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Abstract:

When selecting dental materials for use in the permanent restoration of severely broken down
teeth, clinicians must choose a material with the optimal mechanical and physical properties for
that particular application, with esthetics as a secondary consideration. As the trend in dentistry
shifts towards fiber-reinforced composite endodontic posts and away from metal posts, this
article reviews how fiber posts differ from their metal predecessors and how they vary
intrinsically from one design and composition to another. Additionally, the article examines how
fiber posts actually function and interact with the tooth.

When a clinician is faced with the selection of dental materials for use in the permanent
restoration of severely broken down teeth, esthetics are—and should be—secondary to the
mechanical and physical properties necessary for that particular application. Most dentists over
age 50 practicing in the United States today were trained using cast post and cores, amalgam,
gold alloy, chromium cobalt, stainless-steel crowns, reversible hydrocolloid or polysulfide
rubber impression materials, silicate cements and early developments of ceramics. The majority
of practicing dentists must rely on postgraduate continuing education courses to stay abreast of
the many new developments in dental materials. Many technologies being used in restorative
dentistry today are borrowed from other industries and disciplines and are adapted to best suit a
dental application—a sort of “technology transfer.” These include silicones, lasers, visible light-
emitting diode (LED) curing lights, digital recordkeeping, fiber optics, and fiber-reinforced
composites.

Fiber-reinforced composite (FRC) endodontic posts (ie, fiber posts) were developed and
introduced in Europe in 1990." They were approved by the Food and Drug Administration

Page 1 of 16



(510k) and introduced to the US market in the mid-1990s (Composipost™, RTD [Recherches
Techniques Dentaires]; imported as C-Post™, Bisco Inc.), and in Canada before that. The first
generation of posts, made of carbon fibers, were black in color, radiolucent, and obviously very
unesthetic. The inventors’ priorities were the critical aspects of clinical performance and optimal
interaction of the product with the tooth structure. They were aiming for a material from which
an “anatomic” retentive post could be fabricated that would not compromise the remaining root
structure, as did metal posts that were commonly used at that time. Today, nearly all fiber posts
are tooth colored and esthetic.

Selection of a dental material is based on the physical properties required and the unique
functional demands placed upon it in a specific clinical application. For instance, in evaluating
an industrial material for use in a fiber post, a clinician would not be that interested in
characteristics such as abrasion resistance, solubility, or even compressive strength, but would be
highly interested in these characteristics if evaluating a composite filling material. The primary
function of an endodontic post is to retain the core, and by extension, the crown. The post
selected should provide retention, conservation of tooth structure, durability under function, and
root protection. The latter two factors are primarily post-related and will be the focus of this
article.

The purpose of this article is to review how fiber posts differ from their metal predecessors, how
they vary intrinsically from one design or brand and composition to another, and finally, how
these posts actually function and interact with the tooth. The authors feel this review is timely,
since the trend away from metal posts towards fiber posts is accelerating,” and an increasing
number of brands and designs have become available. In addition, increasingly more in-vitro
studies are being published, some of which are good, some flawed, and some even misleading.

There have been very few clinical studies of fiber post products that extend beyond 5 years
duration and that have been published in peer-reviewed journals.® Products that have been
studied include the carbon fiber and quartz fiber posts; these have been tested the most and have
become the standard against which other products are often compared. Many fiber posts are
introduced to the market with little or no evidence of clinical performance. However, a number
of laboratory evaluations can be conducted that have clinical relevance, and some conclusions
may be drawn by a careful analysis of in-vitro published data. The authors propose the following
as critical mechanical properties for endodontic posts:

» elastic modulus (Young’s modulus of elasticity)
» flexural strength

* resistance to cyclic fatigue
* absence of galvanism and corrosion

Mechanical Properties
Elastic Modulus

Modulus of elasticity, a term used to describe a material’s stiffness, is an inherent physical
property of a material regardless of size,® and, like any other modulus, it is a ratio. In this case it
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is a calculation of stress over strain according to Hooke’s law (published in 1678). When
combined with flexural strength it provides a description of how a material behaves in the elastic
range when it is placed under a functional load.

