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 Finite Element Analysis of Endodontically 
Treated Teeth with Simulated Variable Bone Level 
Restored with Two Types of Prefabricated Posts 

 
Hoda Elazhary, Eman Anwar, Ahmed El Ragy, and Amany Ramadan 

Abstract—The present study was carried out to compare between Ti post and Glass fiber reinforced composite post on stress distribution in 
endodontically treated maxillary central incisors with variable bone support. Computational 3-D FEA method was used to determine the 
stresses created in specimens. For both tested posts with decreased simulated bone support concentration of tension stresses increased in 
root, post and bone but decreased in core and crown. For both post types stresses are more concentrated apically but with less stress 
values created in case of the tested fiber post thus decreasing the risk for root fracture. 

Index Terms— Bone level, Central incisor, Displacement, Finite Element Analysis, Fiber Post, Stress Analysis, Titanium Post. 

——————————      —————————— 

1 INTRODUCTION
URING clinical practice, restoration of endodontically 
treated teeth is almost encountered daily. Most of these 
teeth require using a post-core system for retention of 

coronal restoration to compensate for the excessive structural 
loss [1]. This technique offers the possibility of restoring muti-
lated teeth without requiring aggressive procedures [2].  
Although metal posts have been used for years, studies have 
questioned their performance regarding aesthetics, biocompat-
ibility, retention and stress distribution [3]. With the increased 
aesthetic demands, tooth colored post and core systems were 
introduced in the market since the late 80`s [4-5]. 
Several studies were conducted to aid in the determination of 
the best post-core system to be used in different clinical situa-
tions.  Some of these studies [6-12] used experimental testing of 
prepared specimens. Others [13-18] used the computational 
finite element analysis method.  
The prominent approach in practice is conservatism avoiding 
teeth extraction, whenever possible, aided by the proved effi-
cacy of long term periodontal maintenance. This lead to realiz-
ing the importance of using post-core systems for teeth with 
variable loss of bone support [15]. The research studies con-
cerned with the type of post and core system to be used shows 
great controversy [13]. This implies that there is still much 
work to be done in this area of research. 
Consequently, this research study is concerned with evaluating 
the effect of two different ready-made posts on the stress dis-
tribution of endodontically treated teeth with simulated varia-
ble bone support using numerical testing (Finite Element 
Analysis FEA). The paper is organized as follows: Section 2 
presents the preparation phase and testing phase in case of 

numerical testing. The results are demonstrated in Section 3. 
Finally, Section 4 presents the discussions and conclusions.    

2 NUMERICAL TESTING  
Finite element analysis is a numerical tool used for simulation 
of different models involving various structures. It can be used 
to establish a direct relation between forces and displacement. 
Thus, it allows for simulation of behavior of structure even 
those with complex geometries via providing detailed mechan-
ical responses. This process is carried out in three main steps; 
preprocessing, processing and post processing. 

2.1 Preprocessing  
In simulation of the actual cases, a 3-D model of a post-core-
crown restored human endodontically treated maxillary cen-
tral incisor with its investing structure was constructed using a 
three step procedure; 

 Multislice Computed Tomographic (CT) scanning. 
 Use of Materialise's Interactive Medical Image Control 

