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Featured Application: This new framework for simulating the knee after total knee arthroplasty
is intended to facilitate kinematic analyses in implant development processes and analyses of
effects of various individual anatomic properties.

Abstract: Although simulation models are heavily used in biomechanical research and testing of TKA
implants, pre-clinical tools for a holistic estimation of implant performance under dynamic loading
conditions are rare. The objective of this study was the development of an efficient pre-clinical test
method for analyzing knee contact mechanics and kinematics based on a dynamic FE model and
to evaluate the effects of the proximo-distal patella position and the patellar tendon stiffness on the
patellar kinematics. A finite element-based workflow for knee prostheses designs was developed
based on standardized in vivo load data, which included the tibial forces and moments. In a new
research approach, the tibial forces are used as input for the model, whereas the tibial moments were
used to validate the results. For the standardized sit down, stand up, and knee bend load cycles, the
calculated tibial moments show only small deviations from the reference values—especially for high
flexion angles. For the knee bend cycle, the maximum absolute value of patellar flexion decreases for
higher patellar tendon stiffness and more distally placed patellar components. Therefore, patella-
related clinical problems caused by patella baja may also arise if the patellar tendon is too weak for
high tibiofemoral flexion angles.

Keywords: dynamic finite element model; knee kinematics; patellofemoral kinematics; pre-clinical
testing; total knee arthroplasty; patellar tendon; patella alta; patella baja

1. Introduction

Total knee arthroplasty (TKA) is a prevalent treatment option for osteoarthritis [1],
which is the indication for 88% of TKA surgeries [2]. Ten years after surgery, survival rates
are 86.1–93.8% [3–8] and satisfaction rates are 81%. This means 19% of patients are either
dissatisfied with or uncertain about the results of their procedure [9]. The rate of revisions
due to aseptic causes in the first 15 years after primary TKA is 3% [10].

The detection and elimination of implant-related issues that may lead to clinical
problems once the implant system is marketed is the main focus of the pre-clinical testing
phase. Aside from continuous biomechanical research, there are additional mandatory
steps for implant manufacturers. To achieve regulatory clearance, standardized tests need
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to be performed in the pre-clinical testing stage. The majority of these tests focus on single
components under high cyclic [11–13] or static [14] loading conditions. Pre-clinical test
methods under physiological loading conditions (e.g., simulation of daily living activities
in a tribological wear simulator [15–19]) exist and enable more complex assessments, such
as the analysis of the resulting knee kinematics with an implant.

However, running these tests is time-consuming and cost-intensive [20]. Hence, they
are usually only executed towards the end of the design process, with only the final design
or with very few design variants in a single size combination.

To analyze knee kinematics and possible biomechanical causes for unmet patient expec-
tations after TKA, computational simulation of joint mechanics is frequently used [21–26].
The state of the art in biomechanical research to precisely predict the kinematics for one spe-
cific combination of implant design and subject are musculoskeletal models [27]. However,
the great effort needed to adapt such musculoskeletal models to several design variants
or size combinations prevents their routine use in early stages of implant design. On
the other hand, there are only a few FE models published that are suitable for kinematic
analyses [28,29].

To the best of our knowledge, there are no models available with the ability to compare
multifarious implant designs and size combinations concerning kinematics and implant
loads without massive effort for every single variation. With such a model, it would be
possible to identify the combination of design parameters which leads to the best possible
fit to the defined requirements [30].

This work is part of a project which aims to address this lack of dynamic FE models
of the knee joint for design stage and pre-clinical testing of new prostheses. The newly
developed model is intended to be a tool to compare implant loading, component stresses,
and kinematic behavior of the tibiofemoral and the patellofemoral joint for various implant
design variants or for variations of other parameters, such as the stiffness of the patellar
tendon or any other ligaments. In this model, only standardized tibial loads and flexion
angles [31] are needed as an input, and the relative kinematics are part of the results.

To be able to run meaningful parametrical studies to improve implant designs, the
model should be fast to solve without compromising the informative value of the dy-
namic results. In accordance with all standardized testing scenarios, the influence of
effects caused by individual patient parameters needs to be restrained in order to achieve
comparable results.

Besides the possibility to analyze effects of implant design changes, this model is also
intended to uncover effects of changes in the explicitly modeled anatomical structures.
This will be shown within this study by analyzing the effects of varying patellar tendon
stiffness and initial proximo-distal position of the patella on patellar kinematics.