There are significant differences between metal posts, which are isotropic, and fiber-reinforced
composite posts, which are anisotropic. Metal posts have the same elastic modulus regardless of
the angle of load application from which it is calculated.” Fiber posts, being anisotropic, have an
elastic modulus that varies considerably from the 12 o’clock to the 3 o’clock position. The
inventors of the fiber post (Duret and Reynaud) calculated the modulus at 30 degrees, which they
based on the angle of incidence that most closely approximates function in the mouth during
mastication and lateral excursions. Many in-vitro studies have followed this thinking. The elastic
modulus of human dentin is reported in dental textbooks as 18.6 Gigapascals (GPa). Stainless-
steel posts (regardless of diameter) have an elastic modulus of roughly 200 GPa, while titanium
alloy posts are 110 GPa. The elastic modulus of fiber-reinforced posts, as reported by various
manufacturers, varies from 6 GPa to 60 GPa. This large variation illustrates the dependence of
this property on the type of fiber being used and its density within the matrix. For example,
carbon fibers have a higher modulus than S-glass fibers or E-glass fibers® (Table 1).

The easiest way to demonstrate and differentiate the interaction of the modulus of one material
with another is through finite element analysis (FEA). FEA is a computer modeling technique
that can determine the effect of an applied force on the stress resulting at any point within a
multicomponent structure. A number of researchers have used FEA to examine the difference in
the transmission of stress to different parts of the tooth as it relates to the one variable element—
the endodontic post’—with all other factors remaining equal (tooth size, remaining
dentin/ferrule, cement and cementation method, etc). It is clear from this research that a better
match of modulus of elasticity between the post and root dentin is responsible for a considerable
reduction in stress transfer in a severely compromised tooth.'*"* It can best be described as the
post moving “with” the tooth rather than “against” it.

Flexural Strength

It is easy for the practitioner or student to confuse elastic modulus with flexural strength, since
both imply a real or theoretical bending of a rod, or dowel. Flexural strength contrasts with
elastic modulus in that it is significantly influenced by the diameter of the sample. It is an
excellent screening test for fiber posts and clearly distinguishes some posts from others, even
when the data is normalized to account for slight differences in diameter.

However, while it may seem straightforward enough to load a fiber post onto an Instron”
machine and break it, the data generated is often unreliable and sometimes misleading.'*'” The
reason is as follows: fiber posts vary in length from 15 mm to 22 mm. The jig used in the Instron
machine has two resting points 10 mm to 13 mm apart, at a minimum (Figure 1). Mounting a
post and applying downward pressure on a specimen only 13 mm long (the span) becomes a test
of compression rather than of flexure. In fact, this type of flexural testing is actually a test of
tensile strength of the fibers on the bottom side of the specimen, while the top surface undergoes
compression. Therefore, incorporating fibers that have a high tensile strength contributes to a
better result for fiber posts tested in this manner. The results are also influenced by the shape and
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design of the post (tapered vs. parallel, smooth vs. macro-retentive). Most published flexural
strength tests of fiber posts utilize the post itself rather than standardized samples of the material
from which it is made. This frequently leads to invalid comparisons—clearly, the strength of a
tapered post will depend on where along its length the load is applied.

Well-defined testing methodologies such as those published by the International Standards
Organization (ISO) are widely used in industry. ISO Standard No. 14125 for flexural strength
testing of composites requires the application of a force to the midpoint of a specimen of
consistent diameter that has a length 20 times its diameter (Figure 2). Tests conducted according
to this standard generate reliable and reproducible results compared with the significant
variations reported in the literature on the flexural strength of fiber composite posts. However,
this test essentially requires the use of the raw material from which the post is made. These
materials are not currently readily accessed by independent researchers, but a limited number of
manufacturers have made their materials available. In a study conducted utilizing the ISO
standard, Stewardson concluded: “The flexural strengths of FRC endodontic post materials in
general exceed the yield strength of metals from which endodontic posts are made. The high
Weibull modulus values suggest good clinical reliability of FRC posts. The flexural modulus
values of the tested posts were from 2 to 6 times (FRC) to 4 to 10 times (metal) that of dentin.
Valid measurement of flexural properties of endodontic post materials requires that test samples
have appropriate length/diameter ratios.”

Clinicians should demand accurate data from manufacturers that will enable them to make an
informed decision about which post to use. Increasingly, ISO-certified manufacturers are
reporting the flexural strength of their fiber posts, determined with the standardized method
described above, in their literature, website, or brochures.

