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Abstract: This study aimed to assess the biomechanical behavior of endocrown-restored mandibular
molars according to “margin design” and “coverage extent” using finite element analysis (FEA).
Six 3D solid models were fabricated, namely, those with complete occlusal coverage: A (butt joint),
B (anatomic margin); partial coverage (two mesial cusps): C (butt joint), D (anatomic margin); and
partial coverage with mesial class II cavity: E (butt joint), F (anatomic margin). All models received
lithium disilicate endocrowns (2.0 mm thickness and 4.0 mm central retainer cavity depth). A 300 N
vertical load was applied to the occlusal surface, while a 250 N oblique load was applied at 45◦ to
the lingual inclined planes of the buccal cusps. The maximum von Mises stress (VMS) distribution
patterns were calculated for the endocrown, tooth structure, and cement layer. The VMS on the
prepared teeth and cement layer showed subtle differences between the tested models under vertical
loads. The anatomic margin (partial and complete coverage) exhibited a more homogeneous stress
distribution and offered a more adhesive area of the tooth structure. Under oblique loading, the
anatomic margin (complete and partial), except Model D, exhibited the lowest VMS in the cement
layer. An anatomically based endocrown could be a promising alternative to the butt joint design,
providing better-devised endocrown restorations, which could potentially yield a more benign
stress dissipation.

Keywords: endocrown; endodontically treated teeth; finite element analysis; stress distribution;
adhesive dentistry; lithium disilicate

1. Introduction

Restoring endodontically treated teeth (ETT) remains a clinical challenge in dentistry [1,2].
The widely accepted approach involves a crown prosthesis supported by a post and core
build-up [3]. However, the intra-radicular posts weaken the tooth structure and increase
the incidence of root failure [4]. Furthermore, several studies have considered luting cement
to be a critical point since it is thick and has a tendency to acquire flaws and stresses that
jeopardize the adhesive union between the post and substrate [5,6]. With growing emphasis
on minimally invasive approaches and current advancements in adhesive technology,
endocrown has emerged as a viable alternative for rehabilitating ETT [7,8]. An endocrown is
a monolithic prosthesis that is retained by utilizing the pulp chamber and remaining coronal
tooth structure [9,10]. This treatment modality is characterized by supragingival butt joint
preparation, thus facilitating impression acquisition, maintaining gingival health, and
preserving the maximum enamel collar, which improves adhesion [11–13]. Compared to
post-core retained crowns, which present a smaller material volume in the occlusal area and
concentrate stresses in their thinner portion, endocrowns have a large material volume in
this area, which offers optimal fracture resistance and promising clinical performance [8,14].
Furthermore, endocrowns enable the effective sealing of the root canal system and reduce
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the risk of recontamination, which could possibly affect the favorable long-term prognosis
of ETT [11,15].

Endocrown design remains in dispute regarding the restoration of ETT. The form
of the finish line (circumferential butt joint margin or chamfer finish line) and the depth
and shape of the pulp chamber are diverse tested preparation designs that can change
the biomechanical behavior of the endocrowns [10,16–18]. Research has indicated that
margin forms play a crucial role in the biomechanical performance of ETT restored with
post-retained crowns [10]. To determine whether margin design has a comparable impact
on endocrown behavior, further investigation is needed. Typically, the butt joint margin
was employed in endocrown research and was often compared with ferrule and curved
surface designs [19,20]. Curved preparations have the advantage of maximum preservation
of the tooth structure [20], and ferrule-incorporated endocrowns provide increased fracture
resistance; however, finite element analysis (FEA) has shown greater stress concentrations
in such margins [21–23]. To date, limited studies are available to definitively determine
which margin design is more effective in restoring ETT. Additionally, occlusal coverage
extent could be another critical factor that might influence the fracture behavior of the
endocrown. Studies have found that conservative indirect onlay preparations preserved
the tooth structure to a greater extent, as well as improving stress distribution [24,25]. Thus,
from a minimally invasive standpoint, the following question arises: could conventional
complete occlusal coverage endocrowns be modified into a defect-driven preparation?
Furthermore, the suitability of a butt-margin-designed endocrown remains questionable
due to the complex occlusal morphology of the natural tooth crown [8,26]. Thus, in
light of these factors, we established six models of ETT restored using different modified
endocrown restorations.

