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Abstract

We describe a finite element (FE) simulation method for predicting the kinematics of individual knee joints that
has been certified for use in vivo. Our goal is to advance treatment and restore natural joint kinematics by
improving the way clinicians understand the complex individual living systems and potential diseases. The goal
of this effort is to use the finite element method to dissect a more accurate human knee joint model. In order to
complete the reconstruction of 3D knee models, computed tomography (CT) data from a sound subject was
divided. When cartilaginous and cortical bones were separated, the Hounsfield unit (HU) was clearly visible. The
femur and tibia bones, as well as ligaments, make up the knee model. The last step in improving the ligament was
to realign and remove bone layers. Four ligaments at the knee joint were displayed through the use of direct spring
elements. The models' finite element examinations were finished. On the proximal femur, critical powers
somewhere in the range of 100 and 1000 N were applied. The review's discoveries, which uncovered that the most
noteworthy greatest VMS at articular ligaments was 3.27 MPa and 2.930 MPa, separately, were in accordance
with other distributed research. One could assume that the knee models were explored.
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1. INTRODUCTION

At the forefront of biomechanical research, Finite Element Analysis (FEA) simulation and prediction of knee joint
motion damage continues to provide a comprehensive understanding of the complex interconnections within the
knee joint. As a crucial weight-bearing joint, the knee is vulnerable to many injuries and degenerative conditions
that can significantly affect a person's mobility and quality of life. Finite Element Analysis is a mathematical
technique that is commonly used in biomechanics and design. It allows scientists to visualise the complex
biomechanics of the knee joint, providing valuable insights into the factors contributing to injuries and advancing
the development of preventive measures.

Taking into account the precise representation of the material features and mathematical intricacies of the knee
joint, finite element analysis involves discretizing large physical designs into smaller units. FEA enables the
simulation of various stacking conditions and joint developments by applying standards from material science and
design, replicating the potent idea of real-world scenarios. This computational technology has become a vital tool
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in biomechanical investigations, providing a virtual stage for the investigation and prediction of the knee joint's
mechanical behaviour under various conditions.

Comprehending the contributing factors to knee joint injuries is essential in developing persuasive prediction and
repair strategies. With FEA, one may assess how power, strain, and stress are transferred throughout the knee joint
during a variety of exercises, such as jogging, walking, or jumping. Experts are able to simulate unusual stacking
circumstances, assess the impact of external factors like as injury or corpulence, and predict the risk of harm based
on observed biomechanical reactions.

Furthermore, the reconciliation of patient-explicit data, such as tissue characteristics and physical estimates,
improves the appropriateness and accuracy of FEA in predicting knee joint motion wounds. This personalised
method takes into account a more accurate evaluation of injury risks tailored to specific variations in life structures
and biomechanics. As a result, FEA significantly advances patient-explicit treatment plans and interventions.
Using Finite Element Analysis to simulate and predict knee joint motion wounds is a state-of-the-art method in
biomechanical research. This approach provides a powerful way to understand the confusing interactions within
the knee joint, providing tidbits of information on injury systems and aiding in the advancement of specific
preventive measures. The application of FEA with a focus on knee joint biomechanics shows promise for
improving our ability to understand damage aspects and working on clinical outcomes in the field of muscular
health and repair as innovation continues to accelerate.

2. LITERATURE REVIEW

Aspar et al. (2017) make a significant contribution to the discipline by promoting a three-layered model of the
femur bone that combines cancellous and cortical architectures. This enterprise locates the femur's physical
intricacies, providing a comprehensive model that enhances the accuracy of finite element analysis (FEA)
simulations. Incorporating both cortical and cancellous designs is important for a more realistic representation of
the femur's mechanical behaviour, providing a foundation for future simulations and forecasts related to knee joint
biomechanics and potential injury components.

Bae et al. (2016) examine the anatomic transtibial procedure for single-group front cruciate tendon (upper leg
tendon) reproduction using finite element analysis. Through the use of FEA to dissect the mechanical behaviour
of the replicated tendon under various stacking settings, this study makes a substantial contribution to our
understanding of the biomechanics of upper leg tendon recreation. The findings provide basic information to
analysts and professionals in the field of muscle medicine who are working to improve upper limb tendon
recreation procedures. They also illuminate the feasibility and limitations of the anatomic transtibial strategy.
The application of finite element analysis to the field of articular ligament tissue designing is examined by Hassan
et al. (2019). Focusing on the application of FEA, the authors investigate the mechanical viewpoints fundamental
to the tissue design processes' results. The importance of using computational simulations to plan and improve
articular ligament repair systems is highlighted by this work. Hassan et al.'s study contributes to the growing body
of knowledge by providing a comprehensive overview, which will help advance the area of tissue designing
through the integration of computational tools, particularly finite element analysis.