System (MIMICS). 
 Modeling of the rehabilitation system with the investing 

structure. 
2.1.1 Computed Tomographic Scanning CT: 
An accurate model with the actual shape and geometric di-
mensions of a human central incisor, was created. An average 
sized recently extracted defect free maxillary central incisor 
was cleaned using an ultrasonic scaller and stored in 0.9% sa-
line. Computerized tomography (CT) was carried out at the 
Radiology Department, Military production Specialized Medi-
cal Center (Helwan), using multislice CT (MSCT GE medical 
system with a dedicated dental software). The scanning pa-
rameters are listed in Table (1). 
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Use of Materialise's Interactive Medical Image Control Sys-
tem (MIMICS): 
It is using an interactive tool for visualization and segmenta-
tion of CT and MRI images. In addition, it aids in 3D rendering 
of objects.   It can process any number of 2D image slices 
and render them into 3D images. In this study, the Materialise's 
Interactive Medical Image Control System (MIMICS) was used 
to generate a 3D model of an upper central incisor tooth and to 
optimize the model for other processor software, ANSYS for 
finite element analysis (FEA). By using the FEA/CFD module 
in MIMICS, triangulation of the surface (STL- Standard Trian-
gulation Language) can be modified and a better mesh can be 
achieved. The 3D objects were then exported into Ansys soft-
ware for further analysis. 
Steps followed in MIMICS were as follows: 
Importing images: 
The entire process starts by importing images from a scanned 
system and converting it into a MIMICS project file (.mcs); 
MIMICS imports computed tomography (CT) and magnetic 
resonance imaging (MRI) data in a wide variety of formats and 
allows for extended visualization and segmentation functions 
based on image density thresholding. 
Segmentation and Thresholding: 
The first step of segmentation is the threshold step, where the 
structures of interest are selected based on the gray values 
(Hounsfield Units (HU)). Thresholding means that the segmen-
tation object (visualized by a colored mask) will contain only 
those pixels of the image with a value higher than or equal to 
the threshold value. Sometimes an upper and lower threshold 
is required; the segmentation mask contains all pixels between 
these two values. By setting the threshold value at a certain 
range, a mask for the region of interest can be selected. For the 
case under study, the region of interest is the central incisor. A 
mask that contains all the pixels in that particular range is cre-
ated.  
3D generation 
3D object is automatically created in the form of masks by 
growing a threshold region on the entire stack of scans. 
Remeshing 
Native STLs are improper for use in finite element analysis 
(FEA) because of the aspect ratio and connectivity of the trian-
gles in these files. The REMESH module attached to MIMICS 
was therefore used to automatically reduce the amount of tri-
angles and simultaneously improve the quality of the triangles 
while maintaining the geometry. During remesh, the tolerance 
variation from the original data can be specified. The quality is 
defined as a measure of triangle height/base ratio so that the 
file can be imported in the finite element analysis (FEA) soft-
ware package without generating any problem.  
2.1.2 Modeling of the rehabilitation system with the invest-

ing structure: 
In the present study both ParaPost fiber Lux and ParaPost XH 
(Coltene whaledent Inc. Cuyahoga falls USA) were used. The 

dimensions of the post size used were 14 mm length and 1.5 
mm diameter. Using Ansys 11 the post , the  investing and re-
habilitation structures were created to coincide with actual 
condition; periodontal ligament, bone, endodontic filling, post, 
luting cement, core and crown. 
Points indicating every layer are called key points that are con-
nected together producing volumes. These volumes are then 
assembled like building blocks to approximate the whole mod-
el in return. Thus the process is "a finite element approximation 
of a structure". The model was cut into smaller volumes called 
elements for more accurate results by assigning the loads to 
finer sizes. These elements are connected at the corner points 
by nodes. This is called meshing "finite element mesh". This is 
either done by choosing the size of the small volumes or by 
determining the number to which every line in the structure is 
to be divided into. In this study the mesh size was determined 
by dividing every line into smaller 6 segments.  
Element Type 
The used element type is (SOLID95 3-D 20- Node Structural 
Solid). It can tolerate irregular shapes without much loss of 
accuracy. Its elements have compatible displacement shapes 
and are well suited to model curved boundaries. 
Every element is defined by 20 nodes having three degrees of 
freedom per node i.e. translations in the nodal X, Y and Z di-
rections. The element may have any spatial orientation. The 
element has plasticity, creep stress stiffening, large deflection, 
and large strain capabilities. Various printout options are also 
available. Number of elements and nodes in the present study 
for different models are listed in Table (2). 

 
 
 
 
 

Material Property 
All materials used in the present study were considered to be 
isotropic, homogeneous, and linearly elastic. Only two material 
properties are required for linear elastic Finite Element Analy-
sis (FEA; Elastic modulus (E) and Poisson’s ratio. Material 
properties were specified to the coinciding appropriate ele-
ments in Table (3). 
Although published elastic properties for dentin and enamel 
show some variability; they are much more definitively charac-
terized. Single values of Young's modulus and Poisson's ratio 
for dentin and enamel were chosen from the literature.  
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Load 
The applied load is 100 N at 45° at the junction between the 
incisal and the middle thirds of the lingual surface of the tooth 
crown. 
Support/boundary condition 
It represents the operating condition for the design and how it 
is tied to the ground. The applied support was on the bone 
outer surface thus preventing displacement in the X, Y and Z 
directions. 
All pre and post processing steps were carried out under Mi-
crosoft Window Vista by Intel Core 2 processor with 1 GB ram 
computer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2 Processing 
After the finite element modeling; creation and meshing of the 
design, applying material properties, loads and boundaries, the 
mathematical analysis could be executed. It consists of charac-
terizing the displacement behavior of an element under a set of 
prescribed loads. The analysis is formulated as a matrix algebra 
resulting in a system of simultaneous equations representing 
the relation between both the loads and the displacement. 
These equations, mostly being huge in number could only be 
solved using a computer. Thus, any development in the finite 
element method is closely related to the development in the 
computers. The accuracy of the results is highly dependent on 
the accuracy of the element modeling.  
The mathematical formula is as follows; 
P = K U 
Where, 
P = Load vector 
K = Overall stiffness matrix (material property and geometry) 
U = Displacement vector 
Є =Young modulus 
In the previous diagram, it is clarified that the FEA acts as a 
short cut between load and displacement. 

