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Abstract
Background: The choice of crown material following endodontic treatment in primary
molars is critical for biocompatibility and long-term clinical success. This study aimed to
compare the stress distribution patterns caused by stainless steel crowns (SSC), pediatric
zirconia crowns (PZC), and Bioflx crowns—placed on pulpotomized primary molars—
in combination with different luting cements, under maximum bite force using three-
dimensional finite element analysis (3D-FEA). Methods: A 3D model of a caries-
free, anatomically intact maxillary primary molar was created from micro-computed
tomography (micro-CT) images. A virtual pulpotomy was simulated using mineral
trioxide aggregate (MTA) and conventional glass ionomer cement (GIC). SSC, PZC, and
Bioflx crowns were modeled in various combinations with either GIC or resin-modified
glass ionomer cement (RMGIC). Based on the mechanical properties reported in the
literature, a total load of 245 N was applied at angles of 0◦, 45◦, and 90◦, and stress
distributions and maximum von Mises stress values were evaluated in the luting cement
layer, dentin, and pulp tissues. Results: In the Bioflx crown models, von Mises stress
values in both the dentin and cement layers were higher compared with those in the SSC
and PZC models. The lowest stress values were observed in the PZC models. Stress
levels within the radicular pulp were similar across all models and remained below
the thresholds for biological damage. The healthy tooth model showed intermediate
stress values between those of the SSC and PZC models. Models utilizing RMGIC
exhibited lower stress levels in the cement layer but higher stress in dentin and pulp;
however, these differences did not represent a relevant variation. Conclusions: The
findings indicate that the directionally applied 245 N masticatory force has a direct
impact on the biomechanical performance of both the crown material and the luting
cement. Notably, the Bioflx crownmodels’ elevated stress levels indicate that a thorough
clinical assessment is necessary before using it.
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1. Introduction

Primary teeth’s unique morphology, characterized by thinner
enamel and dentin, contributes to rapid caries progression and
challenges in pediatric dentistry [1]. Pulpotomy is a widely
used treatment procedure that aims to remove the coronal pulp
while preserving the vitality of the radicular pulp [2]. After this
treatment, the prompt placement of a durable and leakage-free
restoration is crucial for preserving the functional integrity of
the tooth and ensuring long-term success of the therapy [3].
In this context, full-coverage pediatric crowns are widely

employed. Stainless steel crowns (SSCs), which have been
routinely preferred since the 1950s, are long-standing restora-
tions valued for their high durability and retention in primary

teeth. Because they are straightforward to place, cost-effective,
and demonstrate favorable long-term outcomes, SSCs remain
a common choice. However, their metallic appearance may
not satisfy aesthetic expectations and can reduce patient and
parent satisfaction, particularly when aesthetics are a priority
[4, 5]. To overcome these aesthetic shortcomings, pediatric
zirconia crowns (PZC) have been developed as prefabricated,
ceramic-based restorations that meet both functional and aes-
thetic demands. These zirconia dioxide-based crowns are pre-
ferred for their tooth-like opacity, excellent biocompatibility,
and smooth surfaces that reduce plaque accumulation [6–8].
However, compared with SSCs, PZCs require more precise
tooth preparation for proper intraoral fit, which increases the
need for technical sensitivity during application.
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Recently, Bioflx crowns have emerged as a new generation
of crown materials, drawing attention due to their aesthetic
and flexible nature. This hybrid polymer-based material aims
to combine the retention advantages of SSCs with the aes-
thetics of PZCs. Thanks to its flexibility, Bioflx can provide
a more comfortable adaptation to the tooth and demonstrate
resistance to masticatory forces due to its high impact strength.
Moreover, Bioflx crowns offer micromechanical retention on
the tooth surface, which facilitates the cementation process,
shortens the clinical application time, and reduces the need for
recementation [9–11].
Biomechanical analysis methods play a significant role in

evaluating the clinical performance of these materials. In
particular, Finite Element Analysis (FEA) is a powerful en-
gineering tool that allows for the quantitative assessment of
stress and deformation in complex dental structures. Through
computer-aided simulations, FEA provides data on stress dis-
tribution that would be difficult to obtain in in vivo studies.
By modeling real anatomical structures, the biomechanical
behavior of various crown and cement combinations can be
comparatively analyzed under controlled conditions on three-
dimensional (3D) digital models. As a result, the potential ef-
fects of restorative materials on dental tissues can be predicted,
offering a scientific basis for clinical decision-making [12, 13].
This study aims to comparatively evaluate the stress distri-

