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Abstract: Endodontic-treated teeth with massive degrees of coronal tissue loss usually require
rehabilitation with post-retained unitary crowns. This study aimed to evaluate the effect of ferrule
design on the stress distribution of maxillary incisors rehabilitated with zirconia crowns using
finite element analysis. Six three-dimensional models were generated according to the presence
and location of ferrule (No Ferrule, Buccal Ferrule, Lingual Ferrule, Buccolingual Ferrule, and Full
Ferrule). The post—core materials tested were Nickel-chromium (NiCr) and Polyetheretherketone
(PEEK). A static load of 100 N at a 45-degree angle on the Lingual surface, in a region 2 mm below
the incisive ridge, was applied. Von Mises stresses and contour plots of all of the models were
collected and analyzed. A lower and more uniform stress distribution was observed in the Full
Ferrule model compared with the remaining models. A reduction of 72% in the von Mises peak
stresses was observed in the root when comparing the Full Ferrule and No Ferrule models, both with
PEEK post—core material. In conclusion, the presence of an incomplete ferrule is beneficial to the
stress distribution in restored post-retained crowns. The use of PEEK for post-core structures reduces
the stress concentration on the posts, reducing the predisposition to irreparable root fracture.

Keywords: finite element analysis; ceramic crown; Polyetheretherketone; PEEK; ferrule design;
incomplete ferrule; post-retained restoration

1. Introduction

Teeth with extensive coronal tissue loss usually require root canal treatment (RTC)
followed by restoration with post-retained crowns to recover their function [1]. According
to the American Association of Endodontists (AAE), more than 15 million root canals are
performed each year in the United States [2]. Traditionally, metallic cast posts were used to
retain or substitute (as a one-piece post—core component) the tooth abutment. The disad-
vantages of using metal for this purpose are corrosion, compromised aesthetics due to the
metal shadow under all-ceramic crowns, and debonding surfaces between the prefabricated
posts and core as well as between the post and dentin [3]. Another point to be highlighted
is the elevated Young modulus found in frequently employed alloys like Nickel-chromium
(NiCr) (203.60 GPa), in contrast to dentin within the root (18.60 GPa). This difference in elas-
tic modulus tends to generate a stress concentration that increases the predisposition to root
fracture. Due to all these conditions, numerous alternative materials like fiber-reinforced
composites (fiberglass), titanium, and ceramics have been used as the post material in
an attempt to prevent complications. While all of the aforementioned materials exhibit
an elastic modulus lower than NiCr alloys (53.8, 120, and 200 GPa, respectively), they still
possess an elastic modulus that is significantly higher than human dentin [1,4].

Based on this, materials with a similar or lower elastic modulus than dentin, like
Polyetheretherketone (PEEK), have been suggested to produce prefabricated posts. PEEK
is a semicrystalline thermoplastic polymer, with good mechanical and chemical properties,
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even at high temperatures [5,6]. The elastic modulus of pure PEEK is 3-4 GPa, accompanied
by a tensile strength of 80 MPa. These values are lower when compared with the mechanical
properties of human dentin (elastic modulus of 18.6 GPa and tensile strength of 104 MPa).
In post-retained restored teeth, such differences tend to lead to reparable fractures, located
in the post instead of the dental root [1,7,8]. Furthermore, the use of CAD/CAM milling,
injection molding, and three-dimensional (3D) printing methodology technologies enabled
PEEK, as a biomaterial, to migrate from the orthopedic to the dentistry field, initially being
a promising material in the implantology and prosthodontic areas [6], and now also being
investigated for customized endodontic posts [1]. For all of these reasons, pure PEEK was
the material selected to be investigated in the current study for the core-post components.

Another factor that influences the success of endodontic-treated teeth restored with
post-retained crowns is the presence of ferrule. Ideally, ferrule is a sound tooth structure
above the crown margin with a minimum height of 1.5 mm to 2 mm, present in the whole
circumference of the tooth [8-10]. The function of this dentin collar is to provide better
stress distribution, creating a protective ferrule effect. This effect is especially important
in maxillary anterior teeth, which are frequently exposed to non-axial loads, even in the
normal occlusion, supporting high flexural stresses [8]. However, it is not always feasible
to replicate the ideal guidelines in clinical settings. The ferrule design can be affected by the
amount of destruction experienced by each tooth, commonly caused by cavities and caries
excavation on the proximal sides [11]. Although studies have concluded that the design of
the ferrule does not exert an influence on the biomechanical performance of endodontic-
treated incisor teeth [10,12], there is consensus that the presence of an incomplete ferrule is
considered a better option than the complete lack of it [9,13,14]. Many studies have assessed
the impact of different ferrule heights [14-16] and the influence of the post material [1,17,18]
in the development of non-reparable (below the cement-enamel junction—CEJ—leading to
tooth extraction) or reparable (above CE]J) tooth fractures [8,19]. However, there are a lack
of studies testing incomplete ferrule designs and their interaction with one-piece post-core
made of PEEK related to the stress distribution of human maxillary incisors rehabilitated
with monolithic zirconia crowns; thus, these are the parameters tested in this study.

