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Stress distribution in endocrowns with
different materials and loading conditions: a FEM study
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Purpose: This study aimed to evaluate the effect of different restorative materials on stress distribution in endodontically treated teeth re-
stored with endocrowns using the finite element analysis (FEA). Methods: Six test groups were defined according to restorative material:
(1) polyetheretherketone (PEEK) with composite veneer, (2) carbon fiber-reinforced PEEK (CFR-PEEK) with composite veneer, (3) glass
fiber-reinforced PEEK (GFR-PEEK) with composite veneer, (4) cobalt—chromium (Co-Cr) alloy with ceramic veneer, (5) monolithic lithium
disilicate (LiDi) and (6) monolithic zirconium dioxide (Y-TZP). Mandibular molar models were designed in SolidWorks 2018 and Meshmixer
and analyzed using ANSYS 16.0 under occlusal (400-600 N) and lateral (200400 N) loading. Stress distribution in dentin was assessed
using the von Mises criterion. Results: LiDi demonstrated a uniform and diffuse stress distribution with minimal peak variations, favoring its
use under lateral loading. GFR-PEEK significantly reduced the dentin volume exposed to critical stress thresholds under high occlusal
forces. In contrast, Co-Cr alloy and Y-TZP exhibited greater stiffness, resulting in less favorable stress transfer and pronounced concentra-
tion zones compared with PEEK-based materials and LiDi. Conclusions: The restorative material has a decisive influence on the biome-
chanical behavior of endocrowns. LiDi appears more suitable for premolars predominantly subjected to lateral forces, while GFR-PEEK
offers superior protection in molars exposed to heavy occlusal loading.
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able approach for restoring endodontically treated teeth

[7]. Endocrowns are single-unit restorations, or two-part
restorations when a primary framework is present, de-

1. Introduction

Prosthetic rehabilitation of endodontically treated
teeth with extensive loss of coronal structure remains
a major challenge in contemporary dentistry. Successful
management requires the use of advanced restorative
materials. The reduced fracture resistance of these teeth
is considered to be primarily associated with the loss
of dental tissue caused by trauma or carious destruc-
tion, and to a lesser extent with dehydration and struc-
tural alterations of dentin [13], [20]. The integration of
computer-aided design/computer-aided manufacturing
(CAD/CAM) technology and adhesive systems into
clinical practice has established endocrowns as a reli-

signed specifically for the restoration of endodontically
treated teeth [29].

Minimally invasive tooth preparation with maximal
preservation of sound structure is a fundamental princi-
ple of restorative dentistry, and the use of endocrowns
strongly supports this concept. When present, a circum-
ferential ferrule of at least 1 mm may enhance fracture
resistance, although endocrowns primarily rely on pulp
chamber retention [9]. Through adhesive cementation,
the restoration and tooth form an integrated unit [12].
Long-term success depends on minimizing stress on
the remaining tissues, achieved by an appropriate prepa-
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ration design and the selection of restorative materials
that provide optimal function with minimal biological
cost [4]. Endocrowns are increasingly indicated in cases
with reduced interocclusal space, short, curved or calci-
fied roots [24]. The mechanical properties of restora-
tive materials play a decisive role in the biomechani-
cal behavior of the tooth-restoration complex and in the
longevity of the prosthesis. Elastic modulus is particu-
larly important, because closer matching between the
tooth and the restorative material helps preserve den-
tin integrity under both functional and parafunctional
loading. [19].

