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Abstract Several reports have pointed out that end-
odontically treated teeth can lack strength, and that the
teeth can be reinforced using posts. However, it has not
been clear how to select posts that meet the needs of most
clinical situations, particularly in terms of the post diam-
eter, which has a major influence on the occurrence of root
fracture. The purpose of this study was to analyze the stress
distributions of posts of various diameters during masti-
catory loads using a finite element method. A 3-dimen-
sional (3D) finite element model of a lower first premolar
was developed. We used the image software Geomagic
Studio (3D Digital 2002; Geomagic, Research Triangle
Park, NC, USA) to reduce the post diameter by 6 ratios to a
root diameter of 20, 30, 40, 50, 60, and 80% and then
individually implemented them into the root of a tooth. A
chewing static force of 100 N was applied as a 45° diag-
onal load on the buccal cusp tip, and the ¢yon Mises ANd Oax
stresses were calculated. Analysis of the dyon Mmises Values
revealed that the stresses were concentrated in the middle
1/3 of both the post and the root surface for all models, as
were the o,,,¢ values. The results also indicated that when
the diameter of the post was 50% of that of the root, the
stress distributions of the post and the root surface were
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most favorable. In conclusion, the clinical implications of
the results will need to be further studied and discussed.

Keywords Post - Endodontically treated tooth -
Finite element method - Stress analysis

Introduction

A post supports the core and crown, but can also compete
for space with root dentin in the tooth. In making pros-
theses, dentists must decide how much root dentin to retain
during placement of the post to avoid the risk of root
fracture. At times, it is necessary to remove infected dentin
during a root canal or to increase the likelihood of retention
of posts by enlarging the space within the root canal [1].
However, previous studies have demonstrated that over-
preparation of canals can weaken the root structure of
endodontically treated teeth [2-5], increasing the failure
rate of the prostheses. In reviewing the literature [6], there
are three distinct philosophies concerning the preparation
of post diameters for endodontically treated teeth. The
conservationist group advocates limited instrumentation of
the canal after removal of the gutta-percha. Use of the
narrowest possible diameter allows fabrication of a post to
the desired length. The proportionist group believes the
post space should be a given fraction of the root width,
usually having an apical diameter less than 1/3 of the
narrowest dimension of the root diameter at the terminus of
the post space. The preservationist group suggests that a
minimal amount of tooth structure should remain, usually
between 1.0 and 1.75 mm of sound dentin surrounding the
entire surface of the post. All three philosophies point out
that the remaining root dentin plays an important role in
implementation of posts. However, there is little scientific
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evidence to support these philosophies. Thus, an analysis of
the mechanical forces associated with post diameter
implementation in the root is important for clinical dentists.

The direct measurement of tooth strain using electrical
strain gauges in vivo is impractical. Photoelastic mea-
surements have been made using physical models of the
teeth, but these are of limited quantitative value. It is also
difficult to reduce the diameter of the post according to a
ratio and the form of the root diameter using the photo-
elastic technique. The most common approach to analyzing
biomechanical problems in humans indirectly has been use
of the finite element method (FEM). With 3-dimensional
mathematical models, it is much easier to model structures
with intricate shapes and to quantify complex mechanical
behavior at any theoretical point.

This study used a 3-dimensional finite element model
(3D FEM) to analyze the stress distributions of the lower
first premolar after insertion of posts with various
diameters.

Methods

The finite element analysis was conducted using a lower first
premolar extracted by forceps from a patient who received
orthodontic treatment. The coronal height was 9 mm, the
root length was 14.5 mm, the mesiodistal dimension of the
cementoenamel junction (CEJ) was 5 mm, and the bucco-
lingual dimension of the CEJ was 6.5 mm. There was no
abnormality in anatomical appearance. Using a 3D digitizer
(3D scanner optoTOP, Breuckmann, Meersburg, Germany),
we developed a model of the lower first premolar using the
top-down method (a method for establishing solid models
by volumes — areas — lines — keypoint sequence). The
procedure for building the model was as follows:

1. Obtain the geometry of the lower first premolar from
an initial scan (Fig. 1).

2. Prepare the tooth according to the metal crown
modification standard, followed by a second scan.

3. Use the image software Geomagic Studio (3D Digital
2002) to reduce the diameter of the post by 6 ratios to a
root diameter of 20, 30, 40, 50, 60, and 80%, then
individually implement them into the root of the tooth.

4. After combining the images of the above three
procedures using Boolean expressions, develop six
different models (A-F) of the lower first premolar
based on the six different diameters of the posts
(Fig. 2).

The retrieval and synthesis of the above images were
performed using Geomagic Studio software (3D Digital
2002). During scanning, we used a splint with markings to
stabilize the tooth and aid in image combination (Fig. 3).

Fig. 1 Solid model of a lower
st premolar

Six models were obtained as described above, simulating
the structure of the alveolar bone with ANSYS (Swanson
Analysis Systems, Houston, PA, USA) for the analyses.
Using Free Mesh, these 3D models were developed into
finite element models of the lower first premolar (Fig. 4);
quantities for the nodes and elements upon completion are
given in Table 1. In brief, we used gutta-percha within
the apical 4 mm of the root of the post space, gold alloy for
the crown, and palladium alloy for the post and core. The
material properties are shown in Table 2 [7].