Different in vitro and in silico methodologies, such as mechanical testing with physical
specimens and finite element analysis (FEA) of 3D models, respectively, have been used
for risk assessment for failure based on the interactions of the components of a clinical
setup under load. Through computational calculations, FEA provides the estimation of
the stress distribution within the various components of a complex structure, such as
teeth restored with post-retained crowns. Another advantage of FEA over the tests that
evaluate and collect data from physical specimens is that FEA has a non-destructive nature,
which reduces testing costs and provides fast results, with the flexibility to evaluate several
material and load conditions [20-22]. Therefore, FEA was the test selected to evaluate the
stress distribution in the 3D models of the current study. The primary objective of this study
was to assess the impact of the PEEK post—core material and different ferrule designs in
terms of the stress distribution of a maxillary incisor based on von Mises stress, employing
three-dimensional (3D) finite element analysis (FEA). The formulated hypothesis was
that the presence of ferrule has a higher impact on the stress distribution throughout the
components of the models when using pure PEEK as the post-core material.

2. Materials and Methods
2.1. Three-Dimensional Models

A standard right central maxillary incisor for root canal treatment training (Real-T
Endo AE401-8 Acadental, Lenexa, KS, USA) was scanned using micro-CT (Skyscan1172,
Micro Photonics Inc., Aartselaar, Belgium). A pixel size of 34.40 um and an operating
voltage of 70 kV were used in the process. The resulting sliced images were exported and
reconstructed using NRecon software (Version 1.7.4.2, Bruker; Aartselaar, Belgium). The
transverse sections of the tomographic images were exported as bitmap files to interac-
tive medical image-processing software (Synopsys Simpleware ScanlP, version T-2022.03;
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Mountain View, CA, USA) (Figure 1), to be processed and modified into various 3D models
(Figure 2). Grayscale values were used to differentiate structures, such as dentin, and filling
material. Boolean operations, 3D editing, Recursive Gaussian filter, and Create object tools
were used to generate individual masks of the crown, core, ferrules, post, filling material,
and simulated bone.

A B

Figure 1. Standard right central incisor for root canal treatment training. (A) Tomographic image
produced using micro-CT; (B) resultant image after importing slices to Simpleware.
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Figure 2. Three-dimensional models generated with different ferrule designs (represented in blue
colors and indicated with an asterisk). (A) No Ferrule model; (B) Buccal Ferrule model; (C) Lingual
Ferrule model; (D) Buccolingual (BL) Ferrule model; and (E) Full Ferrule model.

To create a model for all-ceramic restoration, standard tooth preparation was used.
The model presented the following features: a shoulder crown/margin design ranging from
1 to 1.2 mm, a 90-degree cavosurface angle, an incisal crown thickness of 1.6 mm, and a
6-degree core inclination [23,24]. The post was designed with a conical shape, with a 14 mm
length and 0.7 mm and 2.5 mm diameters in the apical and occlusal portions, respectively.
Post and core were incorporated to simulate a one-piece post—core component. In the root
canal treatment, 4 mm of filling material was left in the apical third. The simulated bone
was placed 3 mm below the cementoenamel junction (CEJ), representing the worst-case
scenario, with reduced bone support, mimicking periodontal disease. Ferrules with 2 mm
height and different designs were produced. A total of 6 models were created based on their
ferrule presence and location (No Ferrule model, Buccal Ferrule model, Lingual Ferrule
model, Buccolingual (BL) Ferrule model, and Full Ferrule model), represented in Figure 2.
Model A simulates a tooth with an absence of ferrule and model B simulates a tooth with a
2 mm ferrule only in the Buccal region, while model C presents a 2 mm ferrule exclusively
in the Lingual region. Model C simulates 2 mm ferrules in both the Buccal and Lingual
regions, but these are discontinued in the mesial and distal sites. Model E was built with a
continuous circumferential 2 mm ferrule in the cervical tooth region.
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To generate the meshing, the Simpleware module +FE Free was chosen. Tetrahedral
meshes are commonly used in complex geometries like dental structures and prostheses due
to being able to approximate the surface contour [25]. Therefore, higher-order tetrahedron
elements with 10 nodes (C3D10), known as quadratic elements, were selected to accomplish
the meshing process in the models of the present study, as exemplified in Figure 3.
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Figure 3. Models meshed with tetrahedron quadratic elements. (A) Frontal view; (B) lateral view.

