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WHO AM I?
• Assistant Professor, 

Department of 
Biomedical Physiology & 
Kinesiology, Simon 
Fraser University

• Director, SFU Run Lab
• Sport Physiotherapist 

(Athletics 
Canada/Restore 
Physiotherapy)

• Runner



OBJECTIVES
• Differentiate between the strengths and limitations of traditional lab-

based running biomechanics and field-based wearable technology 
approaches.

• Identify the key technologies suitable for real-world running 
biomechanics studies, and articulate the advantages and limitations of 
each.

• Understand the logistical challenges and opportunities of conducting 
biomechanics research in authentic running environments.

• Discuss how real-world data collection can enhance the understanding, 
prevention, and management of running-related injuries.

• Describe practical examples of field-based biomechanics studies and 
interpret their implications for performance enhancement and injury 
prevention.



MOTIVATION & RATIONALE
WHY GO BEYOND THE LAB?

Lab-based studies are:
• Accurate
• Controlled
• Repeatable

But:
• Do not reflect reality
• Generalization of findings is 

limited



MOTIVATION & RATIONALE
CONSTRAINTS & LIMITATIONS

• Marker-based motion capture
• Level ground
• Treadmill /1-2 force plates
• Cross-sectional
• Don’t resemble a typical training 

session or race
• Limited to smaller participant 

numbers



WEARABLES FOR RUNNING ANALYSIS 



WEARABLES FOR RUNNING ANALYSIS 
• Over 75% of runners use wearables

• Distance, pace
• Biomechanics

• GPS Smartwatches, shoe/foot pods
• Smart garments/shoes
• Rings, patches, etc.
• Paired with apps and social media



WEARABLES FOR RUNNING ANALYSIS 
RESEARCH OPPORTUNITIES

Changes in biomechanics due to:
• Fatigue
• Training responses
• Injury
• Surface
Effects of biomechanics and training 
load on injury
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WEARABLES FOR RUNNING ANALYSIS 

Apte et al 2021

“Current literature highlights a lack 
of studies with continuous 
measurement of biomechanical 
parameters during actual running 
activities, pointing towards an 
opportunity for future research using 
wearable sensor technologies.”



FIELD-BASED BIOMECHANICAL
STUDIES 
• Longitudinal, continuous 

monitoring 
• Natural surfaces, grades
• Follow through standardized 

training / self-directed 
training / racing 

• Ability to study large sample 
sizes 

• Potential to solve complex 
problems

• Big data / AI



TECHNOLOGY OVERVIEW 
STATIONARY SYSTEMS
• Markerless motion 

capture

WEARABLE SYSTEMS
• Inertial 

Measurement Units
• Strain sensors 



TECHNOLOGY OVERVIEW 
MARKERLESS MOTION CAPTURE
• Works in diverse, real-world

environments
• Tracks multiple subjects

simultaneously
• No specialized clothing or

markers required
• Minimal participant setup

(reduced burden on subjects)
• Scalable and efficient for large participant numbers
• Less intrusive, allowing more natural movement patterns



TECHNOLOGY OVERVIEW 
MARKERLESS MOTION CAPTURE
• Requires consistent,

controlled lighting
•    accuracy outside sagittal

plane
•    accuracy with increased

distance or occlusion
• Processing algorithms are

computationally demanding
• Generates vast amounts of data
• Requires calibration procedures and proper camera placement



TECHNOLOGY OVERVIEW 
INERTIAL MEASUREMENT UNITS (IMUS)
• Lightweight, small, unobtrusive,

and portable
• Suitable for unrestricted

real-world movement
• High sampling rates provide

detailed temporal data
• Relatively cost-effective and easy to deploy at scale
• Not limited by lighting conditions or line-of-sight issues
• Effective for measuring accelerations, angular velocities, and orientation in 

multiple planes



TECHNOLOGY OVERVIEW 
INERTIAL MEASUREMENT UNITS (IMUS)
• Susceptible to sensor drift and

cumulative error over time
• Requires careful calibration and

orientation procedures
• Orientation estimation is prone to

errors, especially during dynamic
movements

• Data processing complexity (sensor fusion and drift correction algorithms 
needed)

• Potential discomfort or movement artifacts if attachment is insecure
• Placement and secure fixation on body segments is critical



TECHNOLOGY OVERVIEW 
STRAIN SENSORS 
• Directly measure tissue deformation

and joint angles
• Good sensitivity to subtle changes and

movement patterns
• Suitable for measuring localized

strains (e.g., muscle, tendon deformation)
• Highly flexible, conforming comfortably

to the body, allowing natural motion
• Minimal interference with athlete’s performance
• Can be integrated seamlessly into clothing or wearable textiles



