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The aim of this study was to analyze the fracture strength of
endodontically treated teeth with different coronal restoration
strategies after mechanical cycling. Thirty bovine teeth were
randomly allocated into three groups (n = 10): Group 1, cast metal
post and core; Group 2, glass fiber post with a composite resin core;
Group 3, glass fiber post with a glass prefabricated core. For post
cementation, an etch and rinse multistep adhesive system and resin
cement were used. The specimens were submitted to mechanical
cycling (108 cycles, 90 N, 4 Hz, 37+1°C) and immediately loaded in
a universal testing machine.

128.7 N; Group 2 = 554.4 + 213.3 N; Group 3 =427 + 104.8 N;
P=10.06). With regard to fracture patterns, all Group 1 specimens
demonstrated catastrophic failures, while the specimens in Groups
2 and 3 demonstrated core or core/post failure.

Despite the similar fracture strength observed in the tested
groups, teeth restored with composite resin or glass prefabricated
cores demonstrated favorable failure patterns compared to the
cast metal post and core group. This study demonstrates that a
glass prefabricated core can be an acceptable alternative for the
reconstruction of endodontically treated teeth.

The statistical analysis (one-way ANOVA) did not indicate a sig-
nificant difference among the tested groups (Group 1 =593.9 +
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ulpless teeth are more suscep-

tible than sound teeth to frac-

ture due to decreased moisture
content, coronal destruction from
dental caries, previous restorations,
and endodontic therapy.! When
extensive coronal destruction or
esthetic needs are presented, a full
crown should be required." A core
build-up is a restoration placed in a
badly broken-down tooth to restore
the coronal portion and withstand
a subsequent indirect restoration.?
Thus, a core build-up should
provide resistance to the abutment
preparation and the molding
procedures as well as provisional
and definitive crown support and
retention.? Finally, the post and core
should withstand multidirectional
masticatory forces for many years.””

Several materials have been used

as core build-up materials, although
they were not developed specifically
for this purpose. These materials have

been used because of their proper-
ties, such as fluoride release, esthetic
factors, adhesion to root structure,
easy handling, and cure time control.
Biomechanical properties that are
similar to those of dentin, including
fracture strength and elastic modu-
lus, support their use.’

For many years, silver amalgam
was used for core build-ups.
However, despite its satisfactory
resistance to masticatory efforts,
it presents unfavorable esthetics, a
high thermal expansion coeflicient
when compared to dentin, matrix
needs for condensation, no chemi-
cal adhesion to tooth structure,
and a lengthy setting time.>® These
limitations lead to the substitution
of silver amalgam for other materials
with better biomechanical proper-
ties and easier handling.

Cast metal post and cores are used
for core build-ups as well. Despite
their satisfactory resistance, however,

they present high stiffness and rigid-
ity.!! Inappropriate (more rigid
than dentin) cast metal post and
cores could increase the fracture risk
of the remaining tooth structure.”!!
Some in vitro studies have shown
a high number of root fractures
when cast metal posts are used when
compared with fiber posts and com-
posites.>'*!? These findings are cor-
roborated by finite element analysis
(FEA) studies.?*?! FEA has demon-
strated that post and core materials
affect the stress distribution in end-
odontically treated teeth.?*** Stress
concentration seems more intense at
specific locations, resulting in root
fractures. The inverse occurs when
materials with properties similar to
dentin are used. Glass fiber posts
distribute the stress along the tooth
more homogeneously, reducing the
risk of fracture.?*®

The development of enamel and
dentin bonding and techniques for
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more conservative composite resins
have made their use in associa-
tion with fiber posts more widely
accepted.?*?” Composite resins
present better esthetic characteris-
tics than metallic materials while
also allowing photocuring, easy
handling, complete coronal prepa-
ration, and chemical tooth struc-
ture adhesion.?® The biomechanical
behavior of composites is similar
to that of dentin.?’ Composite
resins present an elastic modulus
of approximately 16.6 GPa, while
the elastic modulus of dentin is
18.6 GPa. 20282

