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Abstract

The soft Bankart lesion is characterized by the abnormal translation of the humeral head
during dislocation, which places excessive stress on the labrum and causes it to stretch
along with other structures that provide joint stability. This lesion is described as a purely
soft tissue injury and occurs due to the detachment of the anteroinferior labroligamentous
complex. This research aimed to evaluate the computational biomechanics of a biomodel of
the shoulder joint with a soft Bankart lesion during pure abduction using the Finite Element
Method (FEM). It evaluates the tissue mechanics of the structures with the lesion, such as
ligaments, the articular capsule, and the labrum, which guide and limit the bones of the
joint during movement. A healthy shoulder joint biomodel is developed for comparison.
The results of stress and strain in the healthy shoulder and the soft Bankart biomodel
are analyzed. The results for the soft Bankart biomodel show an increase in stress on
the MGHL, with the pIGHL assuming a primary stabilizing role. The CHL and articular
capsule limit the excessive displacement of the humeral head.

Keywords: FEM analysis; soft Bankart lesion; shoulder biomodel; tissue mechanics;
computational biomechanics; FEM

1. Introduction
The shoulder joint has a high rate of dislocations in the human body due to its

morphological instability: a shallow glenoid cavity that articulates with the humeral head,
which has an almost spherical geometry [1]. This configuration allows for a wide range
of motion. To maintain joint congruency, the joint is stabilized by a complex system of
dynamic stabilizers (muscles) and static stabilizers (ligaments, labrum, cartilage and joint
capsule). Ligaments function as passive restraints that guide and control movement at low
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loads by directing the movement within a safe range; at high loads, they serve to resist and
limit excessive movement [2].

This wide range of motion makes the shoulder joint prone to a variety of injuries.
Young adults often experience anterior shoulder dislocation, presenting a soft Bankart
lesion. This occurs due to the abnormal translation of the humeral head during dislocation,
which places excessive stress on the labrum and causes it to stretch along with other struc-
tures that provide joint stability [3,4]. Sports such as rugby, American football, basketball,
and tennis are high-risk activities for developing a soft Bankart lesion, particularly with
sudden or repetitive overhead movements [5,6]. The soft Bankart lesion is located between
3 and 6 o’clock in the glenoid cavity, which distinguishes it from other labrum tears, such
as the SLAP lesion [7]. This lesion is described as a purely soft tissue injury (defined as a
tear in the articular capsule, labrum, and ligament), without any bony defect presented in
the humeral head, as shows in Figure 1. The lesion occurs due to the detachment of the
anteroinferior labroligamentous complex, which tears away from the glenoid cavity. At
the same time, the joint capsule and the inferior glenohumeral ligament (aIGHL) present a
tear [8].

Articular 
capsule 

Glenoid cav-
ity 

Labrum  

Soft Bankart 

Figure 1. Glenoid cavity in the sagittal plane. (Left): healthy joint; (right): Soft Bankart lesion.

In recent years, biomechanical research focused on the glenohumeral joint has pro-
gressed significantly due to the development of finite element models based on three-
dimensional representations. With reference to the soft tissues of the joint, studies have
evaluated the behavior of SLAP tears [9–12] in the superior labrum and articular cap-
sule. In addition, a numerical analysis of humeral head displacement resulting from bony
defects associated with anterior shoulder instability has been conducted [13,14]. Previ-
ous investigations have focused on the remplissage procedure [14–16]. However, despite
these advances, there remains a significant gap in the specific numerical evaluation of the
soft Bankart lesion, which is a capsulolabral tear without a significant bony component.
This lack of a finite element biomodel explicitly focused on the soft Bankart limits the
understanding of the mechanisms underlying the variety of lesions that affect the internal
behavior and interaction of the glenohumeral joint tissues. This justifies the development
of a controlled simulation that allows for the integral quantification of stress redistribution
across the glenohumeral ligaments and articular capsule. Additionally, the simulation of
pure abduction movement under controlled loading conditions (using only the force of the
supraspinatus) isolates the passive mechanical effect of the Bankart tear on the connecting
tissues, eliminating the effect of the compensatory muscle forces that would otherwise
interfere with the results.

In biomedical engineering, a biomodel often refers to a three-dimensional model
characterized by its ability to virtually replicate biological systems [17,18]. This study aims
to develop a three-dimensional model of the shoulder joint, both healthy and with a soft
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Bankart lesion, to conduct a numerical analysis capable of quantifying and comparing
changes in ligament stress and strain, directly contrasting the results between the healthy
joint and the soft Bankart lesion.