A wide variety of ceramic materials are available for the fabrication of endocrowns.
Lithium disilicate glass ceramic is one such material due to its biomechanical proper-
ties [27]. The material possesses approximately 70 vol% and small needle-shaped crystals
(3–6 µm × 0.8 µm) embedded in a glass matrix, thus showing valuable mechanical char-
acteristics with a flexural strength of 350 MPa [28–30]. Lithium disilicate exhibits very
good esthetic features and is considered an acid-sensitive ceramic, so high adhesion ca-
pacity to the substrate is expected, thus making it ideal for use in inlays, onlays, and
endocrowns [31–33].

FEA has been widely used in dental biomechanical research to assess the stress distri-
bution generated by masticatory loads in ETT and to predict the clinical performance of
restorative material [34,35]. Such analysis is able to detect stress concentration regions that
might undergo clinical failure. Usually, the failure origin consists of points of greater stress
concentration previously evidenced by FEA [9,20]. Therefore, the purpose of this study
is to evaluate the influences of margin design and the extent of crown coverage on the
biomechanical behavior of endocrowns made from lithium disilicate material using FEA.

2. Materials and Methods
2.1. Generation of the 3D Geometrical Model

An intact mandibular third molar was extracted based on routine clinical indications
and scanned using cone beam computed tomography imaging (NewTom Giano HR Cefla,
Imola, Italy). The obtained data were imported into an interactive medical image control
system (Mimics ver.21.0; Materialise Leuven, Belgium) in a “Digital Imaging and Commu-
nications in Medicine” (DICOM) format. The three-point clouds (enamel, dentin, and pulp)
were separated according to the different pixel densities. The contour for each portion was
then generated using software (Geomagic Studio 10, Geomagic, Inc., Research Triangle
Park, NC, USA). A solid 3D model was then reconstructed with a computer-aided design
software program (SolidWorks 2014; Dassault Systems„Vélizy-Villacoublay, France). To
simulate an ETT, the pulp in the root canal space was replaced with gutta percha [36].
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2.2. Endocrown Designs

To compare the stress distribution of the proposed endocrowns, six models were
created using the software Solid Works® 2014 (Figure 1). Model A: The coronal tooth
structure was reduced perpendicular to the long axis of the tooth, approximately 2.0 mm
below the buccal groove, which was considered a cutting reference for all simulated models.
Model B: A 2.0 mm vertical reduction was performed, following the anatomy and fissure
direction. Model C: A 2.0 mm occlusal reduction was designed while preserving the
distal cusps, using both lingual and buccal grooves as an indicator for partial occlusal
cutting. Model D: A 2.0 mm partial occlusal reduction was prepared, preserving the
original morphological features of the partially reduced occlusal surface. Model E: The
same protocol as Model C was followed with the incorporation of a mesial cavity. The
mesio-occlusal (MO) class II cavity was designed by preparing an interproximal box
0.5 mm above the cementoenamel junction with an isthmus measuring one third of the
buccolingual dimension (3.0 mm) at the greatest width and 2.0 mm at the cervical area. The
box had a butt joint preparation and a rounded internal line angle transition. Model F: A
2.0 mm reduction was obtained following fissure directions, and a mesial proximal box
was integrated, similar to Model E. All models received lithium disilicate ceramic (IPS e.
max CAD; Ivoclar Vivadent, Schaan, Liechtenstein) endocrowns with a 2.0 mm occlusal
thickness at the buccal groove region and a 4.0 mm central retainer depth. The vertical
walls exhibited an internal tapering of 6◦ to 8◦ with smooth internal transitions [31]. The
restorations were cemented using self-adhesive resin cement (RelyX Unicem 2, 3M ESPE,
Seefeld, Germany). The cement layer between the endocrown and bonding surfaces of the
teeth was modeled to be 80 µm in thickness [9].

The model was embedded in a 14 × 20 mm (diameter × height) polystyrene resin
cylinder, keeping 2.0 mm of the cervical root exposed below the cementoenamel junction to
simulate the alveolar bone level. This tooth–resin cylinder base compliance was maintained
during both vertical and oblique load applications. After the modeling process, each geom-
etry was established as a volumetric solid with seven layers (polystyrene resin cylinder,
cementum, dentin, enamel, gutta-percha, resin cement, and restorative material).

2.3. Finite Element Analysis

All of the geometries were imported in the “Standard for the Exchange of Product
Data” format for the ANSYS software (ANSYS 19.2, ANSYS Inc., Houston, TX, USA). The
geometries were divided into meshes composed of nodes and tetrahedral elements. A
convergence test of 10% mesh control was used to determine the number of elements
and nodes needed to generate six models. Each model was meshed to elements for FE
simulations using a 10-node 3D tetrahedral structural solid with 3 degrees of freedom per
node that showed a quadratic displacement behavior appropriate for irregular and complex
geometries. The total number of nodes and elements is listed in Table 1. The mechanical
properties of the dental tissues and all materials were obtained from previously published
data (Table 2). All structures were set as linearly elastic, isotropic, and homogeneous.