Recently, a new material was
developed based on glass fiber. It
consists of a prefabricated core that
is cemented over a glass fiber post,
providing a monoblock restoration,
a single biomechanical complex
through adhesion between the tooth
structure and the restorative materials
(glass fiber post, luting agent, prefab-
ricated glass fiber core, and bonding
agent), and utilization of materials
with similar mechanical properties as
the remaining dentin structure.*

The present study evaluated the
fracture strength and the failure
pattern of endodontically treated
teeth restored with different post
and core strategies after mechanical
cycling. Two null hypotheses were
tested: There is no significant differ-
ence in the fracture resistance of the
three strategies used, and there are
no significant differences regarding
the failure patterns.

Materials and methods

Thirty bovine teeth were sectioned
at 14 mm from the apex with a
diamond double-face disc (KG
Sorensen) cooled with water. The
root canal diameter at the level of
the section was measured with a
digital caliper (Starrett 727, L.S.
Starrett Company). Specimens with
a diameter larger than 2.0 mm were

discarded and replaced by other
specimens that met this require-
ment. Only roots with cervical
diameters of 5.0-5.5 mm in the
mesiodistal direction and 7.0-7.5
mm in the buccal-palatal direction
were included.

The root canals were endodonti-
cally treated and the teeth were
embedded in a PVC cylinder filled
with a chemically cured acrylic
resin as follows: The preparation
bur of the post system was placed
inside the prepared root canal; the
bur (with the root) was attached
to an adapted surveyor, where the
long axes of the bur, specimen, and
cylinder were parallel to each other
and perpendicular to the ground;
and the acrylic resin was prepared
and poured inside the cylinder up
to 3.0 mm of the most coronal por-
tion of the specimen.

The specimens were randomized

into three groups (z = 10), as follows:

Group 1, cast metal post and core
(control); Group 2, glass fiber post
with the coronal portion filled with
composite resin; Group 3, glass fiber
post with the coronal portion filled
with a prefabricated glass fiber core.
The specimens were prepared as
described below. The root canals
were prepared to 10 mm deep
using the White Post DC No. 3 bur
(FGM). All samples were kept in
distilled water until testing.

Preparation of specimens
Group 1

Ten cast metal posts (Nihon Shika
Kinzoku Co., Ltd.) were fabricated
using root canal molding with
self-curing acrylic resin (Duralay,
Reliance Dental Mfg. Co.). The
same resin was employed for filling
the plastic matrices that simulated
canine preparation for placement
of a full crown, allowing for a
standardized shape and dimension
of the coronal portion of the posts

(6.0 mm in height with a 1.0 mm
chamfer). Posts were cast in nickel-
chrome alloy.

Root canals were cleaned with
17% EDTA for three minutes,
rinsed with distilled water for 60
seconds, and dried with paper
points. Next, the root canal and
remaining tooth structure were
etched with 37% phosphoric acid
for 30 seconds, rinsed for one
minute, and dried with paper
points. Scotchbond Multi-Purpose
Plus (3M ESPE) was applied follow-
ing the manufacturer’s instructions
for dual cure. The dual-cure resin
cement RelyX ARC (3M ESPE) was
prepared following the manufac-
turer’s instructions and applied in
the root canal with a Lentulo spiral.
The post was inserted into the root
canal and kept under a 2 kg static
load for six minutes. The cement
was photocured around the post for
one minute (XL 2500, 3M ESPE).
After 10 minutes, the assembly was
removed from the press.’!

Group 2
Ten White Post DC No. 3 glass fiber
posts with 2.0 mm of cervical diam-
eter and 1.25 mm apical diameter,
respectively, were used. The post
length was reduced until an extra-
root height of 5.0 mm was achieved.
The specimens were cleaned with
ethylic alcohol. A coat of Prosil
(FGM) was applied and gently air-
dried for 60 seconds. Adhesive treat-
ment of root canals was performed as
described for Group 1. RelyX ARC
was prepared following the manu-
facturer’s instructions and applied
in the root canal with a Lentulo
spiral. The posts were inserted into
the root canal, the excess cement
was removed, and photocuring was
performed for one minute.