In modern restorative dentistry, endocrowns can be
fabricated from a variety of materials, including high-
-performance polymers such as PEEK and its fiber-
-reinforced derivatives (CFR-PEEK, GFR-PEEK), base
metal alloys (e.g., Co-Cr), and advanced ceramics such
as LiDi and Y-TZP. The mechanical and esthetic char-
acteristics of each material largely determine their
clinical application [10]. LiDi is well established for
endocrown use, combining favorable strength, adhesive
bonding potential, and translucency, with encouraging
clinical outcomes reported after 23 years of follow-up
[7]. Y-TZP, on the other hand, provides superior frac-
ture resistance and toughness, but its adhesive ce-
mentation is technically challenging since, unlike glass-
-containing ceramics, it cannot be hydrofluoric-acid
etched, requiring alternative conditioning and bond-
ing methods [3]. Co-Cr alloys exhibit high mechanical
durability, excellent wear and corrosion resistance, but
present obvious esthetic limitations [33]. PEEK dem-
onstrates a relatively low elastic modulus (~3—4 GPa),
closer to dentin than metals and Y-TZP, which may
contribute to more favorable stress distribution; fiber
reinforcement with carbon or glass improves stiffness
and strength, although adhesion and esthetics remain
limitations [26]. Few investigations to date have con-
currently assessed axial and lateral loading across these
material groups, under different load magnitudes and
standardized boundary conditions, while applying mul-
tiple descriptive criteria within finite element analysis.
This comprehensive approach is the focus of the pres-
ent study.

Finite element analysis (FEA) provides valuable in-
sights into stress distribution, guiding both restoration
design and material selection [31]. The question of the
optimal elastic modulus for materials used in the res-
toration of such teeth, however, remains without a de-
finitive answer.

The working hypothesis of this study was that the re-
storative material, in correlation with the direction and
intensity of loading, significantly affects stress distribu-
tion in the remaining tooth structure of endodontically

treated teeth restored with endocrowns. We assumed that
materials with an elastic modulus closer to dentin, such
as PEEK, GFR-PEEK, and CFR-PEEK, would provide
more favorable stress distribution and reduce the risk of
localized concentrations, whereas stiffer materials with
higher modulus values, such as Co-Cr alloy and Y-TZP,
would result in more pronounced stress peaks.

2. Materials and methods

Geometric modeling

The finite element analysis was developed from the
geometry of a real human tooth extracted for periodontal
reasons. Specifically, a left mandibular first permanent
molar (M1) was obtained from the tooth bank of the
University of Pristina, Faculty of Medicine, Department
of Dentistry.

The external tooth geometry was acquired by opti-
cal scanning using an intraoral scanner (Shining 3D
Aoralscan, Shining 3D Tech. Co., China), producing
a triangulated surface (STL) model. The STL file was
subsequently processed in CAD software to perform
surface smoothing, geometric correction, and reconstruc-
tion of anatomically consistent smooth surfaces. Within
the same CAD workflow, the internal tooth morphology,
including the pulp chamber, was reconstructed and the
endocrown restoration geometry was designed. The fi-
nalized geometric model was then exported in STEP
format and used for further CAD refinement and finite
element analysis.

The triangulated surface file (STL) was imported into
SolidWorks 2018 (Dassault Systémes SolidWorks Corp.,
Waltham, MA, USA), where reverse engineering was
applied to reconstruct smooth NURBS surfaces of the
coronal and radicular segments. The pulp chamber was
generated in Meshmixer (Autodesk, Inc., San Rafael,
CA, USA) using the Hollow function to create a uni-
form wall thickness of approximately 3.0 mm. The tooth
was segmented at the cemento-enamel junction (CEJ)
into coronal and radicular components. A circumfer-
ential ferrule (1.0 mm in height and thickness) was
modeled on the radicular segment (11 x 18 x 12 mm).
The periodontal ligament (PDL) was modeled as a cir-
cumferential layer (0.20—0.25 mm) using the Offset
function in Meshmixer. Gutta-percha was generated
within the modeling environment and positioned in the
root canals (10.42 mm mesiobuccal, 11.2 mm distal).
The bone model was reconstructed from cone-beam
computed tomography (CBCT) imaging of the man-
dibular first molar region. A representative cross-section
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was extruded in Fusion 360 (Autodesk, Inc.) to produce
a 3D segment (10 mm mesiodistal length) composed
of a trabecular core (10 mm buccolingual x 19 mm
height) surrounded by a 1.5 mm cortical shell (Fig. 1).
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Fig. 1. 3D finite element model of mandibular molar:
(a) endocrown configuration (framework, veneer,
and monolithic crown), (b) root canal filling, (c) root,
(d) periodontal ligament, (e) alveolar bone segment,
(f) FEM model