2. Materials and Methods
A finite element analysis was conducted on both biomodels of a healthy shoulder

joint and a soft Bankart lesion to compare the biomechanical soft tissue responses of
the shoulder during pure abduction. The biomodel includes the humerus, scapula, and
clavicle bones (each with cortical and cancellous components), as well as the articular
capsule, labrum, and ligaments. This allows for a detailed examination of the behavior
and interaction between soft tissues during movement. A discretization convergence
analysis was performed to assess the accuracy and efficiency of the numerical model. This
investigation aims to evaluate stress distribution numerically by comparing ligament stress
between biomodels [9,19,20].

2.1. Modeling of the Computational Shoulder Joint

Computational modeling corresponds to a three-dimensional representation of dif-
ferent biological structures within the human body. By utilizing medical imaging and
CAD software tools 2025, it is feasible to develop virtual anatomical structures [21–23].
The process begins with CT images of a 23-year-old female volunteer’s torso; the images
contained within the DICOM file offer detailed insights into the spatial dimensions and
anatomical positions of internal body structures. The images in DICOM format were im-
ported into Mimics Research (version 21.0) software to delineate and define the contours of
the structures that are part of the biomodel. For cortical and cancellous bone, a combination
of automatic thresholding and manual segmentation masks was applied. Anatomical refer-
ences documented in previous publications were used as guides for the origin and insertion
of the capsule and ligaments [24,25]. Figure 2 shows the tissue mask of the shoulder joint.

 

Scapula CB  

capsule  
Articular  

Humerus CB 

Humerus TB 
ligaments 

Glenohumeral  

Scapula TB 

Acromioclavicular  

Clavicle CB 

Figure 2. Coronal view of manual segmentation masks of the model using Mimics Research (ver-
sion 21.0).

The articular capsule was reconstructed according to the measurements from the CT
images in the volunteer’s data. A 4 mm thickness is included at the end of the capsule
and the scapular bone to represent the labrum [26]. The articular capsule was divided into
five regions. Their limits were determined based on the quadrants of the glenohumeral
joint (posterosuperior, anterosuperior, anteroinferior and posteroinferior) [27]; the axillary
recess was included.

The next step is structure refinement, which consists of improving the elements’ sur-
faces, removing duplicated surfaces, repairing cavities or other issues, and smoothing the
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geometry [9]. Boolean operations were used to cut between the geometric structures to
ensure consistency between them. To accurately simulate a soft Bankart lesion, the model
was refined by removing elements corresponding to the MGHL and the articular capsule
geometry, representing the detachment of the anteroinferior capsulolabral glenoid. This
approach ensures that the resulting biomodel closely replicates the anatomical alterations
described in clinical cases of soft Bankart lesions [7,8,28]. Once the refinement process and
modifications are complete, the volumes of both models (healthy shoulder and shoulder
with a soft Bankart lesion) are generated for further analysis. Each element for the biomod-
els is saved in STL format. This process was conducted using Materialise 3-matic (version
13.0) software.

Both the healthy shoulder joint biomodel and the biomodel with a soft Bankart lesion
were developed and analyzed using finite element analysis software, like ANSYS Work-
bench (version 2021 R2; ANSYS Inc. Canonsburg, PA, USA). For the numerical simulations,
certain parameters were established, including model discretization, assignment of me-
chanical properties to the biological structures, definition of boundary conditions, and
remote forces, providing a comprehensive and reliable biomechanical evaluation of both
models. Figure 3 summarizes the steps for the development of the shoulder biomodel.

2.2. Biomodel Discretization

To assess the quality of the tetrahedral mesh for the ligament structures included in
the models, they were evaluated using the skewness metric implemented in ANSYS. For
tetrahedral elements, ANSYS calculates a volumetric skewness based on the formula for
the ideal volume of a regular tetrahedron as a function of the radius of a circle [29,30]. The
ideal volume of a regular tetrahedron is obtained using Equation (1):

Videal =
8
√

3
27

R3 (1)