2. Materials and Methods

Standardized loads from eight subjects undergoing total knee arthroplasty with in-
strumented implants were used as basis for this analysis. These loads are scaled to a
bodyweight (BW) of 100 kg [31,32]. The three tibial force and moment components are
given in a tibia-fixed coordinate system. In the simulation, the same coordinates are used.
The x-, y-, and z-axes are directed laterally, anteriorly, and proximally, respectively, and
the origin is placed halfway between the deepest points of the gliding surface of the
polyethylene (PE) insert (Figure 1).
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Figure 1. CAD model of the used implant components and the global coordinate system.

2.1. Concept and Assumptions

The central hypothesis for this model is that, in combination with the given tibial forces,
only the real knee joint kinematics, especially the correct tibiofemoral contact situation,
will lead to the given tibial reaction moment. Only the tibial forces and the flexion angle
given by the dataset were used as input data to enable the validation of the FE-simulation
results. The corresponding moments are then compared to the reaction moments output
by the simulation.

In order to take the patella into account, the model must be adjusted such that the
proportion of tibial forces caused by ground reaction forces are separated from the forces
caused by muscles and ligaments. Without additional information regarding the direction
and magnitude of ground reaction forces, it is not possible to achieve this reliably for
load cycles with highly dynamic ground reaction forces. Therefore, two fundamentally
different models were developed. The first includes the patella for the knee bend, sit
down, and stand up cycles, and the second can handle all load cycles but does not contain
any patella-related information. This paper presents only the first model, which includes
the patella.

By using the standardized loads given by Bergmann et al. [31], patient-individual
effects were reduced. These patient-individual effects were further reduced by avoiding
individual bone geometries in the model. In this simulation, there was no need to consider
bones and most muscles and ligaments because their impact is implied by the load data.
Bergmann et al. [31] used the Zimmer Innex system (Zimmer Biomet, Warsaw, Indiana) for
their measurements, a highly congruent, cruciate-sacrificing, and fixed-bearing implant.
The properties of fixed-bearing tibial components allow the tibial implant component
to be replaced by boundary conditions for the PE insert. Therefore, this model was
reduced to the femoral component, the PE insert, and the patella component (Figure 1).
Because the original implant geometry used in the study of Bergmann et al. [31] was not
available, a comparable design (Columbus UC, Aesculap AG, Tuttlingen, Germany) and
size combination (PE insert size 4, femur size 4, and patella size 1) was used.

2.2. FE Model

The six degrees of freedom between femoral and tibial implant component were
defined as follows (Figure 1): The femoral component was free to revolve around a fixed
center of rotation, which coincided with the center of rotation in full extension. The
tibial component was free to translate in all axes with fixed rotations. The separation of
translational and rotational degrees of freedom of the tibiofemoral joint in the described way
led to a stable FE model without restricting the relative kinematics in any way. The flexion
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angle was the only degree of freedom, which was predefined by the dataset. So, there
remain five degrees of freedom according to the tibiofemoral kinematics. The patella has six
additional degrees of freedom and is only guided by its contact to the trochlear groove and
four spring-elements, which modeled the function of the patellar and quadriceps tendons
(Figures 1 and 2).

Figure 2. Tibial forces (black) and their components in y (green)- and z (blue)-directions, respectively.

There are two main contact areas in the knee joint which had to be taken into account.
Both the tibiofemoral and the patellofemoral contact areas were modeled as asymmet-
ric augmented Lagrangian contacts. A coefficient of friction of 0.05 was used for this
simulation [33–35].

To minimize computing time, the small deformation of the femoral component was
neglected, and it was instead defined as rigid body. Therefore, only some contact elements
on its surface were needed, instead of a fully meshed geometry [36–38]. The material
properties of the PE insert and the patella component were defined by a bilinear stress–
strain curve with a yield strength of 25 MPa [33].

In the first step of the calculation, the flexion angle and the standardized tibial forces
FB

x , FB
y , and FB

z in the lateral (x-axis), anterior (y-axis), and proximal (z-axis) directions,
as given by Bergmann et al. [31], were used as time-dependent input. Secondary input
data were calculated from this primary data and provided as input for the FE model. The
flexion angle was the only degree of freedom which was externally controlled. The given
tibial forces could not directly be applied to the PE insert because the forces acting on the
patellar tendon (FP) and collateral ligaments (medial: FC,m and lateral: FC,l) and the ground
reaction forces (FG) had to be subtracted first. In this study, the upper indices identified
the forces or moments, while lower indices specified components of vectorial variables.

