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Polymer-based bioresorbable scaffolds (BRS) aim to reduce the long-term issues associated with metal stents. Yet,
first-generation BRS designs experienced a significantly higher rate of clinical failures compared to permanent
implants. This prompted the development of alternative scaffolds, such as the poly(L-lactide-co-e-caprolactone)
(PLCL) solvent-casted stent, whose mechanical performance has yet to be addressed. This study examines the
mechanical behavior of this novel scaffold across a wide range of parallel and radial compression diameters. The
analysis highlights the scaffold’s varying responses under different loading conditions and provides insights into
interpreting simulation model parameters to accurately reflect experimental results.

Stents demonstrated a parallel crush resistance of 0.11 N/mm at maximum compression, whereas the radial
forces were significantly higher, reaching up to 1.80 N/mm. Additionally, the parallel test keeps the stent in the
elastic regime, with almost no regions exceeding 50 MPa of stress, while the radial test causes significant
structural deformation, with localized plastic strain reaching up to 30 %. Results showed that underestimating
yield strain in computational models leads to discrepancies with experimental results, being 5 % the most ac-
curate value for matching computational and experimental results for PLCL solvent-casted stents.

This comprehensive approach is vital for optimizing BRS design and predicting clinical performance.

1. Introduction reestablishing vascular patency [8,9]. However, there is a persistent

concern surrounding the permanent presence of metal-based stents

A vascular stent is an expandable mesh-like tube that serves as a
scaffold [1], maintaining the luminal patency of a constricted artery? so
that blood can flow smoothly without any obstruction [2,3]. These
structures fall into two main categories [4]: I) permanent bare metal
stents (BMS) or drug-eluting stents (DES); and II) bioresorbable stents
(BRS).

Original BMS were challenged by tissue hyperplasia, which led to
restenosis as the lumen often became reobstructed [5,6,7]. This chal-
lenge was partially alleviated by DES, which elute antiproliferative
agents from polymer-coated metallic struts, effectively inhibiting
excessive tissue proliferation and enhancing the effectiveness in

within the artery, which may hinder complete vascular healing. The
inherent constraints linked with BMS and DES prompted the medical
community to turn their attention to BRS for a solution [10,11].

BRS are bioresorbable polymeric or metallic stents, engineered to
offer temporary radial support within the constricted vessels, gradually
dissolving over time, thereby mitigating long-term complications asso-
ciated with permanent implants [12]. Unfortunately, studies show that
arteries with BRS clot two to three times more often than those with
permanent stents, increasing the risk of thrombosis and myocardial
infarction [13]. Consequently, researchers have explored alternative
materials, geometries and fabrication techniques to address these
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challenges. Current trends include new polymeric materials, thinner
struts combined with appropriate mechanical properties, radiopacity,
and optimized local drug delivery [14]. This pursuit has led to in-
novations such as the poly(L-lactide-co-e-caprolactone) (PLCL) poly-
meric stent design fabricated using a material extrusion-based additive
manufacturing technique known as solvent-cast direct-writing (SC-DW)
[15,16,17].

Due to the polymeric nature of BRS, significant attention has been
directed towards their mechanical performance and its characterization
with diverse experimental methods [18]. Due to the small scale of the
stent structure and the resource-intensive nature of the prototyping
process, Finite Element Analysis (FEA) has evolved into a common
research tool for evaluating stent properties, both for mechanical per-
formance [19,20,21,22,23], and interaction with tissues [24,25,26].

Engineering alternative geometries and manufacturing techniques,
such as the PLCL SC-DW scaffold, necessitates proper mechanical
assessment [27,28,29]. Despite the increase in the number of studies
carried out in the BRS field in recent years [30,31], there is scarcity of
experimental and computational studies that characterize the force
exerted by implantable devices across a wide range of working di-
ameters and extract the most common mechanical properties for poly-
meric stents, namely parallel and radial crush resistance.

This study explores the implantation dynamics of a self-expanding
coronary-sized PLCL SC-DW stent to provide a deep understanding of
its mechanical performance by comparing the parallel plate compres-
sion method with full compression and expansion using an iris-like de-
vice, addressing a gap not previously covered in the literature. Such an
approach reveals differences in the stent’s mechanical response under
varied loading conditions. In addition, this study seeks to validate the
computational models by comparing their results with the experimental
performance of the PLCL SC-DW stent.