Skewness is then defined as
skewness = 1 − V

Videal
(2)

where V is the actual volume of the tetrahedron. A skewness value close to 0 indicates a
nearly regular element, while values close to 1 indicate significant distortion or volume
collapse [31]. Additionally, ANSYS reports an angular skewness defined as

skewnessangle =

(
θmax − θe

180◦ − θe
,

θe − θmin
θe

)
(3)

where θmax and θmin are, respectively, θe the maximum and minimum internal angles, and
is the ideal angle corresponding to the equilateral shape of the face. The final skewness
reported by ANSYS is the maximum volumetric and angular skewness [32]. Three different
mesh densities with element sizes of 1.5 mm, 1 mm and 0.8 mm were generated in the
healthy model. A torque of 10 N was applied to the distal humerus for abduction. The mesh
was considered convergent if the differences in results were within a 5% accuracy margin
for the coarse and fine meshes [33]. For each mesh configuration, the maximum stress in
the ligaments was calculated. The coarse and medium meshes presented a variation of
15% in the maximum stress value. But the difference between the medium mesh and the
smaller mesh exhibited a difference of around 4%.in the articular capsule stress. The mesh
of 1 mm of solid tetrahedral elements effectively captured the complex morphology of the
ligaments and was based on previous studies of convergence in glenohumeral joints [34].
The articular capsule regions were meshed individually with quadrilateral shell elements
of 1 mm [35,36].
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Medical images from a CT scan  
Manual segmentation 
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Discretized and solid biomodel  

Figure 3. Schematic development of the shoulder joint biomodel in Materialise 3-matic v13.0.
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Figure 4 shows the skewness quality mesh metric. It is considered very good. It
presents an average of 0.32508 for the healthy shoulder biomodel and 0.32891 for the soft
Bankart lesion. This ensures the avoidance of numerical errors and model convergence,
following standard recommendations for meshing. Table 1 shows the comparison of nodes
and elements of the modified structures to represent the lesion.

 

Excellent Very good Good Acceptable Bad  

0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00 

Unacceptable 

Skewness average: 
Healthy biomodel  

0.32508 

Soft Bankart lesion  
Skewness average: 

0.32891 

Figure 4. Average skewness for the biological structures that are affected by the soft Bankart.

Table 1. Comparison of elements and nodes between the structures modified to represent the soft
Bankart lesion and the healthy biomodel.

Biological Tissue
Healthy Biomodel Soft Bankart Lesion

Nodes Elements Nodes Elements

aIGHL 15,787 9433 17,800 10,532

Articular capsule
and labrum 1551 1478 1515 1406

Table A1 provides a list of nodes and elements corresponding to the structures repre-
senting the soft tissues in both biomodels, healthy shoulder and the soft Bankart lesion.

2.3. Boundary Conditions and Loading

Contact regions are defined to represent ligament insertions into the bone; the contact
type is set to boned. For contacts between the ligaments and the joint capsule, a frictionless
contact was defined, allowing free sliding between tissues [9,37].

A local coordinate system was defined [38] on the humeral head, the distal edge of
the scapula, and the acromion end of the clavicle (where movements and rotations are
restricted during simulations based on published results from previous research) [38–41].
Figure 5 shows the boundary and load condition established.
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(a) (b) 

UX = UY = UZ = 0 

Rot X = Rot Y = Rot Z = 0 

10 N 

Figure 5. Boundary conditions for the finite element: (a) Local coordinate system at the center of the
humeral head. (b) 10 N force applied in the supraspinatus tendon area and revolute joint (yellow
arrow) in the humerus for abduction; distal edge of the scapula fixed (scapula yellow area).

2.4. Mechanical Properties of Biomodel Biological Structures

In the numerical modeling of soft tissues using the finite element method, the choice
of a hyperelastic constitutive model is critical for accurately reproducing the stress and
strain fields under different loading conditions. Among the various formulations, the
Mooney–Rivlin model is favored for its balance between mathematical simplicity and the
ability to describe the nonlinear behavior of nearly incompressible materials. The model is
based on a strain-energy density function [42]. The deformation energy density function W
for an incompressible, isotropic material is usually expressed as:

W = C10(I1 − 3) + C01(I2 − 3) (4)

where I1 and I2 are the first and second invariants of the Cauchy–Green deformation
tensor, and C10 and C01 are Mooney–Rivlin material parameters. To model the near-
incompressibility characteristics of soft tissues, a volumetric term is included. This is
commonly implemented in finite element software like Ansys. The equation adding the
volumetric term would be expressed as:

W = C10(I1 − 3) + C01(I2 − 3) +
1

D1
(J − 1)2 (5)

where D1 is the incompressible parameter, which is inversely proportional to the volumetric
compressibility modulus [43]. The mechanical properties of the bones, labrum, articular
capsule and ligaments were adapted from previous studies based on experimental data
from mechanical tests on human cadaveric tissue, summarized in Table 2 [37,44–47]. To
represent nonlinear material behavior, the Mooney–Rivlin model is applied with parameters
adopted from the literature for soft tissues, as specified in Table 2. The humerus, clavicle,
and scapula are assumed to be rigid body material due to their high stiffness compared to
soft tissues [48].