2.3 Post processing   
2.3.1 Using ANSYS general postprocessor contour color plots 

of the maximum and minimum first (S1) and third (S2) 
principle stresses together with the von misses stresses, 
were created and analyzed in dentine. 

Von misses stress 
The Von Misses is a formula for combining the 3 dimensional 
systems of stresses, created at any point within a 3 dimensional 
elastic body when subjected to a system of loads in 
3dimensions, into an equivalent stress. It refers to a theory 

called the "Von Misses - Hencky criterion for ductile failure". 
The Von Misses criterion is a formula for calculating whether 
the stress combination at a given point will cause failure; even 
though none of the principal stresses exceeds the yield stress of 
the material, it is possible for yielding to result from the com-
bination of stresses, which is then compared to the yield stress 
of the material. If the "Von Mises Stress" exceeds the yield 
stress, then the material is considered at risk of failure. 
The formula is  
(S1-S2) 2 + (S2-S3) 2 + (S3-S1) 2 = 2Se2 
Where S1, S2 and S3 are the principal stresses and Se is the 
equivalent stress, or “Von Mises Stress”. 
The effect of change in bone height; 2, 2.5 and 3mm apical to 
C.E.J., with the use of different post material; titanium and 
FRC, were studied and analyzed. 

3 RESULTS 
In the present study a theoretical finite element analysis was 
carried out. The results were analyzed thus reaching a conclu-
sion. 

3.1 Results of the theoretical 3D Finite Element 
Analysis method (FEA): 

3.1.1 Stress analysis: 
The load applied to the simulated restored post-core-crown 
complex was 100 N applied to the palatal surface with a 45° 
angle at the junction of the incisal and middle thirds. This di-
rection induced a tendency of post flexion in a labial direction. 
As a result, compressive stresses were induced in the tested 
structures labially while tension stresses were induced pala-
taly. 
In the present study the effect of two different posts together 
with the variation in bone support were presented. All contour 
color plot analysis were established for all studied cases. For all 
models considered, the maximum tensile stresses (maximum 
first principle stress) (S1), the maximum compressive stresses 
(maximum third principle stress) (S3) and the whole stress 
field (von misses stress) (Seqv) were determined. All stresses 
were determined in Mega Pascal`s (MPa) and summarized.  
When analyzing the tested models, they were named according 
to post type and bone level; 1A, 1B, 1C, 2A, 2B, 2C. The number 
1 refers to to the fiber post, while the number 2 refers to the 
titanium post. The letters used; A, b, C referred to the bone 
level from the assumed cemento enamel junction under inves-
tigation. 
All tested models were disassembled to identify stresses occur-
ring upon load application in every structure separately. The 
components of the FE models that were analyzed are; the bone, 
the root, the post, the crown and the core. Stress distribution is 
represented with a contour color scale where warmer colors 
(red orange and yellow) represent the higher values while the 
cooler colors (blue and green) represent the lower values and 
vice versa for compressive stresses only. The highest value for 
every model was determined and compared. 
 Tensile stress distribution patterns (Maximum first princi-

ple stress) (Maximum tensile stress) (S1) (Table 4) 
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Analyzing contour color plot analysis of the maximum first 
principle stress in bone in all tested models, it was found that 
the highest value of S1 was found in model (2C) followed by 
model (1C) then by model (1B) and model (2B) with almost no 
difference between them. Model (2A) and (1A) came fourth 
and fifth respectively. The distribution of S1 stress did not vary 
between models. The highest value of S1 was found cervically 
on the inner aspect of bone in all models. The S1 stress distri-
bution was almost uniform throughout the whole bone struc-
ture and was higher in (2) models when compared to their 
likewise in (1) models. Values of S1 in bone are found to in-
crease by decrease in bone level as shown in Figure 1. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