Endocrown configurations

The endocrown was modeled as a bilayer restora-
tion consisting of a primary framework (10.8 x 10.3 x
10.7 mm) and a coronal portion 5.3 mm in height, ve-
neered with different materials depending on the ex-
perimental group, with an average veneer thickness of
1.5 mm to reproduce the final anatomical morphology.
The primary framework was adapted to the geometry
of the pulp chamber (4 mm in height) and included re-
tentive extensions projecting 2 mm into the root canal
space, providing macromechanical retention (Fig. 1). Six
endocrown configurations were analyzed: 1) PEEK
framework veneered with CAD/CAM resin composite,
2) CFR-PEEK framework veneered with CAD/CAM
resin composite, 3) GFR-PEEK framework veneered
with CAD/CAM resin composite, 4) Co-Cr alloy frame-
work veneered with ceramic, 5. LiDi, and 6. Y-TZP. All
materials were assumed to be homogeneous, isotropic
and linearly elastic.

Material properties

Material properties, specifically Young’s modulus
and Poisson’s ratio, were adopted from literature sum-
marized in Table 1.

Boundary conditions and applied loads

A linear static structural analysis was performed in
ANSYS 16.0 (ANSYS, Canonsburg, PA, USA). All

simulations were solved under the assumption of lin-
ear-elastic material behaviour and small deformations.
Occlusal (vertical) loads of 400, 500 and 600 N were
applied at the distal segment of the central fissure as
a uniformly distributed load over 20 mm’, whereas
lateral loads of 200, 300 and 400 N were applied to
the middle third of the buccal slope of the mesiobuccal
cusp as a uniformly distributed load over 6 mm®. Occlu-
sal loading was introduced as a distributed load over
the selected occlusal contact area(s) (Figs. 2—4), repre-
senting clinically relevant antagonist contact regions.
This approach avoids stress singularities typical for point
loading and provides a stable and physically meaningful
representation of force transfer into the restoration—tooth
complex. The same loading areas and load magni-
tudes/directions were used in all simulations to ensure
consistent comparative assessment across restorative
materials and loading conditions [25], [27], [30].

Table 1. Mechanical properties of the materials
used in the finite element analysis

Young’s | Poisson’s
Material modulus ratio Reference
[MPa] v
Dentin 18600 0.32 [36]
Periodontal ligament 68.9 0.45 [17]
Cortical bone 10700 0.30 [2]
Spongious bone 1370 0.30 [17]
Gutta-percha 0.69 0.45 [18]
CAD/CAM resin composite 16300 0.45 [36]
PEEK 5100 0.30 [21]
GFR-PEEK 12000 0.40 [28]
CFR-PEEK 18000 0.39 [28]
Co-Cr alloy 23500 0.33 [5]
LiDi 95000 0.25 [37]
Y-TZP 210000 0.30 [38]

All contact interfaces between model components
were defined as bonded, assuming perfect adhesion with-
out sliding or separation. The finite-element discreti-
zation consisted of 249 889 nodes and 1 158 875 tetra-
hedral elements, providing sufficient mesh density for
numerical stability and convergence of the stress field
in the region of interest.

The outcomes of interest were stresses within the
restored tooth (endocrown—cement—dentin—enamel com-
plex), while stresses and displacements in the mandibu-
lar bone were not considered. Therefore, the mandibular
segment was treated primarily as a structural support and
the model was truncated. To prevent rigid body motion
and ensure numerical stability, a fixed support condition
was introduced on the bone support region, constrain-
ing all translational degrees of freedom (U, = U, = U.
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= 0) (Fig. 2), consistent with established finite element
workflows in dental biomechanics [14], [34]. In accor-
dance with the study scope, the interpretation is re-
stricted to the tooth/restoration region, away from the
artificial boundaries, since boundary conditions were
kept identical across all cases, the observed differ-
ences in stress distribution can be attributed primarily
to restorative material properties and loading configu-

0,000 10,000
|

ration rather than to variability in support conditions
[27].

