Computational Musculoskeletal Biomechanics
1.0 Overview
This course will introduce students to the fundamental science underlying modelling and
simulation of the human neuromusculoskeletal system. Students will gain an in-depth
understanding of the structure and function of the skeletal, muscular, and sensory systems of
the human body. On completion of the course, students will be able to formulate integrative
models of the human neuromusculoskeletal system and to use these models to analyse muscle,
ligament and joint function during various activities of daily living, including standing,
walking, and running.
2.0 Objectives
On completing this course you will be able to:
(1) Describe the various elements comprising a computational model of the human
neuromusculoskeletal system;
(2) Formulate and solve differential equations that govern the motion of rigid-body
dynamical systems;
(3) Describe the mechanical properties of various soft tissues, particularly, muscle, ligament,
and tendon;
(4) Formulate and solve differential equations that incorporate the major physiological
properties of muscle, ligament, and tendon;
(5) Formulate simple, integrative models of the human neuromusculoskeletal system; and
(6) Use computational models of the human body to study muscle, ligament and joint
function during movement.

4.0 Course details

4.1 Tentative Duration: September 1-10 (10 days): 28 hrs lectures and 4 hrs Tutorials
4.2 Tentative Lecture Schedule

Day 1

Lecture 1: 1.5 hrs (MP)

Dynamics of segmental systems (Abernethy, Chpt 7)
Degrees of freedom; generalized coordinates

Equations of motion

Lecture 2: 1.5 hrs (MP)

Muscle moment arms

Day 2

Lecture 3: 1.5 hrs (MP)

Mechanical properties of soft tissue (Abernethy, Chpt 3)
Muscle

Lecture 4: 1.5 hrs (MP)

Mechanical properties of soft tissue (Abernethy, Chpt 3)
Tendon and Ligament

Day 3

Lecture 5: 1.5 hrs (MP)

Muscle modelling: Hill-type models

Linear muscle properties

Models of muscle-tendon dynamics

Lecture 6: 1.5 hrs (MP)

Muscle modelling (cont)

Models of muscle-tendon dynamics

Day 4

Lecture 7: 1.5 hrs (MP)



Muscle Activation Dynamics
Excitation-contraction dynamics

Lecture 8: 1.5 hrs (MP)

Muscle Activation Dynamics

First-order model for activation dynamics
Example on muscle activation dynamics
Day 5

Lecture 9: 2 hrs (SS)

Measurement of human motion

Tutorial 1: 2 hrs (MP)

Problems on dynamics of segmental systems
Problems of muscle-tendon contraction dynamics
Day 6

Lecture 10: 1.5 hrs (MP)

Analysis of Biomechanical Systems

Inverse and Forward Dynamics

Lecture 11: 1.5 hrs (MP)

Analysis of Biomechanical Systems
Parameter optimization and optimal control methods
Day 7

Lecture 12: 1.5 hrs (MP)

Quantification of Muscle Function

Muscle induced acceleration analysis
Lecture 13: 1.5 hrs (MP)

Quantification of Muscle Function
Applications to human locomotion

Day 8

Lecture 14: 1.5 hrs (MP)

Biomechanics of walking (Abernethy, Chpt 8&9)
Lecture 15: 1.5 hrs (MP)

Biomechanics of running

Day 9

Lecture 16: 1.5 hrs (MP)

Knee-joint osteoarthritis

Lecture 17: 1.5 hrs (MP)

Shoulder joint biomechanics

Shoulder joint replacement design

Day 10

Lecture 18: 2 hrs (SS)

Biomechanics of amputee gait

Tutorial 2: 2 hrs (MP)

Introduction to OpenSim (software for musculoskeletal modelling and simulation)



