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How to Leverage Wearable Technology

Scott Smith, CPE
Director Ergonomics
Aon Global Risk Consulting
Email: Scott.smith1@aon.com 
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Agenda

▪ Current State of Ergonomics – Aon Laser Analytics, Current Markets, and Operational Issues

▪ Advanced Technology - Definition of Wearable Technology

▪ A Brief History 

▪ Common Issues with Technology

▪ Types of Advanced Technology for Ergonomics 

– 3D Motion Capturing

– Body and Segmental Pressure Mapping

– Dynamic Muscle Force Data

– 3D Dynamic Biomechanical Modeling

▪ Case Study Examples of Wearable Technology:

– Identifying risks 

– Support TCOR through WC cost reduction and productivity improvements

▪ Closing Comments
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Current State of Ergonomics Analytics

▪ Musculoskeletal Injuries and Disorders leading types of injuries across 

nearly all industries (Aon Laser Analytics):
• Food/Agribusiness 59%

• Manufacturing 48%

• Healthcare 45%

• Retail 41%

• Municipality 39%

• Transportation 39%

• Construction 35%

▪ A sample of 70 Laser Analytics Reports (Based on 3 year Loss Run):
• 1.4 Billion in WC losses related to ergonomics issues only

• Average program loss - $6.75 MM per year

• These injuries lead to significant amount of Loss Time Days (TTD Days) associated with loss 
productivity which is not part of overall loss picture effecting staffing levels and production
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Ergonomics – Micro Reactive Approach

The Real Question is, how did we get here in the first place?
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Ergonomics – Macro Data Driven Proactive Approach

Points us in a direction where we need to move towards
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Successful Ergonomics Process Impacts on TCoR

• A successful integrated ergonomics 

process can impact both traditional 

WC (red box) and operational 

metrics (green box) 

• Using data to drive the process is the 

most effective for both lagging and 

leading indicators

• How much is being invested into 

prevention vs. what are we spending 

on losses?



U.S. Commercial Risk Solutions | The Full Picture 
Proprietary  & Confidential | December 2018 7

What is Wearable Technology?

▪ Current Definition - Electronics that can be worn on the body, either as an accessory or as part 
of the material used in clothing and are connected to a data collection device that monitors 
personal metrics. Typically includes:

– Smart Watches

– Clothing

– Fitness trackers

– Jewelry

– Glasses

– Implants 

▪ If we broaden the definition to include anything considered “new”, they may not have to be 
electronic or actively be monitoring the person wearing it. Examples include:

– Headphones

– Braces (wrist and back)

– GPS systems

– Phones
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A Brief History of Wearable Technology

Wearable Technology has been around a  very long time.  

17th Century - Abacus Ring 1571 - Wrist Watch
1907 - Spy Pigeon

1961 – Roulette Ball Timer
1980’s – Pocket Ergo Meter

1990’s Computer with Screen
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A Brief History of Wearable Technology

Wearable Technology Today.
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Generating Data

▪ Technology can provide valuable data that can provide feedback to 

those wearing devices.  Data can be used to:

– Monitor goals related to fitness activities 

• (steps taken, stairs climbed, calories burned, etc.)

– Status of current health 

• (heart rate, blood pressure, sitting times, etc.)

– Status of current physical work 

• (heat rate, distance covered, elevation gains, power output, etc.)

– Provide biofeedback

– Collect data related to posture and muscle activation levels
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Ergonomics Applications - Spectrum of Wearable Technology

Exemples of Posture, Muscle Force, Pressure, etc.  

Lumo Lift - $79 Somaxis Cricket - $250  Zephyr Bioharness - $4,600 

DataLink System - $9,000
Tekscan - $25,000 Xsens - $45,000
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Case Study Example: Best-in-Class Assessment of Knee Pads

▪ Pressure mapping study:

– Two shipyards experiencing high volume of knee type injuries and identified need to assess knee 
pad performance
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Buyer Beware Though – Inclinometer vs Goniometer Example 

Goniometers – Measure Joint Axis 
Inclinometer – Measures from Vertical 

1 – 30 

2 – 60 
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Ergonomics - Common Issues with Wearable Technology

News Article Claiming Back Safety Though Technology



Aon Risk Solutions 
Proprietary  & Confidential 

15

Sample Lifting Data Using a Simple Observation Tool 

33%

41%

26%
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Ergonomics - Common Issues with Wearable Technology
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The Science of Ergonomics 

• Ergonomics is the “scientific study of the interaction of people within their 

work environment”

