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Internal lower limb rotation increases patella
cartilage pressure in individuals with
patellofemoral instability
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Introduction: Femoral anteversion (FA) and tibial torsion (TT)
are known factors to contribute to patellofemoral instability [1].
Studies showed increased knee joint loading in individuals with
idiopathic rotational deformities [2]. Investigating the effect of FA
and TT on patellofemoral joint loading and lower leg muscle forces
could help to better understand their impact on patellofemoral
instability.
Research question: How do FA and TT influence the knee joint

loading and muscle force in individuals with patellofemoral
instability?
Methods: Musculoskeletal simulations were performed based on

the retrospective data set of 11 individuals diagnosed with patello-
femoral instability (13 affected knees). We measured FA and TT from
magnetic resonance images. The mean FA and TT were 27±11° and
31±8°, respectively. To account for the interaction of FA and TT, we
calculated Lower Limb Rotation (LLR=TT-FA) [3]. The mean LLR
value was 4±12°. For each individual an OpenSim model [4] was
scaled for height, weight and maximum isometric muscle force [5].
We performed simulations for each participant based on a generic-
scaled model and a second model with personalized FA and TT [6].
Kinematics, kinetics, muscle forces and patella cartilage pressure
were estimated using the COMAK routine [7]. For muscle forces and
patella cartilage loading, we calculated differences between both
models for each participant and correlated them to LLR, FA and TT
using Pearson correlation (α=0.05).

Results: LLR correlated to patella cartilage loading during dif-
ferent phases of stance (Fig. 1). No significant correlations were
found between patella cartilage loading, FA and TT in our prelimin-
ary results. A more internally rotated LLR correlated with higher
rectus femoris (r=-0.79, p=0.001) and gluteus minimus force (r=-
0.77, p=0.002) as well as lower gluteus maximus (r=0.90,
p<0.001) and gluteus medius force (r=0.71, p=0.007).

Fig. 1 - Correlation between LLR, FA, TA and patella cartilage
pressure. Bold values are statistically significant (p<0.05).

Discussion: Our preliminary results showed that FA and TT
solely did not correlate to patella cartilage loading. In contrast LLR
rotated either internally or externally, changed patella cartilage
loading. An explanation could be that higher LLR and thus greater
differences between FA and TT increase the rotational limb mala-
lignment and therefore loading at the patellofemoral joint. Consider-
ing the fact that patella dislocations commonly occur to the lateral
side, internal rotation of the LLR might be more relevant, as it leads
to a lateralization of the patella [9]. Therefore, individuals with
internally rotated LLR might increase rectus femoris force, resulting
in higher patella cartilage loading to stabilize the patellofemoral
joint. Decreased forces of gluteal muscles might be explained by
change of abductor lever arm caused by differences in position of the
greater trochanter. To conclude, beside an individual interpretation
of FA and TT, additionally LLR should be considered, when examin-
ing lower limb alignment in individuals with patellofemoral
instability.
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Introduction: Changes in muscle-tendon (MT) properties con-
tribute to gait deficits in children with cerebral palsy (CP) [1].
Predictive simulations of gait based on musculoskeletal (MSK)
models can be used to study the effects of altered MT properties
on gait mechanics and might inform treatment selection [1]. For
accurate simulations, the MSK model should accurately capture the
altered MT properties. These can be estimated by optimizing the fit
between the simulated and experimental joint torques (inverse
dynamics) [1]. To obtain reliable estimates, it is important that the
joint torques are sensitive to the MT parameters. However, this is not
sufficient, as MT parameters of synergistic muscles might have a
similar effect on the joint torque. These factors limit the number of
MT parameters that could be independently estimated from the
available experimental data.

Research question: We aimed to study how reducing the set of
estimated MT parameters based on their influence on joint torques
(method A) and the similarities in their effect on joint torques
(method B) influenced gait kinematics predicted using the resulting
personalized MSK models.
Methods: For one child with CP (M, 12.8 yo, GMFCS II, pre-

surgical assessment), we created a model (31 degrees of freedom, 82
Hill-type muscles) that accounted for alterations in musculoskeletal
geometry based on MRI imaging [2]. We scaled MT parameters
linearly before further personalization. We used data from walking
(slow and fast), sit to stand, squat, counter movement jump, and
instrumented passive spasticity assessment [3] to estimate MT
parameters. First, we estimated optimal fiber and tendon slack
length of all muscles [4] as independent variables by minimizing
the squared difference between simulated and experimental joint
torques. Second, we estimated the 75% MT parameters to which the
simulated joint torques were most sensitive, while using the default
values for the other MT parameters (method A). Third, we used
techniques from system identification to determine linear combina-
tions of MT parameters along with their effect on the cost function
[5]. This method takes into account that different parameters might
have a similar effect on the estimated joint torques. We estimated
only 75% of the parameter combinations that had the highest effect
on the cost function (method B). We then ran predictive simulations
of gait using the MSK model with the linearly scaled MT parameters
and the MT parameters determined from the mentioned methods.
Results: We found that estimating a reduced set of MT para-

meters (methods A and B) improved the agreement between the
predicted and experimental gait pattern, especially for the knee
(Fig. 1).

Discussion: This study shows the importance of carefully deter-
mining which MT parameters can be estimated from the available
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