Table 1. Number of elements and nodes in the six models.

Model Description Elements Nodes

A Complete butt joint 3,157,093 4,526,045

B Complete anatomic margin 2,991,456 4,312,502

C Partial butt joint 2,700,180 3,900,583

D Partial anatomic margin 2,857,399 4,116,555

E Partial butt joint and MO cavity 2,880,944 4,146,766

F Partial anatomic margin and MO cavity 2,859,467 4,116,028
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Figure 1. Schematic illustration of different modified endocrowns. (A) Complete flat buĴ joint. (B) 
Complete anatomic margin. (C) Partial flat buĴ joint. (D) Partial anatomic margin. (E) Partial flat 
buĴ joint with MO class II cavity. (F) Partial anatomic margin with MO class II cavity. The endo-
crown was modeled with a 2.0 mm occlusal thickness and a 4.0 mm pulp chamber extension depth. 
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Figure 1. Schematic illustration of different modified endocrowns. (A) Complete flat butt joint.
(B) Complete anatomic margin. (C) Partial flat butt joint. (D) Partial anatomic margin. (E) Partial flat
butt joint with MO class II cavity. (F) Partial anatomic margin with MO class II cavity. The endocrown
was modeled with a 2.0 mm occlusal thickness and a 4.0 mm pulp chamber extension depth.

Table 2. Mechanical characteristics of materials and dental tissues.

Material Elastic Modulus (GPa) Poisson’s Ratio References

Lithium disilicate 95 0.3 [22]

Resin cement 7.5 0.3 [37]

Enamel 84.1 0.33 [22]

Dentin 18.6 0.31 [38]

Cementum 15.5 0.31 [20]

Gutta-percha 0.14 0.45 [20,39]

Polystyrene resin cylinder 2.9 0.31 [40]
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Perfectly bonded contacts were considered between all model interfaces in which the
target and contact surfaces were tied for the remainder of the analysis without sliding
permission [13]. For all models, the fixation occurred at the base of the polystyrene cylinder
with fixed zero nodal displacements. By ensuring only the movement constraint on the
z-axis, the deformation generated in all directions could be computed [40].

Two different static loadings were simulated. The first was a vertical load of 300 N
applied on the central fossa parallel to the longitudinal axis of the tooth, acting like a
normal loading (simulating a compressive load), according to test parameters used in FEA
and experimental studies. The second was an oblique load of 250 N at 45◦ to the long
axis of the tooth, applied to the lingually inclined planes of the buccal cusps (based on the
working cusp contacts) to stimulate the force acting on the mandibular molar during the
closing phase of the mastication cycle [13,31,33].

The maximum VMS was adopted to evaluate the stress distribution patterns for
the endocrown, tooth remnants, and cement layer in all tested models [7,36,41]. For all
dental models, the adhesive area of the tooth structure was calculated using the ANSYS
software program.

3. Results

The results of the stress distributions are presented in contour graphics with a color
scale in megapascal (MPa), with the maximum VMS in each dental model component with
two different loading directions being illustrated in Tables 3 and 4 and Figures 2–7.

3.1. Stress Distribution under Vertical Load
3.1.1. Endocrown Restoration

The highest stress was observed close to the load application area on the occlusal
surface of the restoration, with a gradual reduction toward the central retainer in all tested
models. The anatomic-based Models B and F showed the highest peak VMS, with an
approximate value of 50 MPa, followed by flat butt joint Models A, C, and E with an
average VMS of 47.3 MPa. The lowest stress was exhibited by Model D when subjected to
a vertical load (Figure 2).

3.1.2. Tooth Structure

Regarding enamel, the VMS was mainly concentrated in the mesial and distal sides of
the cervical region of all simulated models (Figure 3). The lowest stress peak concentration
was recorded for the Model B compared with the other tested models. The highest stress
value of 20.2 MPa was noticed with the presence of more red, green, and yellow fringes
accumulated in the same region when Model D was applied. For the remnant dentin struc-
ture, the VMS was concentrated on the mesio-lingual and disto-lingual sides of the roots
and accumulated in the furcation area, tooth cervix, and bucco-pulpal line angle of the pulp
chamber (Figure 3). Although the stress concentration values between anatomic and butt
joint margins are typically subtle regarding dentin, a more homogeneous stress dissipation
pattern could be noticed in the anatomically driven preparation designs, specifically in the
pulp chamber floor and the lingual aspect of the crown.