To simulate the origin site of the mylohyoid and mas-
seter muscles, the models were constrained at the buccal
and lingual surfaces of the alveolar bone boundaries, and
the freedom was 0. A force of 100 N was applied diago-
nally at 45° to the buccal cusp tip (Fig. 5).

In this experiment, we assumed that all of the materials
were isotropic, linearly elastic, and homogeneous, and that
all of the elements (solid45; 8 nodes having 3 degrees of
freedom at each node) were tightly bonded. Using ANSYS,
the post-processing function created a stress distribution
diagram. We then analyzed the stress distributions and
stress concentrations of the post and remaining dentin of
the root for each modeled diameter of the post.

Results
The stress distributions for the post and the remaining

dentin were represented by the von Mises Stress, dyon Mises
and the tensile stress, o,,x. On applying the 45° diagonal
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Fig. 2 Solid model of 6 ratios
of post to root diameter:

(A) 20%, (B) 30%, (C) 40%,
(D) 50%, (E) 60%, and (F) 80%

MAR 31 2005
11:38:44
FLOT HO. 1

Fig. 4 Finite element model of the lower 1st premolar with a bone
Fig. 3 Splint with markings to stabilize the image combination block
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Table 1 Numbers of elements and nodes of the 6 different models of
post to root diameters: (A) 20%, (B) 30%, (C) 40%, (D) 50%,
(E) 60%, and (F) 80%

A B C D E F
Elements 62,412 60,242 58,818 60,915 59,029 59,057
Nodes 11,682 11,307 11,065 11,389 11,118 11,114

Table 2 Mechanical properties of the components of the model

Young’s modulus Poisson’s

(MPa) ratio
Dentin 18,600 0.31
Palladium alloy 99,000 0.30
Gold alloy 77,000 0.33
Alveolar bone 1,260 0.30
Gutta-percha 0.69 0.45

g

Fig. 5 A load of 100 N applied at 45° to the buccal cusp tip

force, the 0., Mmises Stresses were concentrated on the
buccal and lingual sides of the middle 1/3 of the root for
both the post and the root dentin. The peak von Mises stress
was on the lingual side. The o,,,x stresses were concen-
trated on the buccal side of the middle 1/3 of the root for
both the post and root dentin. The peak tensile stress was
on the buccal side (Figs. 6, 7). The peak 0o, Mises aNd G max
stresses are shown in Table 3 for the post and root dentin.

When the diameter of the post was 50% of that of the
root (model D), the peak 6o, Mises aNd Gax Stresses were
both at a minimum in the root dentin among the 6 models.
The peak gyo, Mises fOr the post was at a minimum when the
diameter of the post was 50% of that of the root, and the
peak o,.x for the post was at a minimum when the diam-
eter of the post was 20% of that of the root (model A).

There were no significant tendencies in the maximum
stress values with different post diameters.

Discussion

In previous studies [4] conducting stress analyses of vari-
ous post diameters, a limited number of different ratios of
post diameter to the root were considered. However, den-
tists often face such problems clinically. The stress on the
root depends on the nature of the post, which in turn
depends on the diameter of the canal after endodontic
treatment. The type of post directly affects the distribution
of occlusal stresses. However, many non-artificial factors
(e.g., the innate condition of the canal, the infected area of
the dentin, etc.) contribute to difficulty in predicting the
appropriate post diameter or the amount of remaining
dentin. Therefore, it is of utmost importance for clinicians
to understand the effects of different post diameters on
stress distributions. To avoid inaccuracies seen in 2D
model results, we used a 3D model to more closely simu-
late the actual situation. In addition, we used CAD-CAM
technology to simulate posts with various ratios of the
diameter to the root diameter for the stress analysis. Based
on these results, we concluded that stress concentration was
the lowest in both the root dentin and the post when the
diameter of the post was 50% of that of the root.

It is difficult to analyze stress distributions in the teeth,
especially the roots, after the insertion of posts in vivo.
FEM provides an indirect approach for analyzing complex
problems related to teeth and the surrounding structures,
but there are some limitations. The materials used in this
study were assumed to be linearly elastic, homogeneous,
and isotropic. There was no cement layer or periodontal
ligament built into the model, and we used a simple bone
block. The cement layer between the post and the dentin
was too thin to adequately model in the finite element
simulation; therefore, the cement was treated as part of the
dentin because the mechanical properties of dentin and
cement are similar [8]. The periodontal ligament is a vis-
coelastic material that displays a combination of elastic and
viscous properties [9]. Some studies have included a peri-
odontal ligament layer in the FEM; however, it was treated
as an elastic material [8, 10, 11]. In this study, we focused
on the stress distribution within the root dentin and the post
itself, and the impact of the periodontal ligament on the
stress distribution was considered to be negligible due to its
thinness [12].