bution that occurs following the cementation of SSCs, PZCs,
and Bioflx crowns on pulpotomized primary molars using GIC
or RMGIC, by means of 3D-FEA. The main innovation of the
study is the finite element evaluation of Bioflx crowns, for
which clinical and biomechanical evidence is limited. How-
ever, SSCs and PZCswere included as established comparators
to provide meaningful clinical context and highlight the rela-
tive performance of Bioflx crowns. The findings are expected
to provide scientific guidance formaterial selection in pediatric
restorative treatments, particularly for newer crown materials.

2. Materials and methods

2.1 Study design and acquisition of
micro-CT images

This study was designed to evaluate the biomechanical ef-
fects of different pediatric crown materials in endodontically
treated primary molars. A caries-free, unrestored, and anatom-
ically intact maxillary second primary molar—extracted for
therapeutic purposes—was obtained from the Department of
Pediatric Dentistry, Faculty of Dentistry, Necmettin Erbakan
University. In this study, primary maxillary second molars
were selected because they play a critical role in preserving
arch length and preventing mesiopalatal rotation of the per-
manent first molars, and they are among the most frequently
treated teeth in pediatric restorative dentistry. The tooth was
sent to the Research Laboratory of the Faculty of Dentistry
at Erciyes University for micro-CT scanning. Scanning was
performed using a Bruker Skyscan 1272 system (Karlsruhe,
BW, Germany) at 75 kV and 133 µA, with a voxel size of
21.758200 µm.

2.2 Finite element stress analysis process
and mesh generation
The design of the 3D mesh structure, the mathematical trans-
formation of the solid model into an analyzable form, its
adaptation for finite element analysis, and the execution of
stress analyses were all performed using HP workstations
equipped with Intel Xeon E-2286 processors (2.40 GHz, In-
tel Corporation, Santa Clara, CA, USA) and 64 GB Error-
Correcting Code (ECC) memory.
The toothmodel was generated from tomographic data using

3D Slicer software (Fig. 1). This platform was used for both
volumetric segmentation and Standard Tessellation Language
(STL)-format export. The resulting data were converted into
3D solid models using a reverse engineering approach in AN-
SYS SpaceClaim (version 2021 R2, ANSYS Inc., Canonsburg,
PA, USA). Adaptation of the solid models for analysis, mesh
generation, and the application of loading conditions were
carried out in ANSYSWorkbench (ANSYS Inc., Canonsburg,
PA, USA).
The finite element analysis computations were performed

using the LS-DYNA solver (version not specified, Livermore
Software Technology Corporation, Livermore, CA, USA).

2.3 Model preparation
The dentin and enamel structures obtained from the tomog-
raphy data were imported into ANSYS SpaceClaim software
(ANSYS Inc., Canonsburg, PA, USA) and converted into 3D
solid models. A structure extending from the pulp chamber
to the root canals was created within the dentin tissue, and a
2 mm-high MTA model (MTA, Dentsply Tulsa Dental Spe-
cialties, OK, USA) was designed. The remaining pulp space
was filled with conventional glass ionomer cement (GIC) (GC
Fuji II®, Gold Label, GC Corporation, Tokyo, Japan), thereby
completing the virtual pulpotomy procedure (Fig. 2). It should
be noted that the MTA was incorporated solely to simulate the
pulpotomy procedure and to preserve the anatomical fidelity of
the restored tooth model. However, MTA was not the primary
focus of this study. The main objective was to evaluate the
biomechanical behavior of different crown-cement combina-
tions, and the inclusion of MTA served only to establish a
realistic clinical baseline for the analysis.
Virtual tooth preparations were performed on the base tooth

model according to the following dimensions for three differ-
ent crown types: Stainless Steel Crown (SSC) (3MESPE,MN,
USA): 1.5 mm occlusal reduction, 1 mm proximal reduction;
Bioflx Crown (Kids-e-dental, LLP, India): 1.5 mm occlusal re-
duction, 0.5 mm proximal reduction; Pediatric Zirconia Crown
(PZC) (Ez-Pedo, Loomis, California, USA): 2 mm occlusal
reduction, 1 mm proximal reduction (Fig. 3).
On each preparation model, adhesive cement layers were

modeled at a uniform thickness of 0.2 mm, referencing the
outer surface, using either conventional GIC (GC Fuji I®, GC
Corporation, Tokyo, Japan) or resin-modified glass ionomer
cement (RMGIC) (GC FujiCEM® 2, GC Corporation, Tokyo,
Japan) (Fig. 4) [14]. Restorative crown materials were then
defined over the adhesive layer with the following standard
thicknesses [15]. Bioflx crown: 0.13 mm; Stainless steel
crown: 0.13 mm; Pediatric zirconia crown: 0.73 mm.
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FIGURE 1. Visualization of the tomography data obtained after reconstruction.