The posts were submitted to a new
silane application, as described above,
and the cervical portion of the teeth
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Fig. 1. Schematic representation of experimental groups.

Fig. 2. Schematic representation of failure patterns.

received a new dentin treatment,

as described above. Filtek Z350
composite resin was adapted over the
entire post and photocured for 60
seconds around the post. Next, Filtek
7350 was inserted in the matrices
prepared for Group 1, which were
positioned on the post to achieve a
standardized shape and dimension
of the coronal portion of the posts.
Photocuring was performed for 40
seconds for each aspect.

Group 3

Ten White Post DC No. 3 glass fiber
posts were cemented into the root
canal as described for Group 2, and
the coronal portion was restored
with a prefabricated glass fiber core
(Reforcore, Angelus Dental Industry
Products S/A). This glass fiber core
has a central opening that the post
passes through. After post cementa-
tion, prefabricated cores were cleaned
with ethyl alcohol, and a silane coat
was applied on the coronal portion
of the posts. The Reforcore was
positioned, and the spaces between
it and the post were filled with com-
posite resin, which was photocured
for 60 seconds from the occlusal
surface, as recommended by the
manufacturer (Fig. 1).

Mechanical cycling test
Specimens were positioned in a
cycling machine (ERIOS) 24 hours
after fabrication (after being kept in
distilled water at 37°C). The load
was applied on the palatal aspect of
the specimens at 135 to the long
axis of the tooth. In a wet environ-
ment, 1,000,000 cyclic loads (90 N,
4 Hz, 37+1°C) were induced.??3?
After mechanical cycling, a stereo-
microscope with 4X magnification
was used to analyze the specimens,
which were scored as presence of
root fracture or absence of root frac-
ture. The specimens with an absence
of root fracture were submitted to
compressive strength testing in a
universal testing machine.

Compressive strength test
Immediately after the mechanical
cycling test, teeth were submitted to
a compressive load in an universal
testing machine (EMIC Ltd.) at a
crosshead speed of 0.5 mm/min,
applied on the palatal aspect of the
specimens at 135 degrees to the long
axis of the tooth. Root fractures
below the simulated bone level (the
edge of the acrylic resin block) were
regarded as unfavorable.>!>3"34 Frac-
tures at or above the simulated bone

level, as well as failures in the coronal
portion of the post and displacement
of the core and/or post, were consid-
ered favorable failures.>!5334

The fracture strength values were
submitted to one-way ANOVA,
with a significance level of 5%.

Results

After the mechanical cycling test,
all of the specimens presented no
root damage, such as root fracture
or partial cracks. The coronal
portion of the specimens also indi-
cated integrity.

The compressive strength values
and standard deviations observed
after mechanical cycling and
compressive strength testing are
presented in Table 1. One-way
ANOVA revealed no statistically sig-
nificant effect of the different strate-
gies on the fracture strength results,
indicating no difference between the
three groups (P = 0.06).

Tables 2 and 3 and Figure 2
present the failure patterns for each
group. Group 1 presented oblique
fractures in the middle third of
the root (80%) and the cervical
third of the root (20%), which are
unfavorable fractures. Groups 2
and 3 presented 100% favorable
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Table 1. Mean fracture
strength (in Newtons) and
standard deviations.

Group  Mean  Standard deviation

1 593.9 128.7
2 554.4 213.3
3 427.0 104.8

failures. No root fractures were
observed in Groups 2 and 3. In
Group 2, all composite resin cores
fractured during load application.
Group 3 presented prefabricated
core fracture (70%) and core/post

dislodgement (30%).

Discussion
The restoration of endodontically
treated teeth has undergone changes
recently. Traditional stiff materials,
like cast metal posts (amalgam,
gold, or nickel-chrome alloys), have
been replaced by materials with
mechanical properties similar to
those of tooth structure, such as
fiber posts and composite resins.
These new materials present great
adhesion to dentin and promote
reduction of the stress distribution
along the dental structure, due to
the load absorption.!6:2225:3536

Some studies have indicated
that the static fracture strength of
an endodontically treated intact
anterior tooth is not affected by (or
even decreases with) post placement
while failures have been related to
fatigue more than maximal load-
ing.>” According to other studies
that used a similar methodology to
the current study for the mechani-
cal cycling test, specimens restored
with fiber posts were not affected by
fatigue loads because of their simi-

lar elastic modulus when compared
to dentin.20725,35,36,39,40

Table 2. Failure patterns observed for each group.