• Much of what is know about human performance has been studied in labs 

and in the field and published to create the evidence of “work-relatedness”

• Facts and data must drive the process otherwise “opinion” can slow the 

process down and wrong decision can be made even if for the right reasons

• Traditional ergonomics approach typically review a job task as applies 

checklist or risk assessment method but does not measure the actual 

employee response to the work
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Ergonomics - Common Issues with Wearable Technology

Ontario Universities Back Pain Study (OUBPS), 1998
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Scientific Studies Risk Factors Related to Low Back Pain

Ontario Universities Back Pain Study (OUBPS), 1998
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Increased Quality of Analysis Related to Work/Task Requirements

▪ Monitor environmental conditions 

– (temperature, chemicals/toxins, etc.)

▪ Movement 

– (posture: low back, neck, shoulder, elbow and wrist angles)

▪ Physiological workloads 

– (energy output to monitor overall body fatigue)

▪ Muscle effort 

– (localized muscle fatigue and strain type injuries)

▪ Rates of repetition 

▪ Static vs. dynamic type work conditions

▪ Vibration (whole body (e.g., lift truck) to hand-arm (e.g., hand tools)

▪ Breathing rates

▪ Acceleration and velocity of movement patterns

▪ Mechanical pressure acting on the body

Creates “Leading Indicators” on how a person is reacting to work practices that lead to a 
proactive assessment of likelihood of injuries in the workplace.



U.S. Commercial Risk Solutions | The Full Picture 
Proprietary  & Confidential | December 2018 21

Ergonomics Tools of the Trade - Study 2005 to 2019
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Assessment Equipment use in Ergonomics – Study 2005 to 2019
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Assessment Methods use in Ergonomics – Are They Really Working?

▪ WHO’s Data from 2000 to 2015 from 183 Counties – “Years of Productive Life Lost 

Due to Disability”:

• In 2000 – 77.4 Million and now increased to 103.8 Million in 2015

• Only heart disease and strokes ranked higher 

▪ Tools are 15 to 30 years old but population is 15 to 30 years older

▪ Population BMI is also higher than 15 to 30 years ago

▪ Tools are still highly variable in results related to user experiences and at best 

“screening tools”

▪ More accurate systems are needed to actually measure the impact of work on 

employees’ vs. a checklist or risk assessment screening tools
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Why Use Wearable Technology? 

▪ The old saying goes, “what you don’t know won’t hurt you.”  In reality, 

what you don’t will hurt you and your people!  

▪ Leverage wearable technology to be a predictor of potential injury vs. 

waiting for an injury claim to happen.
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▪ Article published in 2008 but Merryweather, Bloswick and Sesek – University of Utah 

Department of Mechanical Engineering Ergonomics and Occupational Biomechanics 

Department

• Initial review of literature review indicated that peak low back forces may be under 

reported in static biomechanical models by 19 to 200%

• Static models don’t account for acceleration and velocity of movement

• Findings found that fast movement were 42% higher forces than static forces 

▪ Additionally, Koblauch (2015 - Low Back Disorders in Airport Baggage Handlers), found 

lighter bags posed more of a risk related to “throwing” than heavier bags using a 

dynamic biomechanical model

Why Use Wearable Technology?  Some Research Findings 



U.S. Commercial Risk Solutions | The Full Picture 
Proprietary  & Confidential | December 2018 26

Dynamic vs. Static Biomechanical Modeling Sample

7,480 N of Force
High Risk with 50 lbs.

4,358 N of Force
Moderate Risk with 50 lbs.

Authors Note: 
High Risk Occurs at 114 lbs. 
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Motion Sensors Capture Full Body 

Dynamic Movement and Feed Data 
into 3D Software

Force Measuring Insoles Capture 

Dynamic Force Changes Acting on 
Body 

3D Model Calculates all Dynamic Joint Postures, 

Forces, Torques, Muscle Forces, Activity and Energy 
Levels. On over 600 muscles

Wearable Data Collection Process 

ErgoBoB
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Example – Analysis of Forearm and Thumb Activity Levels

Identifying High Hand Forces During Pipetting Tasks:

▪ Used sEMG to evaluate 3 different pipettes to determine average and peak hand forces as well as 
repetition of tasks

▪ Site management bought into the fact that they needed to investigate at semi-automated systems to 
reduce muscle stress to the employees

High Risk

Low Risk 



U.S. Commercial Risk Solutions | The Full Picture 
Proprietary  & Confidential | December 2018 29

Example – Finger Push Force Analysis vs. Actual Requirements

Actual Requirements = 1.98 lbs.