F IGURE 2. Three-dimensional models of the materials used in the pulpotomy simulation. (A) Three-dimensional model
of mineral trioxide aggregate (MTA). (B) Three-dimensional model of glass ionomer cement (GIC).

FIGURE 3. Dentin structure in healthy and crown-prepared tooth models. (A) Dentin structure in the healthy tooth model.
(B) Dentin structure in the crown-prepared tooth model.
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FIGURE 4. 3D modeling of glass ionomer cement
and resin-modified glass ionomer cement to be used when
bonding the crown material.

At the junction of the tooth and crown structures, a peri-
odontal ligament (PDL) layer with a uniform thickness of 0.25
mm was modeled, using the outer surface of the dentin as a
reference (Fig. 5). This PDL layer was incorporated into the
system to simulate the biomechanical behavior accurately [16].

FIGURE 5. Creation of periodontal ligament design.

These crowns were combined with two different luting ce-
ments (GIC and RMGIC), resulting in a total of six experimen-
tal models. Additionally, a healthy tooth model was included
as a control group (Table 1).
The alveolar bone was not obtained from the micro-CT im-

ages of the extracted tooth. Instead, the maxillary bone model
was reconstructed from CT data of the Visible Human Project,
with a slice thickness of 0.33 mm. Cortical and trabecular
bone were segmented in 3D Slicer based on Hounsfield unit
thresholds and exported in STL format. The cortical bone
was modeled with a uniform thickness of approximately 2
mm surrounding the trabecular bone, which extended from
the cemento-enamel junction to the apical region of the roots.

TABLE 1. Study models.
Model Model Description
Model 1 Bioflx Crown—GIC
Model 2 Bioflx Crown—RMGIC
Model 3 Stainless Steel Crown—GIC
Model 4 Stainless Steel Crown—RMGIC
Model 5 Pediatric Zirconia Crown—GIC
Model 6 Pediatric Zirconia Crown—RMGIC
Control Model Healthy Tooth Model
GIC: glass ionomer cement; RMGIC: resin-modified glass
ionomer cement.

The material properties (elastic modulus and Poisson’s ratio)
of both cortical and trabecular bone were defined according to
the literature (Table 2).

2.4 Mesh generation and analysis process
The geometric models were transformed into mathematical
models by dividing them into small and simple elements
known as “meshes”. Following the completion of 3D
modeling in ANSYS SpaceClaim, the data were transferred to
the ANSYS Workbench platform for analysis preparation.
All models were meshed using highly refined triangular

(tria) surface elements with a size range of 0.1–0.25 mm. The
solid structures were meshed using tetrahedral (four-faced)
elements. These meshing parameters were selected based on
previously published finite element studies in dental biome-
chanics, which reported that such mesh designs provide suf-
ficient accuracy for modeling complex tooth geometries [17,
18]. A separate convergence analysis was not performed in this
study; however, the selected mesh density has been validated
in the literature as adequate for reliable stress distribution
analysis.
These mathematical models were then transferred to the LS-

DYNA solver for finite element analysis.

2.5 Material properties
All materials were assumed to exhibit linear elastic, homoge-
neous, and isotropic behavior. The values for elastic modulus
and Poisson’s ratio were assigned based on relevant literature
sources [19–24].

