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Control Panel
The Control Panel appears on the right side of 
your screen.

Submit questions and comments via the 
Questions panel.

Questions will be addressed at the end of the 
presentation. If your question is not addressed, 
we will do so by email. 

Ask a question 
during the 

presentation

Expand/Collapse the 
Control Panel
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Modeling System

Motion Data
Kinematics and Forces

Musculoskeletal Simulation

Body Loads
• Joint moments
• Muscle forces
• Joint reaction forces
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• Joint moments

Inverse dynamics
Muscle recruitment
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A methodology to evaluate the effects of  kinematic 

measurement uncertaint ies on knee l igament 

propert ies est imated from laxity measurements

A s s o c i a t e P r o f e s s o r  M i c h a e l  S k i p p e r  A n d e r s e n



Introduction

• Ligaments plays an important role in maintaining knee 

joint stability and functionality

• Ligament parameters display high intersubjective 

variability

• Currently, there is no way to asses ligaments parameters 

directly non-invasively



Joint instability



Computational knee models

Marra et al. 2015. J Biomech Eng, 137(2): 020904 Dejtiar et al. 2020. J Biomech Eng, 142(6): 061001

Non-invasive estimates of:

• Knee kinematics

• Muscle loads

• Joint loads

• Ligament loads



Pre-operative planning

Pre-op

Laxity

assessment

Pre-op

MRI and CT

Virtual surgeryMusculoskeletal model Virtual laxity

assessment



Laxity measurements

Optimizer

Identi f icat ion of l igament propert ies from laxity tests

Knee kinematics

Loads



Kinematic noise

Pedersen et al. 2019 (EOS x-rays): Errors of ~2 mm and ~1 deg

Stentz-Olesen et al. 2017 (RSA): Errors of  ~1 mm and ~1 deg

Merriaux et al. 2017. (Vicon): Errors of 0.35 mm for a single marker during 

slow dynamic movements



Research question

How sensitive are estimated ligament properties 

to kinematic measurement noise?



Andersen et al. 2021. J Biomech Eng, 143(6): 061003

https://doi.org/10.1115/1.4050027

https://doi.org/10.1115/1.4050027




Data

One female subject (27 year-old, 1.72 m, 61.2 kg)

MRIs:

• Detailed knee (OAI protocol)

• Full lower limb scan (to identify hip and ankle centers)



Knee Model

Rigid femur and tibia

Femur fixed to ground

Knee angle driven + reaction moment

Five Force-dependent kinematics degrees-of-freedom (DOFs)

Single spring ligaments: ACL, PCL, MCL, LCL. Properties: 

Blankevoort et al., 1991. Nonlinear elastic model.

Elastic foundation contact between femoral and tibial cartilage

Model created in the AnyBody Modeling System





Force-dependent kinematics

Andersen et al. 2017. J Biomech Eng, 139(9): 091001

• Simultaneously computes muscle, joint and ligament forces 

and internal joint kinematics.

• Uses inverse dynamics and quasi-static force equilibrium in 

selected DOFs. 

FDK positions

FDK reaction forces

Find static equilibrium

in FDK DOFs

Inverse dynamic

analysis



Laxity tests

Load direction Load magnitude Knee flexion angle 

Set 1 

No load - 30 

Anterior 134.0 N 30 

Posterior 67.0 N 30 

Internal rotation 2.0 Nm 30 

External rotation 2.0 Nm 30 

Varus 10.0 Nm 0 

Valgus 10.0 Nm 0 

Set 2 

No load - 30 

Anterior 134.0, 80.4 N 30 

Posterior 67.0, 40.2 N 30 

Internal rotation 2.0, 1.2 Nm 30 

External rotation 2.0, 1.2 Nm 30 

Varus 10.0, 6.0 Nm 0 

Valgus 10.0, 6.0 Nm 0 

Set 3 

No load - 0, 30 

Anterior 134.0, 80.4 N 0, 30 

Posterior 67.0, 40.2 N 0, 30 

Internal rotation 2.0, 1.2 Nm 0, 30 

External rotation 2.0, 1.2 Nm 0, 30 

Varus 10.0, 6.0 Nm 0, 30 

Valgus 10.0, 6.0 Nm 0, 30 

Set 4 

No load - 0, 30 

Anterior 134, 107.2, 80.4, 53.6, 26.8 N 0, 30 

Posterior 67, 53.6, 40.2, 26.8, 13.4 N 0, 30 

Internal rotation 2.0, 1.6, 1.2, 0.8, 0.4 Nm 0, 30 

External rotation 2.0, 1.6, 1.2, 0.8, 0.4 Nm 0, 30 

Varus 10.0, 8.0, 6.0, 4.0, 2.0 Nm 0, 30* 

Valgus 10.0, 8.0, 6.0, 4.0, 2.0 Nm 0, 30 
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Results



Discussion

Small measurement noise has a large effect on estimated ligament properties

Only Set 4 (60 load cases) was able to mitigate the error effects



Limitations

Only one subject

Single spring ligaments

Noise levels likely smaller than in reality

• Pedersen et al. (EOS x-rays): Errors of ~2 mm and ~1 degrees

• Stentz-Olesen et al. (RSA): Errors of  ~1 mm and ~1 deg

• Merriaux et al. (Vicon): Errors of 0.35 mm for a single marker during slow dynamic movements

Likely understimated the ranges as only 20 samples were used per set



Conclusion and recommendation

Sub-millimeter and sub-degree kinematic errors during laxity measurements can

have a substantial effect on estimated ligament properties

Besides reporting estimated properites, future studies should report the associated

ligament property uncertainties due to measurement errors in their setups



Thank you!

Questions?

Associate Professor Michael Skipper Andersen
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Thank you for your attention
- Time for questions
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