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Background: An endodontic post plays a crucial role in stabilizing and 
supporting a core restoration when insufficient coronal dentin remains after 
root canal treatment. It is inserted into the prepared root canal, strengthening 
the restoration and enabling it to endure chewing forces, thereby helping to 
preserve the tooth structure and overall durability of the restoration. 
Aim: To evaluate the biomechanical behaviour and long-term safety of high-
performance polymer PEEK as an intra-radicular dental post-core material 
through comparative finite element analysis (FEA) with other traditional 
(Nickel-Chromium) post-core material. 
Materials and methods: CBCT scanning of a maxillary central incisor and its 
supporting structures was used to construct a two-3D solid model of 
endodontically treated teeth for finite element analysis (FEA). PEEK has a 
lower elastic modulus than root dentin and showed comparably more 
favourable stress distribution and high failure resistance than conventional 
post-core material. Two materials, Nickel-Chromium and PEEK, with the same 
crown design, were simulated to compare traditionally used post-core 
materials and evaluate their post-core properties. A 3D model of the maxillary 
central incisor area, including restorative components, was created. The 
masticatory load of 100 N was simulated at a 5 mm distance from the incisal 
edge and applied at a 45˚ angle to the long axis of the tooth. 
Results: PEEK and metal post models demonstrated similar patterns and 
values of maximum equivalent stresses in the overall components of the model, 
except for the post and crown. In the apex region of the PEEK post-core case, 
the values of stresses were lower than those of metal posts. 
Conclusion: PEEK post-core, with a lower elastic modulus than dentine, 
exhibited a favourable stress distribution profile at the intraradicular surface, 
indicating a lower possibility of root fracture than conventional post-core 
materials. 
Keywords: Polyether ether ether ketone (PEEK), Nickel-Chromium, Finite 
element analysis, Post and core. 
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1. Introduction

Endodontically treated teeth exhibit the major loss of 
coronal dental tissues due to caries, fractures, and access 
cavity preparation procedures [1]. A successful restoration 
of endodontically treated teeth significantly affects their 
survival. The remaining coronal tooth structure, the tooth's 
position in the arch, and the esthetic requirements will 
determine the type of restoration indicated, whether it is 

restored directly or reinforced with a post, core, and crown 
[2,3]. Clinicians use posts and core foundations to support 
the final restorations of grossly destructed teeth [4]. Posts 
are usually classified into two major categories: custom-
made and prefabricated posts [5]. Traditionally, custom-
made posts were fabricated in dental labs from cast metals 
such as gold, palladium, silver, and base metal alloys [6]. 
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Recently, however, they have increasingly made using 
Computer-Aided Design/Computer-Aided Manufacturing 
(CAD/CAM) technology from materials like zirconia, glass-
fibre reinforced composite, Nickel-chrome, hybrid 
ceramics, nano-ceramics, and Polyetheretherketone 
(PEEK) [7]. Custom-made posts adapt well to the root 
canal, have good mechanical proprieties, and have a long 
history of success in restoring endodontically treated teeth. 
Due to their high modulus of elasticity, these materials can 
withstand high occlusal forces before deformation occurs 
[8]. Prefabricated posts have gained popularity recently 
because they offer satisfactory results with minimal 
preparatory work, saving both time and cost [8]. 
 
However, due to a high elastic modulus difference between 
metal alloys and dentine, an excessive functional stress 
concentration may occur around the post, resulting in 
catastrophic root fracture [9]. Therefore, various post-core 
materials have been investigated to achieve long-term 
safety. Previous studies reported that a more favourable 
stress distribution is achieved using a post with a lower 
elastic modulus [10]. However, since fibreglass posts are 
generally supplied as ready-made products, they are 
limited in terms of their conformity to the shape of the root 
canal. In addition, although fibreglass posts have lower 
elastic moduli (from 45.7 to 53.8 GPa) than those of metal 
alloy posts (110.0 GPa for titanium and 95.0 GPa for gold), 
these are still approximately three times the elastic 
modulus of dentin (18.6 GPa ) [11]. Employing post 
materials with an elastic modulus that is lower than that of 
dentin, like PEEK (Polyetheretherketone), promotes a 
more even distribution of stress across the dentin. This 
results in a failure type that is repairable at the neck of the 
tooth when a fracture occurs under excessive load [12]. 
 