Major differences in mechanical behaviors exist among the various types of posts due to the
materials used. Clinicians should be informed about the most favorable characteristics of certain
compositions. With respect to flexural strength and fatigue resistance, differences in mechanical
behaviors can be based on certain material factors or combination of factors, including:

» the type and quality of fiber used (glass, carbon, quartz, etc)

« the density of fibers used (the ratio of fiber to matrix)

» the interlaminate shear strength (the quality of the bond between the fibers and matrix, which
often necessitates an additional step in manufacturing such as silane treatment of the fibers)

» the quality of the manufacturing process (absence of internal voids and spaces that create weak
points)

» the inclusion of other filler particles (often as a low-cost means of increasing radiopacity)

» the choice of resin matrix

As a cost-cutting measure that can lead to a less expensive product for the end-user, some posts
are made from fibers (eg, E-glass) that were developed for telecommunications and other
industries. In such industries, S-glass or R-glass are considered expensive raw materials
compared to standard E-glass and are typically priced about five times higher than E-glass.
Quartz fibers are the most expensive, and are approximately 25 times the cost of E-glass.
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Additionally, less proven fibers (eg, zirconia-enriched glass fibers) might be used that will
enhance radiopacity without the need for additional fillers.

Some manufacturers have invested in the development of unique fibers to maximize and
optimize strength, fatigue resistance, elastic modulus, radiopacity, light transmission, and the
bonding of the fibers to the matrix resin. These fibers (Table 2) can include a very high
percentage of silica, which drives up the price of the raw materials and end product, but also
eliminates elements that can contribute to their susceptibility to the damaging effects of moisture.
Still, these higher-end posts can be purchased on the North American market for less than $12
per post.

Cyclic Fatigue Resistance

Flexural strength testing is an excellent technique for determining the best type and combination
of materials for fiber posts, and for evaluating the quality of manufacturing. However, fatigue
loading is the most realistic in-vitro test that can be applied to materials, as it most closely
simulates and predicts what may happen in vivo."™! F atigue loading is the repetitive application
of a force less than that required for fracture of the post, and is conducted over many cycles. It is
more difficult and time-consuming to conduct than flexural strength testing, but more accurately
reflects the conditions in the mouth. Grandini noted that more restorations fail clinically as a
result of low energy abuse over a long period of time than from a single destructive event.
Therefore, the previously mentioned inventors needed to know how fiber-reinforced posts would
hold up under cyclic fatigue compared to metal posts, which were used at that time. The original
test method called for the flexural strength to be determined before cyclic fatigue loading and
again afterwards. The results were dramatic: the flexural strength of the metal post diminished by
40% following fatigue loading, while the fiber composite posts decreased by only 14%.%°
Wiscott et al,”! used a different (“rotational”) fatigue test methodology in 2008 and concluded
that the fiber posts were more fatigue-resistant than metal posts. Furthermore, the quartz fiber
post was found to be more than twice as fatigue-resistant as the stainless and titanium alloy
posts.

Additional data are available on the fatigue resistance of different brands of fiber posts by
themselves without the additional variables introduced by the influence of extracted teeth that
support this conclusion.”** The fatigue test used for this purpose is typically a three-point
bending test, using a load that is 50% of the reported flexural strength of that post at a 90-degree
angle of incidence.

With this test, typical survival rates can vary widely from post to post and manufacturer, with
D.T. Light Post® (RTD) surviving 2 million cycles with no fractures, EasyPost™ (DENTSPLY)
surviving 931,750 cycles to fracture, Luscent™ (Dentatus) 807,243 cycles to fracture, ParaPost™
Fiber White (Colténe/Whaledent) 84,916 cycles to fracture, FibreKor" (Pentron) 29,688 cycles
to fracture, and Snowpost® (Abrasive Technology) only 6,763 cycles to fracture.'” The test is
usually ended after 2 million cycles, which represent 8 years of clinical service."”

To summarize, the mechanical properties and design of fiber composite posts should be
optimized so that they will bend slightly under the repetitive functional forces encountered in the
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mouth, mimicking the same amount of bending occurring within the dentin (equivalent
modulus). With fiber posts (particularly those containing quartz fibers), this is accomplished with
a low risk of fatigue failure. On the other hand, with metal posts there is a mismatch of modulus
with resulting stress concentration within the root and a lack of resistance to cyclic fatigue

forces.

