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Background
■ Lumped-parameter muscle model expressed through a Hill-type model developed by 

Zajac (1989)
Figure from Arnold et al 2009
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https://www.ljmu.ac.uk/~/media/ljmu/faculty_scs/sport_and_exercise_science/

research/rises/figures/rises_exercise_metabolism_figure6.jpg?h=399&w=593&l

a=en



Background

Figure from Arnold et al 2009
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Background

■ Moment = Force x Moment Arm

http://www.powerliftingtowin.com/wp-content/uploads/2014/02/momentarm-rightangle.jpg



Background

Knee flexor moments

Knee extensor moments

Figure from Arnold et al (2009)

-Arnold et al (2009) updated a model by Delp et al (1990) which 

utilized this lumped-parameter model to calculate hip, ankle, and 

knee moments.

- Moment= Force x Moment Arm



Background
■ Arnold et al (2009) poorly predicted knee extensor moment arms 

Knee flexor moment arms Knee extensor moment arms

Figures from Arnold et al (2009) Experimental Data
Model Data



Purpose

■ Better predict knee extensor moments 

generically and subject-by-subject

– Better predict knee extensor moment arms 



Methods

■ Implemented in vivo kinematics  

– Li et al (2007)

■ Adjusted muscle attachments 

– Becker et al (2004)

■ Scaled generic model to participant data





Methods

Incorporated axes which the patella, femur, 

and tibia moved relative to based on Li et al 

(2007).

Figure from Li et al (2007)





Methods

Figures from Li et al (2007)
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Methods

■ Implemented in vivo kinematics  

– Li et al (2007)

■ Adjusted muscle attachments 

– Becker et al (2004)

■ Scaled generic model to participant data



Methods

Altered muscles to 

represent 

anatomically 

realistic origins and 

insertions from 

Becker et al (2004).

Arnold et al (2009) model New generic model



Methods

Altered muscles paths to prevent bone penetration

Arnold et al (2009) model

New generic model



Results
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Torque comparisons
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Methods

■ Implemented in vivo kinematics  

– Li et al (2007)

■ Adjusted muscle attachments 

– Becker et al (2004)

■ Scaled generic model with participant data



Methods

■ Scaled generic model geometry using bone 

measurements

■ Measured and calculated muscle force producing  

properties
– PCSA, fascicle length,  and pennation angle 

– Equations from Ward et al (2004), Garner and Pandy (2004)

– Muscle volume, Forcemax, optimal fiber length, pennation angle at 

optimal fiber length, and tendon slack length
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Discussion
■ Positives

– Moment Arm Predictions

– Passive Moment Prediction

■ Negatives
– Angle of peak moment 

■ Future Work
– Force Producing Properties

■ Titin

■ Passive properties

– Fiber behavior modifications
■ Fibers behave differently within muscle

■ Ultrasound measurement for multiple muscles and locations

■ Large variability between persons
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