Biological tissues present variability in their mechanical properties due to age, pathol-
ogy, or experimental uncertainty. Therefore, a local sensitivity analysis was performed in
the articular capsule by varying Young’s modulus over a range of 10%, 20% and 30% to
quantify how uncertainty in material stiffness affects the maximum stress.
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Table 2. Mechanical properties of soft tissues.

Structure Type Mechanical Properties Reference

Humerus

Rigid body E = 15,000 MPa, v = 0.3

[44,48]

Scapula [44,48]

Clavicle [44,48]

Labrum

Mooney–Rivlin model

C10 = 2.8 C01 = 2.8 D1 = 0.004 [45]

Articular capsule C10 = 6 C01 = 6.5 D1 = 0.12 [47]

Glenohumeral ligaments C10 = 14.4 C01 = 14.4 D1 = 0.008 [46]

3. Results
The results below demonstrate the role of static stabilizers in the joint, directly compar-

ing ligament stress during humeral motion in both healthy conditions and in the presence
of a Bankart soft-tissue lesion. Figure 6 shows stress results indicating that most ligaments
exhibit an increase in stress values in the shoulder with the lesion. Positive stress indicates
that the ligament is actively resisting the load and acts as a restricting force, preventing
excessive displacement of the humeral head. Negative stress represents compression, in-
dicating that the structure is folding or bunching. The CHL is a band that connects the
coracoid to the humerus, and as the humerus rises, the ligament shortens during abduc-
tion [25]. The previous statement is consistent with the negative stress value obtained:
−0.05485 MPa for the healthy shoulder compared to −0.08867 MPa for the soft Bankart.
The negative values represent the compression of the ligament while the arm rises in ab-
duction. This behavior is also observed in the SGHL, which shows 67% more compression
compared to the same ligament in the healthy shoulder. The pGHL of the shoulder with
the lesion presents an increase of 57% with respect to the healthy ligament. The rest of the
glenohumeral ligaments show a slight increase in stress in the structures of the biomodel
with the lesion.

Figure 7 shows significant changes in the stress distribution in zones of the articular
capsule. The anteroinferior and posteroinferior regions of the capsule present a marked
increase, with values of 0.34248 MPa compared to 0.11981 in the healthy anteroinferior
region. The posteroinferior region of the articular capsule with the lesion presents an
increase of 67%. The area of the axillary recess of the healthy biomodel shows negative
stress, indicating tissue compression and damping of the humeral head’s movement, but the
biomodel with the lesion presents a marked increase, with values of 0.5779 MPa compared
to −0.125 MPa.

Visual Results for the Numerical Analysis

The visual results from the numerical analysis in the ANSYS Workbench (version
2021 R2; ANSYS Inc. Canonsburg, PA, USA) software show stress distribution (Figure 8).
The maximum stress values are associated with the glenohumeral ligaments and the
humerus. In the healthy biomodel, stress distribution occurs among the CHL, articular
capsule, and glenohumeral ligaments. Conversely, the pathological biomodel shows areas
of concentrated stress: CHL, labrum, and pIGHL, which work together to maintain joint
congruency, avoiding excessive displacement of the humeral head.
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Figure 6. Stress results for the structures connecting the arm to the torso.
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Figure 7. Stress results for the articular capsule, axillary recess, and labrum.
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Healthy shoulder  

2.7259 MPa 
2.0911 
1.4564 
0.82165 
0.18691 
-0.44784 
-1.0826 
-1.7173 
-2.3521 
-2.9868 

Soft Bankart lesion  

2.8851 MPa 
2.3188 
1.7526 
1.1864 
0.62012 
0.053885 
-0.51235 
-1.0786 
-1.6448 
-2.2111 

Figure 8. Stress visual results from ANSYS Workbench.