There is a growing body of research using the universal testing machine (Instron) to test the
interactions, survival rates, and failure modes with different types of prefabricated and custom-
made posts in extracted teeth. This has resulted in an evolution over the past 20 years of material
and post design and placement and cementation techniques. To summarize the general
conclusion of these tests, metal posts tend to demonstrate a higher fracture strength, but the
results of the fracture are catastrophic (root fracture), whereas the failure modes with fiber post
restorations are generally repairable.”**” This, in the view of the authors, is the most compelling
reason for the supplanting of metal posts by fiber posts.

Corrosive and Galvanic Interaction

For decades, if not centuries, gold was the material of choice for inlays, onlays, and crown and
bridge work. One of the reasons gold has worked so well is because the elastic modulus of dental
gold alloy better approximates that of enamel and dentin than do other dental materials. Another
reason is that gold is basically inert—it does not readily react with the environment to form
oxides. In contrast, stainless steel, amalgam, and base-metal (non-noble) casting alloys can
corrode when placed in the oral environment due to galvanic action.” Metallurgists and
engineers have been aware of these problems for centuries, but dentists lacked (or overlooked)
alternatives.

In a study of teeth with metallic posts, 468 vertical root fractures were observed, of which 72%
involved corrosive sequelae.”” Whether corrosion causes a root to fracture or whether non-
precious posts corrode after the root has fractured remains an unanswered question. A further
concern is the well-known allergic potential related to the nickel present in certain dental alloys.
Women are particularly susceptible to this in that they may have been sensitized to the material
through contact with jewelry. Given today’s price of gold it is unlikely that gold posts will be
affordable for most patients. Fiber composite remains a highly biocompatible, cost-effective
choice.

Additional Characteristics

There are additional characteristics that distinguish fiber posts from metal posts as well as one
type of fiber post from another. These characteristics, which include radiopacity, light
transmission or conductivity, and removability, facilitate diagnosis, contribute to optical benefits,
and enhance clinical expediency.

Radiopacity

Radiopacity is important to both clinicians and insurance companies. Distinct contrast of the post
with the surrounding tooth structure facilitates diagnosis and clearly reveals the use of a post in
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the buildup procedure. Yet, hundreds of thousands (if not millions) of fiber-reinforced post-
retained restorations are in good clinical service 20 years after placement and with a less than
optimal level of radiopacity.® As with flexural strength and fatigue resistance, more radiopacity
is better, providing it does not compromise the mechanical priorities previously discussed. It is
difficult for clinicians to measure differences in flexural strength or fatigue resistance, but they
can certainly see a difference in the radiopacity of a post, the cement, the core, and the dentin.
The differences in radiopacity among various brands of fiber posts have been compared on
several occasions.’"™?

The radiopacity of various posts is clearly demonstrated in Figure 3 and should be self-
explanatory to the practitioner. Non-radiopaque or marginally radiopaque fibers can be enhanced
by replacing some of the fibers with radiopaque fillers (Figure 4) such as barium or ytterbium.
Unfortunately, this has a negative impact on flexural strength, light transmission, and often the
cyclic fatigue resistance of the post.'’

Light Transmission

Thus, the challenge is to provide the clinician with a post that has high fatigue resistance, high
flexural strength, low elastic modulus, and high radiopacity, while at the same time conducting
as much light (polymerization energy) to the most apical sections of the post. The latter property
offers the clinical advantage of expediency. Clearly, some fiber posts are more light-conductive
than others,”*° as seen in Figure 5 and Figure 6.

To the best of the authors’ knowledge, no fiber post manufacturer guarantees that its fiber post
will allow sufficient light transmission to result in complete curing of bonding agents and resin
cements at the most apical portion of the post. The published in-vitro documentation on this topic
is still inconclusive, since there is no standard test methodology. It is, therefore, recommended to
always use cements that are dual-cured. However, a translucent fiber post with greater light
transmission will allow the clinician to seat the post in the resin cement, even if adding accessory
posts, and “shoot” enough photons into the interior to immediately stabilize the post so that the
core can be applied immediately.

Research’’ indicates that the ultimate cross-linking of a cement is higher when utilizing a
combination of the light-curing and chemical-curing modalities. The same is true for the
placement of the core. While self-etching and self-adhesive systems are proving to be adequate
in-vitro,” higher bond strengths are attained with etch-and-rinse systems.>” In a systematic
review of the literature, Dietsche concluded: “to establish the best possible adhesion within the
root, only specific combinations of dentin adhesives and luting cements proved efficient;
presentlZOetch-and-rinse adhesives with a dual curing resin cement appear to be the best
choice.”