TECHNOLOGY OVERVIEW 
STRAIN SENSORS 
• Limited durability & potential for

degradation over prolonged use
• Sensor calibration can be challenging

& may require frequent recalibration
• Susceptible to signal noise from sweat,

temperature changes, or sensor slippage
• Data interpretation may require advanced

signal processing methods and validation
• Limited capability in capturing complex, multi-plane or multi-segment motions 

without multiple sensors



TECHNOLOGY INTEGRATION 
• Improve Movement Analysis

• Address Limitations
• Expand Field-Based Research 

Capability

Enhanced Accuracy and Ecological 
Validity



PRACTICAL TIPS FOR FIELD-BASED
STUDIES
LOGISTICAL CONSIDERATIONS
• Plan detailed timelines and 

contingency options (e.g., weather, 
cancellations)

• Ensure equipment portability, 
power supply, backup hardware, 
and storage solutions

• Develop clear, standardized setup 
and calibration procedures



PRACTICAL TIPS FOR FIELD-BASED
STUDIES
PARTICIPANT ADHERENCE
• Provide clear instructions and 

training sessions for wearable 
devices

• Maintain regular, supportive 
communication with participants

• Minimize participant burden (quick 
setup, comfortable equipment, 
minimal interference)



PRACTICAL TIPS FOR FIELD-BASED
STUDIES
DATA MANAGEMENT STRATEGIES
• Plan efficient data workflows 

(e.g., automated backups, naming 
conventions)

• Use cloud storage solutions or 
portable storage devices to secure 
large datasets

• Establish clear protocols for data 
organization, version control, and 
privacy protection



PRACTICAL TIPS FOR FIELD-BASED
STUDIES

ENSURING DATA QUALITY IN UNCONTROLLED 
ENVIRONMENTS
• Regular device calibration & equipment 

checks during data collection
• Implement data verification protocols 

(frequent spot-checking, real-time 
monitoring)

• Collect contextual data (e.g., 
environmental conditions, terrain,
fatigue levels) to explain variability in 
biomechanical data

• Plan for redundancy (e.g., extra sensors
or complementary measurement systems)



PRACTICAL TIPS FOR FIELD-BASED STUDIES

Stellingwerff et al Sports Med (2025)



EXAMPLES FROM THE SFU RUN LAB
• Lululemon FURTHER event 2024
• Canadian 10,000 m Championships 

2024
• Running Online Injury Prevention 

Feasibility Study



LULULEMON FURTHER EVENT
The event:
• 10 women
• 6 days (144 hours)
• 2.5 mi / 4 km loop

Overarching goal:
• To determine the effect of both 

acute and chronic fatigue on 
running biomechanics during a 6-
day UER event



LULULEMON FURTHER EVENT 
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LULULEMON FURTHER EVENT 
And then…
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LULULEMON FURTHER EVENT 
INERTIAL MEASUREMENT UNITS
• 6-axis IMU
• +/-32G, 500 Hz sampling rate
• 8+ hour battery life
• Time-synchronized
• Small and lightweight (5 g)

Plantiga Technologies, Vancouver, Canada



LULULEMON FURTHER EVENT 

Plantiga Technologies, Vancouver, Canada

INERTIAL MEASUREMENT UNITS
• 6-axis IMU
• +/-32G, 500 Hz sampling rate
• 8+ hour battery life
• Time-synchronized
• Small and lightweight (5 g)



LULULEMON FURTHER EVENT 
Markerless Motion Capture
• Lighting/shadows 

(calibration)
• Heat
• Rain/Wind (2nd windstorm on 

Day 1 evening)



LULULEMON FURTHER EVENT 
Inertial Measurement Units
• Fixation
• Power/Battery, Wifi
• Lost/missing sensors



CANADIAN 10,000 M CHAMPIONSHIPS
• Markerless Motion Capture
• Camera configurations
• Obscurement
• Heat
• Changing lighting
• Data storage
• Cable management



RUNNING ONLINE INJURY PREVENTION 
FEASIBILITY STUDY

• 60 women
• In-shoe IMUs (n = 30)
• Training load monitoring 

(Strava)
• Menstrual cycle monitoring
• Training Intervention



SUMMARY & CONCLUSIONS
Real-world Biomechanics
• Provides ecological validity, greater participant numbers, and long-term insights beyond traditional 

lab settings.
Advanced Wearable Technologies
• Markerless motion capture, IMUs, and strain sensors each offer unique strengths for capturing real-

world running data; integration enhances overall measurement accuracy and insight.
Overcoming Challenges
• Careful consideration of data quality, logistics, participant adherence, and field protocols are 

essential for successful real-world biomechanics studies.
Big Data & AI Opportunities
• Integration of wearable tech with AI-driven analysis allows for enhanced injury prediction, 

personalized training interventions, and deeper insights into biomechanics of running performance.
Impact on Injury Prevention & Performance
• Field-based studies provide direct, actionable insights applicable to athletes, coaches, clinicians, 

and researchers, bridging the gap between biomechanics research and practical application.
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