Deploy Ramp

Retract Ramp
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Example - Measuring Productivity and TCoR Impact

Real People/Real Work

• Analysis of time and motion savings to reduce MFG cycle times

• 32.38% time spent in >19”

• 12.38% spent  <9”

• 44.76% spent between 9 and 19 “ 

ErgoBoB
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Example - Measuring Productivity and TCoR Impact

Current State

Future State

Virtual Testing State
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Example - Measuring Productivity and TCoR Impact

• Moving from a cycle time of 50 seconds to 42.5 means the operator can will go from 72 
pieces per hour to 84.7 per hour without any extra internal effort.

• Profit per unit is $100

• Potential throughput increase on the bottle neck operation:

♦ 12.7 units per hour * $100 profit per unit = $1,270/hour

♦ 95 units per day * $100 profit per unit = $9,500 per shift

♦ This is a two shift operation: 2 shifts * $9,500 per shift = $19,000/day

♦ $95,000 per week (5 day a week operation)

♦ $4,750,000 per year (50 weeks a year) 

− ROI on $6,000 Investment = 79,067%

• Movements of walking, reaching to the floor, high finger forces, long reaches and high 
posture deviations from hands were eliminated completely.

Newly Design Workstation
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Example – Measuring Impact of Future Change

Lifting from 12” vs 21” off the ground Peaks
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Example – Predicted Probability of Future Injury
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Heat Map of Lagging and Leading Indicators

Lag LagLeading Leading Leading
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TCoR - Predicting the Future Using Analytics Data

▪ Regression Modeling to Predict Future Incurrent Costs based on 

Leading Risk Indicators
– Multiple Regression Model: Incurred Losses = (-8628.8)  + (879.29) * Disc Compression

Job Incurred Losses

Current EQuIP Risk 

Score Loss Work Days

Low Back Disc 

Compression (lbs. Force)

Low Back Disc 

Probability of Injury

Loader/Unloader $136,696.62 115 900 1400 94%

TCoR and Risk Impact:

• Low Back Compression Reduction: Current 1,400 lbs. to Future 550 lbs. = 61% Reduction

• Probability of Future Low back Pain: Current of 94% to  Future of 33% = 65% Reduction 

• Predicted TCoR:  Current $136,696.62 to Future $26,531.23 = 80.5% Reduction in Future Cost 

Predicted Future State

Current Future State
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When correlating %probability with Claim costs a client can predict savings for different solution sets:

37

Lift Rate
Moment 

(Nm)
Sagittal 

Position Max
Average Twisting 

Velocity
Max Lateral 

Velocity LBD Probability

1200 14.6 13.5 36.88 22.53 82.65%

Solution Options Probability rating Ave Claim Cost

Current state 82.65% $14,000

Solution 1 60% $4,000

Solution 2 40% $2,000

Solution 3 10% $0
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Future - Analysis Related to Changes Over Time

Lifting from 12” vs 21” off the ground Cumulative Impacts
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Not knowing will hurt your People! 
Better Data, Better Decisions, Happier and More Productive Employees 
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Future - Direct Measurement to Validate Models 

Julius Wolff Institute for Biomechanics and Musculoskeletal Regeneration 

https://jwi.charite.de/en/
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Wearable Data can also Supports Additional Types of Assessments

Increased speed and accuracy of 
completing risk assessment methods

Increased accuracy of 
Actual Physical Demands

Work-relatedness assessment 
and Litigation Support

Accurate prediction of cycle time impacts
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Closing Comments

1) A strategic implementation of a holistic ergonomic program: 

• Directly and indirectly contributes to lowering TCoR across an entire 

organization, 

• Can be a fundamental tool to take the edge off increasing insurance costs as 

part of an insurance/risk program, 

• Offers the benefit of driving productivity, supporting well-being,  job 

satisfaction and employee retention all using objective data.

2) Data is used to objectively assess the likelihood of injuries and predicting 

impacts to risk and productivity through improving the workplace or work 

methods.

3) Proactively measuring the how employees’ are responding to work vs. waiting 

for injuries to occur which can reduce costs associated with time off work 

(productivity and efficiency) as well as employee retention. 
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Time for Questions
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Thank You for Participating

▪ Scott Smith, CPE

▪ Director Ergonomics

▪ Aon Global Risk Consulting

▪ Email: Scott.smith1@aon.com 