Tensile testing results of solvent-cast PLCL films are provided and
adjusted to elastic—plastic curves with yield strains ranging from 2 % to
5 %. The effect of strut dimensions and mechanical properties of the
constituent material on stent performance has been analyzed in both
parallel and radial tests. These findings offer insights into how a solvent-
casted PLCL stent performs under different mechanical loads, aiding in
the understanding and prediction of scaffold responses in clinical sce-
narios. Additionally, the provided information can be used to improve
polymeric stent design and evaluation protocols through the optimiza-
tion of strut dimensions and material properties.

2. Materials and methods
2.1. Materials formulation

The material used for the fabrication of the polymeric implants was
medical grade PLCL, with a 95:5 lactic-to-caprolactone molar ratio,
viscosity of 3.8 dl/g, and molecular weight of 700000 g/mol (Corbion,
Netherlands). The printable ink was prepared through the dissolution of
PLCL pellets in chloroform at a concentration of 12.5 % (w/v). To ensure
complete polymer dissolution, a Dual Asymmetric Centrifuge (Speed-
Mixer™, AC 150.1 FVZ, FlackTek, Germany) was employed. The poly-
mer solution obtained was loaded into 3 cc cartridges (Optimum®,
Nordson, USA) to 3D print the stents or poured into a flat Teflon dish to
create the films. Both stents and films underwent thermal treatment at
80 °C for 12 h, thus ensuring complete chloroform evaporation [32], and
enhancement of mechanical properties [17,33].

2.2. Film fabrication and tensile characterization

PLCL solvent-cast manufactured films were cut into 5x30 mm spec-
imens. The tensile testing process was performed with a Bose Electro-
Force 3200 (TA Instruments, Denmark). According to ASTM D882-18
[34], a total of 3 specimens were clamped between two toothed hy-
draulic grippers with a clamping length at the start position of 10 mm.
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Then, a calibrated load cell of 50 1bf, a preload of 500 mN, and a test
speed of 2.5 mm/min were used to pull the specimens. Each sample was
characterized by measuring its thickness in three arbitrary points
distributed along the length of the film using a micrometer Holex
421850 (Hoffmann Group, USA).

2.3. Solvent-cast direct-write stent geometrical design and manufacturing
process

The stent design featured a structure comprising rhombic cells,
which was created using the computer aided design (CAD) software
SolidWorks 2022 (Dassault Systemes, France). Various adjustable pa-
rameters defined the stent’s structure, including stent length (I), stent
diameter (d), strut diameter (t), number of peaks (n,) and number of
revolutions (ny). Stent length was established at 20 mm, stent diameter
at 3 mm, strut diameter at 170 um, number of peaks at 10, and number
of revolutions at 1 rev. These parameters, selected for configuring the
manufacturing parameters, directly influenced the mechanical proper-
ties of the stent [17].

Stents were manufactured using the SC-DW technique employing a
250 pm nozzle (Nordson Corporation, USA). To achieve this, a com-
mercial fused deposition modeling 3D printer (BCN 3D+, BCN 3D
technologies, Spain) underwent adaptation to enable the extrusion of
the polymeric solution. This adaptation involved replacing the printer’s
y-axis with a rotating mandrel of adjustable diameter, facilitating the
printing of cylindrical monolayer structures, as depicted in Fig. 1 [15].

Manufactured stents were imaged 3 times at 10x using an optical
microscope Leica M165 C (Leica Microsystems, Germany) to analyze the
stent’s joints and surfaces, and to determine the stent’s strut size. Stent
length was measured using a digital precision caliper (VWR, USA).

For the simulation model, strut thickness and stent length were
adjusted based on the actual measurements obtained from the samples.
Additionally, a perfectly strut circular cross-section and a 3.0 mm stent
diameter were assumed.

2.4. Experimental mechanical testing

Two different but complimentary approaches were used to assess the
mechanical performance of 3D printed bioresorbable stents: parallel and
radial crush resistance. Parallel tests provided information on how stents
would react to pinching loads arising from the movement of the
deformable arteries, as well as forces produced by external compression.
Radial tests indicated how stents would perform in exerting the
expanding outward force required to overcome an arterial narrowing
and maintain the lumen open for proper blood flow [35].