2.6 Loading scenarios and boundary
conditions
A total force of 245 N was applied in all models at 45◦ and 90◦
angles directed toward the palatal slope of the buccal cusp, and
at a 0◦ vertical angle from the central fossa.
In this study, 3D models of maxillary second primary mo-

lars restored with different crown and cement combinations
following MTA pulpotomy were analyzed using finite element
analysis under a load of 245 N applied from three different
directions. The forces were applied at vertical (0◦) (Fig. 6),
oblique (45◦) (Fig. 7), and horizontal (90◦) (Fig. 8) angles,
and the resulting stress distributions were evaluated based on
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TABLE 2. Elastic modulus and Poisson’s ratio values of the analyzed models.
Material Elastic Modulus (MPa) Poisson’s Ratio
Enamel 80,350 0.33
Dentin 19,890 0.31
Pulp 2000 0.45
Trabecular Bone 490 0.30
Cortical Bone 14,700 0.30
Luting Glass Ionomer Cement (GIC) 10,800 0.30
Resin-Modified Glass Ionomer Cement 4920 0.27
Base Glass Ionomer Cement 12,000 0.30
Stainless Steel Crown 200,000 0.33
Pediatric Zirconia Crown 242,000 0.26
Bioflx Crown 5030 0.39
Periodontal Ligament 69 0.45
Mineral Trioxide Aggregate (MTA) 11,760 0.31

FIGURE 6. Location and direction of force application. Application of a total vertical force of 245 N at a 0◦ angle from the
central fossa.
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FIGURE 7. Location and direction of force application. Application of a total oblique force of 245 N at a 45◦ angle toward
the palatal slope of the buccal cusp.

FIGURE 8. Location and direction of force application. Application of a total horizontal force of 245 N at a 90◦ angle
toward the palatal slope of the buccal cusp.
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the maximum vonMises stress values observed in the adhesive
cement, dentin, and pulp tissues.
Previous studies have reported that the maximum bite force

in primary and mixed dentition ranges between 161 and 330
N [25, 26]. For instance, a clinical study involving 8-year-old
children in mixed dentition reported a maximum bite force of
289.23 N [27]. Accordingly, a load of 245 N was applied in
the present study to simulate functional masticatory forces.
To prevent stress singularities in the loading regions, the

forces were distributed across the surrounding nodal points.
The bone models were fixed in all three axes, and all surface
contacts were defined as “bonded”.
In the analysis stage, the evaluation criteria included the

stress distributions and maximum von Mises stress values in
luting cement layer, dentin, and pulp tissues. These parameters
were assessed under vertical (0◦), oblique (45◦), and hori-
zontal (90◦) loading conditions to comprehensively evaluate
the biomechanical performance of the different crown-cement
combinations.

2.7 Quantitative model information
In this study, a high mesh density was employed, with the
number of nodes ranging from 429,170 to 441,718 and the
number of elements ranging from 1,690,054 to 1,753,684,
thereby enhancing the precision of the finite elementmodel and
providing results that more closely reflect clinical conditions
(Table 3).

TABLE 3. Quantitative information of the created
models.

Models Total # of Nodes Total # of Elements
Model 1 441,718 1,720,443
Model 2 441,718 1,720,443
Model 3 439,125 1,711,269
Model 4 439,125 1,711,269
Model 5 429,170 1,690,054
Model 6 429,170 1,690,054
Control Model 440,546 1,753,684

However, no experimental or clinical validation of the finite
element models was performed; therefore, the stress values
obtained in this study should be regarded as theoretical esti-
mations rather than absolute clinical outcomes.

2.8 System integration and contact
definitions
For the mathematical models to be constructed and to obtain
accurate results, it was necessary to define the contact surfaces
between the components in the analysis software. Therefore,
“bonded” contact definitions were applied to the interacting
regions of all models. In addition, before proceeding to the
meshing stage, an interference check was performed in AN-
SYS SpaceClaim for all assemblies to ensure that no overlap-
ping geometries or mismatched contacts existed between the

crown, luting cement, tooth structures, periodontal ligament,
and bone. This approach assumed that the components moved
in complete correlation during loading.

3. Results

3.1 Findings under vertical force (0◦)
When a vertical force was applied at a 0◦ angle along the long
axis of the tooth, higher stress values were observed in GIC
groups compared with RMGIC groups across all crownmodels
in the adhesive cement layer. The highest stress in dentin was
recorded in the Bioflx crown model (335.16 MPa), while the
lowest was in the PZC + GIC model (18.48 MPa). In the pulp
tissue, the highest vonMises stress was observed in the healthy
tooth model.

3.2 Findings under oblique force (45◦)
When an oblique force was applied at a 45◦ angle, all crown
models with RMGIC showed lower stress values in the adhe-
sive cement compared with those with GIC. The lowest stress
values in dentin were observed in models restored with PZC
(33.28 MPa and 37.86 MPa). In the pulp tissue, the von Mises
stress values in all restored models were lower than those
observed in the pulp of the healthy tooth model.