Figure 9 shows tissue strain as the arm is raised. The left column shows the results
for the healthy shoulder. The column on the right shows the visual results of the biomodel
representing soft Bankart tissue injury. In the healthy biomodel, the pGHL shows a
maximum value of 16% compression at the junction with the scapula. The axillary recess
also presents a maximum value of 16%. The CHL presents values of 3.5% in the soft
Bankart model and 2.7% in the healthy model. The posteroinferior area of the labrum
presents a compression value of 16%. In the articular capsule with soft Bankart, the
posteroinferior region shows a maximum value of 3%, while the anteroinferior region
presents a compression value of −7%. The same articular capsule regions present values
of 1.9% and a compression value of 5%, interpreted as capsular laxity, which alters the
glenohumeral joint stability. Stress distribution is not uniform in the model with the
Bankart lesion, resulting in a 21% difference compared with the healthy joint, indicating an
abnormal redistribution of compression load between the structures that could compromise
joint stability and increase the risk of recurrent dislocation.

Healthy shoulder  

0.27972 mm/mm 
0.22839 
0.17705 
0.12572 
0.074394 
0.023063 
-0.028268 
-0.079598 
-0.13093 
-0.18226 

Soft Bankart lesion  

0.17285 mm/mm 
0.13605 
0.09925 
0.062449 
0.025649 
-0.011152 
-0.047953 
-0.084754 
-0.12155 
-0.15836 

Figure 9. Strain visual results from ANSYS Workbench.

A parametric sensitivity analysis was performed by varying the Young’s modulus of
the articular capsule by ±10%, ±20% and ±30% increases. For each variation, the maxi-
mum stress was calculated using the shoulder finite element model under replicated load
conditions. The standard derivation of the maximum stress was calculated as 0.572 MPa,
indicating a variability of approximately ±0.572 MPa around the mean value.

4. Discussion
The finite element numerical simulation results provide relevant information about

the behavior of the static stabilizers in shoulder structures during pure abduction with
a soft Bankart lesion. The comparative analysis between the healthy biomodel and the
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injured biomodel reveals significant alterations in joint behavior, including changes in
the distribution of stress and strain within structures such as ligaments, the joint capsule,
and the labrum, providing a deeper understanding of the pathophysiology of anterior
glenohumeral instability. One of the most significant findings of this analysis is the presence
of negative tension values in the CHL and SHL ligaments during movement, indicative of
physiological laxity. During pure abduction, as the humerus elevates, the CHL shortens
due to a reduction in the distance between its insertion points, leading to ligament contrac-
tion [25]. These observations align with the negative stress results and reflect contraction
rather than elongation. The MGHL tightens by 37% compared to the healthy side, acting as
a barrier against the anterior displacement of the humeral head. This finding could explain
the progression of capsular lesions observed in cases of chronic recurrent instability [49].
The pGHL becomes the main static stabilizer, exceeding the stress of the MGHL, which
has a lower value [50]. The labrum improves shoulder stability by increasing the depth
and surface area of the joint, centering the humeral head. It also acts as a joint seal to
maintain intra-articular pressure [51]. This is reflected in the analysis results, which show
negative stress values indicating the damping effect of the humeral head’s movement. This
indicates that the affected labrum does not contain or center the humeral head; therefore,
the anteroinferior and posteroinferior regions of the capsule, as well as the axillary recess,
play a role in holding the humeral head in position. The visual results of the biomodel with
a soft Bankart lesion show a reduction in movement damping; however, areas where the
humeral head’s cushioning is concentrated are highlighted. This is consistent with the onset
of degenerative changes and glenohumeral osteoarthritis [52,53]. An increase in stress is
observed in the axillary recess, with maximum values of 0.5779 MPa during pure abduction.
This increase is probably due to a phenomenon of inferior capsular tension caused by
excessive translation of the humeral head. Despite the results, the study presents several
limitations. Among them is the assumption that the biomodel’s structures were made
of isotropic materials. The articular capsule and the labrum have complex collagen fiber
architectures that can give rise to anisotropic and region-dependent mechanical behavior.
The simplifications made in this study neglect the directional dependence of the mechanical
response and may lead to inaccuracies in stress distribution and strain localization. The
data are from physical tests performed on elderly cadaver shoulder joints, which may
not fully represent in vivo conditions due to tissue degeneration, age variability, and the
absence of muscle activation. Due to this, the mechanical response may differ from that
of a living human with a soft Bankart tear in the glenohumeral joint, even though relative
trends between simulated joint movements are expected to remain informative. Another
important limitation is that the definition of the enthesis (attachment) of ligaments in bones
is based on a combination of anatomical references from the literature and manual selec-
tion based on segmented geometry, which introduces potential variability. Future studies
should use automatic recording techniques or soft-tissue-resolution magnetic resonance
imaging to define the enthesis more precisely and specifically for each patient. One more
fundamental limitation of the model presented here is that it controls the force exerted
purely by the supraspinatus muscle, which plays a leading role during the early stages
of arm abduction [54]. In subsequent biomodels, it would be appropriate to apply the
forces representing the deltoid, infraspinatus, and teres minor muscles to assess how the
compensation of the anterior support influences stress redistribution in the joint’s soft
tissues. In addition, the model’s information is collected from a single subject performing
a pure abduction movement without external rotation of the humerus, so morphological
differences between individuals and differences in movement may result in variations in
stress distribution. Furthermore, the finite element numerical simulation does not fully
represent the internal functioning of the human body joint.
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5. Conclusions
The results show that during a soft Bankart lesion, in pure abduction, the CHL and

