Stress Analysis of a Tooth Restored with a Post and Core
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An idealized axisymmetric finite element model of a second pre-
molar restored with a post and core was used to study the distribu-
tion and magnitude of stresses as a function of the following param-
eters: the diameter of the post, the length and the shape of the post,
and finally the interface characteristics between post and cement.
Emphasis was directed toward the cement layer interposed between
the post and the tooth. Bonding between the post and the cement
appeared to be the most important parameter to achieve optimal
mechanical behavior of the tooth-prosthesis combination.
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Introduction.

A cast gold post with core has long been advocated for
rehabilitation of endodontically treated teeth. However,
such a restoration may result in complications such as
loosening of the post and core or fracture of the roots. The
importance of adaptation of the interfaces on the stresses
in restored teeth has been shown in former research.!

Clinical longevity of the post-and-core restoration can be
a function of the thickness of the remaining dentin, the
magnitude and direction of the load, the design of the post,
the fit of the post into the prepared root canal, and the
quality of the cement layer. Loading of a cemented post
and core in a root creates stresses in the root, and if the ten-
sile stresses are high, fracture of the root may occur.
Frequent loading may cause strains and stresses in the
cement layer that could result in damage of the cement film
and consequent release of the post. Research has been
reported on the effect of various types of posts on the
stresses in the dentin and the bone.2? The magnitude and
distribution of the stresses occurring in the cement have
received little, if any, attention.

The aim of this investigation is to analyze the stress
distribution in a root with a post-and-core restoration. The
investigation is directed mainly at the cement film between
the post and the dentin, with special emphasis on the post-
cement interface.

Materials and methods.

A well.kknown procedure for calculating stresses in a
complex structure is the finite element method.#:5 This
method, a computerized mathematical technique, was used
to study the stresses in an idealized, endodontically treated
maxillary second pre-molar, The finite element method
allows one to simulate the loading as well as the various
elastic properties of the restored tooth. To obtain the
stresses and displacements throughout the model, the
elastic constants — E (modulus of elasticity) and » (Pois-
son’s ratio) — must be known. These constants were ob-
tained from the literature (Table) and were assigned to the
appropriate regions. Two types of loading conditions were
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simulated on the above model: (a) concentrated (X1), and
(b) distributed (X2), as shown in Fig. 1.

In the first part of this investigation, three post design
parameters were evaluated: the diameter, the length, and
the shape. In this case, the post-cement interface was
assumed to be perfectly bonded. The various designs are
shown in Fig. 1.

In the second part of the investigation, the post-cement
interface was assumed to be either perfectly bonded or
friction-held, in order to determine the influence of
bonding on the stress distribution. The friction coefficient
used was g4 = 0.1. In this case, three post designs were
examined: (a) long cylindrical design (Fig. 1B); (b) short
cylindrical design (Fig. 1E); and (c) tapered design (Fig.
1G).

Results.

The stresses examined were the cquivalent stresses,
which give an indication of the sensitivity of the model to
the applied load. An example of an equivalent stress plot is
shown in Fig. 2. The stress lines in this drawing connect
points with identical levels of stress. The plot can be read as
a geographical map with relief lines.

Axial stresses (0,) resulting from concentrated loading
(X1) were evaluated in the cement along the line PQ
(Fig. 1). The effect of diameter variation in the long cylin-
drical designs (A vs. B vs. C) on the axial stresses in the
cement layer is shown in Fig. 3. The axial stresses were
uniformly distributed, and the small diameter design (C)
experienced the highest stress values. In Fig. 4, the axial
stresses are shown for the shape variations (A vs. F vs. G),
evaluating the influence of cylindrical vs. tapered designs.
Although near the core (P) minimal differences occurred
between the compared designs, more significant differences
were observed toward the apex of the roots. The tapered
post {G) resulted in stress values of 10 MPa as compared to
8 MPa in designs F or A. Fig. 5 shows the axial stresses
when variation in length was considered (A vs. D vs. E). We
should point out that the peak stresses in designs E and D
are attained near the tip of the post. It is evident from
Fig. 5 that, in general, the axial stresses were more uni-
formly distributed for design A.

