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ME-482 Biomechanics of the 
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Movement analysis

J. Favre, PhD, PD MER

Objectives

• Review the tools to measure human movement

• Discuss some examples of use

• Outline possible future directions

Focus on walking
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Subjective functional evaluation (KOOS)

www.aaos.org

Semi-objective gait evaluation (FGA)

www.carepatron.com
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Semi-objective gait evaluation (TUG)

Ortega-Bastidas et al. 2023

Time Up and Go test

www.freepik.com

Semi-objective gait evaluation (SGT)

Toro et al. 2007

Salford Gait Tool
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Objective gait evaluation

Spatio-temporal parameters

- Speed 

- Foot events

- Stride length

- …

Kinematics

- Joint angle

- Segment angular velocity

- …

Kinetics

- Joint moment

- Trajectory of the center of mass

- …

Electromyography

- Contraction magnitude

- Activation period

- …

Wikipedia

Muybridge (1830-1904)

Image-based motion capture
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Fisher (1861-1917)

Baker 2006

Image-based motion capture

Passive marker-based motion capture
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Camera 1

Camera 2

Marker

Passive marker-based motion capture

Passive marker-based motion capture

• Measure: marker positions

• Large number of markers possible

• Capture volume of up to 5 x 10 x 2 m

• Sampling frequency of 100 Hz and above

• Accuracy ~1 mm

• Drawbacks: calibration, line of sight, tracking & ambient light

www.logemas.com
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Active marker-based motion capture

www.ndigital.com
www.logemas.com

• Automatic marker labelling

• Require some electronics

Marker sets and anatomical frames

Nuesch et al. 2016, Chehab et al. 2017, Wu et Cavanagh 1995 
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Joint coordinate system

Hong-Jun et al. 2016, Grood et Sunday 1983

Markerless motion capture (depth camera)

www.graphics.Stanford.edu

www.graphics.Stanford.edu

www.Microsoft.com
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Markerless motion capture (depth camera)

• Measure: joint position

• Limited capture volume

• Rather low sampling frequency (<100 Hz)

• Less accurate than marker-based

• Drawbacks: dependent on the built-in AI (cloud computing)

Fechteler et al. 2019

Markerless motion capture (video camera)

• Measure: joint position

• Multiple or single camera

• Large capture volume possible

• Sampling frequency of 100 Hz and above

• Less accurate than marker-based

• Drawbacks: dependent on the built-in AI (cloud computing)

www.ntu.edu

Serrancoli et al. 2020
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• Measure (3D): acceleration, angular velocity and magnetic field

• Can provide orientation

Inertial measurement unit (IMU) -based motion capture

Zheng et al 2014

www.btsbioengineering.com

• Measure (3D): acceleration, angular velocity and 

magnetic field

• Can provide orientation

• Unlimited number of units and unlimited capture volume

• Sampling frequency over 100 Hz

• Different approach than stationary devices

• Application-specific algorithms, variable accuracy

• Drawbacks: attachment, anatomical calibration

Inertial measurement unit (IMU) -based motion capture

www.utwente.nl
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IMU anatomical calibration

Shank Angular Velocity, o/s

sensor

frame
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Picerno et al. 2008, Favre et al. 2009

Estimating walking speed using IMU

Aminian et al. 2002, Sabatini et al. 2055, Yuvang et al. 2020
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Force plate

• Measure: 3D force, 3D moment, center of pressure

• High sampling frequency

• Mounting could be an issue

www.amti.biz

www.kistler.com

Force plate

• Embedded in the ground or portable

www.kistler.com

Wagner 2017
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Forces

Moments

Inverse dynamics

Andriacchi et al. 2004

Description by discrete features

Perry et Burnfield 2010, Chehab et al. 2017
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Description by discrete features

Angle, but also angular velocity, displacement, …

 Movement scores

Current status
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Gait assessment methods

Knowledge

Disease Disease
Used in clinic
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‘Ideal’ walking mechanics ?

Koo et al. 2005

Flexion angle, °

-10

70

Gait cycle, %

Support clinical decision making

Moissenet et Armand 2015

Clinial evaluation

Questionnaires

Gait analysis
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Data

Gait retraining

www.ant-neuro.com
www.metrotest.cz

www.utwente.nl

Sensors

www.fancomix.

devivantart.com

www.ectorstock.com
www.amti.biz

Processing

Gait retraining - a running example
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Gait retraining - a running example

• 195 (166) runners with 8 biofeedback running sessions on a treadmill

• 195 (154) runners with 8 running on a treadmill sessions

• Participants with VARL less than 70 BW/s were excluded

• vGRF displayed

• Asked “to run softer “, diminish the vertical impact

Chan et al. 2018

• One year follow-up

• Injury incidence authenticated 

Injury report:

• 16% in the experimental group

• 38% in the control group

62% lower injury occurrence in 

gait-retrained runners 

compared with controls

Chan et al. 2018

Gait retraining - a running example
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Chan et al. 2018

Gait retraining - a running example

Swiss BioMotion Lab
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Immersive instrumented treadmill

• Real-world tasks

• Environment

• Terrain

• Feedback

• Multisensory integration

Summary

• Tools exist to measure human movement

• We understood the basics 

• Need larger (interventional) datasets

• AI-based analysis and personalization

• Mixed naturalistic settings

• Not limited to walking or the lower limbs

Chardonnens et al. 2012, Nishino et al. 2020
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