3.1.3. Cement Layer

In the resin luting cement, the peak stresses were different, and the position of the
maximum stress is clinically crucial to deciding the type of failure in the luting cement
layer. The maximum VMS was observed in the region of the angle between the axial and
pulpal walls of Models A, B, D, and F, while the maximum VMS was concentrated at the
endocrown-unreduced occlusal tooth tissue interface for the partial coverage butt margin
simulations C and E. In addition, the integration of mesial class II generated slightly higher
stresses (12 MPa) in the cement layer compared to other tested models (Figure 4).
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Figure 2. Distribution of the stresses (MPa) according to different margin design and occlusal
coverage extent endocrowns under vertical load (sectioned lingual side view). (A) Complete flat
butt joint. (B) Complete anatomic margin. (C) Partial flat butt joint. (D) Partial anatomic margin.
(E) Partial flat butt joint with MO class II cavity. (F) Partial anatomic margin with MO class II cavity.

Table 3. Peak von Mises stress values (MPa) for all tested models under vertical loading.

Model Preparation Design Endocrown Restoration Cement Layer
Tooth Structure

Enamel Dentin

Model A 47.6 11.3 12.3 11.5

Model B 50.8 11.0 11.4 12.7

Model C 47.9 11.4 18.4 11.5

Model D 42.7 11.2 20.2 12.8

Model E 46.5 12 17.2 10.8

Model F 49.0 12.1 14.2 11.6

3.2. Stress Distribution under the Oblique Load
3.2.1. Lithium Disilicate Restoration

The maximum VMS values from the oblique direction were obviously much higher
than those under the vertical load on all endocrown restorations. In general, all of the
tested models showed symmetric behaviors regarding the distribution of stress, which
was particularly concentrated on the loading area (Figure 5). The average peak value was
79.6 MPa for Models B, C, and F, followed by Models A and E with 77.1 MPa, and only
73.2 MPa was recorded for Model D.
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Figure 4. Von Mises stresses (VMS) in the cement layer in six FEA models under vertical load
(occlusal side view). Showing maximum VMS at the pulp chamber floor in models (A,B,D,F) and at
the interface of the endocrown margin and unreduced occlusal dental surface in partial coverage butt
joint margin design models (C,E).

3.2.2. Tooth Structure

Under the oblique loading, although the trend of the stress distribution in dentin
was similar to that under the vertical load, the region where VMS was concentrated in
the enamel was in the buccal cervical region, which extended to the buccal-prepared
tooth margin. Regardless of the margin type and coverage extent, the VMS remained
concentrated in these parts of the enamel for Models A, C, E, and F, with an average
stress value of 56.6 MPa, but the VMS achieved a value of 59.1 MPa in Model B, which
was considered the highest recorded value among all tested models. On the contrary, the
VMS did not exceed 52.8 MPa in Model D, which exhibited a more homogeneous stress
distribution in the remaining enamel, with a reduced stress concentration being observed
on the buccal anatomic-prepared margin (Figure 6).

3.2.3. Cement Layer

In the evaluation of the cement layer, the visual maps shown in Figure 7 demonstrated
that the VMS with an average value of 17.5 MPa was accumulated in the region of the bucco-
pulpal and linguo-pulpal line angles of the complete coverage designs (Models A and B).
The stress was distributed further and extended to the buccal margin of the endocrown in
all groups. The stress value in the cement layer was increased in the partial anatomic margin
Model D, which reached the highest peak of 42.2 MPa (Table 4). In all partial coverage
endocrowns, regardless of the design, it can be observed that the stress peaks exhibit a
notable increase, approximately doubling in magnitude when compared to those found
in complete coverage simulations, and are concentrated at the endocrown/unreduced
tooth structure interface. It is worth mentioning that the anatomic-driven preparations
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demonstrated a higher degree of stress dissipation, characterized by a more uniform and
consistent dispersion of stress.
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Table 4. Peak von Mises stress values (MPa) for all tested models under oblique loading.

