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Abstract 

Introduction: Determination of stress distribution 

endodontically treated teeth restored with post and core is 

very difficult because of its complex system. The system 

has small dimensions due to which most biomechanical 

research was unsuccessful in explaining the internal 

behavior of the structures. Finite Element Analysis (FEA) 

is one of the upcoming methods to evaluate the stresses 

and strains in the living structures under various external 

forces.  

Aim: To evaluate and compare the influence of stress 

distribution in different cervical dentin loss on stress 

distribution in different posts used to restore 

endodontically treated primary teeth under various 

traumatic loading: 3-D Finite Element Study.  

Materials and Methods: A 3D finite element model of an 

endodontically treated deciduous maxillary central incisor 

tooth was generated and geometric models were 

developed using pro/engineer which were meshed into 

elements. Vertical, horizontal, and oblique loads of 150 N 

were applied on the crown to simulate horizontal 
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traumatic impact, ideal primary occlusion and vertical 

traumatic impact respectively. Von-mises stresses in 

dentin, posts, cores and crowns were determined using 

ANSYS Software.  

Results:  During all the three loading condition 

maximum stress noticed was with 0 mm dentin loss in 

Zirconia post, whereas with the increase in cervical dentin 

loss models stress values decreases in the posts. Dentin 

Post has shown the least values of stress distribution. This 

concludes that maximum value of stress are exhibited with 

horizontal loading followed by Oblique loading and 

vertical loading showed the least values of stress. Hence 

zirconia post bears more stress within and least stresses 

are transferred to the root dentin.  

Conclusion: Thus it is concluded that, the high elastic 

modulus post (Zirconia Post) showed maximum stress 

with all the types of dentin loss.  

Keywords: Finite Element Analysis, Stress distribution, 

Glass-fiber post, Zirconia post, Ribbond post, Dentin post 

Introduction 

Early childhood caries (ECC) is a devastating condition 

for both the child undergoing the dental treatment and the 

concerned parent1. It is characterized by affecting the 

maxillary anterior teeth followed by molars. The early loss 

of primary teeth results  in problems such as decreased 

masticatory efficacy, development of Para-functional 

habits, speech, esthetic-functional problems, and 

psychological problems that may intervene in personality 

and behavioral development of child2. 

Restorations of decayed primary maxillary anterior teeth 

mainly at the cervical third of the crown are usually a 

clinical dilemma for every Pediatric dentist.3 As a 

consequence of the extensive carious decay with pulpal 

involvement and endodontic intervention, there is severe 

loss of the        coronal structure1. Several attempts have 

been made by clinicians to restore grossly decayed 

anterior primary teeth with strip crowns, polycarbonate 

crowns, veneered stainless steel crowns, and art glass 

crowns4. Carious teeth with sufficient tooth structure are 

being restored esthetically so that the primary teeth are 

retained until they are replaced by permanent teeth5. But 

these restorations have failed to withstand the occlusal and 

external forces. Hence, the innovative intra-canal posts 

and core systems such as modified Omega shaped 

orthodontic wires3,6, biological posts7,8, fiber core posts, 

Polyethylene Fiber‑Reinforced Posts (PFR)9 and glass 

reinforced fiber composites have been introduced to 

overcome the problem of fracture of restoration of such 

teeth with extensive loss of tooth structure. 2, 4  

The biomechanical conditions that result in  fracture are 

characterized by the stress development in a tooth10. 

Various mechanical investigations have been used to 

determine stress, behavior and mechanical properties of 

the tooth structure, but are limited in their assessment of 

stress distributions in the internal structures11. To 

completely understand the complex mechanisms of post-

core application, a more comprehensive analysis of stress 

is needed to determine the optimal procedures for 

reconstructing these endodontically treated teeth12.  

Stress analysis has been popular in determining stresses in 

the dental structures and improvement of the mechanical 

strength of these structures13. Being a complex 

biomechanical system oral cavity has limited access. Due 

to this, most biomechanical research has been performed 

in-vitro and in-vivo studies, but were unsuccessful to 

explain the internal behavior of the structures14. Finite 

Element Analysis (FEA) makes it possible to evaluate the 

stresses and strains in the living structures under various 

external forces13. 

Finite Element Analysis (FEA) is a modern, powerful and 

a valuable analytical tool for complex biomechanical 

analysis in biological research14. The finite element 
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method (FEM) comprises of a series of mathematical 

computational procedures to evaluate the load distribution 

in each element. The results obtained can be visualized 

using visualization software to view a variety of 

parameters, and to fully identify implications of the 

analysis12. FEA has various advantages compared with 

studies on real models like understanding the 

biomechanics of fracture under simulated traumatic loads 
14. Presently in various fields of engineering: civil 

engineering, mechanical engineering, nuclear engineering, 

biomedical engineering,  the finite element method (FEM) 

is considered to be one of the well-established and 

convenient technique for the computer solution of 

complex problems15. 

