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Dental fiber-post resin base material: a review
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Teeth that have short clinical crown, which are not alone enough to support the definitive restoration can be best
treated using the post and core system. The advantages of fiber post over conventional metallic post materials
have led to its wide acceptance. In addition to that the combination of aesthetic and mechanical benefits of fiber
post has provided it with a rise in the field of dentistry. Also the results obtained from some clinical trials have
encouraged the clinicians to use the fiber posts confidently. Fiber posts are manufactured from pre-stretched
fibers impregnated within a resin matrix. The fibers could that be of carbon, glass/silica, and quartz, whereas
Epoxy and bis-GMA are the most widely used resin bases. But recently studies are also found to be going on for
polyimide as possible material for the fiber post resin base as a substitute for the conventional materials. [ Adv

Prosthodont 2014;6:60-5]
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INTRODUCTION

Some teeth are severely mutilated because of caties, trauma
or even as a result of previous large restorations. In case of
an evident horizontal loss of clinical crown, most of the
teeth could be unable to retain the final restoration without
some additional support. If only a ferrule of minimal thick-
ness can be achieved from remaining coronal tooth struc-
ture, a post and core build up following endodontic treat-
ment could be of great assistance for retaining and sup-
porting the future restoration.'” Post and core system has
therefore been very popular and widely used for such teeth
and have been in practice for a long time already.

As a result of rising demands for tooth-colored posts,
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in the recent years, conventional metallic posts are gradually
being replaced by various non-metallic posts. Amongst
them, epoxy resin posts reinforced with carbon fibers,
epoxy or methacrylate resin posts reinforced with quartz or
glass fibers, zirconia posts, and polyethylene fiber-rein-
forced posts are notable.* This review is aimed at gathet-
ing the general information on the fiber post system and
evaluating available articles related to the resin bases used in
the fabrication of such posts. Also the possibility of any
new material for the resin base will be taken into consideration.

HISTORY OF DENTAL FIBER POST

History of fiber posts guides us to as far as 1989, when the
producers claim to have introduced their original carbon
fiber post-Composi post and they were started being used
clinically, in France. However, the first evidence of a pub-
lished article on the dental fiber posts was in 1990, by
Duret et a/*° The initial fiber posts consisted of carbon/
graphite fibers considering their good mechanical propet-
ties,”® such as high stiffness, tensile strength and conductiv-
ity to electricity and comparatively lower toxicity.”” The
introduction of fiber posts brought an revolution in the
field of dentistry, providing a reliable substitute to metal
posts for the first time, of all types (casted or pre-fabricat-
ed). The material had modulus of elasticity much closer to
dentin in contrast to that of the metallic posts and the clini-
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cal studies performed on fiber posts generated convincing
#6019 Over the time elapsed after the introduction
of fiber posts, they have gained popularity in the dental
market because of their benefits regarding case in manipu-
lation, mechanical properties, esthetics and removability,
offering predictable clinical performance in several ways.
However, the initially introduced posts had some draw-
backs regarding their esthetic usage, as they were radiolu-
cent and difficult to conceal under all-ceramic or composite
restorations.*® Especially in case of the anterior teeth, the
color would reveal from an otherwise perfect definitive res-
toration. Successively, radiopaque fiber posts were obtained
and more esthetic posts using the quartz and glass fibers
were introduced to overcome this problem by being incot-
porated in the resin base. These fiber posts are white or
translucent, more favorable for conditions with high esthet-
ic demands. Besides, fibers have elasticity, high tensile
strength, low electrical conductivity, resistance to solubility,
and resistance to biochemical degradation. These quality
claims highly advocated for the severe change for the
acceptance of fiber posts.

outcomes.

REQUIREMENTS AND ADVANTAGES OF
FIBER POSTS

Ideal properties for the post material include physical prop-
erties like modulus of elasticity, compressive strength, flex-
ural strength and thermal expansion, similar to that of den-
tin. It should esthetically resemble and bond efficiently to
the dentine.”!"" Due to the difference in the modulus of
elasticity of the dentin and the selected post, there are pos-
sible areas of stress concentration in the dentin leading to
potential root cracking followed by fracture, as in the case
of metal and zirconium post.

Posts which have modulus of elasticity similar to that
of the dentin are chosen over others for relatively uniform
pattern of stress distribution, dropping the risk of root
fracture.*® Many laboratory researches show that carbon
and glass fiber posts have modulus of elasticity (about 20
GPa) similar to that of dentin(about 18 GPa).**!* Similar
modulus of elasticity thus provides with a similar physical
properties of fiber post to that of the natural dentin.