articular capsule limit excessive displacement of the humeral head during movement. An
increase in stress on the pIGHL ligament was observed, assuming a primary stabilizing
role and effectively restricting excessive translation of the humeral head during abduction.
Building on these biomechanical insights and advances in technology, it is possible to
develop numerical simulations of bone geometries using finite elements, following an
increasingly standardized methodology that generally involves reconstructing bone ge-
ometry from medical images, assigning mechanical properties derived from bone mineral
density, and defining load conditions. In contrast, soft tissues (ligaments and joint capsule)
are sensitive to local physiological conditions and exhibit non-linear mechanical responses.
This inconsistency between the maturity of bone models and the challenge of represent-
ing soft tissue underscores the need to continue developing strategies to simulate tissue
behavior under loads that better reflect reality. In numerical simulations, ligaments and
capsules are simplified in their geometry and structure, represented by elements such as
rectangular bands, springs, or connecting lines, due to the difficulty of obtaining detailed
geometry and in vivo experimental data on stiffness and damage. Despite these limitations,
image-based numerical models have the potential to transform surgical planning and
rehabilitation in orthopedics. Patient-specific models enable the prediction of changes
in joint tissues in a virtual environment. This capability can help the surgeon select the
most appropriate technique and reduce the risk of mechanical complications. It should be
emphasized that, although biomodels based on medical images facilitate visualization of
the specific patient’s joint and help interpret the distribution of forces, contact pressures,
and range of motion, they do not replace clinical experience. This contrast underlines that
clinical expertise remains essential even with advanced modeling tools. The advancement
and implementation of these models are completely linked to the expertise of mechanical
engineers and medical specialists. Methodologically, these professionals make critical
contributions to mechanics, constitutive model formulation, finite element analysis, and
experimental validation—elements that are fundamental to transforming medical images
into computational representations of the musculoskeletal system. Moreover, mechanical
engineers play a pivotal role in the design of implants, fixation devices, and simulation
platforms, all of which benefit directly from the insights these models provide. Through
their involvement, they bridge the gap between mechanical understanding and technolog-
ical innovation within the field of orthopedics. In summary, reflecting this collaborative
and technological evolution, this study describes the broader trend toward the use of
patient-specific biomechanical models generated from medical images as tools to aid in
diagnosis, surgical planning, and rehabilitation of the shoulder and other complex joints.
Continued progress in this field stands to enhance patient care and set new standards in
orthopedic practice. While modeling bones is relatively straightforward, accurately repre-
senting soft tissues remains a significant challenge. This contrast highlights the necessity of
ongoing advancements in image acquisition, segmentation, material characterization, and
experimental validation techniques.
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Abbreviations
The following abbreviations are used in this manuscript:

SGHL Superior glenohumerla ligament
MGHL Medial glenohumeral ligament
aIGHL Anterior band of the inferior glenohumeral ligament
pIGHL Posterior band of the inferior glenohumeral ligament
CHL Coracohumeral ligament

Appendix A
Table A1 shows the elements and nodes of the structures that were not modified to

replicate the soft Bankart lesion, representing the solid tetrahedral soft tissues of both
biomodels of the shoulder joint.

Table A1. Elements and nodes of the solid structures of the biomodel.

Biological Tissue Nodes Elements

SGHL 11,453 6610
MGHL 17,016 10,106
pIGHL 11,605 6635
CHL 11,212 6403
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