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Abstract 

 

The stress distribution and fatigue lifetime of an endodontically treated mandibular premolar with various cavity designs for 

access, restored using a resin composite with and without a fiber post was investigated. A 3D model of a mandibular premolar 

with one root canal was selected. Eleven study models of tooth structure, including enamel, dentine and pulp tissue, were 

generated with different cavity designs, i.e., Class I, Class II OM, Class II MOD, Class V, Class V pulp exposure, cortical and 

cancellous bone, root canal configuration, as well as fiber post. A load of 150 N was applied to the lingual incline plane of the 

buccal cusp at an angle of 45 degrees to the long axis of the tooth. The results showed that the stress distributions in all models 

were similar, i.e., the maximum von Mises stresses were observed at the level of the cement-enamel junction (CEJ), and the 

stress decreased abruptly from the outer to the inner part of the tooth. The maximum von Mises stress along the tooth axis was 

concentrated at the load-bearing areas, and decreased gradually from the coronal region to the apex of the root. The fatigue 

lifetimes of the models restored with a fiber post were greater than those without a fiber post.  

 

Keywords: 3D Finite element method, Premolar, Fiber post, Cavity design 

 

 

1. Introduction 

 

 Although the restoration for endodontically treated teeth 

can be fabricated by many methods, restoration by post and 

core with crown has been suggested as a gold standard of 

treatment, with survival rate of 92.2 % after 10 years in 

service [1]. However, due to the high expense and the 

limitation of  time, the patient may prefer to have a tooth 

extraction to get rid of their pain, or undergo only root canal 

treatment and restore with amalgam or composite filling 

rather than choosing an endodontic treatment follow by the 

restoration of post and core with crown [2]. Since there are 

some drawbacks of root canal treated teeth with filling 

materials, i.e., crown or root fracture often occurs due to a 

loss of tooth structure by dental carries, non-carries cervical 

lesion, restorative and root canal treatment procedures, e.g., 

the access preparation and mechanical instrumentation [3]. 

All of the reasons mentioned above have led to a decrease in 

the remaining coronal tooth, and alternative restoration 

methods have been proposed in many studies. In 2010 Nam 

et al., studied the mandibular premolar restoration by fiber-

reinforced composite post in vivo. The results demonstrated 

that the post group had a higher fracture resistance than the 

no post group, and the photoelastic stress distribution 

demonstrated a high stress concentration along the root canal 

space in the no post group, whereas the stress seemed to be 

distributed in the post group [4]. This finding corresponded 

with the study by Nothdarft et al. in 2008. They found that 

the premolar restored with a fiber post had a higher fracture 

load than without a post. On the other hand, the in vivo study 

by Kivanc et al. in 2010 reported the fracture resistance of a 

maxillary premolar with one remaining wall [5] and an in 

vitro study by Chanatapaporn et al. in 2014 studied a 

mandibular premolar with cavity class I, class II and class V 

defect restored with or without a fiber post and resin 

composite [6]. The results of both studies were similar, i.e., 

the endodontically treated teeth restored with or without a 

post combined with resin composite, had different fracture 

resistances, but the statistics were not significant (p < 0.05) 

[5-6]. In the clinical study by Mannocci et al. in 2002, they 

compared the success rate of endodontically treated premolar 

restored with different methods after 3 years in service. The 

results showed the success rate of endodontically treated 

premolar restored with a fiber post and direct composite 

restoration were equivalent to a treatment of full coverage 

with metal-ceramic crowns [7]. This agreed with Cagidiaco 

et al. in 2007, who reported a similar survival rate between 

crown and direct composite restoration after 2 years of usage 
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[8]. Thus, the results obtained from in vitro and in vivo 

studies gave conflicting results, which may be due to the 

differences in sample size, variation of morphology of teeth, 

magnitude and direction of loading force etc. Hence, the 

conclusion for an alternative treatment for endodontically 

treated teeth is still unclear [9]. 

 Recently, computer hardware and technology have 

developed rapidly and have been applied into many fields of 

research [10]. Finite element analysis (FEA) has been widely 

introduced to solve engineering and scientific problems. The 

first publishing of FEA articles was reported by Courant in 

1942 [11], and in the early 1960s it was applied to solve 

aircraft and space problems. Later on, FEA was used as a tool 

for study in many fields, i.e., heat transfer, fluid analysis, 

mass transfer and electromagnetic problems [10], which can 

reduce the defects and improve the strengths of products. 

