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Posts are permanent, single-tooth and periodontal restorations. During chewing, forces
make teeth with posts to undergo complex stresses. The aim of this work is to compare and
estimate the upper medial incisors restored with custom posts and prefabricated composite
posts reinforced with fibreglass using the finite element method. Modelling and numerical
analyses provide the opportunity to evaluate the reconstruction of teeth using custom and
prefabricated posts.
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1. Introduction

Posts are permanent, single-tooth and periodontal restorations consisting of
a crown segment which significantly reconstructs damaged tooth crowns and
a root part located in root canal of an endodontically treated tooth (Fig. 1).
Custom posts, made of metal alloys (chrome cobalt, gold, chrome-nickel or silver-
palladium), have been used over the years. The development of modern material
technology has enabled prefabricated posts to be produced. These restorations
are made of metals (precious metal alloys, stainless steel, titanium and its alloys),
ceramics (zirconium oxide) and a composite reinforced with fibreglass or carbon
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a) b) c)

Fig. 1. Dental reconstruction: a) model of dental layers divided in tetrahedral elements,
b) model of teeth with periodontal ligament, c) real radiography photo of a tooth and sur-

rounding tissues.

fibre. In clinical practice, there is often a question of which post to choose
[3, 7, 8, 15].
The aim of this work is to compare and estimate the upper medial incisors

reconstructed with custom posts and prefabricated composite posts reinforced
with fibreglass using the finite element method (FEM). The frequently encoun-
tered problem is to select the appropriate posts based on durability, adhesion
method, and the principles of treating tooth tissues, the possibility of removing
posts, aesthetics, biocompatibility, and clinical aspects of restoration sustain-
ability in practice.

2. Materials and method

The materials of this study were two groups of numerical models of teeth. In
the first group, the teeth were strengthened with custom posts and a prosthetic
ceramic crown. In this group, the posts were made of metal – alloy CoCr and
zirconia – ZrO2 stabilized with yttrium. The second group included the teeth
supported with standard composite posts with fibreglass and later restored with
composite material and a ceramic crown. All the virtual models included the
periodontium model (Figs. 2, 3).
During chewing, due to forces, a tooth with a crown-root post undergoes

complex stresses. The vertical component (along the long axis) burdens the
tooth causing compression. That is why, to prevent it from cracking, the surface
of the contact is increased – a flat bearing surface is formed and the restoration
is fixed with cement in the canal (Fig. 4).
The horizontal component of the chewing force makes both a tooth and

a restoration to bend, and the labial root surface may be broken. Thus, a tooth
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Fig. 2. Material of the tests – teeth strengthened with custom posts (CoCr, ZrO2)
and prosthetic crown.

Fig. 3. Material of the tests –teeth strengthened with standard post (FCR)
and the prosthetic crown.

Fig. 4. Biomechanics of a tooth restored using the posts.
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is burdened by the forces of torsion due to chewing. In the case of front teeth,
the forces act from the lateral side on the incisal edge. The forces generate
stress in teeth and surrounding tissues. The most significant use of a post is to
provide uniform and safe distribution of stresses. A post must be strong enough
to take all the stresses without the risk of causing strain on tissues. The models
were fixed onto the periodontium. Stresses of 150 N were applied to the palatal
surface with the help of vectors with directions resulting from the biomechanical
analysis and twist to the surface of the tooth (Fig. 5).

Fig. 5. The constraints (on the periodontal surface) and loads (on the occlusal surface)
of virtual model.

Modelling and strength analysis were carried out using FEMAP NEi/Nastran
v.8.3 (Table 1) [13–15]. To identify and estimate the stresses, the Huber-Misses-
Hencky (HMH) hypothesis was used.

Table 1. Mechanical properties of tissues of stomatognathic system
and the construction materials.