Forces caused by tissues, muscles, and ligaments, which are not explicitly modeled,
are summarized by an additional force vector Fr. It complements the explicit modeled
forces acting on the tibia to the standardized tibial loads FB. This simplification allows
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to avoid the modeling of every single muscle and ligament, which would exceed the
acceptable effort in modeling and solving for an everyday design evaluation tool without
providing better results regarding implant loads and kinematics.

For the ground reaction force, 490.5 N (100 kg BW divided by two legs) are applied
normal to the plane of the tibial plateau. Figure 2 shows the described forces with their
components in the y- and z-directions. In a frontal view, the same could be performed for
the x- and z-directions.

To split the standardized loads into the single forces stated above, the equilibrium
of forces in the proximal (z) and anterior (y) directions from a sagittal view is set up. The
described forces must replace the forces from the load data, which led to

FB
z = FG + Fr

z + FP
z + FC,m

z + FC,l
z and (1)

FB
y = Fr

y + FP
y + FC,m

y + FC,l
y (2)

The angle of the patellar tendon is used to derive the equation for FP
y from FP

z , which
results from Equation (1). Finally, Equation (2) gives the residual forces in the anterior
direction. The described precalculation in the sagittal plane only considered forces acting
parallel to this plane.

The forces of the collateral ligaments are initialized using their positions at full exten-
sion. Its z-components are calculated under the assumption that the patellar tendon force
is zero. Therefore, an initial force distribution of 55% medial and 45% lateral is used, based
on their ratio of ultimate tensile strength [39]. As shown in Figure 3, the same equation
could be used to calculate the z-component of the patella tendon force for subsequent
time steps by using the collateral ligament forces FC,m and FC,l calculated from kinematic
results of previous simulation runs. By using the angle of the patellar tendon given by
previous simulation runs, the total patellar–tendon force could be obtained, as well as its
y-component, which is needed to calculate Fr

y using Equation (2). The calculation of Fr
x was

analogous to the described algorithm for Fr
y .

Figure 3. Iterative solving process using kinematic data from previous time step.

As per Wilson et al. [39], who reported no significant difference between medial and
lateral collateral ligament, the stiffness of the collateral ligaments was set to 60 N/mm.
The four studies in this review, which used moderate elongation rates (≤200 mm/min),
reported an averaged stiffness between 58 and 65 N/mm [40–43].

To be able to consider the forces of the collateral ligaments when calculating the input
data for the FE model, it was necessary to calculate their length using kinematic data
from previous results. Therefore, the simulation was divided into 600 steps, one for every
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period between two data points in the given dataset from Bergmann et al. [31]. To calculate
the input data (Fr

x, Fr
y , and Fr

z ) for time step t, the kinematic results from step t − 1 were
used. The deviation in tibial forces, which was caused by the delay of one time step of the
kinematic data for calculating the input data, was negligible.

To implement the described algorithm, Ansys Workbench (Release 19.2) and Ansys
Mechanical APDL were used. Inertial forces of the simulated components have only minor
effects on this analysis because the simulated load cycles do not contain high accelerations
and can be assumed as quasi-static. The small inertial forces of the body are implicitly
included by using input data from instrumented implants. Nevertheless, to achieve a high
numerical stability, a full transient analysis type using a sparse matrix direct solver was
chosen in this study.

The tibial moments are given within the reference frame shown in Figure 1, and the
tibiofemoral kinematics given in this study are defined as follows: the flexion angle is given
as relative rotation of the femoral to the tibial component around the femoral medio-lateral
axis of the implant. A positive femoral anterior–posterior translation (AP translation) is
given as femoral movement to posterior parallel to the tibial y-axis, which is shown in
Figure 1. The femoral rotation is the rotation of the femoral component around the tibial
proximo-distal axis. Medial rotation is defined to be positive.

The patellar kinematics are given as relative movements of the patella with respect to
the femoral coordinate system, as shown in Figure 4. The rotations are calculated as cardan
sequence using the rotation order flexion–spin–tilt. Therefore, the patellar flexion is given
as the relative rotation of the patella with respect to the femur around the femoral flexion
axis. The values are negative if the patella flexes less than the femur, which is usually the
case. The patellar tilt is described as the rotation around the patellar proximo-distal axis,
with a positive sign if the patella rotates towards the medial side. For patellar spin, the axis
is given as floating axis orthogonal to the other two. If the patellar spin is positive, then the
proximal tip of the patella rotates towards the lateral side.