FEA provides many advantages, e.g., it can simulate 

complex structural models and materials, reducing costs and 

time. Moreover, FEA can solve many biomedical problems 

and enhance understanding of oral biomechanical aspects 

[12-13]. In dentistry, FEA was introduced to study 

biomechanical properties of different restoration methods. 

Three dimensional (3D) FEA has been accepted for the 

investigation of complex structures, and it provides more 

reliable and accurate results than 2D FEA [14]. According to 

literature reviews, there are many studies that have used 3D-

FEA to evaluate stress distribution and fatigue life time in 

endodontically treated teeth with different restoration 

methods [15-17]. Several researchers have studied the 

maximum stress in endodontically treated teeth with 

different materials for the post or restoration with a crown 

[16, 18-19]. The results showed a fiber post can reduce the 

maximum stress at apical areas, which can reduce the 

incidence of apical root fracture when compared to a metal 

post [18-21]. However, there were a few studies of stress 

distribution in endodontically treated teeth with a fiber post 

and composite filling. Thus, the aim of this study was to 

indicate the potential of using a fiber post, in combination 

with resin composite, as an alternative treatment for restoring 

endodontically treated teeth. 

 

 
Figure 1 The process of creating experimental models : (A) 

Scanning 3D images of lower premolar, (B) 3D model after 

primary meshing, (C) Creation of internal structures by Solid 

Works program, ( D)  Model components ( enamel, dentin, 

bone, composite resin, fiber post, gutta percha and resin 

cement) , (E)  Assembling of  complete model before final 

meshing, (F) Model after the final meshing. 

2. Materials and methods 

 

2.1 Tooth selection for a sample 

 

 An extracted mandibular premolar tooth with one root 

canal, straight root form, root completely mature, without 

abrasion, crack, caries or any restoration, was selected as a 

sample. 

 

2.2 3 D model preparation 

 

The selected tooth was scanned (Delcam, iMetric D62) 

for a 3D model file (.stl), which contained data of the external 

surface of a model (Figure 1). 

 

2.3 Internal tooth structure reproduction 

 

The 3D model file was imported into the “Solidworks” 

program (Solidworks version 2011 Dassault System, France) 

for initial meshing construction ( Figure.  1B) .  After that, 

reconstruction of enamel, dentine and dental pulp was 

performed in accordance with the information by the study 

of Chun et al.  in 2006 [22] (Figure 1C). All data was saved 

into a .SLDASM filename. 

 

2.4 Models assembly 

 

Models with different cavity design, i.e., Class I, Class II 

OM, Class II MOD, Class V, Class V pulp exposure (Figure 

2)  were created.  Later on, bone model, i. e. , cortical and 

cancellous bone were created, based on the dimensions from 

study by Katranji et al.  in 2007.  The root canal was then 

reproduced to a completed step back preparation shape with 

an apical constriction size that was equal to main cone No.40. 

The fiber post model ( Tenax® Fiber trans, Coltene 

Whaledent, Germany)  was also created with diameter 1.3 

mm. and length 15 mm.  After that all components were 

assembled (Figures 1D and 1E). The bone level is located 2 

mm. lower than the cemento-enamel junction. A total of 11 

models were created (Table 1)  and all data was saved into 

.XT files. 

 

2.5 Models meshing 

 

The assembled models were transferred from Solid work 

program to Ansys program ( ANSYS Inc. , USA) .  The 

specification of mechanical properties of each model 

component was assigned (Table 2) and all components were 

assumed to be homogeneous with isotropic and linear elastic 

behavior.  The stress life graph of dentine (S-N curve)  was 

assigned in accordance to the study by Singh et al.  in 2010 

(Figure 3) .  After that the mesh independence method was 

used and the result showed that the suitable element size was 

0. 8 mm. The model was meshed with the tetrahedron 

method. The number of all elements was approximately 

140,000 elements, with approximately 200,000 nodes 

(Figure. 1F). 

 

2.6 Boundary and loading conditions 

 

 In this study, it was assumed that all components were 

homogeneous with isotropic and linear elastic behavior, so 

the contact behavior of all components was indicated as 

“bond”. A load with a magnitude of 150 Newtons, which 

represents the normal chewing force [23], was applied on the 

lingual incline plane of the buccal cusp (5 square millimeter 

of semicircle area) in every model  at  an angle of 45 degrees  
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Figure 2 Shapes and sizes of different cavity designs. 