The pattern of stress distribution in an otherwise
healthy tooth with a vital pulp, cannot be recreated.
Especially when endodontic posts are introduced into the
root canal, there is a totally different and unnatural struc-
ture that has totally dissimilar stiffness to that of the pulp.'’
Therefore, it is favorable to use materials with mechanical
properties closely resembling that of natural dentin.*!
Posts reinforced with fibers have an modulus of elasticity
of approximately 20 GPa, whereas cast metal alloy posts
and prefabricated metal posts have about 200 GPa and
ceramic posts about 150 GPa."” Thus, fiber reinforced posts
have mechanical properties similar to that of natural dentin
(which has a flexural modulus of about 18 GPa).%!°
Akkayan and Gulmez,'" calculated the fracture resistance of
40 extracted, root canal treated teeth, restored with differ-

ent posts systems. The results revealed that the teeth
restored with fiber post showed favorable and repairable
fractures on the contrarily, those restored with titanium and
zirconia’s posts demonstrated catastrophic fractures.'®!?
Also many of the fiber post failure have been limited to the
post dislodgment rather than tooth fracture in case of the
fiber post restored teeth. Seefeld e @/ carried out a study
for comparing the fractural and structural features of dif-
ferent fiber post, in this study most of the samples of the
fiber posts showed the flexural strength above 800 MPa
with only one of the sample post showing the least flexural
strength of 565 MPa.

Metal posts with their stiff and hard nature; transfer the
forces along their long axis creating a wedge effect on the
tooth structure, acting similar to a metal wedge on a piece
of wood. Fiber posts having similar modulus of elasticity as
dentin, avoid this condition to a considerable extent.’ In
case where the endodontic treatment has to be redone,
fiber posts can be easily removed with little or no tooth
removal, providing the dentist with options for further
treatment.

In addition to that, due to their natural translucency,
aesthetic demands of full-ceramic restorations are better
met by the recent fiber posts at the same time the short-
comings of ceramic and zirconium posts are also fulfilled
by them with their elastic modulus allowing the homoge-
nous stress distribution thereby greatly reducing the failure
of the post due to fracture of the teeth. Thus, it would not
be inappropriate to say that the fiber posts have superior
performance and are the best choice for the treatment of
severely damaged teeth, compared to conventional post
systems.

COMPOSITION OF A FIBER POST

Currently available fiber-based posts are essentially com-
posite materials. They consist of prestretched fibers of car-
bon or silica bounded by a matrix of polymer resin. Most
of the fiber-reinforced posts contain epoxy resin or bis-
GMA matrix along with some fillers."

Fiber-reinforced post systems contain a high volume
percentage of continuous fibers embedded in polymer
matrixes, which are commonly epoxy polymers with high
degree of conversion and a highly cross-linked structure
that binds the fibers.'®* Catbon fiber posts are prepared
from continuous and unidirectional carbon fibers in an
epoxy resin matrix."” Drawback of carbon-fiber posts to
provide desired esthetics with all-ceramic restorations
resulted in the production of translucent and tooth colored
silica-fiber posts. These are also called glass-fiber and
quartz-fiber reinforced posts. Manufacturers suggest that
these posts hold similar biomechanical properties as car-
bon-fiber posts,'® Glass fiber posts could contain different
types of glass, such as H-glass (electrical glass), and S-glass
(high-strength glass). Also, glass fiber posts could also be
made from quartz fiber, which is pure silica in a crystallized
form®'"” and provide better esthetic results.''>!3
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RESIN BASE MATERIALS

It was discouraging that not many articles could be
retrieved concerning the resin base materials and/or their
properties.

BisGMA

The synthesis of aromatic monomer BisGMA (bisphe-
nol A glycidyl methacrylate) brought about a revolution in
the form of dental resin composites. They have been wide-
ly in use as matrix component.'” Debates are undergoing as
for whether bisGMA based material in dentristry are safe or
not. The presence of bisphenolA, a contaminant in the
bisGMA resin based materials, is said to produce allergic
reactions or induce estrogenic effect.' However, as in the
case of fiberpost, the end product might be spared from
the contaminants.

BisGMA has been commonly used as a resin base mate-
rial for the glass fiber post. Such glass fiber post have been
reported to have a flexure strength in the range of 453-936
MPa."* Molecular structure of the epoxy resin is presented
in Fig, 1 and Fig, 2.