 

In root, contour color plot analysis of the maximum first prin-
ciple stress showed that the highest S1 value was found in 
model (2C) followed by (1C), (2B), (1B),(2A), and (1A) respec-
tively. The distribution of S1 stress is found to be quite similar 
in all models with minimum concentration at the apical third. 
Values of S1 in root is inversely proportional to bone level and 
are higher in (2) models when compared to their likewise in (1) 
models as shown in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Regarding S1 stresses created in the post, contour color plot 
analysis of the maximum first principle stress showed that the 
models with titanium post (2) showed higher values than the 
models with fiber reinforced composite post (1) in the follow-
ing order (2C), (2B), (2A), (1C), (1B), (1A) respectively. Regard-
ing the S1 stress distribution, the common between all models 
is that the maximum S1 was found apically and the area of the 
minimum value was found right cervical to it. The distribution 
of stresses along the body of the post was better in (1) models.  
Although both the (1) and (2) models showed some sort of 
stress concentration incisally but still in the (1) models it was 
distributed over a larger area when compared to its likewise in 
(2) models. Considering the values of S1 in bone, they in-
creased by decrease in bone level and where higher in (2) mod-
els when compared to their likewise in (1) model as shown in 
Figure 3. 
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On the other hand, when considering the S1 stresses created in 
the crown of all tested models, the (1) group came first as fol-
lows (1A), (1B), (1C), (2A), (2B), (2C) respectively. Contour col-
or plot analysis of the maximum first principle stress showed 
that stress distribution in all models was almost similar with 
max stress concentration cervically and at point of load appli-
cation with area of minimum stress concentration just cervical 
to it. 
Surprisingly the values of the S1 stress in crown were directly 
proportional to bone level and were higher in the (1) models 
than in the (2) models as shown in Table 4 and Figure 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
 
 
 
 
 

Composite resin core S1 stresses were highest in model (2C) 
followed by model (2B). In third place came model (2A) fol-
lowed by all (1) models that showed almost no difference in 
between.  Regarding stress distribution using contour color 
plot analysis of the maximum first principle stress in core 
showed that in both (1) and (2) models the maximum stress 
concentration was at the incisal line angles of the core. In the 
(1) models another area of S1 stress concentration existed at the 
proximal walls incisally. Minimum S1 stresses existed at the 
lingual aspect of the core as shown in Figure 5. 
When considering the S3 stress in tested models, the highest 
value was found in bone in model (1C) followed by model 
(2C), (1B), (2B), (1A) and (2A) respectively. Contour color plot 
analysis of the maximum third principle stress in bone of all 
tested models showed that stress distribution in both (2) and 
(1) models was comparable at every bone level. 
 Compressive stress distribution patterns (Maximum third 

principle stress) (Maximum compressive stress) (S3) (Table 
5) 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

At both 2mm and 2.5mm bone levels stresses were mainly con-
centrated along the root side of the bone. At 3mm bone level 
stresses were concentrated both at the inner and outer aspects 
of the bone. Although the S3 values in bone in (1) models were 
higher than their likewise in (2) models, the difference was not 
significant. S3 stress in bone increased by decrease in bone lev-
el as shown in Figure 6. 
In roots of all tested models, S3 stress was found highest in 
model (2C) followed by model (1C), (2B), (1B), (2A) and (1A) 
respectively. Contour color plot analysis of the maximum third 
principle stress in root of all tested models showed that stress 
distribution in both (2) and (1) models was almost the same 
with minimum stresses created apically. Although values in (2) 
models were higher than their likewise in (1) models, the dif-
ference was not significant. S3 stress in root increased by de-
crease in bone level as shown in Figure 7. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