2.2. Finite Element Analysis

In this study, all of the materials were considered to be isotropic and homogeneous,
and have linearly elastic mechanical properties. Although materials such as gutta-percha
and cancellous bone present nonlinear viscoelastic behavior in clinical scenarios, which
is a time-dependent viscoplastic phenomenon, simplification in material properties and
also in the morphology of the components of the models is common in FEA. In static
loading simulations, as in the current study, homogeneous isotropic material properties can
provide acceptable results [26]. Two materials were selected for the customized post—core
structure. Nickel-chromium (NiCr) was chosen as a control due to its traditional use as a
one-piece post—core in endodontic practice. Pure PEEK was chosen for showing beneficial
mechanical behavior, decreasing the stress concentration in all of the components of the
models in previous FEA studies [1] when compared with traditional materials. The Young
modulus and Poisson ratio of the materials assigned to the respective components of the
mesh volumes can be seen in Table 1 [1,15,27-32].

Table 1. Material properties assigned to the components of the mesh volumes.

Model Young’s Poison’s

Component Material Modulus (GPa) Ratio References
Bone support Cancellous bone 1.37 0.30 [1,28]
Filling material Gutta-percha 0.69 0.45 [1,31]
Root, ferrule Dentin 18.60 0.31 [1,29]

Nickel-chromium (NiCr) 203.60 0.30 [15]
Post, core

Pure PEEK 4.10 0.40 [1,30]
Crown Zirconia 200.00 0.33 [27,32]

The boundary conditions were applied to constrain the nodes on the bottom and
external lateral surfaces of the supporting bone for displacement and rotation, resulting
in 0 degrees of freedom in all directions. To simulate a normal occlusion, a static load of
100 N was applied at a 45-degree angle to the long axis of the tooth on the Lingual side
of the clinic crown [27,33], 2 mm from the incisal edge, as depicted in Figure 4. For each
experimental clinical scenario, von Mises stress data were collected [18]. The peak stress



Ceramics 2023, 6

2260

values and locations, as well as the plot contour for stress distribution behavior for the
ceramic crown, root-ferrule, and post—core layers, were recorded and further analyzed.
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Figure 4. Boundary and load conditions. Constricted nodes are represented in orange, while the load
direction and location are represented by yellow arrows. (A) Lingual view; (B) lateral view.

3. Results

A total of eight mesh densities were utilized to perform the convergence test. The INP
files were then exported to finite element analysis software (ABAQUS; Dassault Systemes
in Johnston, RI, USA). The number of elements and the peak stress expressed in terms
of von Mises (MPa) stress for each mesh density were recorded and plotted, as seen in
Figure 5. A mesh density of —17 was selected as the most adequate to be used in all the
further finite element analyses since it provided a consistent result independent of the
mesh refinement and a reduced computing analysis time. The number of elements for
each model was 191,192 for the No Ferrule model; 338,837 for the Buccal Ferrule model;
462,879 for the Lingual Ferrule model; 330,866 for the Buccolingual model; and 324,647 for
the Full Ferrule model.
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Figure 5. Convergence test data.

The peak stress values and locations for each model were recorded using von Mises
stress as the failure mode, and these can be found in Table 2. Regarding the location, the
buccal side of the crown and root had most of the peak stress in the models concentrated
in them, except for the Buccolingual Ferrule model. The presence of ferrule shifted the
location of stresses from the root to the monolithic zirconia crown (except in the Lingual
Ferrule model). Regarding the peak stress values, the Full Ferrule model demonstrated the
lowest peak stress compared with the other models and exhibited a significant reduction of
44% in peak stress when compared to the No Ferrule model with pure PEEK.
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Table 2. Peak stress values and locations by model recorded using von Mises stress as the
failure mode.