Removability
Clinicians place restorations with the expectation of long-term success. However, a certain

percentage of endodontic treatment fails and retreatment is indicated. As many as 25% of these
cases may involve the presence of a post. Certainly, the removal of a metal post can be stressful
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to the patient and clinician, and has risks. In contrast, fiber posts can be removed with a minimal
amount of destruction to the remaining tooth structure. Most removal drill systems do not
provide a specific removal technique, which leaves clinicians to use their best judgment. It is
worth noting that fiber posts must be removed by hollowing them out from the inside, rather than
vibrating or pulling them out, as with metal posts. Ample evidence exists that supports this
clinical benefit of fiber posts during retreatment.*'** A novel patented post composition with
thermo-dynamic color change capability is available (DT Light-Post® Illusion® X-RO and
Macro-Lock™ Post Illusion X-RO, RTD) that helps identify post location and post size, thereby
facilitating the removal process.

Post Selection

As has been stated, clearly there are well-defined criteria for mechanical and physical properties
as well as manufacturing quality that can aid clinicians in choosing a fiber post. Additional
selection criteria include the shape of the post (parallel, tapered, double-tapered) and surface
characteristics (smooth, macro-retentive). Each of these additional factors has its proponents, and
clinician preference plays an important role in selection.

While post selection is a critical factor in the reconstruction of an endodontically treated tooth,
there are others of equal or even greater importance. Clinical studies have provided strong
evidence that the amount of remaining tooth structure (ferrule) is the most important prognostic
factor for tooth survival.>* Another key factor is the proficiency and comfort level of the
clinician in using etch-and-rinse procedures and priming systems within the root canal. Interior
radicular dentin is different morphologically from “exterior” dentin. It is more difficult to see
and access and to clean interior surfaces and prevent moisture contamination. There are now a
number of brands of self-adhesive and/or self-etching cements that present data in bonding to
dentin, but it should be emphasized that this data is generally to exterior dentin (as in crown and
bridge preparations), and not to radicular dentin. Regardless of the location in the mouth, in-vitro
studies still show that the etch-and-rinse bonding technique, while perhaps more technique-
sensitive and requiring extra steps, provides superior bonding compared to newer systems.

In summary, when choosing materials for their practice, clinicians should rely on long-term
documentation that supports the product(s), particularly with respect to mechanical properties
and performance. Selecting the best material should be based on knowledge and an
understanding of what properties are critical rather than on a recommendation without strong
clinical and basic research support. This is especially critical when restoring a compromised
tooth that has already been subjected to endodontic treatment and now requires a post, core, and
definitive restoration. A solid foundation improves long-term predictability and longevity of the
restoration.
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Differences in Fibers
FIBER TYPE TENSILE STRENGTH TENSILE MODULUS ELONGATION (%) DENSITY
(MPa) OF ELASTICITY (GPa) (g/cm3)

E-Glass 3400 72 4.9 262
S-Glass 4500 85 5.7 250
Carbon 2400 to 3300 230 to 390 0.6to 1.4 1.70 to 1.90
Aramid 3600 to 4100 62 to 130 2.8 to 4.0 1.44
(Kevlar®, DuPont)
Polyethylene 2600 n7 35 0.97
(Spectra® 900, Honeywell)
Quartz 3600 78 7T 220

mage 1 of 8
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TABLE 2

Fiber Types

CHEMICAL COMPOUND E-GLASS QUARTZ QUARTZ X-RO" (RTD)

SiO, 50% to 55% 99.8% 45% to 55%

AlLO, 14% to 16% - 3% to 5%

CaO 17% to 23% - 4% to 8%

B0 6% to 9% - -

MgO 1% to 4% - 3% to 10%

BaO = = 5% to 10%

SrO = = 10% to 20%

Zn0O - - 3% to 10%
Image 2 of 8

Image 3 of 8 Figure 1. Flexural strength testing of a fiber post on an Instron machine.
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Image 4 of 8 Figure 2. Flexural strength test conducted according to ISO standards.

Image 5 of 8 Figure 3. Differences in radiopacity among various fiber posts are readily
apparent.
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Image 6 of 8 Figure 4. Radiopaque fillers can be added to fibers to increase a post's
radiopacity.

Image 7 of 8 Figure 5. Compared to the post in Fig 5, the
post in Fig 6 is more light-conductive.
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Image 8 of 8 Figure 6. Compared to the post in Fig 5, the
post in Fig 6 is more light-conductive.
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