Material/Tissue Young’s modulus E [MPa] Poisson’s ratio ν

Cortical bone 14 700 0.30

Cancellous bone 490 0.30

Periodontium 50 0.45

Pulp 2.0–0.0003 0.45

Dentine 18 300 0.31

Enamel 84 100 0.30

Ceramics 96 000 0.19

Metal alloy 218 000 0.33

Zirconium 210 000 0.24

Fiberglass 40 000 0.41
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3. Results of tests

The analysis shows that maps of the stress distributions in the structure of
teeth restored with individual post systems made of metal and zirconium oxide
are similar in nature (Figs. 6a,b and 7a,b). The zones of maximum stress of
5 MPa are present in both posts in the root portion and in the transition area
in the root portion of the crown, while the stress distributions are more evenly
balanced in the tooth restored with the zirconia post than with the metal post.
In the crowns of both models, uniform stress distributions of 0 to 0.9 MPa were
found in the lip portion (the front), and from 2 to 2.8 MPa in the area of gingival
edge. Such a distribution of stresses may have a stabilizing effect on the contact
of the crown with the restoration of the stromal root and its contact with the

Fig. 6. The distributions of stresses in the sagittal section in teeth strengthened with posts:
a) metal custom post (CoCr), b) zirconium custom post (ZrO2q, c) fibreglass standard post

(FRC).

Fig. 7. The distributions of stresses in teeth strengthened with posts (the view with periodon-
tium): a) metal custom post (CoCr), b) zirconium custom post (ZrO2q, c) fibreglass standard

post (FRC).
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chamfer [1]. In teeth restored with individual posts, the cushioning nature of
the periodontium is visible.
In the model of the tooth restored using standard composite post systems

with fibre-reinforced composite (FRC), the zone stress concentrations occur out-
side the post – in the dentine of the root and in the contact zone of the crown
with the chamfer, especially in the palatal side exposed to bending (Fig. 6c,
Fig. 7c). The stress accumulation value of 4–5 MPa occurring peripherally de-
teriorates the area of adhesive contact of the post with the tooth structure and
the stabilisation of the crown. In this type of post, there is also a deterioration
of damping by the periodontium.
The teeth rebuilt with metal and zirconium posts are more resistant to break-

age of the posts than those built from composite material reinforced with fibre-
glass. That is why, FRC posts are contraindicated at significant occlusive bur-
dens. Destructive force usually causes the damage of a less resistant dentine and
not the post regardless of its type. Fractures of teeth with FRC usually occur in
the neck of the tooth, in contrast with the poorly promising fractures of teeth
with custom metal posts and zirconium ones (occurring inside the root).

4. Discussion

The clinical experiences and stress analyses show that each patient should
be treated individually especially after endodontical treatment in which it is
advisable to use the post and core systems [2, 20, 21]. The tooth location, the
condition of the hard tissues, the strength of the occlusion forces acting on the
tooth and the aesthetic requirements connected with the material of the crown
or bridge, under which the post will be located, should be analysed. Fibreglass
causes brightening of the root and the tooth, unlike the metal inserts, whose
impermeability to light often shows up as blackout surrounding the tooth. The
obtained distributions of stresses confirm the clinical observations of damage to
teeth reinforced with various types of posts – for example, cervical fractures of
teeth with FRC posts [6, 10, 17]. Furthermore, zirconia is the material which
combines aesthetics and strength [4].
The original solution presented in this work is the addition of the periodon-

tium in the research model. The amortization of displacements coming from
occlusion forces occurs in the periodontium, and the stresses compressionally
stimulate crestal bone in the physiological range.
The reports in the literature about the strength of teeth reinforced with post

and core are consistent with the studies in [5, 11, 12, 15].
The indications for use of individual post systems are: the damage of the

hard tooth tissues below the alveolar ridge, the change of the direction of the
long axis of the tooth (indications due to prosthetic reasons, tooth outside the
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arch), inability to achieve the stabilization of the prefabricated post – wide or
oval root canal [9, 16, 18, 19, 22].

5. Conclusions

The modelling and numerical analyses make it possible to evaluate the re-
construction of teeth using custom and prefabricated posts.
Crowns based on individual posts of metal and zirconium are more resistant

to damage and are better sealed than crowns based on standard composite FRC
posts.
The original solution presented in this work is taken into account in the

research on the periodontal model. In the periodontium, the amortisation of the
displacement originating from the forces of occlusion occurs, and compression
stresses stimulate the alveolar ridge in the physiological range.
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