Group 1 Group 2 Group 3
Failure patterns (n=10) (n=10) (n=10)
Core or post dislodgement = = 3(30%)
Core fracture - 10 (100%) 7 (70%)
Oblique fracture extending to the cervical 2 (20%) - -
root third
Oblique fracture extending to the middle 8 (80%) - -
root third
Table 3. Number of specimens with favorable and unfavorable
fracture modes for each group.
Group 1 Group 2 Group 3
Fracture mode (n=10) (n=10) (n=10)
Favorable - 10 10
Unfavorable 10 - -

Previous clinical studies have
replaced human teeth with bovine
teeth due to their micromorpho-
logical similarities.”¥” Specimens
restored with cast metal post and
cores (Group 1) presented the high-
est fracture strengths (593.9 + 128.7
N), followed by specimens restored
with fiber posts and composite resin
(Group 2) (554.4 + 213.3 N) and
specimens with prefabricated glass
fiber cores associated with fiber posts
(Group 3) (427.0 + 104.8); however,
one-way ANOVA showed no statis-
tical significance (P = 0.000).

The fracture strength values of the
materials used in the present study
are in accordance with previous
studies in teeth restored with cast
metal posts and cores along with
fiber posts and composite resin,
because no study has yet evaluated
the properties of prefabricated
glass fiber cores.”*® According to
the manufacturers, the fracture
resistance of glass fiber cores is

attributed to the components (glass
fiber 10 um diameter and 80%
ratio fiber/matrix). Moreover, the
fibers are longitudinally positioned
to enhance the material’s resistance.
In 2007, glass and quartz fiber
posts from different manufacturers
were studied by Seefeld ez a/, who
found a positive relation between
the fiber/matrix ratio and flexural
strength values. Fiber disposition
and the high fiber/matrix ratio
presented by prefabricated glass
fiber cores could be responsible for
the similar behavior between this
material and the fiber posts used in
the present study.”’

Teeth restored with glass fiber
posts (Groups 2 and 3) presented
100% favorable failures, indepen-
dent of the material used for core
restoration. All teeth from Group
2 indicated core fracture (Fig. 2).
When the specimens were loaded,
the composite resin core fractured
before any damage to the root
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structure occurred. Seven of the 10
teeth in Group 3 had core fractures,
which occurred longitudinally to the
core, causing dislodgement of the
post/core. Three cases of post bend-
ing were noted. With the loading
over the specimen, the system (pre-
fabricated glass fiber core and fiber
post) suffered progressive bending,
and separation of the glass fibers
and matrix at the prefabricated core
were observed.

Endodontically treated teeth
restored with fiber posts associated
with composite resin cores have
shown great results in fracture
strength tests, presenting more
favorable failure patterns when
compared with stiff materials, like
metallic posts, cast metal post and
cores, and zirconium posts, indicat-
ing that stiffer core materials increase
the cervical stresses and diminish
apical stress as the core material
prevents the intrusion of the loaded
posts.>'#1650 Moreover, the modulus
of elasticity for core materials affects
the distribution of stress along the
tooth.>! Fracture strength is only
one of the biomechanical properties
that should be considered when
selecting a core material; properties
such as modulus of elasticity, flexural
strength, biomechanical and fatigue
behavior, biocompatibility, and stiff-
ness should be analyzed as well.

When fiber posts are used, core
and/or post fracture occurs before
root fracture, indicating the pos-
sibility of maintaining teeth after
replacing the restoration.* Cast
metal post and cores concentrate
the stress in specific root segments,
like the medium and apical thirds,
causing vertical root fractures.”
These findings are in accordance
with the failure pattern results in
the current study.