Model Preparation Design Endocrown Restoration Cement Layer
Tooth Structure

Enamel Dentin

Model A 77.6 17.8 56.7 40.8

Model B 79.4 17.3 59.1 40.6

Model C 80.2 34.7 57.1 46.2

Model D 73.1 42.2 52.8 37.9

Model E 76.7 32.3 56.2 41.5

Model F 79.3 30.0 56.5 44.7
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Figure 7. Von Mises stresses (VMS) in the cement layer in six FEA models under oblique load
(occlusal side view). Showing maximum VMS at the pulp chamber floor in complete coverage
endocrown simulation models (A,B) and at the interface between the occlusal endocrown margin
and the unreduced occlusal dental surface in partial coverage butt joint margin design models (C–F).

The adhesive areas of the remnant tooth structure in all tested designs are listed in
Table 5. It was observed that the anatomically reduced surfaces offered a greater bonding
area compared to the simulations featuring flat butt joint margins.

Table 5. Adhesive area of the remaining tooth structure in all tested models.

Model Preparation Design Adhesive Area (mm2)

Model A 136.61

Model B 154.71

Model C 127.84

Model D 141.71

Model E 131.99

Model F 143.47

4. Discussion

The development of an accurate tooth preparation strategy for endocrown margins
remains a clinical challenge for dentists. Few research have considered the influence of
margin design on endocrowns [7,9,13]. Thus, the purpose of this study was to evaluate
the influence of “coverage extent” and “margin design” on the stress distribution of ETT
restored using endocrown restorations. Through the FEA methodology, it was possible
to show that both factors influenced the biomechanical behavior as a function of the
endocrown restorations.
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In FEA studies, functional loads have a significant impact on the stress distribution
within the restoration. In earlier research, the load was applied to the occlusal surface
following the tripoidism concept [8,9,12], which concentrated stresses primarily on the
loading points and intaglio surface of the prosthesis. Clinically, functional contacts during
the chewing cycle occur regionally rather than at individual points [42–44]. Consequently,
in the present study, the load was applied to an occlusal area rather than points. Observing
the FEA results, the stress maps corroborated previous studies, with stress peaks mainly
occurring on the crown surface [9,10]. However, regarding the intaglio surface, the results
of this study are in contrast to earlier findings [9,10], as it was shown that no critical stresses
were transmitted to the bonded surface of the endocrown in any of the tested designs. This
highlights that loading on an area rather than points can improve stress concentration
and impair stress transmission to the surrounding structure during vertical and oblique
loading. Furthermore, the anatomic-driven designs showed more homogeneous stress
dissipation throughout the restoration compared to the flat margin endocrowns when a
vertical load was experienced. It is crucial to consider the impact of oblique load conditions
on the biomechanical behavior of endocrowns. Although the stress peaks observed in
all endocrown restorations were approximately 63.82% higher than the maximum VMS
accumulated under vertical load, it was not sufficient to reach the fracture resistance
threshold of lithium disilicate material [9].

Regarding dental tissue remnants, the anatomic margin (complete and partial cov-
erage) showed more uniform stress dissipation over the prepared margins and the pulp
chamber floor compared with flat butt joints. This might explain the frequent clinical fail-
ures observed in cervical dentin when butt joint endocrowns are used, based on a previous
meta-analysis [8]. This suggests that the anatomic margin provides a stable and uniform
thickness through the entire prepared surface, which might better resist and disperse the
stresses through the remaining tooth structure. This finding is in contrast with a previous
study in which the researchers proposed that the addition of anatomic margin resulted in
greater stress concentration [10]. This behavior could be explained by the fact that higher
stress concentrations occurred more frequently in the irregular and sharp edges presented
in the anatomical-driven preparation, while in the present study, the models were prepared
in a dome shape and had no sharp edges. This implies that the well-rounded anatomical
preparation may have improved the capacity to disperse compressive forces and moderate
stress concentrations and might reduce the risk of fractures in ETT. Additionally, anatomic-
based models provided a greater adhesive surface area, which facilitated better bonding
of the endocrown prostheses; however, this might amplify the area exposed to the oral
environment, thereby elevating the vulnerability to secondary caries. However, considering
the clinical operability, endocrowns prepared with flat butt margins are more efficient and
less technique-sensitive than those based on anatomic margins. During oblique loading, the
stress concentration in the tooth remnant present in the cervical dentin and bucco/linguo-
pulpal line angle in all tested modalities, i.e., this region, is the initiation point for crack
propagation in brittle materials. To mitigate stress concentrations, it is recommended that
any sharp line angles present in the pulp chamber floor be smoothed. The findings of this
study demonstrated a noticeable alteration in the stress distribution within the cervical
dentin when only a profound rounding of the central retainer was employed. Thus, we
recommend the rounding of the central retainer to promote adequate load dissipation in
this restoration modality, despite the increased risk of endocrown loosening [13].