Aims And Objectives 

 To evaluate and compare the influence of various 

cervical dentin loss on stress distribution in different 

posts under various traumatic loading. 

 The objective was to attain an extensive knowledge of 

the mechanical performance of the post restored 

endodontically treated teeth with varying cervical 

dentin loss.  

Materials & Methods 

The in-vitro study would be carried out in collaboration 

with “Le-Logix Design Solution Private Limited” in 

Greater Noida.  

The following Computer Characteristics will be used: 

ANSYS 14.0 Version  

Source of Data: Three-dimensional finite element models 

of an endodontically restored Deciduous Maxillary 

Central Incisor tooth using different post and core 

combinations will be subjected to loads in three different 

loading directions. The mechanical properties (Young’s 

modulus of elasticity and Poisson’s Ratio) will be 

collected from the literature and Finite element analysis 

will be done. 

General Steps of Finite Element Analysis (FEA) 

Preprocessing: Pre-processing involves constructing the 

“Model”.  

The model will consist of the geometrical representation, 

the definition of the material properties, and the 

determination of the load and site of loading.10 

A. Construction of the Geometric model: The 

objective of the geometric modeling stage is to 

describe geometry in relation to points, lines, areas, 

and volume. Complex, as well as smooth objects, are 

described by geometrically simple elements.12  

B. Conversion of the Geometric model to Finite 

Element Model: Discretization is the procedure of 

dividing problem into numerous small elements, 

connected with nodes. All elements and nodes have to 

be numbered to ensure the building of matrix 

connectivity. This significantly will influence the 

computing time period. The elements would be in 

various shapes and are usually one, two or three-

dimensional. It is important that the elements should 

not be overlapping but are connected just at the key 

points, which are referred to as nodes. The elements 

will be joined at the nodes and will eliminate duplicate 

nodes termed as ‘Meshing’.12 The resultant group of 

elements is known as the finite element mesh. The 

finite element mesh will constitute spatial coordinates 

characterized by quadrilateral elements combined and 

organized to generate various geometric shapes – 

triangles, tetrahedrons, and hexahedrons. More the 

number of quadrilaterals used to generate the mesh, 

higher are the accuracy and reliability of FEA.18 

C. Assembly / Material Property data representation: 

The stresses and strains distribution in a structure are 

significantly influenced by material properties. These 

properties are generally modeled in FEA as isotropic, 

transversely isotropic, orthotropic, and anisotropic. 
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Isotropic materials are those materials which display 

similar properties in every direction, Anisotropic 

materials show different properties along the 

directions and Orthotropic materials exhibits same 

properties in two directions and different in the third.18 

Equations will be produced for each element in the 

FEM mesh and assembled into a set of global 

equations that design the properties of the entire 

system. Poisson’s ratio, Young’s Modulus and 

Density of the material are the minimum properties 

required to generate the Mesh.3 All these factors will 

give the information to the software on how a given 

material will behave when subjected to a force 

application taking into account its deformation 

capability, elasticity, and behavior under tension or 

compression.18 

D. Defining the Boundary Conditions: The boundary 

conditions define the external influences on a modeled 

structure, usually loading and constraints.10 It signifies 

that if an element is designed on the computer and a 

force applied to it, it will behave like a free-floating 

rigid body and will go through a translatory or 

rotatory motion or a combination of the two without 

undergoing deformation. To analyze its deformation, 

certain degree of freedom must be restricted 

(movement of the node in each direction x, y, and z) 

for some of the nodes. Such restrictions are referred to 

as boundary conditions.12 To ensure an equilibrium 

solution, a zero displacement constraint must be 

placed on some boundaries of the model. The 

constraints would be placed on nodes which are far 

away from the region of interest to prevent the stress 

or strain fields associated with reaction forces from 

overlapping with each other.18 

E. Loading configuration: The application of loads in 

an FEA model must also represent the external 

loading situations to which the modeled structure will 

be subjected. These loads can be tensile, compressive, 

shear, torque, etc.10 Application of force will be at 

various points of geometry and its configuration. The 

word “loads” as used in the ANSYS program includes 

boundary conditions as well as other externally and 

internally applied loads. The majority of loads can be 

applied either on the solid model (key points, lines, 

and areas) or the finite element model (nodes and 

elements).  A load step is simply a configuration of 

loads for which a solution will be obtained.  

Processing: In this step the system of linear algebraic 

equation are solved. After SOLVE command, the results 

will be calculated using ANSYS program by taking model 

and loading information from the database. The stresses 

will be determined from the strains by Hooke's law. 

Strains will be derived from the displacement functions 

within the element Combined with Hooke's law.12 

II. Post-Processing: After gaining the solution, the ANSYS 

post-processors are used to review the results. The output 

achieved from the Finite Element Analysis is basically in 

three forms: Graphical-output, Numeric-output, and 

Animated-output.13 The numerical form is primarily used. 