Figure 4. Patellar rotations and patellar shift. Shift along, and flexion around, femoral flexion axis,
tilt around patellar proximo-distal axis, and spin around a floating axis orthogonal to the first two
axes. Arrows are pointing to positive directions (basic image for this figure from model presented
in [27]).
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A positive patellar shift is given as relative movement of the center point of the
patella with respect to the femur in the lateral direction along the femoral flexion axis. All
kinematics data are measured relative to their neutral position in full extension.

3. Results

The tibial reaction moments are the main results for the validation of the described
model. The comparison between simulation results and the reference values from literature
is shown in Figure 5 for the load cycles corresponding to knee bend, sit down, and stand up.

Figure 5. Comparison of simulation output to the reference data for the tibial moments for knee
bend, sit down, and stand up cycles.

During weight-bearing squat, the medial tibial contact force was higher than the
lateral one for low flexion angles. They showed equal values of 1350 N at the point of the
zero-crossing of the varus–valgus moment at 75◦ of flexion. For higher flexion angles, the
lateral contact force was the dominant one. At 30◦ (60◦, 90◦) of flexion, the medial and
lateral tibial contact forces reached 999 N (1310 N, 1373 N) and 478 N (950 N, 1700 N).
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At the point of the maximum resultant tibial contact forces, the proportion of the medial
contact force was 40% of the total tibial contact forces. Figure 6 shows the medial and
lateral tibial contact forces for all three load cycles.

Figure 6. Tibial contact forces in medial and lateral compartment during weight-bearing squat.

For the knee bend cycle, the peak patellofemoral force was reached during the upwards
movement at 91.4◦ of flexion with a magnitude of 2563 N, which is equal to 2.61 BW. The
sit down cycle (stand up cycle) led to a maximum patellofemoral force of 2600 N/2.65 BW
(2872 N/2.93 BW) at 84.2◦ (86.1◦) of flexion.

The main translational and rotational degrees of freedom, which are femoral AP
translation and tibial rotation around its axis, were analyzed and are shown in Figure 7.
The mean relative femoral AP translation was equal to the tibial translation in the opposite
direction, which was directly given by the model. For the 98◦ squat, the maximum AP
translation between femur and tibia was 16 mm at a flexion angle of 98.1◦.
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Figure 7. Femoral rollback of medial and lateral condyle and the axial femoral rotation for sit down,
stand up, and knee bend cycle.

The tibial rotation could also be directly derived from this model by taking the femoral
rotation around the tibial z-axis with a negative sign (Figure 7). A maximum tibial rotation
of 8◦ was calculated at 93.6◦ of flexion (knee bend cycle).

For applications without evaluation of the tibiofemoral contact, the PE insert could be
simulated as a rigid body to decrease computational time by about 10% without changing
kinematics in a considerable way. The averaged difference between the curves of the tibial
reaction moments was less than 4%. Furthermore, taking peak patellofemoral force during
the knee bend cycle as an example, this value changed by only 42 N, going from 2539 N to
2581 N when simulating the PE insert as a rigid body.

The patellar kinematics were analyzed under variations of the patellar tendon stiffness
between 300 N/mm and 1000 N/mm, and the initial proximo-distal patellar position was
simultaneously varied in a range of ±6 mm.

The peak values of patellar flexion, spin, and tilt during the downwards movement of
the knee bend are given in Figures 8–10. The maximum absolute values of patellar flexion
decrease for a decreasing stiffness of the patellar tendon and for a more proximally-placed
patella. The peak values of patellar spin are between 3.64◦ and 5.26◦ of lateral rotation.
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The patellar spin increases with a weaker patellar tendon and for patellae placed more
proximally. The range of peak values of patellar tilt is between 3.35◦ and 3.68◦ of medial
tilt and no clear relationship to the initial patellar proximo-distal position or the stiffness of
the patellar tendon can be seen.

Figure 8. Peak values of the patellar flexion during weight-bearing squat for several initial patellar
positions (left to right: 6 mm baja to 6 mm alta) and patellar tendon stiffnesses (blue: 1000 N/mm,
orange: 500 N/mm, and green: 300 N/mm). Flexion is given around the femoral flexion axis
relative to the femoral implant component. Negative values indicate that the patella flexes less than
the femur.