Faisal et al. (2018) focus on knee ligament division and thickness computation using ultrasound imaging to
address a fundamental aspect of knee health. Ultrasound imaging is an enticing approach for assessing ligament
health because of its innocuous concept. This work advances state-of-the-art imaging techniques by putting forth
a method for accurately dividing and calculating thickness, providing scientists and physicians with a valuable
tool for the early detection and monitoring of diseases affecting the knee ligaments.

The role of essential arthroplasty in treating proximal tibia breaks in elderly orthopaedic patients is examined by
Haufe et al. (2016). This study addresses a challenging issue in muscle health, highlighting how important it is to
take into account the unique characteristics of elderly people with orthopaedic conditions. The examination
contributes to a deeper understanding of the treatment options for proximal tibia cracks in relation to maturing
and associated comorbidities by providing insights into the feasibility and challenges associated with necessary
arthroplasty in this specific population.

The complex relationship between age-related biomechanical risk factors for knee osteoarthritis and vigorous
work is examined by Hafer et al. (2019). Through examining how real-world work affects knee health, this study
provides important insights into the factors contributing to osteoarthritis, a prevalent and debilitating ailment. In
order to address a significant general wellbeing issue associated with ageing populations, it is essential to
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comprehend the relationship between biomechanics, age, and real work while developing specified preventive
systems and mediations.

3. MATERIALS AND METHODS

3.1. 3-Layered Bone Reproduction

Utilizing computed tomography information from a solid 27-year-old male specialist who weighed 75 kg and
showed no radiological side effects of sickness, three-layered (3D) models of the human knee joint were delivered.
By applying different HU values deep down improvement, the area of interest was divided exclusively utilizing
Impersonates (programming structure 10.01, Arise, Leuven, Belgium). For cancellous bone, the division HU
ranges from 200-750, while for cortical bone, it ranges from 750-3171. To obtain an accurate state of bone, the
layers of CT data were then legitimately separated using 'erase and attract' techniques. As found in Figure 1, a 3D
knee joint comprised of the tibia and femur with cortical and cancellous bones was created utilizing the partitioned
layers.

Femur
ﬁ Cortical part
B Cancellous part
Tibia

Cortical part
B Cancellous part

B

Figure 1: The cortical and cancellous bone layers of the femur and tibia are separated.
3.2. Improvement of Cartilages

Ligament surrounds the distal femur and proximal tibia at the knee joint, reducing gratings between the bones
during knee development and providing cushioning effects for stress absorption. Since the stacking time for time
predictable with the viscoelastic features of the cartilages heading towards 1500 seconds is manifestly longer than
the stacking time of interest that relates to single leg position, the cartilages are considered to be immediately
adaptive and isotropic. Donzelli et al. have proven and displayed that the contact direction of cartilages does not
significantly alter after stacking, indicating that the characteristics are sufficient and accurate enough to predict
the cartilages' behaviour in temporary environments. By examining the real characteristics of the cartilages at the
knee joint, the surface layers of the femur and tibia were identified. Past composition produced the thickness of
the area of interest, which extends from 1.54 to 2.98 mm from the bones that contact the cartilages. Figure 2
illustrates the articular ligament frameworks of the tibia and femur at the knee.

Femoral cartilage

o

P Tibial cartilage

Surface extraction Thickness modelling

Figure 2: modelling the knee joint's articular cartilages with the surface extraction and extrude functions
3.3. Ligament modelling

Ligaments are small, collagenous tissue strands that act as growth-promoting links between unsolved issues. Four
knee ligaments were modelled using direct spring components. By drawing references to the locations of the
actual relationships between the femur and tibia bones, the Anterior Cruciate ligament (leg ligament), Posterior
Cruciate ligament (PCL), Medial Collateral ligament (MCL), and Lateral Collateral ligament (LCL) were
arranged based on the circumstances.
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3.4. Finite Element Modelling

The bones and cartilages' finite element models were loaded into 3-Matic (programming adaptation 6.1, Emerge,
Leuven, Belgium) in order to modify the network. Three-sided surface cross sections were made on the bone and
cartilage surface layer. The bone structure was looked at to make sure the knee joint is the right size and shape.
Boolean operations were performed on the finite element models to make sure there are no convergence bodies.
The surface cross areas of each model were changed into volume grids to construct areas of strength for 3d. The
knee joint was altered to two unique levels of knee flexion, as displayed in Figure 3: 0 degrees and 30 degrees.
For biomechanical analysis in the simulation programming, Patran documents received the two knee joint models
with varying degrees of knee flexion.

