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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

OCT 12, 2021



Modeling System

Motion Data
Kinematics and Forces

Musculoskeletal Simulation

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

Product optimization design

Movement 
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Sports

Assistive 
Devices

Orthopedics 
and rehab
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AnyBody Modelling System
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Internal body loads
• Muscle forces
• Joint moments

Inverse dynamics
Muscle recruitment

Post Processing (e.g.
Finite element tools)
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Musculoskeletal modeling for the 
evolutionary biologist: A primer

Presented by Dr. Adam D. Sylvester
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•Why invest in musculoskeletal modeling?

•An example from paleoanthropology

•Contributions from evolutionary biologists

•Some suggestions
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Form-Function Relationships



Form-Function Relationships



Morphology
Traditional metrics

Cross-sectional properties

Geometric morphometrics

Trabecular analysis

Standard Approach

Locomotion
Behavior
Locomotor behavior

Postural behavior

Activity budget

Substrate usage

Performance
Velocity

Skeletal stress / strain

Energy consumption



Standard Approach

Morphology
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What are we asking?

F =
r2

Gm1m2



Morphology

Connecting Form and Function in Locomotor Research

LocomotionInternal Forces
Bone-bone contact forces

Muscle forces



Musculoskeletal modeling

• Extends inverse dynamic models

• Includes models of individual muscles

• Solves muscle redundancy problem

y

x

Inverse Dynamic Model
Musculoskeletal Model



Muscle redundancy problem

marmg

mweightg

Fmuscle

dm

darm

dweight

Fmuscle

Fbiceps brachii

Fbrachioradialis

Fbrachialis



Examples from Paleoanthropology

Modern human

Hip abductor mechanism
Gluteus medius muscle 
Gluteus minimus muscle
Stabilizes pelvis / trunk

Australopithecus afarensis

Australopithecine Bipedalism
• Modern bipedalism
• Less efficient
• Hip / knee flexion
• Lateral trunk sway

Modern human

Locomotion
Narrow pelvis

Obstetrics
Wide pelvis



Examples from Paleoanthropology

Sylvester AD et al., 2021. Muscle forces and the demands of human walking. Biology Open 10, bio058595



Contributions from evolutionary biologists

Biological 

variation

Classical

mechanics

• Skeletal Variation
• Muscle Variation
• Models of other animals

MSM



Suggestions for starting MSM

• More accessible than ever

• Models are abstractions 

• There are many choices
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www.anybodytech.com 
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www.anyscript.org

• Wiki, Blog, Repositories, Forum

Events

• Oct 26th - Future of Workwear: Exoskeletons 
& 3D Print

◦ Simulation based Conceptual Exoskeleton 
Design by Professor of Biomechanics John 
Rasmussen from Aalborg University
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Thank you for your attention
- Time for questions
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