Epoxy resins are thermosetting polymers profoundly
used as a matrix material in fibrous composites. The usage
applies in various fields as in adhesives, paints, coatings,
medical implants, and electrical devices. Epoxy, also known
as polyepoxide, is formed by the reaction of an epoxide
(base) with polyamine (reactor). Epoxy resin is widely used
resin base for the dental fiber posts.
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Fig. 1. Cross linked epoxy polymer.
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Fig. 2. Epoxy group.
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Other material used for the resin base, bis-GMA
(bisphenol A glycidyl methacrylate), based glass fiber posts
were compared by Soares ¢f al., with epoxy resin based car-
bon fiber post.” They observed that the glass fibers
deformed more than carbon fibers because of their lower
modulus of elasticity. Thus, the carbon fiber post system
could perform better. Also due to the higher fiber content
in both the post systems than the matrix, during the flexur-
al strength test, the bisGMA matrix experiences greater
stress due to its stiffer nature than that of epoxy matrix.”"’
The fiber arrangement in fiber-reinforced composite posts
offers high tensile strength, meanwhile the resin matrix is
resists compressive stresses.'*” Moreover, it is the matrix
that takes in the emergent stresses from throughout the
post system.'” Due to the difference in the moduli of elas-
ticity of the fibers and the matrix, stresses normally gener-
ate at the fiber-matrix interface,””" and transmit along the
surfaces of the fibers when the posts are in function.”
Generally factors such as direction of the fibers, volume
fraction and proportion of the fibers impregnated into the
matrix resin, the bonding between the matrix resin and the
fibers, the polymerization shrinkage of the resin, and the
individual properties of the fibers and the matrix, contribute
to the mechanical strength of the fiber posts."* However,
structural defects such as voids, cracks, or micro bubbles in
the fibers and the matrix, resulting during the manufactur-
ing process, weaken the post.”**** Since the resin matrix is
less resistant to tensile stress, it fractures first. Failure of
the restoration in endodontically treated teeth is supposedly
an outcome of fatigue process. The cause of common clin-
ical failure, such as post fracture, can be associated to the
mechanical properties of the posts.” High elastic limit can
greatly decrease the strain generated and the adequate
strength contributes lower risk of fracture of the post.*

POSSIBLE HEALTH HAZZARD OF EPOXY
RESIN

Eye, nose throat and skin irritation, skin allergies and asth-
ma are the commonly encountered effects due to overexpo-
sure of chemicals in epoxy resin systems. Finished, hard-
ened epoxy products are basically non-toxic unless they ate
cut, sanded, or burned.”

Sensitization to the hardener and allergic reaction over a
period of time is the primary risk associated with the usage
of epoxy. Sometimes delayed hypersensitivity could also be
observed after few days from exposure. Epoxy is also the
leading cause for the occupational asthma for users of plas-
tics. Bisphenol A, which is used in epoxy resin, is a known
‘endocrine disruptor.

The mutagenicity of epoxides such as ethylenoxide and
epichlorhydrin was first shown in fruit flies and has subse-
quently been demonstrated in a variety of organisms.
Epoxy resins are diepoxides and bifunctional alkylating
agents, and bifunctional alkylating epoxides have been iden-
tified to be mutagenic. Mutagens are suspected of having a
carcinogenic effect because of the relationship between
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carcinogenicity and mutagenicity and most diepoxides ate
carcinogenic in mice and rats. Andersen ef al. report that
aromatic epoxy resins are mutagenic in Salmonella
typhimurium, and may thus represent a cancer risk in
human as well.?

Chemical structure of polyimide is shown in Fig. 3, Fig.
4 and Fig. 5.

Polyimides are a class of representative high-perfor-
mance polymers consisting of the cyclic imide and aromatic
groups in the backbone chains. Aromatic polyimide became
popular since eatly 1960. Aromatic polyimides have been
extensively investigated due to their excellent thermal sta-
bility, mechanical properties, along with their good chemical
resistance and dielectric properties.””*® Therefore, they ate
also considered favorable for use in fiber reinforced com-
posites as a resin matrix.”

Polyimides are mostly infusible and insoluble owing to
their planar aromatic and hetero-aromatic structures” thus
processing is frequently done from solvent route.