 

Figure 3 Stress-life graph of dentine (S-N curve). 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Loading area in half circular shape on lingual 

inclines plane of buccal cusp. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 The von Mises stress distribution at cervical level, 

along the imaginary line which originated from buccal to 

lingual surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6 The von Mises stress distribution along the 

imaginary line which originated from the tip of the buccal 

cusp to the apex of the root. 

 

to the long axis of the model (Figure 4). Each model was 

fixed at the mesial and distal surface of the bone. The 

analysis of von Mises stress and the fatigue life criteria that 

was used in this study was “Goodman theory”. 

 

3. Results  

 

3.1 The von Mises stress distribution  

 

The von Mises stress distribution along the imaginary 

line which originated from buccal to lingual surface (Figure 

5) and from the tip of the buccal cusp to the apex of the root 

(Figure 6) were analyzed. 

The results showed that the stress distribution in all 

models were similar, i. e. , the maximum von Mises stresses 

were observed at the cement- enamel junction level ( CEJ) 

(Figure 7) , and the stress decreased abruptly from the outer 

to the inner part of the root (Figure 8) .  When considering 

along the axis of the root, the maximum von Mises stress was 

concentrated at the load- bearing areas and the stress 

decreased gradually from the coronal part to the apex of the 

root. 

 

3.1.1 The   stress distribution in bucco- lingual direction at 

the cervical level 

 

 The stress was concentrated at the buccal and lingual 

surface in all models, especially class II MOD, class V and 

class V pulp exposure (Figure 7). When investigating every  
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Figure 7 Von Mises stress distribution of each model. 
 

 
 

Figure 8 Cross-sectional image of von Mises stress 

distribution at cervical level of the tooth ( upper)  and at 

middle level of the root ( lower), (A) No post and (B) With 

post. 

 

Table 1 Models with different cavity preparations 

 

Table 2 Mechanical properties of materials in this study 

 

Materials 

Elastic 

modulus 

(GPa) 

Poisson’s 

coefficient 

Enamel 84.1a 0.20a 

Dentine 18.6a 0.31a 

Pulp 2a 0.45a 

Cortical bone 14.7a 0.30a 

Cancellous bone 1.37a 0.30a 

Composite filling 

(FiltekTM Z350, 3M ESPE, USA) 

11.35b 0.30b 

Resin cement 
(PanaviaTM F2.0, Kuraray, JAPAN) 

60c 0.30c 

Gutta-percha 0.69x10-3 a 0.45a 

Tenax® Fiber trans, Coltene 
Whaledent, Germany 

26d 0.30d 

References  a Chun et al. [22] 

 b Manufacturer's data of FiltekTM Z350, 3M ESPE, USA 

 c Manufacturer's data of PanaviaTM F2, Kuraray, JAPAN 

 d Manufacturer's data of TENAX® Fiber Trans, Coltène, FRANCE 
 

model without a post, the stress was not distributed to the 

center of the model (Figure 8A upper). But in every model 

with a post, a pattern of stress distribution into the center of 

the model was exhibited (Figure 7 and 8B upper).The line 

graph of von Mises stress obtained in the bucco-lingual 

direction at the cervical level (Figure 9) showed a trend of 

stress decreasing which occurred abruptly in the center part 

of all models, whereas in the models with a post, they showed 

a stress distribution continuity from the buccal side to the 

lingual side. 

 

3.1.2 The stress distribution along the tooth axis from the 

load bearing area through apex 

 

According to Figure 7, a stress distribution was observed 

along the tooth axis from the load bearing area through the 

apex. The stress in all models with a post was distributed into 

the middle part of the root, but in the models without a post, 

the stress was distributed only at the cervical level (Figure 

8A and B lower). The line graph of von Mises stress obtained 

along the lines from the tip of the buccal cusp to the apex of 

the root (Figure 10) illustrates that the stress distribution has 

a tendency to decrease gradually from the upper to the lower 

part of the model. However, in models with a post, the stress 

distribution continues along the axis of the model, whereas 

in the models without a post, the stress distribution goes 

down through to only the cervical area (about 10 mm. down 

from the occlusal plane). 