PEEK is a tooth-coloured synthetic thermoplastic polymer, 
which exhibits suitable mechanical and shock-absorbing 
properties. Its ability to bond with both dentin and resin 
cement makes it an ideal material for use as a post. Using 
an adhesive luting cement for post retention, instead of 
threading, helps reduce the stress placed on the dentin 
[13,14]. PEEK is one of the organic thermoplastic polymers 
in the PolyArylEtherKetone (PAEK) family, best known as a 
high-performance polymer family, and mainly serves as an 
implantation material due its features and good 
biocompatibility in the medical field. It has been 
recognized as an adequate alternative biocompatible 
material for long-term proven titanium in orthopaedic 
applications. In dentistry, the main usage of the PEEK 
family has increasingly been as temporary implant 
abutments. In addition, it is used as dental clasps and 
frameworks for removable dental partial prostheses 
[15,16]. 
 
Advancements in dental materials and CAD/CAM 
technology enable clinicians to fabricate less time-
consuming, highly accurate esthetic restorations. Posts and 
cores were not an exception as CAD/CAM technology 
permits the fabrication of custom-made PEEK posts and 
cores which can be used with full ceramic crowns thus 
overcoming the limitations of metal cast posts and cores 
[17,18]. 
 
Photoelastic stress analysis was also used to evaluate 
stresses responsible for the failure of a structure. The 

model needs to be made with similar conditions to the 
actual structure in terms of its geometry, support system, 
and the direction and strength of applied forces [19]. The 
distribution of internal stresses in the model should also be 
similar to those existing in the actual structure, regardless 
of the material. The calculations required to separate the 
principal stress values at a general interior point are very 
complicated. For precise stress analysis in large 
components, expensive equipment is needed. Also, 3D 
photoelasticity experiments are very time-consuming and 
tedious [20]. 
 
Fortunately, with rapid improvements in computer 
technology, finite element analysis (FEA) enables the user 
to accurately simulate a complex design like a post-crown 
endodontic restoration system and the natural condition of 
the oral cavity by entering various environmental 
parameters and tissue properties, overcoming the ethical 
issues and difficulties regarding medical studies [21]. 
 
The main objective of this study was to evaluate the 
biomechanical behaviour and long-term safety of high-
performance polymer PEEK as an intra-radicular dental 
post-core material through comparative finite element 
analysis (FEA) with other traditional (Nickel-Chromium) 
post-core material. 
 

2. Materials and methods 

In this research, two types of custom-made posts and 
cores, PEEK and Nickel-Chrome, along with Zirconia full-
coverage restorations, were utilized. The resin cement 
(Panavia F2.0, Kuraray, Japan) was employed for the 
bonding of the posts and full-coverage restorations. 
 
 2.1 Specimen preparation 
A cone-beam computed tomography (CBCT) image of the 
right maxillary central incisor region was captured by a 
CBCT imaging machine (VGI Evo, Italy). The CBCT images 
were imported into the program MIMICS and materialized 
for segmentation. After segmentation, the polygonal model 
was saved in stereolithographic (STL) format and 
transferred to a reverse engineering program. The 
computer-aided three-dimensional interactive application 
(Hypermesh 19) was used for the generation of a solid 
model (Figure 1). 
 
Two 3D Finite Element (FE) models of endodontically 
treated maxillary central incisor with two different posts & 
cores and the same full coverage restoration were designed 
for the analysis of stress distribution induced by applying 
the loads by using the ANSYS 17.0 software program, USA. 
The size and shape of the tooth were consistent with those 
of the anatomical atlas. The crown was 10.5 mm in length, 
with a medial distal width of 8.5 mm and a root length of 
13 mm (the tooth was 23.5 mm long). A 0.2 mm thick 
periodontium was modelled around the root of the tooth.   
After creating the basic tooth model, an apical size of 40 
and taper of 6% of the endodontic instruments and gutta-
percha filling were simulated. Simulation of post space was 
done to a depth of 8 mm from the CEJ, leaving a minimum 
apical seal of 4–5 mm of gutta-percha in the canal space 
after post preparation and transversal tooth section 2 mm 
above the CEJ (ferrule effect) was made and the diameter 
of posts was 1.5 mm. 