Axial (occlusal) loading was applied as a uniformly
distributed vertical force over the predefined occlusal
contact area, simulating physiological masticatory forces
transmitted through cusp—fossa contacts (Fig. 3). Lateral
loading was applied as a uniformly distributed hori-
zontal force to the buccal incline of the mesiobuccal
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Fig. 2. Finite element model showing the location of the fixed support applied to the lateral side,
medial and distal, of the alveolar bone segment
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Fig. 3. Finite element model illustrates axial (occlusal) loading. A uniformly distributed vertical load
was applied to the occlusal contact area to simulate physiological masticatory forces
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Fig. 4. Finite element model illustrating lateral loading. A uniformly distributed horizontal force
was applied to the buccal incline of the mesiobuccal cusp to simulate non-axial functional or parafunctional conditions

cusp to reproduce non-axial functional or parafunc-
tional loading conditions encountered during mastica-
tion and lateral excursions (Fig. 4).

Analytical stress indicators

In this study, stress distribution within the remain-
ing dentin was characterized using a set of descriptive
measures designed to minimize the influence of nu-
merical artifacts and mesh dependency, thereby ensuring
comparability across materials and loading conditions.
The metric set included: (i) the 95th percentile stress
(p95), (ii) the tail gap, and (iii) the high-stress frac-
tion (/> 7). All measures were derived from the em-
pirical cumulative distribution function (ECDF) of nodal
von Mises stresses, and, when available, also in their
volumetric form by incorporating elemental volumes
(EVOL). The 95th percentile stress (o;9s) represents
the stress value below which 95% of points in the den-
tin region are located; it provides a robust summary
of the upper tail of the distribution and is less sensi-
tive to single extreme values than the absolute maxi-
mum.

0,905 = percentilos( 7).

The tail gap was defined as the difference between
the absolute maximum stress and the 95th percentile
(Omax — Op0s). This measure reflects the sharpness of local
stress concentrations: smaller tail gap values indicate
smoother stress gradients and more uniform stress dis-

persion, whereas larger values denote pronounced,
localized hot spots.

tail gap = Omax — Gpos.

The high-stress fraction ( > T') was defined as the
proportion of points with o > T, where the baseline
threshold was set at 60 MPa, with sensitivity analyses
additionally performed at 80 and 100 MPa. Lower f > T
values indicate that a smaller portion of the domain is
subjected to potentially critical stress levels. When ele-
ment volume data (EVOL) were available, both nodal
and volumetric fractions were calculated, the latter
obtained as the ratio of the summed volumes of ele-
ments exceeding the threshold to the total model vol-
ume.

f>Tnodal — N(O-l 2T)
Ntotal

pera2ie =)
2,

The p95 and tail gap values were derived from the
empirical cumulative distribution function (ECDF), where
P95 corresponds to the 95th percentile and the tail gap
is calculated as the difference between o and G0s.
The high-stress fraction (/> 7) was computed as the
ratio of the number of nodes (or element volumes) with
stress above the defined threshold to the total number
of nodes (or total volume). Lower values of all three
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indicators were interpreted as reflecting a more favor-
able and uniform stress distribution, with a reduced
likelihood of sharply localized high-stress regions.

Stress distribution analysis

Stress maps were generated for each loading scenario
and assessed with emphasis on the remaining dentin.
Analyses were performed across all six endocrown con-
figurations, as previously described in the Endocrown
Configurations section (Figs. 5, 6).