 

3.2 The maximum von Mises stress  

 

3.2.1 The maximum von Mises stress at the cervical level 

 

The maximum stress at the cervical level for each model 

is shown in Figure 11.  The maximum stress in the models 

with a post (1, 2 and 4)  is lower than the models without a 

post (6, 8 and 10) in every cavity design.  Model number 10 

exhibited the highest maximum stress and model number 4 

showed the lowest maximum stress. 

 

3.2.2 The maximum von Mises stress at load bearing area 

 

The maximum stress at the load bearing area in each 

model is shown in Figure 12. The   maximum stress of model 

without   a   post   was   found  highest  in  model  number  1,  
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Figure 9 Line graph of the von Mises stress obtained in the bucco-lingual direction at the cervical level. 

 

 
 

Figure 10 Line graph of the von Mises stress obtained along the lines from the tip of the buccal cusp to the apex of the root. 
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Figure 11 Column graph of maximum equivalent stress at 

the cervical area. 

 

 
 

Figure 12 Column graph of maximum equivalent stress at 

the loading areas. 

 

 

 
 

Figure 13 Column graph of fatigue life time in experimental 

models with different cavities. 

 

followed by models number 8, 10, 6 and 4, respectively and 

model number 2 showed the lowest maximum stress.  The 

maximum stress in the models class I, II (OM) and II (MOD) 

with a post were higher than the models without a post. The 

maximum stresses in models class V with a post or without 

a post were equal. Interestingly, in the model class V pulp 

exposure with a post, the stress was lower than the model 

without a post. 

 

3.3 Fatigue life time 

 

Among the models without a post, the fatigue life time 

results of the models 1, 2 and 4 were greater than the models 

6, 8 and 10 (Figure 13) .  And the fatigue life time of model 

number 2 was the highest, whereas model number 10 had the 

lowest value. When comparing the fatigue life time obtained 

from the same cavity design, the model with a post had a 

longer fatigue life time than the model without a post.  
 
4. Discussion 

 

The stress distribution and fatigue life time of an 

endodontically treated lower premolar which has been 

restored by resin composite combined with or without a post 

was analyzed using 3D FEA.  This method has been used in 

order to reduce the time and cost of the experiment. 

Moreover, different testing materials could also be controlled 

and the testing method could be performed in different ways. 

However, the obtained results could be applied to only the 

lower premolar or another tooth which has similar 

dimensions. Finite element analysis can be done in either 2D 

or 3D, which may affect the outcome results for each 

situation, i.e., Sorrentino et al. in 2007 used 3D FEA to study 

strain and stress distributions in endodontically treated 

maxillary central incisors restored with different posts, core 

and crown materials.  The results showed stress 

concentrations in the cervical area, but there were a few 

stress concentrations at the apical area [ 19] , which was 

similar to this study.  On the other hand, in previous studies 

by Pegoretti et al.  in 2002 and Coelho et al.  in 2009 which 

2D FEA was used to evaluate the stress distribution in 

endodontically treated teeth, the stress concentration was 

found along the post surface [20, 24]. Thus, different results 

between 2D and 3D FEA may occur because the 3D FEA 

includes the third axis ( z axis)  for analysis, hence the stress 

distribution is more likely to reflect natural behavior [14]. 

Moreover, the result of the FEA may depend on the 

components of model, e.g., the periodontal ligament (PDL). 

Several studies that addressed the model with PDL have 

shown a stress concentration at the cervical and apical area 

[16, 24-25]. In contrast, the stress in models without PDL, is 

concentrated only in the cervical area.  This difference may 

be due to the limitation of movement in the model without 

PDL, whereas the model with PDL could move within the 

PDL space during the load application.  However, according 

to Bessine and Fernandez in 2010 the PDL has no effect on 

the stress distribution [ 17] . And Sorentino et al.  in 2007 

reported that the force direction could be inaccurate in the 

model with PDL [ 19] . Therefore, the PDL was excluded in 

all models in this study to reduce the errors.  The fixed 

position of the model may be another factor that can have an 

effect on the stress distribution.  Li et al.  in 2008 fixed a 

support model at the base area, and the results show that the 

stress concentration at the apical area was more than in this 

study, in which the support model was fixed at both sides 

( mesial and distal area) .  The stress concentration that 

occurred at the apical area, may have arisen from the reaction 

force through the long axis of the tooth when the model was 

fixed at the base [16]. According to the review of literatures 

on 3D FEA in endodontically treated teeth restoration with 

different post materials, restoration with a fiber post has a 

stress concentration at the cervical and load bearing areas. 

