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Abstract

Objectives: To determine the stiffness, elastic limit, and strength of a selection of endodontic posts recently introduced onto the market.
Methods: Endodontic posts of zirconia (Biopost, Cerapost), titanium (PCR), and carbon fiber (Composipost) were cemented in a brass

block and loaded at an angle of 458 in an Instron Testing Machine. From the recorded relationships between force and deflection the three
mechanical properties were determined (n � 10 in each group).

Results: The ceramic posts were very stiff and strong, with no plastic behavior. The PCR post was as strong as, but less stiff than, the
ceramic posts. Composipost had the lowest values for stiffness, elastic limit, and strength of the posts investigated.

Conclusion: The posts under investigation differed significantly with respect to mechanical properties.q 1999 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

In many cases, endodontically treated teeth are provided
with restorations involving endodontic posts. The endodon-
tic post may be individually cast together with the core, or
the post may be prefabricated, in which case amalgam, resin
composite, or glass ionomer cement is used as core material
[1,2]. In either case, the post and core build-up is an integral
part of the restoration and must meet a number of require-
ments. The ideal post provides retention to the core,
supports the core in such a manner that the cemented
crown does not lose its attachment, and transfers forces in
a strategic fashion to the tooth in order not to cause undue
susceptibility to root fracture.

Restorations involving endodontic posts have been inves-
tigated in quite a few clinical studies in which the causes of
failure have been recorded [3–8]. From these studies it
appears that the main causes of failure were identified as:
caries, loss of retention of the post, loss of retention of the
crown, root fracture, post distortion and post fracture.
Although several factors are involved, some of these fail-
ures are related to the mechanical properties of the posts.
Obviously, this is the case with distortion and fracture of the
post, where a relatively high elastic limit and strength will

reduce the risk. Loss of retention of a crown is undoubtedly
related to the quality of the support of the crown, which
again reflects the stiffness of the post. Concerning root frac-
ture, there is consensus that a post that is too short or too
long places the tooth at risk [2,8,9]. Increasing the thickness
of the post will make it stronger, but less tooth structure
remains, and the combined effect may well be a reduction
of the strength of the assembly [2,8]. The situation is less
obvious when the stiffness of the post is considered. The
goal is to reduce the stresses in the root dentin to a mini-
mum, but some researchers support the view that a post of
high stiffness leads to a more even distribution of the stres-
ses [2], while others maintain that an endodontic post of low
stiffness should be preferred [10–12].

However this may be, the mechanical properties of endo-
dontic posts and post and core restorations have been
studied extensively in the past [10–18]. Previously, posts
were cast in a precious alloy, or prefabricated posts made of
stainless steel, titanium, or precious alloy were used.
Recently, several new types of post material have been
introduced to the dental community: These are zirconia,
titanium specially treated to give adherence to a composite
core, or resin reinforced with carbon fibers. These posts are
intended to be adhesively cemented into the root canal. The
literature is sparse with information on the mechanical prop-
erties of these new types of endodontic posts. It was the aim
of the present study to measure stiffness, elastic limit, and
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strength of a selection of endodontic posts recently
introduced to the market.

2. Materials and methods

Four types of posts were investigated. Two were made of
zirconia (Biopost, Incermed, Lausanne, Switzerland:
diameter 1.6 mm; and Cerapost, Brasseler, Lemgo,
Germany: diameter 1.6 mm). One post was made of tita-
nium (PCR, Brasseler, Lemgo, Germany: diameter 1.6–
2.0) and had a specially treated head for adherence to the
resin composite to be used as core material. The last type of
post was based on carbon fibers (Composipost, RTD,
Meylan, France: diameters 1.4 and 1.8 mm).

A number of artificial root canals were drilled in a brass
block (3 × 3 × 8 cm), the canals having diameters corre-
sponding to those of the posts. The depth of the individual
canals was adjusted in such a manner that the posts
protruded 4.8 mm from the canal. The posts were then
cemented into the holes with Panavia 21 (Kuraray, Osaka,
Japan) as luting agent. After hardening of the luting agent
for 24 h at 378C, the assembly was placed in an Instron
Universal Testing Machine (Fig. 1) and loaded at a cross
head speed of 5 mm/min to produce a force–deflection
curve (Fig. 2). The stiffness of the post, the elastic limit,
and strength were read from the force–deflection curve.
Referring to Fig. 2, the stiffness was defined as the force
necessary to deflect the post 0.05 mm, the elastic limit was
taken as the force at which the force–deflection curve began
to deviate from a straight line, and the strength of the post as
the force characterized by the maximum of the curve.

Ten specimens of each post were investigated. The means
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Fig. 1. Schematic illustration of the experimental design. The brass block,
provided with prefabricated canals, carries the endodontic post, which in
turn is loaded in the testing machine. The brass block is supported by the V-
shaped rest (hatched).

Fig. 2. Relationship between force and deflection, from which the stiffness, elastic limit and strength of the post were determined.

Table 1
Stiffness (N/0.05 mm), elastic limit (N) and strength (N) of the investigated
endodontic posts. The free length of the posts was 4.8 mm. Means and
standard deviations

Post Diameter (mm) Stiffness Elastic limit Strength

Biopost 1.6 136̂ 19 237^ 16 237^ 16
Cerapost 1.6 137̂ 15 228^ 27 228^ 27
PCR 1.6–2.0 64̂ 10 189^ 18 229^ 21
Composipost 1.8 38̂ 5 140^ 17 179^ 10
Composipost 1.4 22̂ 2 80^ 12 107^ 13



and the standard deviations were calculated, and the data
were analyzed by means of analysis of variance and the
t-test at a level of significance ofP � 0.05.