Assembly Model (Vorfizli(sjstf;i[Pa) Location
No ferrule (NiCr) 189 Root (buccal)
No ferrule (PEEK) 223 Root (buccal)
Buccal ferrule 248 Crown (buccal)
Lingual ferrule 217 Root (buccal)
Buccalingual ferrule 234 Crown (lingual)
Full ferrule 125 Crown (buccal)

The peak stress values in the monolithic zirconia crown, as well as in the root-ferrule
and post—core layers, are expressed in Figure 6. Similar range values were observed in the
crown component for the No Ferrule (PEEK), Buccal Ferrule, and Lingual Ferrule models.
The models containing Lingual Ferrule (Lingual Ferrule and BL Ferrule models) presented
the highest stresses in the crown (248 and 234 MPa, respectively) compared with the other
models, while the Full Ferrule model demonstrated the lowest peak stress for this layer
(125 MPa). The stress distribution in the crown for all of the models is depicted in Figure 7.
It is noticeable that all of the models present a high stress concentration at the surface in
contact with the tooth margin, represented by the red areas.

Peak Stress by Model Component
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§ 250 17189 195
< 200
§ 150
2 100
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ferrule ferrule ferrule ferrule ferrule
(Nicr)  (PEEK)
Models

Figure 6. Peak stress values of all models’ component layers expressed in von Mises stress (MPa).

The contour plots for stress distribution on the transverse plane view of the ferrule
and root are depicted in Figure 8, while the buccolingual cross-section views of the same
components are depicted in Figure 9. The Buccal Ferrule model demonstrated the highest
von Mises stress in these layers with a peak stress of 245 MPa, followed by the No Ferrule
(PEEK) model with 223 MPa. The lowest von Mises stresses for root—ferrule layers were
found in the Full Ferrule model (63 MPa), followed by the Buccolingual Ferrule model,
with 168 MPa, and the Lingual Ferrule model (217 MPa). These results demonstrate that the
presence of Lingual Ferrule can reduce the stress concentration in the root—ferrule layers
(Figure 8D-F). For all of the models, peak stresses are located at the root shoulder. Figures
8F and 9F demonstrate that the model with Full Ferrule and PEEK post-core material
presents a more homogeneous and beneficial stress distribution.
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Figure 7. Contour plot for stress distribution on the crown. The top row represents the buccolingual
cross-section view and the bottom row represents the transverse plane view. Models: (A) No Ferrule

(NiCr); (B) No Ferrule (PEEK); (C) Buccal Ferrule; (D) Lingual Ferrule; (E) Buccolingual Ferrule; and
(F) Full Ferrule.
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Figure 8. Transverse plane view of stress distribution contour plots of ferrule and root model
components. Models: (A) No Ferrule (NiCr); (B) No Ferrule (PEEK); (C) Buccal Ferrule; (D) Lingual
Ferrule; (E) Buccolingual Ferrule; and (F) Full Ferrule.
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Figure 9. Contour plot for stress distribution on the buccolingual cross-section of the root and ferrule.
Models: (A) No Ferrule (NiCr); (B) No Ferrule (PEEK); (C) Buccal Ferrule; (D) Lingual Ferrule;
(E) Buccolingual Ferrule; and (F) Full Ferrule.

The post-core components of the models showed peak stresses located in the core
region, in contact with the tooth structures. The No Ferrule (PEEK) model showed a
significant 82 percent reduction in von Mises peak stresses when compared with the No
Ferrule (NiCr) model, with values of 22 MPa and 126 MPa, respectively (Figure 6). The
cited contour plots of the models are depicted in Figure 10. The stress distribution in
the PEEK post-core component (Figure 10A,B) was more uniform, homogeneous, and
concentrated in the cervical part of the post—core structure, while in the post—-core made
of NiCr (Figure 10C,D), it demonstrated high stress concentration along the middle third
of the post and under the applied load region. The PEEK post—core components in all of
the tested models had values under 60 MPa: the Full Ferrule model had the lowest value
(6 MPa), followed by the BL ferrule with 16 MPa and No Ferrule (PEEK) with 22 MPa, and
then the Buccal (30 MPa) and Lingual (59 MPa) Ferrule models.

