cyclic energy dissipation, which
provides more insight to the fatigue phenomenon.
Nonetheless, the two different values (Kmax and K)
combined should provide us with important
information on what is really happening in the
mouth32).
In the present study, a load ranging from 20 to
100 N was applied at a frequency of 3 Hz. With the
20-N force, the loading unit was kept in stable
contact with the specimen. With regard to the
highest-level force in a fatigue test, its magnitude
does not exceed 50％ of the ultimate strength of the
material on trial17). Similarly, this criterion was
applied in the present study, and the results showed
that specimen failure occurred even when a cyclic
force as low as one-half of the material’s ultimate
strength was exerted.
With respect to the number of cycles that were
applied to simulate fatigue loading, Wiskott et al.32)

indicated that it should be at least one million cycles.
In the present study, a maximum of two millions
cycles were applied, with the intention of simulating
about four years of normal occlusal and masticatory
activity5,7). It should be pointed out that the cyclic
fatigue test, as it was performed in this study, most
probably exposed the specimens to higher tensile
stresses than those actually transmitted to an
endodontic post cemented inside a root, as failure of
the bonded cement could have occurred prior to post
fracture. Taking this consideration into account and
with an unwavering intention of having a fatigue
resistance appraisal that would be as close as
possible to clinical reality, the same study should be
repeated on roots with cemented posts instead of
mere posts. This would then require a completely
different study design that does not involve a threepoint bending test.
From a statistical standpoint, Groups 1, 4, and 5
showed better results than all the other tested
groups. In terms of physical considerations, any ﬁber
direction deviating from the longitudinal axis of the
post results in a stress transmission to the matrix.
For this reason, posts with parallel ﬁbers should, at
least theoretically, withstand loading more efﬁciently
than posts containing obliquely-oriented ﬁbers.
When a compressive force is exerted on a post or
when forces are directed obliquely or diagonally to
the post’s longitudinal axis, the stress acts on the
matrix particularly. The high stresses on the ﬁberresin interface are responsible for a gradual inelastic
behavior, which occurs due to detachment occurring
at the interface between the ﬁbers and the matrix.
Besides, plastic deformation of the matrix and resin
microcracking also occur.
Such stresses are
minimum in the equidistant areas of the ﬁbers, and
maximum immediately next to the same ﬁbers33).
Fibers represent the stiffer component in a post
as compared with the resin matrix. Therefore, the
post that exhibits a higher ﬁber density would be
expected to exhibit a greater fracture resistance than
that with a lower amount of ﬁbers28). In the present
study, GC Fiber Post, DT Light-Post, and FRC Postec
ﬁber posts were the ones with higher ﬁber density
values. In recent clinical evaluations of DT LightPost and FRC Postec ﬁber posts, it was shown that
neither a post nor root fracture occurred over a twoyear period of clinical service. These data thus
soundly supported the clinical use of translucent
ﬁber posts for the restoration of endodontically
treated teeth3-8). With regard to the other types of
posts tested in this study, no data are yet available
on their clinical performance. However, noting the
mechanical and structural characteristics of GC
Fiber Post samples tested in this study, it can be
safely and rationally assumed that they will likewise
render satisfactory performance when used under
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clinical conditions.
Apart from efﬁciently holding up under fatigue
stress, GC Fiber Post, DT Light-Post, and FRC
Postec posts were also among those that exhibited
the highest degree of structural homogeneity when
evaluated under SEM. The other posts showed
different degrees of structural defects and a limited
survival to fatigue loading.
In any bid to understand the quality of a post, it
is also necessary to investigate the adhesion between
the ﬁbers and the resin matrix as it is an important
parameter. However, it is a variable that is difﬁcult
to measure. As such, the strength of the adhesion
bonds at the ﬁber-resin interface can only be
speculated by examining the results of the fatigue
test, the SEM scores regarding structural integrity,
and the SEM images of the fractured posts. In some
cases, catastrophic failures were evident with ﬁbers
spread out and separate from each other and absence
of any bond between the ﬁbers and the resin matrix.
Regarding the fracture mode of a post, it is
speculated that when failure commences under
compression the more brittle ﬁbers break due to
variability in individual ﬁber surface defects. This
leads to interfacial slip between the broken ﬁber and
the matrix, and consequently stress magniﬁcation in
the adjacent ﬁbers.
As the interfacial bond is
probably still effective, tensile stress in the broken
ﬁber along the bond transfer length will gradually
build up.
If the bond strength is exceeded,
delamination of the ﬁber from the matrix will
commence and propagate33). With loss of interfacial
bond, progressive ﬁber fracture will occur, leading to
overall catastrophic failure. Further detailed fractographic analysis should be performed to validate the
results of this study.
Given the results of this study, GC Fiber Post,
DT Light-Post, and FRC Postec can be expected to
function efﬁciently against fatigue stress.
This
property augments the reliability of these materials
when used clinically for the restoration of endodontically treated teeth.