S3 stress distribution in post in different models under investi-
gation is represented and the values listed in a descending or-
der are as follows; (2C), (2B), (2A), (1C), (1B), and (1A).  
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Contour color plot analysis of the maximum third principle 
stress showed that stress distribution in post in (1) models was 
more uniform when compared to (2) models. In all models the 
maximum concentration of S3 was found apically with the 
minimum value occurring right incisal to it except for model 
(2A) where the minimum S3 stress concentration occurs incisal-
ly. S3 stresses in post are much higher in (2) models when 
compared to (1) models. S3 stresses in post increased with de-
crease in bone level as shown in Figure 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Surprisingly, in crown, the order of S3 stresses distribution 
values when listed in a descending order are as follows; (1A), 
(2A), (1B), (2B), (1C), and (2C). Contour color plot analysis of 
the maximum third principle stress showed that stress distri-
bution in crown in every model in group (1) was almost similar 
to its likewise in group (2).  
In every model the S3 stress distribution was found to be al-
most uniform with maximum concentration located at area of 
load application for both models (2C) and (1C). In model (1A) 
it was located proximally and incisally while in model (2A) it 
was also located proximally but cervically. In model (1B) it was 
located lingually and incisally while in model (2B) it was locat-

ed in the mid of proximal wall closer to the lingual side. values 
in models (1) are higher than in models (2) and are directly 
proportional to the bone level as shown in Figure 9. 
On the other hand, in composite resin core , the order of S3 
stress distribution values when listed in a descending order are 
as follows; (1A) (1B) (1C) (2A) (2B) (2C). Contour color plot 
analysis of the maximum third principle stress showed that 
stress distribution in core was almost similar in all models with 
the maximum values created lingually cervically and proximal-
ly extending facially. In (2) models the cervical lingual S3 stress 
concentration was extended too close to the proximal area of S3 
high stress concentration. The lowest S3 values in core are 
found lingually incisally. The models in (1) group showed 
higher S3 values when compared to their likewise in (2) group. 
Values of S3 in composite resin core are found to be directly 
proportional to bone level. 
 Whole stress field distribution patterns (Von misses stress) 

(Seqv) (Table 6) 
 
 
 
 
 
 
 
 
 
 
 
 

 
Model (1C) showed highest value of Seqv in bone followed by 
models (2C), (2B), (1B), (2C) and (1C)  respectively. By contour 
color plot analysis of the von misses stress distribution in bone 
it was found that Seqv stress is almost uniformly distributed in 
bone and was quite similar in all tested models. Maximum 
values of Seqv are found in inner aspect of bone cervically in 
all models. Values in (2) models are higher than their likewise 
in (1) models but still the difference was not significant. The 
Seqv values in bone are found to be directly proportional to 
bone loss.  
When considering the root, it was found that model (2C) 
showed the highest value followed by (1C), (2B) and (1B) re-
spectively. In the last place came both (1A) and (2A) with neg-
ligible difference between them. In all models, the maximum 
Seqv stress was located apically. Seqv stresses are high lingual-
ly, along the mid root extending cervically, while the minimum 
Seqv stress value was located facially cervically. The high Seqv 
stress located cervically decrease in area size with increase in 
bone loss. Seqv stress values in (2) models are insignificantly 
higher than in (1) models and are directly proportional to bone 
loss. 
Seqv stress distribution in post in all tested models showed its 
highest value in both models (2A) and (2B) with almost no dif-
ference between them followed by model (2C). In third place 
came both models (1A) and (1B) with minute difference be-
tween them while in fourth place came model (1C). Contour 
color plot analysis of the von misses stress in post in all tested 
groups showed that maximum Seqv stress values are found 
incisally in all models except for model (2C) where it was lo-
cated apically.  
The minimum Seqv stresses values are found cervical to incisal 



International Journal of Scientific & Engineering Research, Volume , Issue,                                                                                   7 
ISSN 2229-5518 

IJSER © 2010  

end of the post for all of the (1) models and in mid of body of 
the post in all of the (2) models. The Seqv values in (2) models 
are much higher than their likewise in (1) models and are di-
rectly proportional to bone loss . 
Analyzing Seqv in crown in all studied models, it was found 
that model (1A) showed the highest value followed by both 
(1B) and (1C) with almost no difference between them. In third 
place came model (2C) followed by model (2B) and model (2A) 
respectively. Contour color plot analysis of the von misses 
stress showed that Seqv stress distribution in crown of all test-
ed models was almost similar with highest values present lin-
gually at site of load application. Values in (2) models are 
higher than those in (1) models and are inversely proportional 
to bone loss. 
Studying Seqv stress distribution in composite resin core in 
studied models, it was found that models (2A,) (2B) and (2C) 
showed higher values when compared to models (1A), (1B) 
and (1C). The difference between all of the (2) models was mi-
nute which was the same for the (1) models.  
Contour color plot analysis of the von misses stresses in com-
posite resin core showed that Seqv stress distribution in core of 
all studied models was almost the same with the highest values 
found lingually incisally. Values found in (2) models are higher 
than those found in (1) models and are directly proportional to 
bone loss. 
3.1.2 Displacement analysis: 
Displacements occurring in different disassembled structures 
are identified and analyzed in the horizontal plane  X (Ux). In 
the present study the X plane represents the buccal and lingual 
directions. Values of displacements are determined in Micro 
Meter (μm) 
 Displacement in X direction (Ux) (Table 7) 

