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Abstract

This research aims to investigate the stress distribution in the post and core set in
the maxillary first premolar that has two roots. In such a tooth, the post and core
will be united or separated. An orthodontic patient's extracted tooth was used to
prepare the basic tooth model. Then, a basic tooth model was ready for 3D computer
modelling using a 3D scanner. Then the computer model was completed in the
SolidWorks engineering modelling software. Then, for stress analysis, the model
was submitted to ANYSIS software under two axial and 45 oblique loads at 400 N.
The material chosen for the post and core in both united form and separated one was
nickel-chromium alloy. Evaluation of the data revealed that the use of ferrule in all
cases reduced stress in roots. It was also found that the use of von ferrule did not
necessarily decrease the stress of post and core. The maximum equivalent von Mises
stress in roots, independent of the load applied, was lower in the two pieces post and
core than in the one-piece post and core; this was not generally seen in post and core.
Under oblique load, more stress is observed on the components of the post and core.

Keywords: Post and core, ferrule, finite element.

Introduction

Human has found modern methods to repair his rotten teeth with the advancement of science
and technology. For any reason, a large part of the tooth tissue is sometimes removed forcibly
while repairing the rotten parts of a tooth. Therefore, the strength of the tooth decreases from
the upper level of the tooth to the intended level in the final restoration due to the increase of the
tooth preparation height. In this case, to maintain the tooth function, a post and core [1] crown
is used. This system can be used when the least of tooth roots are healthy. The post and core
crown consist of three parts. The first part is associated with the post which is located inside
the root channel. In this case, its function is to create a connection for the core. The second
part includes the core placed on the post; and finally, the crown, which is in the form of tooth
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enamel and is placed on the core. To distribute the stress components inside the prosthesis more
evenly, the crown. It is impossible to install an integrated post and core (inheriting two posts) in
a two-rooted maxillary first premolar due to its two non-parallel roots. However, in this study,
the distribution of von Mises stresses in the integrated and two-piece cast posts, and cores are
investigated and compared in a two-rooted first maxillary premolar. Figure 1 shows the two
prepared models; (a) of an integrated post and core with ferrule and (b) a two-piece post and
core with ferrule [2]. It is noteworthy that in Fig. 1(a), the lower part of the post is not specified
in the section shown due to the lack of symmetry. Gutta-percha is also invisible in both figures
due to the same reason.]

(2) (b)

Figure 1: A view of a tooth model; (a) integrated post and core with a ferrule, and
(b) two-piece post and core with ferrule.

Materials and Methods

A patient’s extracted healthy premolar was used to conduct this research. A three-dimensional
tooth model was prepared using a three-dimensional scanner with an accuracy of 1 micron, and
then the tooth pulp chamber was determined using radiography. Next, SolidWorks and Ansys
SpaceClaim software programs were used to prepare four post and core models; namely, (1) the
integrated post and core with a ferrule, (2) the integrated post and core without a ferrule, (3) the
two-piece post and core with a ferrule, and (4) the two-piece post and core without a ferrule.
The tissue around the tooth, including PDL (Periodontal Ligament) layer and the compact
bone tissue, were modelled according to the average anatomical sizes in the references. In
this research, the average thicknesses of the PDL layer and the compact bone tissue were both
considered to be 0.2 millimetres3] |. The spongy bone tissue was also modelled as a cylinder
with a suitable radius which eliminated the effect of the cylinder walls on the tooth stress
distribution.

The selected material for the post and core was nickel-chromium alloy in both integrated
and two-piece models, while the crown was entirely made by porcelain.
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Two different load types were applied separately to each model to investigate the effect of
loading on stress distribution in each component. The first load was applied to the mesial cavity
and the palatal root apex. It was approximately parallel to the tooth axis. The second load was
applied to the buccal apex diagonally to the mesial-distal junction line at an angle of 45 degrees
(perpendicular to the buccal apex). Both loads were considered to be equal to 400 N.

Conclusions

This work was concerned with reconstructing a two-rooted maxillary first premolar tooth
using the post and core method. For this purpose, a patient’s extracted healthy premolar tooth
was used to conduct this research by preparing a three-dimensional tooth model by three-
dimensional scanning of the tooth followed by some geometric operations in the SolidWorks and
ANSY'S Workbench software programs. The two types of post and core, namely the integrated
and the two-piece models, were used for further examination of the ferrule effect on the overall
stress distributions within the reconstructed tooth. Results show that although the presence
of a ferrule reduces the peak stresses in the roots, it does not necessarily reduce the peak von
Misses stress in the post and core. The reduction in the peak von Mises stresses in the roots, in
the presence of a ferrule, was observed for the two types of axial and oblique loads of 400 N.
However, if an integrated model is used, the presence of a ferrule increases the peak stresses
in post and core while the opposite behavior is observed for a two-piece post and core under
the action of an axial load. Additionally, for an oblique load of 400 N, the presence of a ferrule
has considerably reduced the peak von Mises stress in the integrated post and core. At the same
time, there is a slight increase in the similar stress in the two-piece model. Consequently, in this
case, the integrated model benefits more from the presence of the ferrule.
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1. Post and core
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1. Crown

2. Ferrule

3. Inhomogeneous

4. First Maxillary Premolar with two roots
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