Graphic outputs and displays are definitely more 

informational. The output is usually in the form of color-

coded maps. The quantitative analysis is determined by 

interpreting these maps.12 The colors vary from red to 

blue. Red denotes the area of maximum tensile stress and 

blue signifies the area of maximum compressive stress. 

The numeric output will display the amount of principle 

stress/strain into the given material. In the animated 

output, the results will be shown as animations. 

 Materials used in study 

1. A Model of maxillary deciduous central Incisor tooth 

2. Computer with a Finite Element Program  

 (ANSYS, Version 15.0) 
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3. Zinc Oxide Eugenol Cement  

 (Deepak Enterprise, India) 

4.Glass Ionomer Cement Type 2   

(3M ESPE, USA) 

5. Bonding agent  

6. Tetric flow 

7. Zirconia Crown 

Material properties: Young’s Modulus of Elasticity & 

Poisson’s ratio of: 

 Restorative materials are given in (Table: 1),  

 Tooth are given in (Table: 2),  

 Posts are given in (Table: 3), 

 

 
Table 1: Mechanical Properties of Tooth 

 
Table 2: Mechanical Properties of Restorative Materials 

 
 Table 3:  Mechanical Properties of Posts 

 
Figure 1: Creation of Geometric Model, FEM Model and 

Force Application  

 
Figure 2: Different Cervical Dentin loss 

 
Figure 3: Loading Condition 

 

 

 

4-Different Posts Materials 

1. Glass-fiber Post 

2. Zirconia Post 

3. Ribbond Post 

4. Dentin Post 
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Results 

Table 4:  Maximum Von- Mises Stress values in different 

post materials with       various cervical dentin-loss under 

Horizontal load 

Cervical 

dentin loss 

Glass-

Fiber 

Post 

Zirconia  

Post 

Ribbond 

Post 

Dentin       

Post 

0 mm 13 48 9.7 9 

1.0 mm 12.5 42 9.6 8.5 

1.5 mm 12 41 9.5 8 

*Mega Pascal: (1 MPa = 1,000,000 Pascal) 

Graph 1: Comparison of Maximum Von- Mises Stress 

values in different post materials with various cervical 

dentin-loss under Horizontal load 

 
Table 5 : Maximum Von- Mises Stress values in different 

post materials with       various cervical dentin-loss under 

Oblique load 

Cervical 

dentin loss 

Glass-

Fiber 

Post 

Zirconia   

Post 

Ribbond 

Post 

Dentin      

Post 

0 mm 20 45 16 15 

1.0 mm 15 35 12 11 

1.5 mm 13 32 10.5 9.5 

*Mega Pascal: (1 MPa = 1,000,000 Pascal) 

Graph 2: Comparison of Maximum Von- Mises Stress 

values in different post materials with various cervical 

dentin-losses under Oblique load: 

 
Table 6: Maximum Von- Mises Stress values in different 

post materials with       various cervical dentin-loss under 

Vertical load 

*Mega Pascal: (1 MPa = 1,000,000 Pascal) 

Graph 3: Comparison of Maximum Von- Mises Stress 

values in different post materials with various cervical 

dentin-loss under Vertical load: 

 
Horizontal Load 

Cervical 

dentin 

loss 

Glass-

Fiber 

Post 

Zirconia   

Post 

Ribbond 

Post 

Dentin      

Post 

0 mm 12 35 6.5 5 

1.0 mm 10.5 33 6.5 5 

1.5 mm 10.5 32 6.5 5 
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Cervical Dentin Loss 

Oblique Load 

 

 
Cervical Dentin Loss 

Vertical Load 
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Cervical Dentin Loss 

Conclusion 

Effect of cervical dentin loss on the stress distribution in 

root dentin is important and has been investigated in this 

simulation. The depths varied from no dentin loss, 1mm 

dentin loss and 1.5 mm dentin loss. Irrespective of the 

loading condition Zirconia Post is showing the maximum 

stress values when compared to other posts. 

 During all the three loading condition (horizontal 

loading, oblique loading and vertical loading) 

maximum stress noticed was with 0 mm dentin loss in 

Zirconia post, whereas with the increase in cervical 

dentin loss models stress values decreases in the posts. 

Dentin Post has shown the least values of stress 

distribution. 

 This concludes that maximum value of stress are 

exhibited with horizontal loading followed by Oblique 

loading and vertical loading showed the least values 

of stress. Hence zirconia post bears more stress within 

and least stresses are transferred to the root dentin.  

 Thus it is concluded that, the high elastic modulus 

post (Zirconia Post) showed maximum stress with all 

the types of dentin loss. This concludes that more of 

the loading is supported by the posts having below or 

equal elastic modulus that of dentin. 

 The material with high Young’s modulus of elasticity 

exhibits less stress distribution in teeth and 

restoration. 
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