2.4.1. Crush resistance (parallel)

The parallel crush resistance of a total of 5 printed stents was
assessed through a parallel plate compression test using a BOSE Elec-
troForce 3200 (TA Instruments, Denmark). The whole process was
performed at room temperature. According to ISO 25539-2[36], the
distance between the parallel plates was adjusted to a known distance
(~ 3000 pum). A sample was placed on the support plate in the orien-
tation anticipated to have the least amount of crush resistance. Stents
were compressed up to 50 % reduction in diameter between the two flat
plates, with the upper plate advancing towards the lower one at 1.0 mm/
min. Finally, stents were decompressed at the same rate until the upper
plate reached its initial position. Normal force was measured and
normalized by the respective stent length.

2.4.2. Crush resistance (radial)

The radial crush resistance of a total of 3 printed stents was assessed
using a TTR2 Tensile Testing Machine for Radial Force with RLU124
Large TwinCamTM Compression Station with Blockwise Radial Force
Software (Blockwise, USA). The whole process was performed at room
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Fig. 1. Integrated visualization of polymeric stent design through solvent-cast direct writing technique. A. geometrical design equations and parameters. B. 3D

rendering of the implant conformation procedure. .
Adapted from Chausse et al. [15]

temperature. According to ISO 25539-2 [36], sufficient clearance (>
3500 um) was created by opening the aperture of the radial force test
apparatus. A sample was inserted into the radial force test equipment
and loaded beyond the point required for clinically significant defor-
mation (2000 ym for 33 % compression) using a uniform rate of
compression (1.0 mm/min). Finally, the sample was unloaded using the
same uniform rate until sufficient clearance (> 3500 um) was reached.
The radial strength was determined by utilizing the corresponding load-
versus-diameter curve and normalized by the respective stent length.

2.5. FEA mechanical testing

The consistent units that were used for the definition of the corre-
sponding simulation models are summarized in Table 1:

The stent mesh was generated from a seed size of 0.2 mm, with a
curvature control defined by a maximum deviation factor of 0.05 (h/L)
and a minimum size control governed by a fraction of the overall size of
0.2. This ensured a proper adjustment of the mesh to the discretized
struts’ circular cross-section, as shown in Fig. 2. The element type used
was the C3D10M (10-node modified quadratic tetrahedron). This mesh
definition ensured sufficient quality to capture the bending stresses that
exist during the device compression process. A set was generated with
two centric nodes on which a boundary condition was applied to fix the
geometry in space. A section property was assigned with the section type
Solid Homogeneous. The constitutive material for the definition of the
stent was defined according to the material properties obtained from the
mechanical characterization of the biodegradable polymer PLCL. A
density of 1.5E-9 ton/mm? and a Poisson’s coefficient of 0.3 [1 8,37,38]
were defined, along with the elastic and plastic stress—strain curve of the
polymer. Four distinct constitutive materials with yield strain values
ranging from 2 % to 5 % were defined.

The geometry of each of the compression plates was generated
within the same Abaqus CAE Explicit software. Each plate was defined
as a 10x30 mm 2D planar shell surface. A reference point was set at the
center of the lower 10 mm edge. The plaque mesh was generated from a
seed size of 1.0 mm, with a curvature control defined with a maximum
deviation factor of 0.1 (h/L) and a minimum size control governed by a

Table 1

Consistent units used in the simulation model.
Dimension Length Force Mass Time Stress Energy Density
Units mm N tone s MPa mJ tone/mm?>

fraction of the overall size of 0.1. The element type used was the S4R (4-
node doubly curved thin or thick shell, reduced integration, hourglass
control, finite membrane strains). A set was generated for the reference
point on which the boundary condition was applied to displace the ge-
ometry in space. A section property was assigned with the section type
Shell Homogeneous. The constitutive material for the definition of the
rigid plate was not taken into account due to the application of a rigid
body constraint that prevented their deformation.

The previously mentioned parts were assembled in such a way that
there was a minimum gap between the stent and each of the plates, as
shown in Fig. 3 and Fig. 4.

The simulation was divided into 2 steps:

e Compression step: The rigid plates were used to compress the stent to
the desired minimum diameter.

e Expansion step: The rigid plates were used to allow the stent to
slowly expand until it reached its equilibrium state, which corre-
sponded to its initial shape in the case of elastic recovery.

The total simulated time was 0.0028 s for the whole testing process,
such that % corresponded to the crimping step and ' corresponded to
the expansion step. Monitoring of internal and kinetic energies ensured
that the kinetic energy remained consistently below 5 % of the internal
energy at all times during the testing procedure®.