00000

WAL

0

50 100
von Mises equivalent stress (MPa)

Fig. 5. Representative von Mises stress distribution in dentin
for the six restorative material groups under occlusal loading:
(a) PEEK, (b) CFR-PEEK, (c) GFR-PEEK, (d) Co-Cr alloy,
(e) LiDi and (f) Y-TZP. Stress concentrations are indicated
according to the color scale (0—150 MPa)
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Fig. 6. Representative von Mises stress distribution in dentin
for the six restorative material groups under lateral loading:
(a) PEEK, (b) CFR-PEEK, (¢) GFR-PEEK, (d) Co-Cr alloy,
(e) LiDi and (f) Y-TZP. Stress concentrations are indicated
according to the color scale (0—150 MPa)

3. Results

Under lateral loading conditions (200400 N), all re-
storative materials exhibited an increase in g5 values
with load intensity. PEEK and GFR-PEEK showed the
lowest stress percentiles, indicating more favorable

stress dissipation within dentin. LiDi and CFR-PEEK
demonstrated intermediate values, while Co-Cr alloy and
Y-TZP consistently produced the highest o5 levels,
reflecting greater stress concentration (Fig. 7).
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Fig. 7. Comparison of the 95th percentile stress (o,9s) values
in dentin under lateral loading (200-400 N) for different
restorative materials. Lower g5 values indicate
more uniform stress distribution, whereas higher values
reflect localized stress concentrations

Tail gap analysis under lateral loading (200-400 N)
demonstrated that PEEK and GFR-PEEK generated the
lowest values, indicating smoother stress gradients within
dentin. In contrast, Co-Cr and Y-TZP exhibited the high-
est tail gap values, reflecting localized stress concen-
trations (Fig. 8).

Lateral Forces - Tail Gap

Load
== 200N

140 300N
= 400N
120 ‘

CFR-PEEK Co-Cr GFR-PEEK LiDi PEEK Y-TZP
Restorative Material

Tail Gap (MPa)
S o o] S
o o o o

N
o

Fig. 8. Tail gap values (Gnax — Gpos) in dentin
under lateral loading (200—400 N) for different
restorative materials. Lower tail gap values indicate
smoother stress transitions, while higher values
reflect the presence of localized stress concentrations

The high-stress fraction ( > 60) under lateral load-
ing confirmed these findings. PEEK and GFR-PEEK
subjected only a minimal portion of dentin to critical
stress levels, while Co-Cr and Y-TZP exposed a larger
dentin volume to stresses above 60 MPa (Fig. 9).
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Fig. 9. High-stress fraction ( /' > 60) in dentin
under lateral loading (200400 N). A lower fraction
denotes reduced dentin volume exposed to critical stress,
whereas higher fractions suggest more extensive
dentin involvement above the 60 MPa threshold

Under occlusal loading conditions (400-600 N),
PEEK and GFR-PEEK consistently exhibited the low-
est 0,05 values, suggesting more uniform stress distri-
bution in dentin. CFR-PEEK and LiDi showed inter-
mediate stress levels, whereas Co-Cr alloy and Y-TZP
produced the highest g5 values, indicating more pro-
nounced stress concentration (Fig. 10).
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Fig. 10. Comparison of the 95th percentile stress (g,9s5) values
in dentin under occlusal loading (400-600 N)
for different restorative materials. Lower o5 values
represent favorable stress dissipation, while higher values
indicate localized stress accumulation

Tail gap analysis under occlusal loading revealed
that PEEK-based restorations produced the smallest dif-
ferences between maximum and 95th percentile stresses,
indicating smoother stress gradients. In contrast, Co-Cr
and Y-TZP exhibited the highest tail gap values, re-
flecting the presence of localized stress peaks (Fig. 11).

The high-stress fraction (/> 60) confirmed these
findings: PEEK and GFR-PEEK exposed only a mini-
mal portion of dentin to critical stress levels, while Co-Cr

and Y-TZP subjected a considerably larger fraction of
dentin to stresses above 60 MPa (Fig. 12).
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Fig. 11. Tail gap values (Gmax — Gpo5) in dentin
under occlusal loading (400-600 N) for different
restorative materials. Lower tail gap values represent
smoother stress gradients and more uniform stress distribution,
while higher values indicate localized stress peaks
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Fig. 12. High-stress fraction ( > 60) in dentin
under occlusal loading (400-600 N). Lower fractions
correspond to a smaller dentin volume subjected to
critical stress levels, whereas higher fractions
indicate greater dentin exposure to stresses above 60 MPa

The three stress indicators (o;0s, tail gap, and f > T)
provided consistent trends across materials and loading
scenarios, supporting the robustness of the findings.