Examination of the calculated stresses for a distributed
load (X2) resulted in comparable stress patterns throughout
the cement region.

TABLE
ELASTIC CONSTANTS FOR MATERIALS

Material# E(MPa) v

Bone (7) 1.38 x 104 0.30
PDL (7) 345 045
Dentin (7) 1.86 x 104 0.31
Cement (6, 8) 137 x 104 0.35
Post & Core (9) 7.72x 10% 0.33
Gutta Percha (10) 0.69 0.45

#Numbers in parentheses denote references.
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Fig. 1 — Seven different post designs. Three long cylinders
(length, 10.5 mm) with various diameters (A: 2.0 mm; B: 1.5 mm;
and C: 1.0 mm) and two cylinders (¢:2.0 mm) with various lengths:
medium (D:7.5 mm) and short (E:4.5 mm). Two tapered post
designs (length, 10.5 mm; cervical, $¢:2.0 mm) with various apical
diameters (F:1.5 mm and G:1.0 mm). Loading conditions X1 and
X2 as well as PQ (abscissa in Figs. 3-8) are shown.

For evaluation of the effect of bonding between post
and cement, three designs were chosen: B, E, and G. The
axial stresses in the cement layer were examined at loading
condition X1 (see Figs. 6-8). In model B (Fig. 6), the over-
all level of stress in the case of friction was about 20% high-
er when compared to the connected interface. The axial
stresses in the case of friction increased considerably
toward the apex, whereas the connected boundary resulted
in a uniform distribution of stresses throughout the cement
layer. Considering the tapered post (Fig. 7), the friction
interface also resulted in higher stress values. Compared to
the connected interface, the axial stresses near the core (P)
appeared to be about 40% higher. When the short post
design was considered (Fig. 8), the axial stresses were sub-
stantially affected by the boundary conditions chosen. In
the cement region surrounding the post, the friction boun-
dary resulted in at least 50% higher stress values in compari-
son with the connected boundary. Peak stresses (13 MPa)
were developed in the vicinity of the tip of the post. On
the contrary, the connected boundary resulted in peak
stresses (14 MPa) located just apical to the tip of the post.

A distributed load (X2) applied to the core resulted in
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Fig. 2 — Levels of equivalent stress within the indicated area of
model E. A concentrated load (X1) was applied, and the post-
cement interface was assumed to be perfectly bonded.

comparable yet less distinct stress distributions in the ce-
ment layer. The induced stress patterns showed the same
tendencies. A typical plot of axial stresses (Fig. 9) shows
the stress concentrations in the cement in the vicinity of
the tip of the short post. At loading condition X2, the axial
stresses are plotted throughout the model with friction at
the interface. Even under distributed loading, the cement
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Fig. 3 — Graphic presentation of the axial stresses in the cement
layer of models A, B, and C at concentrated loading.
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Fig. 4 — Graphic presentation of the axial stresses in the cement
layer of models A, F, and G at concentrated loading.
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Fig. 5 — Graphic presentation of the axial stresses in the cement
layer of models A, D, and E at concentrated loading.

experiences considerable stress gradients in contrast with
the post.

Discussion.