B
No Ferrule No Ferrule
(PEEK) (NiCr)

Figure 10. Contour plot for stress distribution on the post—core layers of models without ferrule.
(A) Lingual view of the No Ferrule model (PEEK); (B) Buccal view of the No Ferrule model (PEEK);
(C) Lingual view of the No Ferrule model (NiCr); and (D) Buccal view of the No Ferrule model (NiCr).
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4. Discussion

It was proved that the predictions from finite element analysis (FEA) closely matched
the results of strength tests when simulating endodontic-treated teeth restored with post-
core systems [29]. This alignment between experimental and FEA estimations has estab-
lished FEA as a reliable method for assessing stresses in post—core restored teeth. As
a result, several studies [15,16,18,29,31,34-38], including the present one, have utilized
FEA to evaluate post—core systems. A large variety of materials have been evaluated to
produce prefabricated posts and post—core structures [34]. According to the literature,
materials with dentin-like biomechanical properties can reduce the risk of tooth fracture
and debonding [17,37].

In the present study, pure PEEK was the material selected to be investigated using
in silico methodology. Few recent studies have used similar post and core materials and
an FEA approach on maxillary incisors [36,37]. Tekin et al. [37] compared two different
post materials (glass fiber and PEEK post) supporting metaloceramic and PEEK crowns,
under similar loads and directions. The authors, in agreement with the current study,
also concluded that posts made of PEEK reduce the stress in the structures of endodontic
restored teeth when compared with other materials, consequently reducing the risk of irre-
versible tooth fracture. Nahar and collaborators [36] analyzed fiber-reinforced composite
(FRC), carbon fiber-reinforced Polyetheretherketone (CFR-PEEK), glass fiber-reinforced
Polyetheretherketone (GFR-PEEK), and polyetherketoneketone (PEKK) post materials with
a composite resin core. The results pointed out that lower von Mises stresses were observed
in dentin when using a CFR-PEEK post rather than the remaining tested materials. They
also mentioned that stress parameters were consistently observed to remain below the criti-
cal failure limits for dentin, both in terms of tensile (135 MPa) and compressive (297 MPa)
thresholds, across all variations of posts employed. In the present study, von Mises stress
was utilized as the failure mode, which demonstrated the resultant vector of all forces
combined; however, all of the models were below the dentin threshold for compressive
stresses, while only the Full Ferrule model was under the tensile limit.

Core—posts made of PEEK were also tested in vitro in recent studies [39,40]. Sugano et al. [40]
prepared experimental specimens using extracted bovine mandibular incisors without ferrule.
PEEK was present in two groups: PEEK post and PEEK post in glass fiber sleeve. The one-
piece core—post specimens were submitted to a 45° compressive load with the long axis at a
speed of 1.0 mm/min until fracture. Based on the maximum load to fracture, the researchers
concluded that glass fiber post, glass fiber post in glass fiber sleeve, and PEEK post in glass fiber
sleeve showed a higher fracture load when compared with other groups and therefore were
recommended in cases with flared root canals. Ahmad et al. [39] carried out similar tests using
58 human permanent maxillary central incisors divided into two groups: prefabricated PEEK
post plus composite core and PEEK custom-made post—core. The specimens were submitted to
a pullout resistance test or fracture strength test after restoration with IPS e-max CAD crown.
They concluded that both groups presented similar pullout resistance but the prefabricated posts
were more resistant to fracture. The prevalent mode of failure for prefabricated posts was core
displacement or fracture, while in the PEEK post—core single-units, the failure occurred in either
the crown or the post. Such findings corroborate the stress distribution found in the current study.
The models with Lingual Ferrule (Lingual Ferrule and BL Ferrule models) presented the highest
stresses in the crown (248 and 234 MPa, respectively) but lower stresses in the root-ferrule layers
(217 MPa for the Lingual Ferrule model and 168 MPa for the BL Ferrule model), compared with
the other models with incomplete ferrule designs using PEEK. Although the ceramic crowns
were subjected to high stresses, they presented a higher Young modulus than the dentin in
the root (Table 1) and therefore were able to withstand higher stresses. In addition, if the load
applied exceeded the crown material resistance, the fracture would have a reparable nature, via
crown replacement.

A couple of clinical cases [41,42] restoring maxillary incisors with custom-made PEEK
post—core supporting single-unit lithium disilicate ceramic crowns, are present in the
literature. In both of them, a ferrule of at least 2 mm was present. In the 5-year follow-up
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report [41], debonding was not observed and PEEK was considered to be an appropriate
material to successfully restore central incisors. Another report, with a 3-year follow-up,
concluded that PEEK can be a viable alternative for post materials. The authors also
highlighted the fact that this material has a lower cost compared with gold and zirconia
cast posts but can be more time-consuming and expensive to use when compared with
prefabricated fiber posts because of the indirect laboratory technique. In both cases, the
restorative components did not present failure, which is what led the authors to conclude
that more clinical studies and long-term follow-ups are necessary to evaluate the longevity
of customized PEEK posts in clinical scenarios.