Other studies have shown similar
longitudinal results when failure
modes were evaluated. When the

failure patterns and success index of
420 teeth restored with cast metal
post and cores or fiber posts after
three years were examined, the cast
post and core presented 10 cases of
root fracture, while fiber posts pre-
sented only one failure, which came
after debonding. >

When fiber posts are luted with
resin cements, tooth protection
occurs via formation of a mono-
block restoration (dentin/post/
cement/core) with biomechanical
properties similar to those of
dentin. Monoblock restorations
distribute chewing efforts homo-
geneously along the root and the
dentin/cement and post/cement
interfaces.” Systems with several
components that are different from
a biomechanical point of view have
interfaces that represent the criti-
cal area of the system. Therefore,
the stiffer component transfers
the force to the less-stiff materi-
als.® The same effect occurs with
cast metal post and cores, which
distribute stress in a more concen-
trated way, according to some finite
element analysis studies.?** This
factor enhances the possibility of
radicular fracture.

Conclusion

More studies are needed regarding
the biomechanical properties of
prefabricated glass fiber cores. The
three materials tested in the current
study showed statistically similar
fracture strengths. Teeth restored
with cast metal post and core
(Group 1) demonstrated 100% root
fracture. However, when composite
resin (Group 2) or a prefabricated
glass fiber core (Group 3) were used
in association with fiber posts, only
core fractures or post debonding
were observed. Prefabricated glass
fiber cores could be an appropriate
alternative strategy for restoring
endodontically treated teeth.

Acknowledgements

"The authors thank Roberta Silveira
for the original illustrations in this
article.

Author information

Dr. Rosa is a postgraduate (doctor-
ate) student in endodontics, School
of Dentistry, Federal University of
Rio Grande do Sul, Porto Alegre,
Rio Grande do Sul, Brazil. Mrs.
Hwas and Ms. Melo are under-
graduate dental students, Faculty
of Odontology, Federal University
of Santa Maria, Santa Maria, Rio
Grande do Sul, where Drs. Valandro
and Kaizer are associate professors,
Division of Prosthodontics, Depart-
ment of Restorative Dentistry.

References

1. Fernandes AS, Dessai GS. Factors affecting the
fracture resistance of post-core reconstructed
teeth: A review. Int J Prosthodont 2001;14(4):
355-363.

2. Heydecke G, Peters MC. The restoration of end-
odontically treated, single-rooted teeth with
cast or direct posts and cores: A systematic re-
view. J Prosthet Dent 2002;87(4):380-386.

3. Combe EC, Shaglouf AM, Watts DC, Wilson NH.
Mechanical properties of direct core build-up
materials. Dent Mat 1999;15(3):158-165.

4. Burke FJ, Shaglouf AG, Combe EC, Wilson NH.
Fracture resistance of five pin-retained core
build-up materials on teeth with and without
extracoronal preparations. Oper Dent 2000;
25(5):388-394.

5. Levartovsky S, Goldstein GR, Georgescu M.
Shear bond strength of several new core materi-
als. J Prosthet Dent 1996;75(2):154-158.

6. Cho GC, Kaneko LM, Donovan TE, White SN.
Diametral and compressive strength of dental
core materials. J Prosthet Dent 1999;82(3):272-
276.

7. Peters MC, Poort HW, Farah JW, Craig RG. Stress
analysis of a tooth restored with a post and
core. ) Dent Res 1983;62(6):760-763.

8. Netti CA, Cunningham DE, Latta GH. Tensile
strengths of composite core materials contain-
ing added colorants. J Prosthet Dent 1988;
59(5):547-552.

9. Zarone F, Apicella D, Sorrentino R, Ferro V, Aver-
sa R, Apicella A. Influence of tooth preparation
design on the stress distribution in maxillary
central incisors restored by means of alumina
porcelain veneers: A 3D-finite element analysis.
Dent Mater 2005;21(12):1178-1188.

10. Genovese K, Lamberti L, Pappalettere C. Finite
element analysis of a new customized compos-
ite post system for endodontically treated teeth.
J Biomech 2005;38(12):2375-2389.

e66  March/April 2012

General Dentistry

www.agd.org



20.

21.

22.

23.

24,

25.