| Femur
Tibia
. Femoral cartilage

B Tibial cartilage

0° knee flexion 3¢ knee flexion

Figure 3: Knee joint finite element models with 0o and 300 knee flexion.
3.5. Analysis of Biomechanics

The mechanical characteristics of the bones, cartilages, and ligaments used in the simulation are listed in Table 1
below. The Poisson's rate (v) and the adolescent modulus (E) of the tissues are set in relation to previous abstract
works. Using spring elements between the femur and tibia, direct association parts were produced to treat the leg
ligament, PCL, MCL, and LCL. The table displays the strength coefficient (K), an incentive for each ligament
bundle ranging from 20 to 75 N/mm.

Table 1: The stiffness coefficient value of ligaments, cartilage, and bones as mechanical properties.

Tissue K (N/mm) E (MPa) v
Cortical bone - 16202 0.38
Cancellous bone - 390 0.5
Articular cartilages - 12 0.6
ACL 77 - -
PCL 77 - -
LCL 22 - -
MCL 72 - -

4. RESULT AND DISCUSSION
4.1. Analysis of Finite Elements

The going with figures present the analysis' discoveries. The pinnacle Von Mises Pressure (VMS) shape plot at
the articular cartilages of the knee joint is displayed in Figure 4. Finite element analysis is utilized in Figure 5 to
show the scope of anticipated apex VMS discoveries. The outcomes show that while pressure stacking force
develops, so does the worth of the zenith VMS at the knee joint. The zenith VMS had the most minimal outcome
(1.69 MPa from composing and 1.012 MPa from simulation) during 100 N stacking. The zenith VMS esteem
arrived at its most extreme under a strain heap of 1000 N, which is identical to 3.25 MPa and 2.928 MPa in the
meantime.
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Figure 4: Peak Von Mises Stress contour map obtained from FEA at the articular cartilages.
When compared to the simulation findings obtained for this review, Figure 6 showed that the writing's outcomes
were more significant. This could be as a result of elements in the finite element models that consider the
mathematical sizes of the models as well as the value of the mechanical attributes assigned to them. In general, a
greater VMS would come from an increase in Youthful modulus, while a lower VMS would come from an
increase in Poisson's percentage. In any case, finite element analysis and the mechanical ways of behaving of the
knee joint cartilages up to the pinnacle VMS in this study's writing offer similar models.
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Figure 5: Peak Von Mises Stress from prior research in the literature and finite element modelling at the
articular cartilages of the knee joint.

Alternatively, Figure 6 displayed the knee joint's zenith VMS along with two distinct flexions. One may argue
that at 30 degrees of knee flexion, the zenith VMS esteem was higher than at 0 degrees of knee flexion. As knee
flexion increases from 0 to 30 degrees, there is a noticeable decrease in the area of contact between the cartilages
at the knee joint. Generally speaking, strain increases as surface area decreases. Further support for this comes
from previous studies that demonstrate precise increases in knee flexion will reduce the contact region and
increase the contact pressure at the knee joint. The testing results matched the simulation's subsequent findings,
which showed that contact pressure increased as the knee flexion point increased.
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Figure 6: A Pinnacle of Misery At 0 and 30 degrees of knee flexion, the stress at the articular cartilages of the

knee joint is shown as a (a) table-filled graph and (b) contour plot.
5. CONCLUSION

An essential advancement in biomechanical research is the modelling and prediction of knee joint motion injuries
through the use of Finite Element Analysis (FEA). FEA provides a thorough grasp of the biomechanical variables
contributing to damage through a sophisticated illustration of the anatomy of the knee and the significant
interconnection of its numerous tissues. Professionals can identify potential risk factors and establish well-defined
preventative plans by using the capacity to duplicate different stacking scenarios and evaluate the distribution of
anxiety inside the knee joint. These apparatuses offer fundamental experiences into the parts of wounds. With the
help of Mirrors, 3-Matic, and MSC, 3D finite element models of the human knee joint that took CT information
into consideration were successfully built and evaluated. programs that Marc Mental has created. It was
demonstrated that the ligaments, cartilage, cancellous bones, and cortical bones complete the knee joint.
Additionally, the trial examination's revealed degree point of knee flexion augmentation coincided with the
simulation's increase in contact pressure.
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