In a clinical situation, the load is applied to the crown
which, in turn, transfers such a load to the core. The crown
will therefore distribute the forces evenly to the core. In
the present study, the load was applied directly to the core,
but it was found that a more distributed type of loading
resulted in identical stress patterns. Although a rather high
loading force was used, the magnitude of the applied loads
can easily be reached when bruxism is involved. Two tensile
strength values — reported in the literature® for zinc
phosphate cement as the luting agent — are 4.3 and 8.1
MPa. Considering the axial stresses computed in this study,
these strength values of zinc phosphate cement can be
exceeded. Although no real failure criterion is known, one
could deduce that under certain conditions, when the
above tensile stresses are exceeded, faijlure to the cement
can occur,

The various post geometries, examined in this study
under axisymmetric loading, resulted in minor differences
in stress distribution throughout the remaining tooth
structures and the supporting bone. Within the dentin, the
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Fig. 6 — Graphic presentation of the axial stresses in the cement

layer of model B at concentrated loading with different boundary
conditions.
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Fig. 7 — Graphic presentation of the axial stresses in the cement
layer of model G at concentrated loading with different boundary
conditions.
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Fig. 8 — Graphic presentation of the axial stresses in the cement

layer of model E at concentrated loading with different boundary
conditions.

short cylindrical design had the highest values for the
equivalent stresses (Fig. 2). The cement layer exhibited
more significant differences in the stresses. If lateral as well
as axisymmetric forces are applied, one would then expect
the stresses within the cement, dentin, and bone to increase
more dramatically. This would be true because lateral
forces would result in a bending force on the core and post.
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Fig. 9 — Levels of axial stress within the indicated area of model
E. A distributed load (X2) was applied, and the post-cement inter-
face was assumed to be friction-fitted.

The high peak stresses at point Q are caused not only by
the various parameters but also by the modeling of the post
and the dentin. The apical angulation of the post and the
geometry of the root canal strongly influence the stresses
at point Q. Therefore, they will not be discussed in detail.

When a perfect bond was assumed between the post and
the cement as well as the dentin, similar stress patterns were
obtained for each diameter of the cylindrical post (Fig. 3).
As the diameter of the post was doubled (design A vs.
design C), the stress decreased by about 20%. Obviously,
one cannot increase the diameter of the post indefinitely,
thereby increasing the likelihood of perforation of the root,
or even the fracture of the root. An optimal ratio of post
diameter to remaining dentin thickness can be calculated
using the finite element method, but this was not within
the scope of this investigation. Still, it is well to remember
that the various post dimensions chosen for this study were
within clinically acceptable limits.

A comparison of cylindrical vs. tapered designs (Fig. 4)
showed that the effect of taper was most distinct in the
apical region (near Q). The tapered design, G, when com-
pared to the non-tapered A, caused an increase of about
25% in the axial stresses near the tip of the post. Minor
changes in the overall stress pattern were caused by varia-
tion in the length of the post (Fig. §). Variation in the
length strongly influenced the location of the peak stresses
in the cement. These peak stresses were higher than 14
MPa; thus, they could contribute to failure of the cement.

As a result of the modeling of the core-dentin interface
and the applied loads, the dentin uniformly supported the
core. However, even with such support, the results showed
noticeably higher stress values in the cement when the
bonding conditions were changed from that of a perfect
bond to a friction-fit bond. In Figs. 6, 7, and 8, both inter-
face conditions were compared in three different geome-
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tries of the post. It is evident that the modeling of the
interface is the most important parameter. In the friction-
type boundary, the stresses within the post were almost
negligible when compared to the stresses within the ce-
ment, which were about 10 MPa at loading X1 (Figs. 6-8).
Even in the case of loading X2, the axial stresses in the
cement could reach a value of 10 MPa (Fig. 9). Such a
large stress gradient between two surfaces is detrimental
and could be the cause for further failure of the post-
cement interface.

Conclusions.

Using an idealized axisymmetric model and the loading
conditions considered, it was found that, in the case of
perfect bonding, a slight preference could be given to a long
cylindrical post with a large diameter if clinical limits were
not exceeded. High peak stresses appeared in the cement
layer between the post and the dentin when the bond
between their surfaces was imperfect.

It was found that the tensile strength value of zinc
phosphate cement could easily be exceeded. This mathe-
matical study put emphasis on the importance of achieving
optimal bonding when cementing a post- and-core restora-
tion.
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