 
 
Pavan DSSV et al.,                                                                    FEM analysis of stress distribution in maxillary incisor restored with two Post-Core systems 

89  International Journal of Dental Materials 2024;6(4):87-93 © IJDM 2024 
 

 

 

Figure 1. Different Components of constructed geometry models 

 
Tooth Preparation was modelled according to the 
dimensions of the all-ceramic crown preparation for the 
full coronal coverage. Tooth reduction was modelled as 2 
mm circumferentially and 2 mm incisally. The shoulder 
was kept as a finish line. The all-ceramic crown was 
modelled to fit the abutment. The all-ceramic crowns 
simulated in this study were Zirconia. All posts and crowns 
were cemented with Panavia F2.0 (Kuraray, Japan) with 
0.1 mm thickness. 
 
2.2 FE analysis 
The 3D modelling of the maxillary central incisor region, 
along with restorative components, was done using the 
software, HyperMesh 19. The FE Models were obtained by 
importing the solid models into ANSYS17.0 FEM software, 
USA for stress analysis. All the materials were considered 
isotropic, homogeneous, and linearly elastic; these data 
were imported into the software program, together with 
the elastic modulus and Poisson’s ratio values (Table 1). 
The models were then loaded with normal masticatory 
loads of 100 N at a distance of 5mm from the incisal edge, 
at an angle of 45 to the longitudinal axis of the tooth in 
coronal-apical and palatal-buccal directions (Figure 2). 
Meshing was conducted using quadratic tetrahedral 
elements, resulting in a total of 38189 nodes and 216854 
elements in the study (Figure 3). 
 

Table 1. Elastic modulus and Poisson's ratio of materials 
used in the current study 

Materials Elastic Modulus 
(GPa) 

Poisson’s Ratio 

Cortical bone 13.7 0.3 
Trabecular bone 1.37 0.3 
Periodontal ligament 0.0689 0.45 
Dentin 18.6 0.31 
GUtta-percha 0.14 0.45 

Zirconia 209.3 0.32 
Resin cement 18.6 0.28 
Nickel-Chromium alloy 205 0.33 
PEEK 4.1 0.4 

 

 

Figure 2. Force direction 

 

 

Figure 3. 3D Finite element meshing 



 
 
FEM analysis of stress distribution in maxillary incisor restored with two Post-Core systems    Pavan DSSV et al., 

International Journal of Dental Materials 2024;6(4):87-93 © IJDM 2024  90 

 

Von Mises (Vm) stresses generated at the post and core 
assembly, coronal & radicular dentin were numerically 
recorded, colour-coded, and compared amongst the 
various models. 
Model 1: Finite element analysis (FEM) of endodontically 
treated maxillary central incisors with Nickel-chrome post 
& core. 
Model 2: Finite element analysis (FEM) of endodontically 
treated maxillary central incisors with PEEK post & core. 
 

3. Results 

The maximum von Mises equivalent stresses (MPa) of two 
FE models are presented in Table 2. The stress distribution 
in terms of colour contour patterns and the maximum 
value of VME stress of each component are shown in 
Figures 4 and 5. In Finite element analysis, Von Mises 
stress is a measure of the combined effect of different 
stress components. It’s used to predict the yielding of 
materials under various loads. Peek and metal post models 
demonstrated similar patterns and values of maximum 
equivalent stresses in the overall components of the model, 
except for the post and crown. 
 

On the other hand, the PEEK post-core model showed more 
stress concentration at the crown and the cervical area of 
the root. However, it showed significantly less stress 
concentration in the post-core component than in the 
metal post & core. In the metal post & core, the maximum 
stress values were located at the cervical region and 1/2 of 
the root. In the PEEK post-core case, the stress distribution 
and the maximum stress values were located at the core. In 
the apex region of the PEEK post-core case, the values of 
stresses were lower than those of metal posts. In addition, 
the stress in the cervical region of PEKK was dispersed in 
the mesio-distal direction. 
  