3. Results

The results are presented in Table 1. The statistical analy-
sis showed that there was no difference in mechanical prop-
erties between Biopost and Cerapost. The PCR post was less
stiff and had a lower elastic limit than Biopost and Cerapost,
but was of the same strength. The Composiposts had values
for all three mechanical properties that were lower than
those of the other three posts. The value of the elastic
limit was identical to the strength for Biopost as well as
for Cerapost. This indicates that these posts are brittle and
have no ductility. On the contrary, the PCR post and the
Composiposts had elastic limits that were lower than the
strength value, indicating a certain amount of plastic
behavior.

4. Discussion

The results show that considerable differences exist with
respect to mechanical properties between the investigated,
newer types of endodontic posts. In particular, the ceramic
posts Biopost and Cerapost were very stiff and strong. These
posts are manufactured from the ceramic material zirconia,
and the elevated values of mechanical properties found are
in agreement with earlier measurements on such materials
[19–21].

The stiffness of the Composiposts was less than that of the
PCR post. The PCR post is manufactured from titanium,
whereas the Composiposts are based on carbon fibres
embedded in a matrix of epoxy resin. A direct comparison
between the Composiposts and the PCR post may be
misleading, however, because the diameter of the PCR
post extending from the brass test block was not constant,
but increased from 1.6 to 2.0 mm. A better comparison may
be made if data from the literature on older types of titanium
posts are used. A nearly identical method was used by
Lambjerg-Hansen and Asmussen [17], and their results, in
an adapted version, lend themselves to a comparison. The
difference between that study and the present one is that in

the former the free length of the loaded post was 7.0 mm,
and not 4.8 mm as in the present study. However, simple
formulas [22] for stressS and deflectiony in the two-point
loading test enable a conversion to data for 4.8 mm, so that a
comparison can be made. The formulas employed are:

S� 32
p

F·l

d3

and

y� 64
3p

F·l3

E·d4 ;

whereF is the force,l is the length, andd is the diameter of
the post. Table 2 gives an adapted and abbreviated version
of the data of Lambjerg-Hansen and Asmussen that can be
compared with the data of the present study. The compar-
ison shows that the Composipost is in fact quite stiff and
strong, to a degree comparable to several posts made of
metal. This finding is in agreement with other studies on
the stiffness of the Composipost [10,18]. In the first of these,
water immersion was found to reduce the strength and stiff-
ness to about 70% and 60% of the dry values. Even so, the
stiffness is considerably higher than that claimed by the
manufacturer, whose brochures indicate a modulus of elas-
ticity close to that of dentin.

Obviously, a post of high elastic limit and high strength is
desirable, as the risk of distortion and fracture, other things
being equal, is reduced. As regards the stiffness of the post,
the situation is much less obvious. As mentioned in the
introduction, two opposite views have been expressed in
this regard, and both cannot be true. In a recent study, the
fracture resistance of teeth restored with full crowns,
composite core and either Parapost or Composipost, was
investigated [11]. It was found that the teeth restored with
Composipost had significantly higher resistance to fracture
under repeated loading than the teeth restored with Parapost.
This can be construed as evidence that the less stiff Com-
posipost provides a more uniform distribution of the stresses
in the tooth, and thus less risk of root fracture. However, a
closer look at the experimental conditions reveals that the
posts differed in diameter. The diameter of the Composipost
was 1.8 mm, whereas that of the Parapost was 1.5 mm. A
look at the data in Tables 1 and 2 will show that the 1.8 mm
Composipost is, in fact, stiffer than the 1.5 mm Parapost.
This means that the results could be used to argue in favor of
a high stiffness of the post. As discussed by the authors,
another factor may have played a role for the results
obtained, namely the bonding of the Composiposts to the
walls of the root canal. The transfer of forces from the post
to the tooth undoubtedly depends on whether the post is
bonded or not. It has been shown that a bonded post will
increase the strength of the restored tooth [23]. In a study
using finite element analysis it was calculated that a gold
post gave rise to the development of smaller stresses in the
root than did a steel post [24]. As gold has less than half the
modulus of elasticity of steel, the view that a post of low
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Table 2
Stiffness (N/0.05 mm), elastic limit (N) and strength (N) of a selection of
earlier investigated endodontic posts [17]. The values are recalculated to a
free post length of 4.8 mm. Means and standard deviations

Post Diameter (mm) Stiffness Elastic limit Strength

Unimetric 215T 1.4 33 144 201
Parapost 1.5 20 79 147
Maillefer RS 1.5 36 77 212
Boston 1.6 23 63 122
Flexipost 1.7 31 116 218



stiffness leads to a more even distribution of the stresses is
not supported.

It follows that the question as to whether a high or low
stiffness of the endodontic post is advantageous from the
viewpoint of stress distribution is still moot and cannot be
answered without further research. However, there are still
other factors related to the mechanical properties of endo-
dontic posts that should be considered when choosing a
post. A number of in vitro studies indicate that the fracture
type is more benign when Composipost is used than when
metal posts are used: with the Composipost a relatively high
proportion of the tooth fractures occurred above the (simu-
lated) bone level [11,12,16,25]. Further, because of the
hardness of the ceramic posts, it may be very difficult to
remove a cemented post from a failed restoration.
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