 
 
 
 
 
 
 
 
 
 

Analyzing displacements in X direction (Ux) in all structures in 
the tested models, it was found that in bone model (1A) 
showed no displacement at all. The highest value was found in 
model (2C) followed by models (1C), (2B), (1B)and (2A) respec-
tively .  
When considering the Ux in root in all models, the maximum 
value was found in model (2C) followed by models (1C) (2B) 
(1B) (2A) (1A) respectively . 
Ux in post in model (1C) shows the highest value followed by 
models (2C), (1B), (2B), (1A) and (2A) respectively . 
Model (1C) showed the highest Ux value, in crown, followed 
by model (2C), (1B), (2B), (1A) and (2A) respectively. 
In composite resin core, the highest Ux was found in model 
(1C) followed by model (2C), (1B), (2B), (1A) and (2A) respec-
tively .  

4 DISCUSSION AND CONCLUSIONS 
In dentistry, clinicians are usually faced by mutilated endodon-
tically treated teeth requiring restoration. For reconstruction of 

teeth with substantial horizontal loss of the clinical crown, 
there is no realistic alternative to fabrication of post-core-crown 
complex. [Error! Bookmark not defined.,19] When tooth con-
dition is complicated by bone loss, load capability of the tooth 
is decreased creating a higher incidence of restoration failure 
[20]. When bone support is reduced, the weak link becomes the 
tensile strength of the dentine which is dependent on the lever 
in addition to the presence of pre-existing flaws and the 
amount of remaining hard tissue, as a result, the fracture pat-
terns change [Error! Bookmark not defined.-Error! Bookmark 
not defined., Error! Bookmark not defined.-22]. For the long-
term clinical success, the most critical task is to choose the cor-
rect post for each endodontically treated tooth which can resist 
the occlusal forces without failure such as root fracture, struc-
tural failure of the post itself or loss of retention. [23-29]. 
Everyday manufacturers supply new techniques and new ma-
terials of prefabricated posts and direct core build ups for bet-
ter results. Multiple studies were carried out to compare the 
newly introduced post systems to one another and to old ones 
with proven clinical performance. Some studies used clinical 
testing for its realistic results in spite of its limitations due to 
human variation. Some of the earliest work used photo-elastic 
stress analysis techniques [Error! Bookmark not defined.]. To 
overcome the limitation of the previously mentioned tech-
niques, studies used mechanical tests or computational evalua-
tion of biomechanical responses of different structures of re-
constructed teeth to loading (FEA) [Error! Bookmark not de-
fined.]. 
The finite element analysis (FEA) is a well-known procedure 
for calculating stresses in a complex and irregular structures. 
Both Davy et al [Error! Bookmark not defined.] and Peters et 
al [Error! Bookmark not defined.] claimed that this computer-
ized mathematical method has proven to be an extremely pow-
erful analytical technique. In the present study, 3-D FEA was 
used to study the stresses in an idealized endodontically treat-
ed maxillary central incisor restored with post-core-crown 
complex. This was in accordance with many authors [Error! 
Bookmark not defined.-Error! Bookmark not defined., Error! 
Bookmark not defined., 22, Error! Bookmark not defined., 31-
39] who used 3-D models to obtain more realistic models and 
more accurate stress analysis. On the other hand, previous FEA 
investigations used 2-D models which were considered reliable 
when considering axial symmetric systems. Still spatial as-
sessment of stresses and strains affecting a restorative system 
could not be correctly and precisely achieved as stated by Al-
buquerque et al, [Error! Bookmark not defined.] Reinhardt et 
al, [Error! Bookmark not defined.] Nakamura et al, [Error! 
Bookmark not defined.] Peters et al, [Error! Bookmark not 
defined.] Ukon et al, [40]  and Pegoretti et al.  [41]  
In the present study non destructive sectioning using comput-
erized tomography (CT) of an actual average sized maxillary 
central incisor was used. This was in accordance with Chen et 
al [Error! Bookmark not defined.]  and Li-li et al [42].  Some 
researchers as Reinhardt et al, [Error! Bookmark not defined.] 