Figure 9. Peak values of the patellar spin during weight-bearing squat for several initial patellar
positions (left to right: 6 mm baja to 6 mm alta) and patellar tendon stiffnesses (blue: 1000 N/mm,
orange: 500 N/mm, and green: 300 N/mm). Spin is given as rotation around the floating axis
between the femoral flexion axis and the patellar proximo-distal axis. A positive sign indicates a
rotation to lateral direction.
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Figure 10. Peak values of the patellar tilt during weight-bearing squat for several initial patellar
positions (left to right: 6 mm baja to 6 mm alta) and patellar tendon stiffnesses (blue: 1000 N/mm,
orange: 500 N/mm, and green: 300 N/mm). Patellar tilt is given as rotation around the patellar
proximo-distal axis. Rotations of the patella to the medial side have a positive sign.

The peaks of the patellar shift shown in Figure 11 are between 0.27 mm and 0.75 mm to
the medial side. While the initial proximo-distal position of the patella influences the peak
patellar shift, the stiffness of the patellar tendon has only minor effects on the patellar shift.

Figure 11. Peak values of the patellar shift during weight-bearing squat for several initial patellar
positions (left to right: 6 mm baja to 6 mm alta) and patellar tendon stiffnesses (blue: 1000 N/mm,
orange: 500 N/mm, and green: 300 N/mm). A positive patellar shift is given for relative patellar
movements along the femoral mediolateral axis in lateral direction.

Depending on the question that is addressed with this framework, solution times vary
from 50 min in a rigid body setup, to determine moment reactions and resulting kinematics,
to 4 h when detailed results of the contact situation of a flexible PE component are needed
with a high mesh density and element sizes down to 0.75 mm.

4. Discussion

The objective of this study was to develop a dynamic FE model for pre-clinical analysis
of knee contact mechanics and kinematics based on standardized loading conditions and to
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analyze the effects of various changes of anatomic properties of a knee, such as the patellar
tendon stiffness or the proximo-distal position of the patella. This model was intended to
be used to analyze multifarious design variants during the implant design and pre-clinical
testing process using a fast and straightforward workflow. Therefore, it should be fast to
adapt and solve.

The reduced complexity of the model was achieved by partially replacing tissues
and bone geometries by boundary conditions. Therefore, the informative value of the
results was limited to implant kinematics, loads, and stresses. Findings according to the
specific behavior of soft tissue structures surrounding the knee were limited to the explicitly
modeled structures, such as the patellar tendon. However, established pre-clinical testing
methods are either based on nonstandardized data (e.g., [44,45]) or neglect soft tissue
structures and other patient-specific parameters (e.g., [18]). Therefore, the limitation that
only the effects of some soft tissue structures can be analyzed turns into an advantage
relative to other established standardized pre-clinical testing methods.

Another limitation may arise by the fact that implant geometries were used, which
were slightly different from the implants used to create the standardized loads [31]. How-
ever, Freed et al. [46] compared the axial tibial loads from measurements and a numeric
model with the standardized loads, and even though they used a different ultra-congruent
cruciate sacrificing implant than Bergmann et al. [31], there were no significant differ-
ences for the quasi-static load cycles of sitting down and rising from a chair. These load
cycles are similar to the knee bend cycle, which was also used in our study. Therefore,
it is assumed that the use of the implant components of Columbus® UC did not cause
substantial differences.

The remaining data from the given dataset, which were not used as input for the
simulation, could be used to evaluate the simulation results. The moment around the
flexion axis (Mx) and the varus–valgus moment (My) were in good accordance with
deep flexion angles, and a deviation could be seen in extension. Regarding the moment
around the tibial axis (Mz), the simulation results were also consistent with the dataset
from literature for small flexion angles. As shown in Figure 5, all of the curves show
characteristics which are similar to the standardized load data. Therefore, the model seems
to be reliable according to tibial moments and forces, especially for deeper flexion angles,
which are more relevant and critical to simulate.

The contact forces in the tibial condyles were compared to an analysis of Kutzner et al. [47],
who calculated the medial force ratios from nine patients for different daily activities. Some
of their patients were also in the patient cohort for the standardized loads [31], which were
used in the present study. If the different level of the total resulting forces is considered, the
curves of medial and lateral tibial contact forces are similar for the present study compared
to Kutzner et al. [47]. The medial force ratio in the tibia was 40% at the instant of maximum
total contact forces, which fits well to the 42% ± 8% which were given by Kutzner et al. [47].
The varus–valgus moment is changing its sign from negative to positive at 75◦ of flexion
during knee bend. This results in a switch of the dominant tibiofemoral contact force from
the medial to the lateral condyle, as shown in Figure 6. Therefore, the most loaded condyle
in a deep knee bend cycle is the lateral one. At first glance, this might be inconsistent with
the fact that in most patients, the medial condyle is more affected by osteoarthritis than
the lateral one [48] and 90–95% of unicompartmental knee arthroplasties are placed on the
medial side [49]. A deeper look into data from instrumented knee implants [31] shows
positive varus–valgus moments mainly for deep flexion angles in symmetric two-legged
load cycles, such as knee bend, sit down, and stand up from a chair. The lower relative
prevalence of these cycles, compared to level walking, stairs up, and stairs down cycles,
with high negative varus–valgus moments explain the higher risk of osteoarthritis on
the medial condyle. For the sit down and stand up cycles, the results are also in good
agreement with the given data from Kutzner et al. [47].