. de Castro Albuguerque R, Polleto LT, Fontana

RH, Cimini CA. Stress analysis of an upper cen-
tral incisor restored with different posts. J Oral
Rehabil 2003;30(9):936-943.

. King PA, Setchell DJ. An in vitro evaluation of a

prototype CFRC prefabricated post developed
for the restoration of pulpless teeth. J Oral Re-
habil 1990;17(6):599-609.

. Dean JP, Jeansonne BG, Sarkar N. /n vitro eval-

uation of a carbon fiber post. J Endod 1998;
24(12):807-810.

. Raygot CG, Chai J, Jameson DL. Fracture resis-

tance and primary failure mode of endodonti-
cally treated teeth restored with a carbon
fiber-reinforced resin post system in vitro. Int J
Prosthodont 2001;14(2):141-145.

. Akkayan B, Gulmez T. Resistance to fracture of

endodontically treated teeth restored with dif-
ferent post systems. J Prosthet Dent 2002,87(4):
431-437.

. Fokkinga WA, Kreulen CM, Vallittu PK, Creugers

NH. A structured analysis of in vitro failure loads
and failure modes of fiber, metal, and ceramic
post-and-core systems. Int J Prosthodont 2004;
17(4).476-482.

. GU XH, Kern M. Fracture resistance of crowned

incisors with different postsystems and luting
agents. J Oral Rehabil 2006;33(12):918-923.

. Maccari PC, Cosme DC, Oshima HM, Burnett LH

Jr, Shinkai RS. Fracture strength of endodontical-
ly treated teeth with flared root canals and re-
stored with different post systems. J Esthet
Restor Dent 2007;19(1):30-36.

. Clavijo VG, Reis JM, Kabbach W, Silva AL, Olivei-

ra Junior OB, Andrade MF. Fracture strength of
flared bovine roots restored with different
intraradicular posts. J Appl Oral Sci 2009;17(6):
574-578.

Coelho CM, Biffi JG, Silva GR, Abrahao A, Cam-
pos RE, Soares CJ. Finite element analysis of
weakened roots restored with composite resin
and posts. Dent Mater J 2009;28(6):671-678.
Kaur A, Kumari A, Shetty A. A comparative study
of intra canal stress pattern in endodontically
treated teeth with average sized canal diameter
and reinforced wide canals with three different
post systems using finite element analysis. J
Conserv Dent 2010;13(1):28-33.

Silva NR, Castro CG, Santos-Filho PC, Silva GR,
Campos RE, Soares PV, Soares CJ. Influence of
different post design and composition on stress
distribution in maxillary central incisor: Finite
element analysis. Indian J Dent Res 2009;20(2):
153-158.

Lanza A, Aversa R, Rengo S, Apicella D, Apicella
A. 3D FEA of cemented steel, glass and carbon
posts in a maxillary incisor. Dent Mater 2005;
21(8):709-715.

Ho MH, Lee SY, Chen HH, Lee MC. Three-dimen-
sional finite element analysis of the effects of
post on stress distribution in dentin. J Prosthet
Dent 1994;72(4):367-372.

Spazzin AO, Galafassi D, Meira-Junior AD, Braz
R, Garbin CA. Influence of post and resin ce-
ment on stress distribution of maxillary central
incisors restored with direct resin composite.
Oper Dent 2009;34(2):223-229.

26.

27.

28.

29.

30.

31

32.

33.

34.

35

36.

37.

38.

39.

40.

41

Saygili G, Mahmali SM. Comparative study of
the physical properties of core materials. Int J
Periodontics Restorative Dent 2002;22(4):355-
363.

Kelsey WP, Latta MA, Shaddy RS, Stanislav CM.
Physical properties of three packable resin-com-
posite restorative materials. Oper Dent 2000;
25(4):331-335.

Huysmans MC, Van der Varst PG. Finite element
analysis of quasistatic and fatigue failure of
post and cores. J Dent 1993;21(1):57-64.