3.3 Findings under horizontal force (90◦)
When a horizontal force was applied at a 90◦ angle, the highest
stress in the adhesive cement was recorded in the Bioflx +
GIC model (499.68 MPa), while the lowest was found in the
PZC + RMGIC model (8.70 MPa). In the dentin, the Bioflx
+ RMGIC combination exhibited higher stress compared with
other groups (419.69 MPa). In the pulp tissue, the highest
von Mises stress was observed in the healthy tooth model
(2.88 MPa), whereas the restored models showed lower and
relatively similar values.

3.4 Stress distribution comparison by force
angle
3.4.1 Adhesive cements
When comparing stress values in the adhesive cement layers
under different force angles, it was observed that as the force
angle increased, the stress levels decreased across all models
(Fig. 9).

3.4.2 Dentin tissue
The maximum stress values in the dentin increased with the
force angle in models restored with Bioflx and PZC, whereas
a decrease was observed in models with SSC (Fig. 10).
For greater clarity, we included stress distribution plots of

the most critical models (horizontal loading at 90◦), which
displayed dentin stresses with a standardized color scale
legend, and we compared these values with those of the
sound tooth model to better demonstrate the biomechanical
differences among the evaluated crown-cement combinations
(Figs. 11,12).
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FIGURE 9. Maximum von Mises stress values in the adhesive cements under different loading conditions. GIC: glass
ionomer cement; RMGIC: resin-modified glass ionomer cement; SSC: stainless steel crowns; PZC: pediatric zirconia crowns.

FIGURE 10. Maximum von Mises stress values in the dentin tissue under different loading conditions. GIC: glass
ionomer cement; RMGIC: resin-modified glass ionomer cement; SSC: stainless steel crowns; PZC: pediatric zirconia crowns.

3.4.3 Pulp tissue
The maximum stress values observed in the pulp tissue under
different force angles were found to be relatively similar across
all models (Fig. 13).

4. Discussion

In this study, three-dimensional finite element stress analysis
(3D-FEA) was employed to evaluate the stress distribution
patterns created by different crown and cement combinations

on an endodontically treated second primary molar under three
different directional forces. The results demonstrated that
the mechanical properties of the restorative materials exert a
substantial influence on biomechanical behavior.

In crowned tooth models, the anatomical complexity and
layered morphology of the crown often limit the precision
of classical methods used to define surface contours. As a
result, tooth geometry is frequently simplified or reduced to
two-dimensional representations, which may compromise the
reliability of accurately analyzing mechanical behavior [28].
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FIGURE 11. Distribution of stresses occurring in the dentin after applying horizontal force at a 90◦ angle to the long
axis of the tooth on a healthy tooth model.

F IGURE 12. Stress distributions on the dentin tissue after applying a horizontal force at a 90◦ angle to the long axis of
the tooth in the study models (Models 1,2,3,4,5,6 from left to right, respectively).
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FIGURE 13. Maximum von Mises stress values measured in the pulp tissue under different loading conditions. GIC:
glass ionomer cement; RMGIC: resin-modified glass ionomer cement; SSC: stainless steel crowns; PZC: pediatric zirconia
crowns.

In light of these constraints, the structures in the present finite
element models were assumed to be linear, isotropic, and
homogeneous, which should be acknowledged as a limitation
of this study.
The thickness and type of cement used in cementing crowns

affect the stress distribution in different layers of the tooth.
Based on evidence from previous studies and manufacturers’
recommendations, a luting thickness of 0.2 mm was used
for the cementation of SSC, PZC, and Bioflx crowns in this
study, employing either glass ionomer cement (GIC) or resin-
modified glass ionomer cement (RMGIC) [27, 29]. In the
comparison between conventional GIC and RMGIC, GIC was
found to absorb more stress due to its higher elastic modulus,
whereas RMGIC distributed the load more uniformly due to
its more flexible nature [30, 31]. These findings are consistent
with previous studies reporting that cements with higher elastic
moduli tend to result in greater stress concentrations within the
luting layer [32, 33].
The findings also revealed that different crown-cement com-