Table 2. Comparative Evaluation of maximum von Mises 
equivalent stresses (MPa) within two FE models in this Study 

von Mises Stress PEEK Post Ni-Cr Post 
Crown 295 191 
Post 32.72 118.62 
Dentin 14.13 13.19 
Cementum 13.92 13.01 

PDL 3.08 3.03 
Cement 2.12 1.39 
Cancellous bone 2.075 2.064 
Cortical bone 26.78 26.78 

 
 

 

Figure 4. Stress distribution in PEEK and Ni-Cr post & core 

 

 

Figure 6. Stress distribution in Root dentin of PEEK and Ni-Cr post & core 
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4. Discussion 

The risk of tooth fracture is an undesirable incident usually 
related to insufficient coronal tooth structure after 
endodontic treatment [22]. Rebuilding of the tooth 
structure by a post prior to crown restoration sometimes is 
mandatory to provide a stable and solid restoration of the 
tooth [23]. 
 
Analyzing stress distribution in post-core-restored 
endodontically treated teeth is challenging in vivo due to 
variations in mechanical and physical properties among 
different tooth tissues, which complicates the control of 
factors such as remaining tooth structure, load direction, 
and magnitude, as well as tooth position. In vitro tests also 
fall short as they cannot fully replicate the oral 
environment. To address these challenges, this study 
employed Finite Element Analysis (FEA) to simulate 
natural conditions within a complex design. Additionally, 
the Equivalent Von Mises (EVM) stress was utilized to 
assess stress distribution in critical areas, as it integrates 
both normal and shear stresses at specific points, which is 
crucial given the brittle nature of tooth tissues and the 
potential for failure [24,25]. So, in the current study, the 
models were studied as follows: 
Model 1: An endodontically-treated maxillary central 
incisor with 2 mm ferrule and 1.5 mm diameter PEEK post 
& core. Model 2: An endodontically-treated maxillary 
central incisor with 2 mm ferrule and 1.5 mm diameter 
Nickel-chrome post & core. 
 
This study evaluated the use of the high-performance 
polymer PEEK as an intraradicular post-core material by 
comparing it with conventional post-core materials. For a 
post-core restored endodontically treated tooth, a root 
fracture is an undesirable incident. According to previous 
studies, one of the causes of root fracture of post-restored 
teeth is stress concentration around the post-apex [26]. 
Clinically, the use of high elastic modulus metal posts and 
cores in endodontically treated teeth often leads to vertical 
root fractures, which can necessitate tooth extraction. To 
avoid these catastrophic fractures, prefabricated fibreglass 
posts and resin cores are now employed as post and core 
systems. Fibreglass, with its lower elastic modulus 
compared to metal but comparable strength, creates more 
favourable stress distributions within the root and 
typically results in repairable horizontal fractures if a root 
fracture occurs. However, despite having a lower elastic 
modulus than metal, fibreglass still has an elastic modulus 
several times greater than that of dentin. Recently, the 
high-performance polymer PEEK with an elastic modulus 
lower than that of fibreglass and similar to that of dentine 
has been introduced as an alternative intraradicular post-
core material [27]. Therefore, the present study was 
performed to evaluate the biomechanical behaviour and 
long-term safety of the PEEK post-core system in the 
radicular tooth structure by using 3D FEA. 
 
To assess the influence of a post-core material on the stress 
distribution of the restored tooth, the magnitudes of VME 
stresses under functional loading conditions were 
examined. In two experimental groups, the highest value of 
VME occurred at the zirconia crown among the overall 
components of each restored tooth model. This result is in 
agreement with the previous study of Sorrentino et al. [28], 

which conducted an FEA with a tooth model composed of a 
post, core, and crown, and it revealed that the crown 
component protects the whole system in the entire post-
core restored tooth mode. 
 
Regarding the effect of post-core material on the tooth 
root, the maximum VME stresses were observed at the 
outer labial region of the root's cervical area in both cases. 
When comparing these scenarios, it was found that as the 
elastic modulus of the post-core material decreased, stress 
concentration tended to increase, though the difference 
was not significant. This finding is consistent with previous 
research, indicating that more rigid post-core materials are 
better at resisting deflection forces, resulting in reduced 
maximum stresses on the root [29]. According to the study 
by Lanza et al. [10], the ideal materials of post-core 
systems should be sufficiently elastic to accompany the 
natural flexural movements of the tooth, which more rigid 
post-core materials cannot do. A post-core material with 
similar biomechanical properties to dentin could be 
advantageous in reducing the risk of root fractures. 
Therefore, a more rigid post-core working against the 
natural function of the tooth creates zones of tension and 
shear at the interface of dentine to the cemented post. 
These tensions, the intensities of which depend on the 
relative rigidity differences between the root and cemented 
post, can cause debonding or fractures. 
 