Explicit integration methods are considered conditionally stable.
This is because the lowest stable time increment (STI), At, must be lower
than a critical STI, Atcrit [39,40,41]. Considering the characteristics of
the particular model, the mass scaling was applied semi-automatically
every 1000 increments to the whole model by setting a target time
increment of 2E-8 s. Hard contact between the outer surface of the stent
and the inner surface of the rigid plates was specified with a friction
coefficient of 0.4, ensuring that there was no slippage between the stent
and the rigid plates [18,38,42,43,44]. The same property was defined
for the self-contact of the stent surfaces, ensuring that they did not
penetrate each other.

Finally, a displacement boundary condition was applied to each of
the parallel plates to reduce the stent diameter from 3.0 mm to 2.0 mm
during the compression step and to increase the stent diameter from 2.0
mm to 3.0 mm during the expansion step.
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Fig. 2. Stent geometric configuration and mesh definition using C3D10M elements in Abaqus CAE. A. Overall stent mesh visualization. B. Consistency and curvature
control visualization of the elements and nodes for the definition of the stent struts’ cross-section.
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Fig. 3. Stent and plaques system’s assembly for crush resistance testing within the FEM software. A. Top view. B. Isometric view. Crush resistance (parallel) analysis

is solely defined with red-colored plaques.
3. Results and discussion
3.1. PLCL films mechanical characterization

PLCL films with a thickness of 130 + 5 pm were obtained. Tensile
testing of the solvent-cast films resulted in a stress-strain curve with a
first elastic region reaching a stress of 53.3 + 4.2 MPa, followed by an
extended plasticization region. Constituent material setup in the simu-
lation model required the distinction between the elastic and plastic
regions of the material [45,46]. For this purpose, different yield strain

values were defined between 2 % and 5 %. Young’s modulus was
calculated as the ratio between yield stress and its corresponding yield
strain, as shown in Fig. 5.

The elastic region of the material is not perfectly linear within the
range of 5 % strains, but it can be closely approximated by yield strain
and Young’s modulus, as suggested by Qiu et al. [38]. In addition, the
Young’s modulus and yield stress resulting from the tensile test are
consistent with the elastic—plastic behavior of the polymeric material
[47,48].
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Fig. 4. Boundary conditions assignment to the parts of the crush resistance testing assembly. A. Compression plates’ displacement conditions applied to each
corresponding rigid body’s reference point. B. Stent’s movement constraint applied to two central nodes within the defined geometry.

3.2. Stent manufacturing outcomes and geometrical properties

The first batch of stents, dedicated to parallel crush resistance
testing, had strut thickness of 166 + 12 ym and implant length of 22 + 1
um. The second batch, dedicated to radial crush resistance testing, had
slightly thicker struts (190 + 10 pm) and same length (23 + 1 pm).
These values align closely with the working range of numerous CE-
marked bioresorbable scaffolds [12]. Crush resistance of a stent is
highly influenced by the physical properties of its geometry and its
manufacturing process [49]. Therefore, stent dimensions must be
strongly considered to properly assess the resistance presented by the
different samples undergoing the compression process [50,51].
Analyzing the forces and stresses across various diameters allows for
adjustments in design parameters, such as reducing strut diameters to
meet specific force requirements for patients. This versatility is achiev-
able with the SC-DW fabrication method used in this study.

The connections between stent struts displayed a dynamic mesh of
filaments, as shown in Fig. 6, showcasing the flexibility and adaptability
of the structure. Struts are welded into each other as the solvent material
is evaporated through the manufacturing process, as previously reported
by Chausse et al. [15,17]. These features, inherent to the manufacturing
process, underline the precision required for polymeric stents’ crafting
[51], and provide avenues for ongoing improvement and innovation in
stent design and fabrication.

3.3. Stent crush resistance (parallel)

The focus for BRS mechanical characterization often lies on assessing
specific force values during the stent compression and decompression
processes. Typically, results are established at the device’s crossing
profile or target vessel diameter [52,53,54,55]. However, it is becoming
increasingly clear that solely analyzing isolated points may miss crucial
insights into stent mechanical performance, potentially leading to
misleading conclusions in device development and optimization
[56,57]. Therefore, beyond the conventional approach of examining
crush resistance at specific crimp diameters, it is key to delve deeper into
the entire range of implant working diameters.