However, the stress was distributed into the tooth more 

equally in all directions when compared to the model with 

the cast metal post, in which the stress was concentrated only 

at the apical area and post dentine interface [20, 21, 26]. 

Clinical studies have also reported a higher fracture 

incidence of endodontically treated teeth at the apical area if 

the tooth was restored with a cast metal post, hence the 

failure of endodontically treated teeth that were restored with 

a fiber posts may decrease [27]. In correspondence with this 

study, models with a fiber post showed a  stress distribution 
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along the long axis of tooth and the stress had a tendency to 

decrease from the upper to the lower part of the root. 

Moreover, the stress distribution in the bucco- lingual 

direction at the cervical level had a tendency to decrease 

from the outer to the inner parts. Thus, the tooth restored with 

a fiber post may decrease the risk of root fracture [21, 26] . 

The in vitro study by Nam et al. in 2010 and Northdarft et al. 

in 2008 also reported similar findings. The fractural strength 

of the tooth restored with a fiber post and resin composite 

increased significantly (p-value > 0.05) , except in the tooth 

without the remaining wall [4, 28]. Thus, the tooth restored 

with a fiber post and resin composite could be an alternative 

treatment to restore an endodontically treated teeth. 

The fracture of a tooth structure and restorative material 

may not occur from a high chewing force at one time, but it 

may be fractured by receiving a dynamic load, and then it 

undergoes fatigue and ultimately fractures [29-30]. 

Therefore, this study evaluated the effect of dynamic loading 

on the tooth structure. The results showed that the fatigue life 

times of endodontically treated teeth restored with a post 

were higher than groups without a post.  This finding 

corresponds with the in-vitro study by Sahafi et al.  in 2005 

which a dynamic load of 600 N with a frequency of two 

rounds per second was applied to endodontically treated 

teeth restored with a fiber post and metal crown. The results 

reported that the fracture resistance increased significantly in 

every sample (p-value>0.05) [31]. 

When the remaining wall was absent, it may affect the 

fatigue life time in every model.  In model class II (MOD) , 

the fatigue life time was less than model class I and class II 

(OM) .  In addition, the model with cervical lesion such as 

model class V and class V pulp exposure had the least fatigue 

life time, which may be due to a high stress concentration at 

the cervical level. A similar finding was reported by Ausiello 

et al. in 2011. The in vitro study found that the fracture often 

occurred around the high stress concentration area.  The 

number of cycles that led to fracture in molar class II (MOD) 

group was 104 cycles, which was similar to this study, i. e. , 

the fatigue life time of model premolar class II (MOD) group 

was 7. 5x104 cycles [32]. However, in this study an 

endodontically treated lower premolar was used for the 

stimulation, while in their study, a lower molar was used. 

However, the loading force that they applied was 4 times 

higher than this study, which may result in the similar 

finding.  In order to compare the fatigue life time results, 

more factors, i. e. , shape of the tooth, vitality of tooth, 

restoration method, loading force magnitude and direction, 

need to be considered.   It has been noticed in this study that 

the natural tooth model had less fatigue life time than the 

class I model. This could occur as a mechanical property of 

the model components such as gutta percha and resin 

composite in class I model were similar with dentine. 

Therefore, the stress could be distributed along the axis better 

than in a natural tooth. The dental pulp which has a delicate 

mechanical property could not enhance the stress 

distribution.  This finding was supported by the in vitro 

studies of Pegoretti et al.  in 2002 and Zarone et al.  in 2006 

[13,20] which should be furthered investigated. 

 

5. Conclusions 

 

The stress distributions in all models were similar, i. e. , 

the maximum von Mises stresses were observed at the level 

of the cement-enamel junction (CEJ) and the stress decreased 

abruptly from the outer to the inner part of the root.  When 

considering along the axis of the root, the maximum von 

Mises stress was concentrated at the load-bearing areas and 

the stress decreased gradually from the corona to the apex of 

the root.  This study may indicate a potential method for 

restoring endodontically treated teeth using a fiber post in 

combination with resin composite, since fatigue life time 

could be increased because the fiber post can distribute the 

stress both along the longitudinal and horizontal axis of the 

tooth. However more clinical studies are needed in the future. 
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