In terms of stress distribution along the intraradicular 
labial root surface, where the dentine interfaces with the 
cemented post, the PEEK post-core—having an elastic 
modulus similar to that of dentine—demonstrated a lower 
stress distribution profile along the root mid-line 
compared to the post-core materials with higher elastic 
moduli. Metal post-cores showed generally higher stress 
distribution profiles, particularly in the cervical and post-
apex regions. These findings indicate that a post-core 
material with a lower elastic modulus, such as PEEK, is 
advantageous for stress distribution at the dentine-post 
interface, potentially leading to a more repairable root 
fracture mode. This observation is consistent with previous 
studies highlighting the significance of stress distribution 
at the dentine-post interface. 
 
Regarding the mechanical properties of PEEK, its flexural 
strength was similar to that of dentine and lower than the 
metal, and it had also a lower elastic modulus than dentine. 
As a result, the PEEK induced lower stresses in the post-
core component, due to its flexibility. However, when the 
post made with PEEK material with lower elastic modulus 
was used, the post's stress distribution and safety factor 
were more favoured, but rather more stress was 
transferred to the adjacent crown and cement, which might 
indicate a higher probability of debonding of post and 
cement debonding resulting in crown fracture. In other 
words, using a post material with a low elastic modulus 
reduces the likelihood of vertical root fractures. However, 
this may increase the risk of post-core restoration failure 
due to cement debonding. Therefore, the elastic modulus 
and strength of the post-cement play a crucial role in 
maintaining the overall stability of a tooth restored with a 
low elastic modulus post-core material. 
 
The distribution of mechanical and thermal stress in the 
complex geometry of an endodontically treated tooth, 
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restored with a post, depends on the geometric, physical, 
and thermal properties of various materials and dental 
tissues. However, the variable stress gradient can 
contribute to damage to the bonding system resulting in 
the crazing of the filling material and remaining dental 
tissues [30]. 
 
In restorative dentistry, using PEEK for post and core 
represents a strategic approach to future dental health. The 
flexibility of PEEK material facilitates the correction of 
angulation issues ensuring precise alignment for optimal 
functionality and esthetics. 
 
While the current study is a virtual experiment using 3D 
Finite Element Analysis (FEA), it highlights how the elastic 
modulus of post-core materials can impact the likelihood of 
vertical tooth fractures and post-core debonding. 
Therefore, a thorough understanding of stress distribution 
and the long-term stability of the post-core restored tooth 
system can aid dental professionals in making informed 
decisions about post-core material selection, considering 
the amount of remaining tooth structure. It should be 
noted that the simulation materials of the restorative parts 
and oral structures used in this study were considered to 
be linearly elastic, homogeneous, isotropic, and ideally 
bonded, which is not the same as that of natural tooth 
structure and supporting tissues which they present 
heterogeneous and anisotropic behaviours [31]. However, 
to guarantee the accuracy of the finding, a direct 
comparison between the results of the FEA study and 
clinical trial with in-vitro studies is necessary to support or 
modify the outcome of the present study and evaluate the 
combined effects of thermal changes and mechanical 
loading. Therefore, further laboratory and clinical studies, 
including ageing effects, are required to verify and 
supplement the present study. 
 

5. Conclusion 

Based on the results of this study, the following 
conclusions may be drawn: 
 PEEK post-core, with a lower elastic modulus than 

dentine, exhibited a favourable stress distribution 
profile at the intraradicular surface, indicating a lower 
possibility of root fracture than conventional post-core 
materials. 

 PEEK models transferred higher stresses to the 
interface material and restorative crown than the other 
models due to its flexibility. The probability of 
debonding and crown failure in a PEEK post-core 
system may be higher than that of rigid post-core 
systems. 
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