Ko CC, Chu CS, Chung KH, Lee MC. Effects of
posts on dentin stress distribution in pulpless
teeth. J Prosthet Dent 1992;68(3):421-427.
Duret B, Duret F, Reynaud M. Long-life physical
property preservation and postendodontic reha-
bilitation with the Composipost. Compend Con-
tin Educ Dent Suppl 1996;(20):550-556.
Bonfante G, Kaizer OB, Pegoraro LF, do Valle AL.
Fracture strength of teeth with flared root ca-
nals restored with glass fibre posts. Int Dent J
2007;57(3):153-160.

Pontius O, Hutter JW. Survival rate and fracture
strength of incisors restored with different post
and core systems and endodontically treated
incisors without coronoradicular reinforcement.
J Endod 2002;28(10):710-715.

Baldissara P, Di Grazia V, Palano A, Ciocca L.
Fatigue resistance of restored endodontically
treated teeth: A multiparametric analysis. Int J
Prosthodont 2006;19(1):25-27.

Cormier CJ, Burns DR, Moon P. In vitro compari-
son of the fracture resistance and failure mode
of fiber, ceramic, and conventional post systems
at various stages of restoration. J Prosthodont
2001;10(1):26-36.

Barjau-Escribano A, Sancho-Bru JL, Forner-Na-
varro L, Rodriguez-Cervantes PJ, Perez-Gonzalez
A, Sanchez-Marin FT. Influence of prefabricated
post material on restored teeth: Fracture
strength and stress distribution. Oper Dent
2006;31(1):47-54.

Pegoretti A, Fambri L, Zappini G, Bianchetti M.
Finite element analysis of a glass fiber rein-
forced composite endodontic post. Biomaterials
2002;23(13):2667-2682.

Burgess JO, Summitt JB, Robbins JW. The resis-
tance to tensile, compression and torsional
forces provided by four post systems. J Prosthet
Dent 1992;68(6):899-903.

Schatz D, Alfter G, Goz G. Fracture resistance of
human incisors and premolars: Morphological
and patho-anatomical factors. Dent Traumatol
2001;17(4):167-173.

Bottino MA, Baldissara P, Valandro LF, Galhano
GA, Scotti R. Effects of mechanical cycling on
the bonding of zirconia and fiber posts to hu-
man root dentin. J Adhes Dent 2007;9(3):327-
331.

Valandro LF, Baldissara P, Galhano GA, Melo RM,

Mallmann A, Scotti R, Bottino MA. Effect of me-
chanical cycling on the push-out bond strength
of fiber posts adhesively bonded to human root
dentin. Oper Dent 2007;32(6):579-588.

. Amaral M, Favarin Santini M, Wandscher V. Vil-

laca Zogheib L, Valandro LF. Effect of coronal
macroretentions and diameter of a glass-FRC

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

on fracture resistance of bovine teeth restored
with fiber posts. Minerva Stomatol 2009;58(3):
99-106.

Marchi GM, Mitsui FH, Cavalcanti AN. Effect of
remaining dentine structure and thermal-me-
chanical aging on the fracture resistance of bo-
vine roots with different post and core systems.
Int Endod J 2008;41(11):969-976.

Martelli H Jr, Pellizzer EP, Rosa BT, Lopes MB,
Gonini A Jr. Fracture resistance of structurally
compromised root filled bovine teeth restored
with accessory glass fiber posts. Int Endod J
2008;41(8):685-692.

Camargo CH, Siviero M, Camargo SE, de Olivei-
ra SH, Carvalho CA, Valera MC. Topographical,
diametral, and quantitative analysis of dentin
tubules in the root canals of human and bovine
teeth. J Endod 2007;33(4):422-426.

Fonseca RB, Haiter-Neto F, Fernandes-Neto AJ,
Barbosa GA, Soares CJ. Radiodensity of enamel
and dentin of human, bovine and swine teeth.
Arch Oral Biol 2004;49(11):919-922.

Reeves GW, Fitchi JE, Hembree JH Jr, Puckett AD.
Microleakeage of new dentin bond systems us-
ing human and bovine teeth. Oper Dent 1995;
20(6):230-235.