The experimental assessment of crush resistance between parallel
plates revealed the force exerted by stents at the maximum compression
point, ranging between 0.06 N/mm and 0.11 N/mm, in accordance to
previously reported poly(L-lactide) [17] and nitinol [55] scaffolds.
Lower force values corresponded to smaller strut diameters (green),
while higher forces were associated with larger strut diameters (blue), as
observed in Fig. 7. This underscores the importance of precise and
consistent manufacturing processes to reduce variability across samples
[58]. Given that the inertial effects of the struts cross-section diameter
are quadratic in nature, one would expect the observed variability
among the samples analyzed [59].

The simulation model outcomes, based on a strut thickness of 166 pm
matching the samples’ dimensions, showed notable discrepancies in
crush resistance across tests with different constitutive materials. An
increase in strength is observed as the yield strain decreases. This occurs
because the decrease in yield strain leads to an increase in Young’s
modulus [60], thereby strengthening the structure within the elastic
behavior range.

Comparing experimental and computational results of the stent crush
resistance revealed that underestimating yield strain leads to deviations
in the simulation results from the stent’s actual behavior. This effect is
associated with the deformation suffered by the model during the
compression process. Data suggest that, for this specific material, ge-
ometry and manufacturing method, the most accurate approach is to use
the highest yield strain value, corresponding to a plasticization strain of
5 %.

When examining a specific region of the stent, the stress only reaches
meaningful values (> 50 MPa) in very localized areas, rendering the
model’s plastic deformation negligible, as shown in Fig. 8 (further detail
of the results corresponding to different elastic properties can be found
in Figure S 1). These areas correspond to the connection point between
the different struts that form the meshed structure. This suggests that
stents subjected primarily to parallel loads, such as those caused by
external compression, are unlikely to experience significant plastic
deformation. Consequently, scaffold design must focus on strengthening
the structure rather than enhancing its deformability.

In a computational model, various parameters such as geometry
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Fig. 5. Mechanical characterization of PLCL (95:5 lactic-to-caprolactone molar ratio) solvent-cast films via tensile testing. A. Averaged stress—strain curve of the
stent’s constitutive material. B. Detail of the copolymer elastic properties based on the assumed yield strain values. C. Elastic properties’ parameters used for the

constitutive material definition in FEA software.

dimensions, friction coefficients, and boundary conditions, must be
accurately defined to reflect the actual system. The material properties
also need to be determined based on mechanical testing [61]. However,
identifying the exact yield strain, where the material transitions from
elastic to plastic behavior, may be challenging. The stress—strain curve of
semicrystalline polymers such as PLCL typically shows a gradual tran-
sition rather than a discrete point. This study focused on evaluating the
effects of varying the yield strain between 2 % and 5 % on crush resis-
tance and structural stresses. This approach acknowledged the inherent
variability in defining material properties within a simulation. It is also
essential to compare experimental and computational results
throughout the entire compression and expansion process. The valida-
tion of in silico results is often overlooked in the existing literature for
new-generation BRS [62,63,64]. As observed in Fig. 7, the difference
between computational and experimental results varies depending on
the diameter at which the normal force is assessed. For this particular
analysis, the error between the simulation model using 5 % yield strain
and the average of samples having larger strut diameters (blue) was 3.4
% at 2.5 mm, 0.5 % at 2.0 mm and 16.1 % at 1.5 mm of stent crimping
diameter.

3.4. Stent crush resistance (radial)

The results obtained from the crush resistance (radial) experiments,
illustrated in Fig. 9, showcase a high consistency across different sam-
ples. The computational model with a 5 % yield strain closely matched
the experimental results in the parallel plate test, so this plasticization
strain value served as a reference for comparison in the radial plate test.
More specifically, the error between the computational model and the
averaged experimental results was 1.5 % at 2.5 mm and 7.2 % at 2.0 mm
of stent compression. However, more significant discrepancies were
observed during stent decompression as the outward expansion force
approached 0 N/mm, which were attributed to the material’s visco-
elastic behavior.

The experimental force-diameter curves show a steep slope in the
initial loading phase. The curves smooth out as they reach an implant
diameter of 2.0 mm. Subsequently, the unloading curves approach 0 N/
mm around 2.8 mm in diameter. This behavior is mirrored in the
simulation model, in which a strut thickness of 190 um was used. The
computational results of the stent do not only reflect the same phases but
also exhibit remarkably similar radial force values.