binations play a decisive role in the distribution of stress
values. Particularly in the models restored with Bioflx crowns,
von Mises stresses were higher in both the dental tissues and
the adhesive cement compared with other materials. This may
be attributed to the lower elastic modulus and viscoelastic
nature of the Bioflx material. More flexible materials are
thought to absorb less applied force and transmit more stress to
deeper tissues, such as dentin and pulp. Similar findings in the
literature support this; for instance, Ruck and Gosnell reported
that Bioflx undergoes greater deformation under lateral loads,
potentially compromising restoration success [11].
Pediatric zirconia crowns emerged as the material with the

lowest stress transmission. Owing to zirconia’s high elastic
modulus, a substantial portion of the applied load was ab-
sorbed, reducing stress transmission to the dental tissues. This
finding aligns with studies by Prabhakar et al. [34], who

reported that zirconia crowns reduce dentinal stress. Consid-
ering zirconia’s biocompatibility and aesthetic advantages, it
remains a highly favorable option for use in pediatric patients.
Stainless steel crowns were found to transmit a moderate

level of stress. These restorations have long been used in
pediatric dentistry and are known for their durability. Previ-
ous studies have emphasized the clinical success of stainless
steel crowns, noting their ability to withstand functional loads,
especially in posterior regions [35, 36].
The direction of the applied force also had a direct influence

on stress distribution. Under oblique and horizontal forces,
increased dentinal stress was particularly evident in the Bioflx
and PZC groups. This highlights the importance of selecting
restorative materials capable of withstanding not only vertical
but also lateral masticatory forces in clinical settings. Other
studies have similarly emphasized the effect of force direction
on the performance of restorative materials [37, 38]. In pre-
vious studies, lateral masticatory forces have been simulated
at 0◦, 45◦, and 90◦ by applying angled loads to the palatal
slopes of the buccal cusps [24, 26]. In line with this approach,
our study adopted these load directions to reflect clinically
relevant scenarios, where vertical forces (0◦) represent normal
mastication, oblique forces (45◦) functional contacts during
chewing, and horizontal forces (90◦) parafunctional loading
such as bruxism.
The stress values observed in the pulp tissue across all

groups remained below the biologically acceptable thresholds
reported in the literature. According to Tanaka et al. [39],
stresses exceeding 2.94–3 MPa may be harmful to the pulp,
whereas the values observed in this study were within the safe
range.
The FEA method is widely regarded as a reliable approach

for evaluating the biomechanical behavior of restorative ma-
terials [40, 41]. In the present study, modeling of Digital
Imaging and Communications in Medicine (DICOM) format-
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ted micro-CT scans via 3D Slicer enabled the reconstruction
of geometries closely resembling clinical anatomy [42]. The
use of a high number of nodes and elements (approximately
440,000 nodes and 1.7 million elements) further enhanced the
precision of the analysis [43].
Despite these methodological strengths, the main limita-

tion of the present study is the absence of experimental or
clinical validation of the finite element models. While finite
element analysis provides valuable insights into biomechanical
behavior, the absolute stress values reported herein should be
considered theoretical approximations. Moreover, the stress
differences observed in this study do not directly translate into
clinical failure. Real-world factors, such as the need for crown
reshaping, marginal adaptation, indication restrictions (e.g.,
limited space, esthetic concerns, or remaining tooth structure),
wear, cement dissolution, occlusal adjustments, and individual
chewing patterns, were not modeled. Therefore, the findings
should be interpreted as indicative of potential mechanical
tendencies rather than definitive clinical predictions. Future
studies incorporating sensitivity analyses, strain-gauge com-
parisons, or clinical validation are required to further sub-
stantiate the reliability and translational relevance of these
findings. Future studies should incorporate dynamic loading
simulations, thermomechanical cycling, and in vitro testing of
extracted teeth to validate the finite element findings.

5. Conclusions

This study evaluated the biomechanical behavior of maxillary
second primary molars restored with different crown-cement
combinations following MTA pulpotomy by using finite el-
ement analysis. The results showed that pediatric zirconia
crowns produced the lowest von Mises stress values in the
dentin and cement layers, indicating favorable stress distri-
bution. Stainless steel crowns demonstrated moderate stress
levels, while Bioflx crowns exhibited higher stress concentra-
tions under horizontal loading. Within the limitations of this
simulation-based study, these findings provide comparative
biomechanical data that may guide the selection of pediatric
full-coverage crowns in clinical practice.
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