Lanza et al, [Error! Bookmark not defined.] Davy et al [Error! 
Bookmark not defined.] and Rodríguez-Cervantes et al [43] 
constructed their models using the average dimensions found 
in literature. Ricks-Williamson et al [44] used section images of 
actual dimensions after manual destructive slicing to obtain 
cross sections.  
The first step was Multislice Computed Tomographic scanning 
(CT) of an average sized defect free central incisor obtaining a 
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serial of 2-D slices. This appeared to be the most accurate and 
realistic method to obtain the image required. Materialise's 
Interactive Medical Image Control System (MIMICS) computer 
software was used to generate a meshed 3-D central incisor 
model from the CT scan. Ansys 11 software was used to create 
all the 3-D models studied. Six 3–D finite element models of a 
rehabilitated root of upper central incisor were created. Three 
models were restored with fiber reinforced composite post 
while the remaining three were restored with titanium post. 
For each type of post, three different models were created, each 
with a different level of bone support; 2mm, 2.5mm, 3mm api-
cal to the assigned cemento-enamel-junction C.E.J. For all test-
ed models, periodontal ligament was created between root and 
bone to simulate more realistic clinical condition. This was in 
accordance with Toparli et al, [Error! Bookmark not defined.] 
Reinhardt et al [Error! Bookmark not defined.] Toksavul et al, 
[Error! Bookmark not defined.] Davy et al, [Error! Bookmark 
not defined.] Asmussen et al [34Error! Bookmark not de-
fined.] and Rees. [45] Composite resin core and all metal nick-
el-chrome coping were created for all models with similar di-
mensions as in mechanical testing. Cement layers used to lute 
post and coping were also simulated. Similar to Peters et al 
[Error! Bookmark not defined.] post-cement interface was as-
sumed to be perfectly bonded. 4 mm apical root canal filling 
was also created for all models in accordance to Toksavul et al 
[Error! Bookmark not defined.]. 
To obtain the stresses and displacements throughout the mod-
el, the elastic constants; Е (modulus of elasticity) and (Poisson's 
ratio), were obtained from the literature and from manufactur-
ers brochures and were assigned to the appropriate regions. 
Loading conditions were simulated on the created models in 
accordance to Peters et al [Error! Bookmark not defined.] 
while specification of elements was done in accordance with 
Davy et al [Error! Bookmark not defined.] by dividing the con-
tinuum to be analyzed into a set of discrete elements. These 
elements are connected with each other at nodes. [Error! 
Bookmark not defined.] Nods are identified at the corners of 
these elements or at additional points at the edges of the ele-
ments. [Error! Bookmark not defined.] A three dimensional 
co-ordinate system was used to define the locations of these 
nodes to specify the shape and size of the model. Nodal points 
were used to apply forces to the model. This was in accordance 
with Kishen et al. [Error! Bookmark not defined.] It was as-
sumed that the load quantities are describable in terms of their 
values at the nodes. [Error! Bookmark not defined.] Similar to 
Kishen et al [Error! Bookmark not defined.] the displacements 
at the nodes were determined for the given loads, based on the 
initial boundary conditions and also the stress distribution and 
deformation were calculated from the nodal displacement us-
ing the stress-strain and strain-displacement relationship.  
In the present study, by analyzing the contour color plots of the 
FEA results, it was found that the fiber reinforced composite 
posts served better when compared to titanium post. The max-
imum stresses were generally created in models rehabilitated 
with titanium post; maximum tensile stress was created in 
bone, internally, cervically and palataly. Followed by stresses 
created in crown, root, post and core respectively. Considering 
the maximum compressive stress, it was created also in bone 
cervically and internally but facially. Maximum Von Mises 
stresses were created in crown palataly followed by bone, root, 
post and core respectively. 
These findings were in accordance with Chen et al, [Error! 