2)
3)

4)
5)

6)

7)

8)
9)

10)
11)
12)

13)
14)
15)

CONCLUSIONS
Both of the null hypotheses tested in this study were
rejected. When subjected to a fatigue resistance test,
different kinds of ﬁber posts gave different results,
possibly accounted for by the variability in their
ultrastructural characteristics.
Moreover, no
correlation existed between the fatigue resistance
and structural characteristics of the posts
investigated in this study.
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18)

REFERENCES
1)

Duret B, Reynaud M, Duret F. Un nouveau concept

19)

7

de reconstitution corono-radiculaire: le composiposte
(1). Chir Dent France 1990; 540: 131-141.
Asmussen E, Peutzfeldt A, Heitmann T. Stiffness,
elastic limit, and strength of newer types of
endodontic posts. J Dent 1999; 27: 275-278.
Fredriksson M, Astback J, Pamenius M, Arvidson K.
A retrospective study on 236 patients with teeth
restored by carbon ﬁber-reinforced epoxy resin posts.
J Prosthet Dent 1998; 80: 151-157.
Ferrari M, Vichi A, Mannocci F, Mason PN. Retrospective study of clinical performance of ﬁber posts.
Am J Dent 2000; 13: 9B-14B.
Ferrari M, Vichi A, García-Godoy F. A retrospective
study of ﬁber-reinforced epoxy resin posts vs. cast
posts and cores: a four year recall. Am J Dent 2000;
13: 9B-13B.
Malferrari S, Baldissara P, Arcidiacono A.
Translucent quartz ﬁber posts: a 20 months in vivo
study. IADR 80th General Session, San Diego, 2002,
Abstract No. 2656.
Scotti S, Malferrari S, Monaco C. Clinical evaluation
of quartz ﬁber posts: a 30 months results. IADR 80th
General Session, San Diego, 2002, Abstract No.
2657.
Dallari A, Rovatti L. Six years of in vitro/in vivo
experience with Composipost. Compendium 1998;
20: S57-S63.
Vichi A, Ferrari M, Davidson CL. Inﬂuence of
ceramic and cement thickness on the masking of
various types of opaque posts. J Prosthet Dent 2000;
83: 412-417.
Drummond JL, Toepke RS, King TJ. Thermal and
cycling loading of endodontic posts. Eur J Oral Sci
1999; 107: 220-224.
Nakabayashi N, Pashley DH.
Hybridization of
dental hard tissues. Quintessence Co. Publ., Berlin,
1998.
Chappel RP, Cobb CM, Spencer P, Eick JD.
Dentinal tubule anastomosis: A potential factor in
adhesive bonding? J Prosthet Dent 1994; 72: 183188.
Mjör IA, Nordhal I. The density and branching of
dentinal tubules in human teeth. Archs Oral Biol
1996; 41: 401-412.
Ferrari M, Mannocci F, Vichi A, Cagidiaco MC, Mjor
IA. Bonding to root canal: Structural characteristics
of the substrate. Am J Dent 2000; 13: 380-386.
Vichi A Grandini S, Ferrari M. Comparison between
two clinical procedures for bonding ﬁber posts into a
root canal: a microscopic investigation. J Endod
2002; 28: 355-360.
Gateau P, Sabek M, Dailey B. Fatigue testing and
microscopic evaluation of post and core restorations
under artiﬁcial crowns. J Prosthet Dent 1999; 82:
341-347.
Cohen BI, Pagnillo MK, Condos S, Deutsch AS.
Four different core materials measured for fracture
strength in combination with ﬁve different designs
of endodontic posts. J Prosthet Dent 1996; 76: 487495.
Freedman GA. Esthetic post-and-core treatment.
Dent Clin North Am 2001; 45: 1: 103-116.
Dietschi D, Romelli M, Goretti A. Evaluation of post
and cores in the laboratory: rationale for developing