Matsumoto ¢f al. synthesized and tested the characters
of polyimide.”” There was 5%-weight loss at temperatures
over 450°C. The glass transition temperature of the poly-
imide films ranged from 211 to 385°C, tensile modulus
from 1.5-2.6 GPa, tensile strength ranging from 52-96 MPa.

Fig. 3. An imide.
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Fig. 4. Aromatic heterocyclic polyimide.
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Fig. 5. Linear polyimide.

The polyimide films were entirely colorless showing cutoffs
below the wavelength of 320 nm. The polyimide films
remained to be colotless up to 200°C on heating in air and
to 400°C N, atmosphere.”

The hybrid films of polyimide containing small amount
of organoclay exhibited high transparency. The hybrid
polyimide films also exhibited acceptable thermal properties,
the glass transition temperature ranging from 236-245°C.
Insignificant thermal decomposition was observed below
450°C. Those polyimide hybrids also showed low coeffi-
cients of thermal expansion.”

Polyimide has been claimed by the producers to offer
the durability and reliability needed for applications in
extreme environments and withstand extreme temperatures
ranging from —269°C to up to 400°C without any change in
its properties. In acrospace industry, it is used as insulation
for aircraft and spacecraft wiring, It provides lighter weight,
reduced volume, durability and environmental resistance.

Polyimide film is used as the primary insulator on the
electrical cables used in the joints connecting the different
crucial components in the rocket for their well-functioning

Because of the high tensile modulus, polyimide has also
been considered as a probable resin base material for fiber
post. Gao e al? tested the mechanical property and bio-
compatibility of polyimide based composite resin rein-
forced by high-strength carbon fiber, and the results
showed that elastic modulus of carbon fiber reinforced
polyimide composites was similar to that of natural tooth
root (flexural strength is in between 1160-1550 MPa, elastic
modulus between 6.4-8.8 GPa), and the cytotoxicity of cat-
bon fiber reinforced polyimide composites was grade I and
the hemolysis rates were less than 5%. Thus concluded that
polyimide has good mechanical and biological properties
ideal enough for the base material of fiber post. Polyimides
demonstrate superior physical and mechanical properties
through a wide range of temperature and remarkably high
resistance to radiation and semiconductor properties.

Using the testing protocols approved by “the National
Institutes of Health Guidelines for Blood-Material Interactions”,
various commercially available polyimide materials were
evaluated Zn-vitro by Richardson e /. Procedures involved
electron spectroscopy for chemical analysis and contact
angle characterization surface studies, and protein adsorp-
tion, cell culture cytotoxicity, clotting time and hemolysis
biocompatibility testing. The cytotoxicity and hemolysis was
negligible and the clotting times ranged from 63 to 98% of
normal.

DISCUSSION

Fiber post itself is a new advancement in the field of den-
tistry. The unfavorable transmission of stress from post to
tooth structure resulting from the high modulus of elastici-
ty of the metal post leading to frequent decementation or
even fracture of the tooth can be attributed for failure of
the metal post system." This led to decteasing preference
of metal post and rising popularity of fiber posts. Many
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researches have been done and numerous papers published
concerning the fiber posts and their different properties.'*
Various papers concern the comparison of fiber post to the
conventional metallic post. Also articles based on compari-
son of different commercially available fiber post systems
are also remarkable though most of the studies ate done -
vitro. Most of them favored fiber post to other post systems.

This review has roughly involved the basic information
and mainly aimed to focus on the resin base materials.
Nevertheless very few has been done in the way of publish-
ing regarding the resin base materials, clearly further
research is required for this area. Possible results are yet still
awaited. Still it is little encouraging to know that researches
are in process for development of newer resin base matetials.

Epoxy resin has been providing very good results for
the success of fiber posts. However polyimide is being used
as a substitute for epoxy polymers in many industries due
to its superior qualities over epoxy resin. Polyimides are
used in a broad application ranging from microelectronics
to aerospace. Aromatic polyimides have been popular due
to their excellent thermal stability, mechanical and electron-
ic properties thus have been considered suitable for resin
base material. Carbon fiber reinforced polyimide compos-
ites produced from the imide solution, were found to have
good quality with high glass transition temperature Tg up
to 347°C and no voids observed through the optical micro-
graph.”® Hence the efforts for investigation of possibility
of polyimide as a new resin base material also must be con-
sidered and appreciated. The results from Gao ¢f a/. in the
development of novel polyimide based catbon fiber rein-
forced composites have also been encouraging with good
mechanical property and biological performance which
could offer great clinical success in future.
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