Total deformation analysis

Total deformation maps were generated for the high-
est axial (600 N) and lateral (400 N) loading conditions
to illustrate the global displacement behavior of the tooth
—restoration—bone complex. Under occlusal loading, de-
formation was primarily concentrated in the coronal
portion of the restoration and gradually decreased to-
ward the cervical region and alveolar bone (Fig. 13). In
contrast, lateral loading produced higher deformation
gradients, with pronounced displacement in the
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Fig. 13. Total deformation distribution of the tooth-restoration-bone complex
restored with a GFR-PEEK endocrown under occlusal loading (600 N).
Deformation magnitude is expressed in millimeters; deformation is magnified for visualization purposes
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Fig. 14. Total deformation distribution of the tooth-restoration-bone complex
restored with a LiDi endocrown under lateral loading (400 N).
Deformation magnitude is expressed in millimeters; deformation is magnified for visualization purposes

coronal and cervical regions, associated with bending 4. Discussion

and torsional deformation patterns under non-axial

loading (Fig. 14). Overall deformation of the alveolar

bone remained limited under both loading conditions, The present study evaluated stress distribution in
consistent with the applied boundary conditions. endodontically treated teeth restored with endocrowns
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under axial and lateral loading. Mechanical failure of
teeth restored in this manner is commonly associated
with fatigue of dental tissues resulting from cyclic mas-
ticatory loading, which highlights the importance of
dentin preservation as the tissue most critically exposed
to stress [12]. The results showed that all loading sce-
narios generated the highest stresses in dentin adjacent to
the point of force application and along the crown-tooth
interface. To ensure that these stress patterns reflected
realistic load transfer rather than numerical artifacts,
loads were applied as uniformly distributed forces over
finite contact areas. This approach was adopted to avoid
numerical singularities associated with point loading and
to achieve a more physiologically relevant stress trans-
fer within the tooth-restoration-bone complex. Rigid
materials with a high elastic modulus, such as Co-Cr and
Y-TZP, transferred loads more rigidly to the tooth, re-
sulting in pronounced stress concentrations, particularly
along preparation margins and in the cervical region
[23]. In contrast, more compliant materials such as
PEEK, with or without fiber reinforcement, promoted
a more uniform stress distribution and lower peak values,
as the restoration partially absorbed deformation [23].

The analysis of load direction further revealed that
increasing the angle of force application amplified
stresses within both the tooth and surrounding bone.
Lateral forces had a more detrimental effect than axial
forces, as they generated torsional moments and ec-
centric loading that concentrated stress in the cervical
area. This pattern is consistent with previous studies
reporting that lateral forces are critical in the initiation
of cervical lesions and root microfractures [6], [16].
Such effects are particularly pronounced in maxillary
premolars, which are frequently exposed to higher lateral
loads; in these cases, restorative materials and designs
capable of minimizing cervical and radicular stresses are
especially important [37]. Consistent with prior re-
search, lateral loading in the present study resulted in
fracture initiation across all endocrown configurations,
regardless of design [8].

It is well established that the fatigue threshold for
human dentin ranges between 2545 MPa [22]. Earlier
studies confirmed that restorative materials with me-
chanical properties similar to dentin can substantially
reduce the incidence of root fractures [1], [15]. In line
with these findings, present study results indicate that
stress tends to concentrate at the restoration-tooth in-
terface on the loading side, confirming previous FEM
observations [12].

The role of restoration volume has also been empha-
sized, with some studies indicating that larger volumes
may compromise the mechanical resilience of the resto-
ration itself while reducing stresses transmitted to tooth

tissues [11]. Zhu et al. [39] reported that, for cement
layers of ~100 pm, the buffering effect on stress transfer
is negligible. Several investigations support the material-
-dependent stress patterns observed in present analysis.
According to Zheng et al. [38], composite materials
with an elastic modulus approaching that of dentin
showed a more uniform stress distribution in dentin,
while both high-stiffness ceramics and highly compliant
polymers led to less favorable stress transfer patterns.
In addition, Unsal and Yusufoglu [32] emphasized the
advantages of endocrowns over post-core restorations,
noting that rigid frameworks (Co-Cr) provided greater
abutment protection than more flexible PEEK frame-
works, which also aligns with the present results. Ear-
lier FEM studies similarly demonstrated that materials
with lower elastic modulus transmit higher stresses to
residual tooth tissues, in agreement with the trends
observed here [35].