8

20)
21)

22)
23)
24)
25)

26)

Dent Mater J 2008; 27(5): ●－●
a fatigue test and preliminary results. Compend
Contin Educ Dent Suppl 1996; 20: S65-S73.
Dietschi D, Romelli M, Goretti A. Adaptation of
adhesive posts and cores to dentin after fatigue
testing. Int J Prosthodont 1997; 10: 498-507.
Hsu YB, Nicholls JI, Phillips KM, Libman WJ.
Effect of core bonding on fatigue failure of
compromised teeth. Int J Prosthodont 2002; 15: 175178.
Baran G, Boberick K, McCool J.
Fatigue of
restorative materials. Crit Rev Oral Biol Med 2001;
12: 350-356.
Fan P, Nicholls JI, Kois JC. Load fatigue of ﬁve
restoration modalities in structurally compromised
premolars. Int J Prosthodont 1995; 8: 213-220.
Yamamoto M, Takahashi H.
Tensile fatigue
strength of light cure composite resins for posterior
teeth. Dent Mater J 1995; 14: 175-184.
Kahn FH, Rosenberg PA, Schulman A, Pines M.
Comparison of fatigue for three prefabricated
threaded post systems. J Prosthet Dent 1996; 75:
148-153.
Cohen BI, Pagnillo MK, Newman I, Musikant BL,
Deutsch AS. Cyclic fatigue testing of ﬁve endodontic
post designs supported by four core materials. J

27)
28)
29)
30)

31)
32)

33)

Prosthet Dent 1997; 78: 458-464.
Reagan SE, Fruits TJ, Van Brunt CL, Ward CK.
Effects of cyclic loading on selected post-and-core
systems. Quintessence Int 1999; 30: 61-67.
Ferrari M, Mannocci F. Bonding of an esthetic ﬁber
post into root canal with a ‘one-bottle’ system: a
clinical case. Int J Endodont 2000; 33: 397-400.
Vichi A, Grandini S, Ferrari M. Clinical procedure
for luting Vectris ﬁber posts. J Adhes Dent 2001; 3:
353-359.
Gu W. Interfacial adhesion evaluation of uniaxial
ﬁber-reinforced-polymer composites by vibration
damping of cantilever beam. PhD thesis at Virginia
Ploytechnic Institute and State University, 1997,
pp.11-13.
Grifﬁth AA. The phenomena of rupture and ﬂow in
solids.
Philosophical Transactions of the Royal
Society of London (Series A) 1920; A221: 168-198.
Wiskott HW, Nicholls JI, Belser UC. The effect of
tooth preparation height and diameter on the
resistance of complete crowns to fatigue loading. Int
J Prosthodont 1997; 10: 207-215.
Grandini S, Balleri P, Ferrari M. Scanning electron
microscopic investigation of the surface of ﬁber posts
after cutting. J Endod 2002; 28: 610-612.