There are differing views on the effect of the ratio of the
post diameter to the root diameter [6, 13-17]. Many
investigators support the post diameter being less than 1/3
that of the root. The results of this study, based on the
mechanical stress analysis, do not support this point of
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Fig. 6 Distribution of oy,,x
values (Mpa) within the lower
1st premolar with various post
to root diameters: (A) 20%,
(B) 30%, (C) 40%, (D) 50%,
(E) 60%, and (F) 80%

-8 9.333
. 666667

view. Previous studies conducting stress analysis of posts
have nearly all been based on a single-rooted tooth. The
results for the buccal-lingual section of the tooth suggest
that the best ratio derives from the post of the canal and the
dentin on both the buccal and lingual sides sharing 1/3 of
the force. However, it is difficult to obtain evidence to
prove this. Using a computer simulation, the present study
overcame difficulties associated with the implementation
of the post into the root, such as an inaccurate ratio of the
post diameter to the root diameter or achieving the
expected post diameter. More importantly, there was no
need to change any other parameters apart from the rela-
tionship of the post diameter to the root dentin. Thus, this
may be the only method that can analyze the stresses
associated with different post diameters in a single tooth.
The present study indicated that the stress concentration
was lowest in both the root dentin and the post when the
post diameter was 50% of that of the root. These results

@ Springer
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appear to support the approach recommended by the pro-
portionists; however, the dentin strength should be taken
into consideration [18, 19]. Over-enlargement of the root
canal weakens the root dentin and increases the risk of root
fracture. We concluded that the stress was lowest when the
post diameter was 50% of that of the root, but we do not
know whether this level of stress may cause root fracture.

Sorensen [20] suggested that the presence of posts in
anterior teeth does not have a great influence on root
fracture; however, most studies on posts have focused on
central incisors [8, 10-12]. The present study used the
lower first premolar to investigate strengthening with a post
in posterior teeth for which less is known. We also used a
single-root posterior tooth model as a foundation for fur-
ther investigation of the effects of post diameter on stress in
multi-rooted posterior teeth.

The results demonstrated that there was a difference in
the stress distributions with differing post diameters. When
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Fig. 7 Distribution of gyon Mises
values (Mpa) within the lower
1st premolar with various post
to root diameters: (A) 20%,

(B) 30%, (C) 40%, (D) 50%,
(E) 60%, and (F) 80%

10

Table 3 Peak (Mpa) 0yon mises and o ax Stresses within the post and
root of 6 different models with various post to root diameters:
(A) 20%, (B) 30%, (C) 40%, (D) 50%, (E) 60%, and (F) 80%

A B C D E F

Geon Mises OF the post  80.8 961 902 574 96.1  88.1
Geon Mises O the oot~ 622 609  59.5 221 503 43.0
Fmax OF the post 173 418 546 374 613 735
max OF the roO 578 570 558 229 499 335

the post diameter increased from 20 to 50% of the root
diameter, there was a smaller peak stress on the dentin. The
80% post model indicated less stress to the root than the
60% post model; it is possible that the increased diameter
of the post shares the force to the root along with the rest of
the tooth. Although the maximum stress on the root dentin

40 60 80
30 50 70 90

was smaller than in the 60% model, the 80% model had
thinner root dentin, implying that the 80% model does not
necessarily indicate a lower chance of root fracture. In
addition, the material of the post may affect the stress
distribution. Further study is needed to replicate these
results and verify whether they can be applied to different
post materials.

This study analyzed 6 different post diameters in the
lower first premolar. The results indicated that when the
diameter of the post was 50% of that of the root, the stress
distributions of the post and dentin were most favorable.
We support preserving as much of the dentin as possible,
with the caveat that the post diameter must be broad
enough to resist occlusal forces. At times, dentists must
enlarge the diameter of a root canal for mechanical or
pathological reasons, and in these cases, we suggest that
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Table 4 Clinical recommendations for preparation of single-rooted
teeth

Tooth

1/2 of the root 1/3 of the root

Maxillary teeth

Central incisor 170° (6)° 110* (3)°
Lateral 140 (4) 90 (2)
Canine 150 (5) 100 (2)
Second premolar 130 (4) 90 (2)
Mandibular teeth
Central incisor 100 (2) 70 (1)
Lateral 100 (2) 70 (1)
Canine 150 (5) 100 (2)
First premolar 130 (4) 90 (2)
Second premolar 140 (4) 90 (2)

* Size of ISO

" Size of the pesso reamer

the

diameter be limited to less than 50% of the root

diameter. For convenience in clinical treatment, we com-
pare root diameters 4 mm from the apex as measured by
Tilk [21] and list recommended post diameters along with
ISO and Pesso reamer sizes (Table 4).

Conclusions

Based on the results and limitations of this study, the fol-
lowing conclusions were made:

1.

When the diameter of the post was 50% of that of the
root, the stress distributions of the post and dentin were
most favorable.

In clinical practice, it is recommended to preserve as
much of the dentin as possible. Excessive post diameter
should be avoided.
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