Schilke R, Lisson JA, Bauss O, Geurtsen W. Com-
parison of the number and diameter of dentinal
tubules in human and bovine dentine by scan-
ning electron microscopic investigation. Arch
Oral Biol 2000;45(5):355-361.

Butz F, Lennon AM, Heydecke G, Strub JR. Sur-
vival rate and fracture strength of endodonti-
cally treated maxillary incisors with moderate
defects restored with different post-and-core
systems: An in vitro study. Int J Prosthodont
2001;14(1):58-64.

Seefeld F, Wenz HJ, Ludwig K, Kern M. Resis-
tance to fracture and structural characteristics
of different fiber reinforced post systems. Dent
Mater 2007;23(3):265-271.

Yaman P, Thorsteinsson TS. Effect of core materi-
als on stress distribution of posts. J Prost Dent
1992,68(3):416-420.

Sidoli GE, King PA, Setchell DJ. An in vitro evalu-
ation of a carbon fiber-based post and core sys-
tem. ) Prosthet Dent 1997;78(1):5-9.

Freedman G. The carbon fiber post: Metal-free,
post-endodontic rehabilitation. Oral Health
1996,86(2):23-30.

Assif D, Bitenski A, Pilo R, Oren E. Effect of post
design on resistance to fracture of endodonti-
cally treated teeth with complete crowns. J
Prosthet Dent 1993;69(1):36-40.

Monticelli F, Grandini S, Goracci C, Ferrari M.
Clinical behavior of translucent-fiber posts: A
2-year prospective study. Int J Prosthodont
2003;16(6):593-596.

Naumann M, Blankenstein F. Dietrich T. Survival
of glass fibre reinforced composite post restora-
tions after 2 years—An observational clinical
study. J Dent 2005;33(4):305-312.
Martinez-Insua A, da Silva L, Rilo B, Santana U.
Comparison of the fracture resistances of pulp-
less teeth restored with a cast post and core or
carbon-fiber post with a composite core. J
Prosthet Dent 1998;80(5):527-532.

www.agd.org

General Dentistry

March/April 2012 e67



REsTORATIVE DENTISTRY Fracture strength of endodontically treated teeth restored with different strategies

57. Fredriksson M, Astback J, Pamenius M, Arvid-
son K. A retrospective study of 236 patients
with teeth restored by carbon fiber-reinforced
epoxy resin posts. J Prosthet Dent 1998;80(2):
151-157.

58. Mannocci F Vichi A, Ferrari M. Carbon fiber ver-
sus cast posts: A two years recall study. J Dent
Res 1998;77:1259-1267.

59. Boschian Pest LB, Cavalli G, Bertani P, Gagliani
M. Adhesive post-endodontic restorations with
fiber posts: Push-out tests and SEM observa-
tions. Dent Mater 2002;18(8):596-602.

60. Yang HS, Lang LA, Guckes AD, Felton DA. The
effect of thermal change on various dowel-and-
core restorative materials. J Prost Dent 2001;
86(1):74-80.

Manufacturers

Angelus Dental Industry Products S/A,

Londrina, PR, Brazil

55.43.2101.3200, www.angelus.ind.br

EMIC Ltd., Sao Jose dos Pinhais, PR, Brazil
55.41.3035.9400, www.universaltestingmachines.net

ERIOS, Sao Paulo, SP, Brazil
55.11.2274.9466, www.erios.com.br

FGM, Joinville, SC, Brazil

55.47.3441.6100, www.fgm.ind.br

KG Sorensen, Sao Paulo, SP, Brazil
55.11.4195.3275, www.kgsorensen.com.br
LS. Starrett Company, Athol, MA
978.249.3551, www.starrett.com

Nihon Shika Kinzoku Co., Ltd., Osaka, Japan
81.0725.51.7786, www.shikakin.com
Reliance Dental Mfg. Co., Worth, IL
708.597.6694, www.reliancedental.net

3M ESPE, St. Paul, MN

800.634.2249, solutions.3m.com

Published with permission by the Academy of
General Dentistry. © Copyright 2012 by the
Academy of General Dentistry. All rights reserved.

e68  March/April 2012

General Dentistry

www.agd.org