For two of the eight patients that were included into the standardized loads from
Bergmann et al. [31], a subject-specific calculation was made by Trepczynski et al. [50].
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They calculated 3.2 BW as averaged peak patellofemoral contact force during a squat at
a flexion angle of 94◦. Their results for the two patients were 2.6 BW and 3.7 BW. The
maximum of 2.6 BW for the patella contact force at 91.4◦ of flexion that was detected in the
present study is equal to the lower bound of the study stated above. Research from other
groups, with different patient cohorts, showed patellofemoral forces for a squat at 100◦ of
flexion in a range of 2.7 BW to 3.5 BW [51,52].

Compared to the given literature values, the results of the herein described simulation
approach show good agreement, especially for high flexion angles, where the most critical
loads are reached. Therefore, the model demonstrates potential to be a useful tool to
evaluate implant designs in a platform development approach of new knee systems. It is
possible to fully automate the simulation process, which makes it possible to test a great
number of geometries in an efficient way. To improve the model, additional validation
steps can be performed in future with the CAMS-Knee dataset. This dataset contains tibial
loads and kinematics data measured by video fluoroscopy [53].

Further development of this methodology can enable implant manufacturers to
achieve more realistic kinematic behavior on a systematic scale by considering dynamic
loading and tibio- and patellofemoral kinematics, as well as contact mechanics in a stan-
dardized workflow.

Especially in combination with a second model, which will be able to handle load
cycles with dynamic ground reaction forces but dispenses with considering the patella,
this method opens a wide field of subjects to investigate in an efficient way—from ef-
fects of design changes in patellar and trochlear geometries to the impact of different
alignment methods.

The analysis of patellar kinematics shows the effects of proximo-distal patellar position
and patellar tendon stiffness. According to patellar flexion, both patella baja and high
patellar tendon stiffness lead to an increase in relative patellar flexion angles. Therefore,
problems occurring in knees with patella baja for high flexion angles could also occur in
knees with a central patellar position and a very strong patellar tendon. A weak patellar
tendon also increases patellar spin and has minor effects on patellar tilt and shift. The
proximo-distal position of the patella is the main parameter to determine the patellar tilt
and shift. Both have their minimum for a central patella and increase for patella baja and
alta, where the effect is stronger for the patella baja. The changes in the peak values for
shift and tilt are very small, with a maximum difference of 0.27 mm and 0.33◦. Therefore,
the effects of the proximo-distal position of the patella and the patellar tendon stiffness on
shift and tilt seem to have only minor clinical relevance.

A patella baja can lead to impingement, anterior knee pain, and a reduced range of
motion [54,55]. Consequently, the described changes in patellar kinematics may have an
impact on TKA performance and satisfaction in patients with patella baja.

5. Conclusions

A new approach for FE analysis of the knee contact mechanics and kinematics after
TKA, which allows to compare multifarious design variants in an efficient way, is presented.
As input data, standardized loads for knee bend, sit down, and stand up cycles were used.
Some elements of these datasets were used to validate the model.

Due to the use of data based on measurements of instrumented tibial implants, only
a few ligament and muscle forces had to be modeled explicitly. The remaining tissues
were implicitly contained into the tibial forces used as input. This way of reducing the
complexity of the model led to an easy to handle model, which can be solved fast. This
model is suitable for the intended use of pre-clinical screening of many design variants,
unlike many common pre-clinical testing models, which are mostly static and therefore not
suitable to analyze kinematic properties of implant designs.

The presented model is additionally capable to analyze effects of various parameters,
such as implant positions or properties of the explicitly modeled ligaments such as patellar
tendon stiffness. By varying these two parameters, this study showed that changes of the
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patellar tendon stiffness have very similar effects on patellar flexion for high tibiofemoral
flexion angles. Therefore, clinical issues related to patella baja or alta in deep tibiofemoral
flexion could also be caused by changes in patellar tendon stiffness for normal proximo-
distal position of the patella in extension.
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