An additional dimension of this problem is the role
of loading regime. Lateral forces (200400 N) generated
an asymmetric stress distribution with pronounced peaks
in the cervical region opposite to the point of application.
In this scenario, LiDi exhibited a more favorable profile,
with lower o,9s and smaller tail gap values, suggesting
that a homogeneous brittle ceramic — when combined
with reliable adhesive bonding and ferrule support — can
distribute lateral loads more diffusely through dentin
without creating abrupt local concentrations. Under domi-
nant occlusal forces of higher magnitude, GFR-PEEK
effectively reduced the dentin volume exposed to
stresses above critical thresholds ( /> 60/80/100 MPa),
which is clinically relevant for mitigating fatigue and
preventing microcrack initiation.

From a clinical perspective, these findings indicate
that material selection should be tailored to both tooth
type and loading conditions: LiDi appears advanta-
geous for premolars and in patients with pronounced
lateral loading or parafunctional habits, owing to its
more uniform stress distribution and lower risk of
localized hotspots; GFR-PEEK may be preferable in
molars or cases dominated by vertical loads, as re-
flected by its lower f > T values and reduced dentin
volume at risk of fatigue failure; while Y-TZP and
Co-Cr remain suitable when maximum rigidity and
strength are required, but should be used cautiously
and primarily when adequate ferrule and wall height
are available. It must also be acknowledged that all
restorative materials were modeled as homogeneous and
isotropic, which does not fully reflect their true structural
complexity, and that the exclusion of cement proper-
ties represents a significant limitation, as the cement
layer may influence load transfer and stress attenuation.
In addition, the numerical model was based on a single
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representative mandibular molar geometry, and poten-
tial variations in tooth anatomy were not explicitly ad-
dressed. Within these limitations, the present findings
confirm that restorative material selection has a deci-
sive influence on how functional loads are distributed
within dentin, with Co-Cr and Y-TZP associated with
more rigid load transfer and localized peaks, PEEK-
-based systems demonstrating stress absorption and
lower critical volumes, and LiDi occupying an inter-
mediate position with a favorable response to lateral
loading. These outcomes underline the clinical impor-
tance of material selection according to tooth type and
loading pattern in order to optimize the biomechanical
performance and longevity of endocrowns.

Restoration failure is strongly influenced by local
stress concentrations and damage accumulation under
cyclic masticatory loads [25]. Accordingly, the present
FEM simulations are intended to provide a compara-
tive assessment of stress patterns within the restored tooth
rather than a direct prediction of fatigue life. A more
physiological representation (e.g., explicit periodontal
ligament and bone compliance) could affect absolute
displacement levels, however, because bone stresses/
displacements were outside the scope of this work, the
simplified support was considered adequate for the in-
tended within-tooth evaluation [25], [27].

5. Conclusions

The present study supports the concept that no sin-
gle material is universally optimal. For teeth predomi-
nantly subjected to lateral loading, LiDi demonstrated
a more favorable and uniform stress profile (lower o5
and tail gap), whereas under higher axial forces GFR-
-PEEK effectively reduced the dentin volume exposed
to critical stress levels (lower f > T'). In both scenar-
ios, a well-designed ferrule and reliable adhesion remain
essential for biomechanical stability and long-term suc-
cess of endocrowns.

Considering the well-known limitations of the fi-
nite element method (FEM), future studies may benefit
from supplementing purely numerical assessments with
targeted experimental work. In particular, incorporating
fatigue testing and similar validation approaches could
help verify the analytical predictions and increase con-
fidence in the proposed models.
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