A few studies [10,12,43-46] have tested the influence of incomplete ferrule designs on
fracture resistance and failure modes of endodontically treated maxillary incisors restored
with a unitary crown, with contradictory conclusions. Dikbas et al. [12] and Figueiredo
et al. [10] tested the same ferrule designs as the current study with in vitro compressive and
cyclic load modes, respectively. Both studies used fiberglass posts and concluded that there
was no influence of the ferrule design on the fracture resistance and failure mode, which
goes against the conclusion of the present study, for posts made of PEEK. Nonetheless,
there is a greater number of in vitro studies that have indicated a positive correlation
between ferrule design and fracture resistance. Two in vitro studies [44,46] submitted
their physical specimens, with post material other than PEEK, to compressive load until
failure. The remaining parameters utilized were the same as those in the current study. The
authors concluded that the presence of incomplete ferrules influenced fracture resistance
and the failure modes. Also, the authors observed that the location of the remaining sound
tooth structure matters, with the Lingual being the most beneficial when Full Ferrule is
impossible to achieve. These findings agree with the stress distribution in the models with
incomplete ferrule, shown in the present study, where the presence of Lingual Ferrule
decreased the peak stress in the root—ferrule layers. Another study [45] analyzed sixty
maxillary anterior teeth during a chewing simulation test and reached the same conclusion
about the importance of Lingual Ferrule in incomplete ferrule designs for teeth restored
using quartz fiber posts. While numerous in vitro studies have assessed the influence of
both complete and incomplete ferrules on the fracture resistance of anterior maxillary teeth,
none of these studies selected PEEK as the material of choice.

A recent meta-analysis [43] and systematic review [9] that encompassed incomplete
ferrule designs in maxillary and mandibular teeth, with a variety of ferrule heights and
post materials, concluded that the complete circumferential design is the most beneficial to
improve fracture resistance. In the absence of this option, incomplete ferrules, especially
on the palatal/lingual side, would be preferential. Such conclusions are in accordance
with the stress distribution and peak stresses in the root layers of the models containing
Lingual Ferrule.

As is the case in most of the studies, limitations in the methodology are present in
the current study. In clinical scenarios, the availability or design of the ferrule structure
cannot be controlled; instead, it is determined by the tooth’s history, caries removal, and the
conditions following endodontic treatment. Also, the cyclic load is the prevalent but not
the exclusive load mode type for maxillary incisors. Axial and lateral loads are also present
due to the anterior guide and parafunctional habits, respectively, and influence the stress
distribution throughout the components of the rehabilitated tooth. In addition, temperature
and humidity similar to the oral environment could not be reproduced in the present study.
Even considering such constraints, the results of the experiments obtained in this study
could confirm the initial hypothesis suggested and demonstrate that the presence and
location of ferrule have a higher impact on the stress distribution throughout the models’
components rehabilitated with pure PEEK as the post—core material.

5. Conclusions

Finite element analysis of 3D models generated using a micro-CT scan of a right central
incisor demonstrated that lower and more uniform stress distributions were observed in
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the models with 2 mm Full Ferrule. The advantage of Full Ferrule was proven by the
reduction of 72% in the von Mises peak stresses in the tooth root when comparing the
models Full Ferrule and No Ferrule (PEEK). Also, the presence of Buccal Ferrules shifted
the von Mises peak stresses from the tooth root to the crown, demonstrating the relevance
of this ferrule location when an ideal Full Ferrule cannot be obtained. The influence of the
PEEK material was more pronounced in the stress distribution of the post-core layers of the
model, demonstrating a reduction of 82% in the peak von Mises stresses when compared
with the post—cores made of NiCr in models with no ferrule. Such a reduction can be
attributed to the lower elastic modulus of pure PEEK when compared with the mechanical
properties of human dentin. Overall, all findings collectively demonstrate the excellence of
PEEK as a material of choice, and the importance of the 2mm full circumferential ferrule for
better stress distribution in all the components of the post-retained restored teeth. When
incomplete ferrule design was the only option, the presence of the sound tooth in the
Lingual region proved to be beneficial.
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