Bookmark not defined.]  Asmussen et al, [34Error! Bookmark 
not defined.] Vasconcellos et al , [Error! Bookmark not de-
fined.] and Pest et al [47] who compared stresses created in 
dentin when using titanium alloy and glass fiber reinforced 
composite posts. They found that the elastic modulus of post-
core material affected the stress distribution pattern in dentine 
favoring the glass fiber reinforced composite post. Pegoritti et 
al [Error! Bookmark not defined.] found that using fiber rein-
forced post produced a stress field similar to that of natural 
tooth with lowest peak stresses inside the root except for some 
stress concentration cervically due to their high flexibility to-
gether with the less stiff core used. Rodríguez-Cervantes et al 
[Error! Bookmark not defined.] found that the glass fiber post 
induced a stress field quite similar to that of the natural tooth, 
with maximal stresses that did not vary with post or diameter 
length. 
Unlike the previous findings, Toksavul et al [Error! Bookmark 
not defined.] found that in case both glass fiber reinforced and 
titanium posts stresses created in rehabilitated structures were 
minimal. Genovese et al [Error! Bookmark not defined.] found 
no significant difference in stresses created in rehabilitated 
models when either carbon fiber reinforced composite post was 
used or titanium post was used.  
Considering the site of stress concentration, Toparli [Error! 
Bookmark not defined.] and Pegoritti et al [Error! Bookmark 
not defined.] claimed that the maximum stress values occurred 
at the cement metal post interface while Rodriguez-Cervantis 
et al [Error! Bookmark not defined.] found no stress concen-
tration predicted along the fiber reinforced composite post 
juncture with core and dentine. Vasconcellos et al [Error! 
Bookmark not defined.] found two stress concentration re-
gions; Adjacent to alveolar bone crest and dentine post bound-
ary. 
Toksavul et al [Error! Bookmark not defined.] found that the 
greatest stresses were found at the coronal third of the root on 
facial surfaces, regardless to the post type. Pegoritti et al [Error! 
Bookmark not defined.] found that the fiber reinforced post 
produced high stresses at the cervical region due to their high 
flexibility together with the less stiff core used. They also found 
that the glass fiber reinforced composite post produced a stress 
field similar to that of natural tooth. Kaur et al [48] found that 
all posts showed maximum stresses in the coronal and middle 
thirds of the root namely on the inner dentinal wall. Monzavi 
et al [32Error! Bookmark not defined.] found that stresses in 
dentine occurred in the coronal one third lingually on root 
while peak compressive stresses occurred facially on root. San-
tos et al [Error! Bookmark not defined.] found that the fiber 
post generated lower stresses along the interface and higher 
stresses in the root. Sorrentino et al [Error! Bookmark not de-
fined.] found that, when fiber reinforced composite post was 
used, maximum stresses were recorded at the C.E.J. both buc-
cally and palatally in both cementum and dentine while maxi-
mum strain values were recorded in middle third in buccal 
aspect of root surface. On the other hand, minimum values 
were recorded at level of both root apex and apical end of 
posts. 
Nakamura et al [Error! Bookmark not defined.] found that 
when resin post is used less stresses are produced around the 
post tip when compared to metal ones. 
In the present study, it was found that stresses in bone, root 
and post increased by decrease in bone level. Accordingly, the 
tendency of failure increased. Surprisingly, stresses decreased 
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by decrease in bone level in crown and the same was in core 
when considering tensile stresses only. This indicates the in-
crease in stress concentration in root and bone thus increases 
the risk for their failure.  Both compressive and von mises 
stresses in core did not change greatly by change in bone level. 
This might be explained by the fact that when bone resorbs, the 
support of the tooth diminishes with subsequent increase in 
lever action, as stated by Naumann et al, [Error! Bookmark not 
defined.] with subsequent descent in mechanical fulcrum to-
gether with the fracture resistance, as stated by Chen et al. 
[Error! Bookmark not defined.]  
Similar to the findings of the present study, Reddy et al [49]  
and Reinhardt et al [Error! Bookmark not defined.] found that 
by decrease in bone level there was a significant increase in 
stresses apically. Moreover, Reinhardt et al [Error! Bookmark 
not defined.] found that the dramatically increasing stresses 
were concentrated in the little amount of dentine remaining at 
the post apex.  
Under the testing conditions of the present study, the follow-
ing concluded: 

 For both tested posts with decrease simulated bone 
support concentration of tension stresses increased in 
root, post and bone but decreased in core and crown. 

 For both post types stresses are more concentrated api-
cally but with less stress values created in case of the 
tested fiber post thus decreasing the risk for root frac-
ture. 
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