From the radial force analysis, it is evident that the stent does not
fully recover its initial diameter after crimping and expansion. The
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Fig. 6. Optical visualization of the SC-DW PLCL manufactured stents using a Leica M165 C. Scale bar = 500 pym.
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Fig. 7. Crush resistance (parallel) for the experimental and computational analyses. Computational stent geometrical model defined with a strut thickness of 166 um

and elastic properties with a yield strain ranging from 2 % to 5 %.

incomplete elastic recovery, at almost 90 %, is due to the higher level of
plasticization during the compression process using an iris-like device
[65]. This effect was not observed in the compression between parallel
plates. Such elastic recovery rates were higher than those corresponding
to previously reported poly(L-lactide) and poly(e-caprolactone) BRS
[66], but similar to 4D printed shape memory vascular scaffolds [67],
highlighting the self-expansion capabilities of the scaffold
[68,69,70,71].

The simulation model indicates certain areas of stress concentration
in which high values of plastic deformation occur. High plasticization
affects the structure’s ability to regain its initial shape after the radial
compression process, as shown in Fig. 10 (further detail of the results
corresponding to different elastic properties can be found in Figure S 2).
Although high strains in the simulation model do not result in fracture
points, due to their compressive and very localized nature (as shown in
Figure S 3), they do pose potential concerns for stent performance [72].
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Fig. 8. Von Mises stress of high-stress concentration region corresponding to the connection point between two intersecting struts of the stent [MPa]. Computational
stent geometrical model defined with a strut thickness of 166 ym and elastic properties with a yield strain of 5 %.
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Fig. 9. Crush resistance (radial) for the experimental and computational analyses. Computational stent geometrical model defined with a strut thickness of 190 um

and elastic properties with a yield strain of 5 %.

Fig. 11 demonstrates how the mechanical performance of the stent
varies based on the definition of these features. This ability to adjust
design parameters and analyze the structure in detail could well explain
the recent rise in the use of simulation models to study BRS [73,74].

During the compression phase, the stent’s behavior shows a slight
variation in resistance based on the properties of the stent’s constitutive
material. More specifically, a lower yield strain (and therefore higher
Young’s modulus) correlates with a greater resistance of the implant
throughout the compression phase. Conversely, the decompression
behavior of the stent suggests that a higher yield strain leads to

improved resistance and better recovery of the stent’s diameter. This is
closely related to the material’s plasticization strain, as materials with
higher plasticization points experience less plastic deformation during
crimping, thereby facilitating better recovery [75].

The interpretation of the elastic and plastic properties (yield strain
and Young’s modulus) derived from the material characterization tests
significantly affects the mechanical performance of stents in computa-
tional models. This impact is evident not only in the crush resistance of
the stent at a specific diameter but also in the behavior of the device over
the entire range of working diameters. As well as in the parallel plate
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Fig. 10. Equivalent plastic strain of high-stress concentration region corresponding to the connection point between two intersecting struts of the stent [-].
Computational stent geometrical model defined with a strut thickness of 190 pm and elastic properties with a yield strain of 5 %.
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Fig. 11. Crush resistance (radial) computational analysis of the computational stent with different strut thicknesses and constitutive material’s elastic proper-

ties definition

test, a yield strain of 5 % provides the best match between computa-
tional and experimental results in the radial compression test.

Such findings have critical implications for future BRS designs. By
addressing high plastic strains and tailoring materials for optimal yield
strain and elasticity, future designs can prevent long-term complications
such as fractures, incomplete shape recovery, and loss of vessel support.
Additionally, a deeper understanding of how the constituent material
properties (Young’s modulus, yield strain) affect the scaffold’s

mechanical behavior may contribute to deliver patient-specific
customized BRS.

4. Conclusions
Stent mechanical characterization should be performed across the

entire range of working diameters, as crush resistance, shape recovery,
and stress distribution, depend on diameter. The presented study found
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that PLCL stents manufactured by SC-DW exhibited consistent linear
behavior in parallel compression tests, indicating that they operate
within an elastic regime with negligible plastic deformation. In contrast,
the stents’ radial crush resistance showed non-linear behavior, with a
response highly dependent on crimp diameter, and significant plastici-
zation during radial compression. This study concludes that differing
responses in parallel versus radial performance underscore the
complexity of stent behavior under varied mechanical loads. The find-
ings were supported by FEA simulations which, performed at 5 % yield
strain, identified areas with high plastic strains. These high plastic
strains may lead to poor stent performance post-implantation, such as
incomplete shape recovery, loss of wall support, unexpected fractures
and reduced lumen patency.
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