The colorimetric stress map of the cement layer during oblique loading demon-
strated an increased stress intensity due to the lever arm that is formed. This suggests a
higher chance of adhesive failure, which might support the reported detachment failure
of endocrown-restored teeth in a previous meta-analysis [8]. Within the inner cement line
(between the endocrown and central retainer portion), the maximum VMS was observed at
the axio-pulpal line angles. These areas do not come into contact with the oral environment;
however, a crack can propagate internally when the stress intensity exceeds the fracture
toughness of the cement layer, ultimately leading to adhesive failure. This is more critical
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when a partial coverage endocrown is applied, specifically in Models C and D, followed
by E and F, regardless of the margin design, as they showed that the VMS values were
doubled compared to a complete extension. This could be explained by the thickness of
the restoration and its volume. This is supported by the results of the FEA, since Mod-
els E and F with class II demonstrated a slight reduction in the stress concentration in
the remnant tooth structure and the cement line. As the increase in the thickness and
volume of the restoration corresponds to a better pattern of stress distribution and less
stress transferring to the adjacent structure, our finding is in line with the conclusions of
previous studies [37,45]. Moreover, partial cusp coverage showed the highest VMS values,
and this might be explained by the location of the loading points. In the partial coverage
models, the loadings were partially applied to the enamel substrate, which exhibits a lower
elastic modulus compared with the stiffer lithium disilicate; in complete coverage, they
were applied to the entire restoration and absorbed most of the loads. Due to the stress
location in partially covered endocrowns, debonding may be the potential failure in these
types of restoration. The study also revealed that the outer cement layer (between the en-
docrown and prepared margin) accumulated stresses at the unprepared tooth/endocrown
interface in the partial butt joint designs (C and E). The position and magnitude of the
stress concentration are very important, as they determine the position of future crack
progression in the cement layer and the type of failure [46,47]. Furthermore, from a clinical
perspective, this part of the cement layer has a higher probability of coming into direct
contact with the oral environment and, therefore, it can degrade, and there is an increased
risk of secondary caries formation. Although increasing the future risk of adhesive failure
is more critical under oblique loading, it is important to emphasize that incident loads on
molars are predominantly axial; however, any alteration in the tooth anatomy or off-axis
loading would alter the generated stress, which, in turn, could facilitate adhesion loss or
tooth fracture, as previously reported [9].

From a minimally invasive perspective, the partial extended margin offered greater
preservation of the tooth structure [24]. However, based on the FEA results, higher critical
stress values were observed in the cement layer, particularly at the unprepared dental
restoration interface of the butt joint margins under vertical load. Meanwhile, owing to
this stress distribution pattern, there is a higher probability of microleakage around the
affected restoration. Since cement polymerization shrinkage is a centrifugal contraction,
the restoration margins may be more susceptible to leakage. However, thicker enamel
was present in the occlusal surface of the partial coverage in comparison to the thinner
enamel at the margin in the complete extended designed endocrowns, as it is known that
enamel is responsible for greater bond strength in dental structures and its maintenance
directly influences restoration longevity [9]. And, since the long-term adhesive stability in
dentin is doubtful, it is not possible to assume adequate maintenance of complete coverage
restorations in service, even if the generated stress is relatively lower in the cement layer [9].

The limitation of this study was the analysis of static-load-driven stress in the tooth–en-
docrown complex; however, the clinically adhesive failure of luting cement primarily
occurs since the fatigue strength is lower than its ultimate strength [13]. Furthermore,
the study exclusively utilized lithium disilicate ceramic as a restorative material. It is
worth mentioning that the restorative material is a crucial factor that can impact restorative
performance in FEA studies [20]. Therefore, further investigation is required to assess
different types of restorative materials.

5. Conclusions

Considering the limitations of this study, it can be concluded that endocrowns based on
an anatomical margin design may be a preferable preparation option for lithium disilicate
endocrown prostheses. Though the maximum VMS values of the anatomic and flat butt
margins were similar under axial loading, the former promotes a more uniform distribution
of stress on the restoration–tooth structure, provides a larger adhesive surface area, and
preserves the sound tooth structure. From a minimally invasive standpoint, the partial cov-
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erage endocrown exhibited the maximum preservation of the tooth structure; nevertheless,
owing to such a stress distribution pattern in the cement layer under oblique loading, there
is a greater probability of adhesive failure at the margin of the endocrown/unreduced tooth
interface and leakage around the affected restoration and/or secondary caries formation.
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