


Assessing MSI Risk in 
Manual Material 
Handling Tasks

Aaron Derouin



Overview

• Definitions for MSIs and WMSDs

• Injury Statistics and Costs for MSI and Manual Material Handling

• Background on Posture and Force risk factors

• Revised NIOSH Lifting Equation
• Distinguish between lifting frequencies associated with Biomechanical, 

Psychophysical, and Physiological criteria

• Understand and appreciate which postural input parameters are most 
sensitive

• Understand how to measure the postural input parameters 
• Horizontal

• Vertical

• Distance

• Asymmetry
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OCT Peeks into Pumpkins - Wasatch Photonics

Protect Your Pumpkin
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https://wasatchphotonics.com/pumpkin-oct/


Market Size of the Pumpkin 
Industry in U.S.
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1.34

2.22

1.38



OCT Peeks into Pumpkins - Wasatch Photonics

Protect Your Pumpkin → Preserve Your Pulp

Yang et al., 2022
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https://wasatchphotonics.com/pumpkin-oct/
https://www.mdpi.com/1996-1944/15/7/2500


MSI: CLC Definition

"musculoskeletal injury" or "MSI" means an injury or disorder of the muscles, 
tendons, ligaments, joints, nerves, blood vessels or related soft tissue including a 
sprain, strain and inflammation, that may be caused or aggravated by work.
Source OHSR 4.46

An injury or disorder of the 
musculoskeletal system, which 
includes muscles, tendons, blood 
vessels, ligaments, nerves, joints, 
spinal discs, and related soft tissue

Canada Labour Code, Part II



Related Terms for MSIs

• Musculoskeletal Injuries (MSIs) also known as:

• MSDs (Musculoskeletal Disorders)

• WMSDs (Work-Related MSDs)

• RSIs (Repetitive Strain Injuries)

• CTDs (Cumulative Trauma Disorders)

9



Question 1
Most Frequently Injured Body Part?

What is the most frequently injured body part sustained while 
working?

a) Knee

b) Wrist

c) Elbow

d) Shoulder

e) Back

10



U.S. Workplace Injury Statistics
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*2019 Data from Liberty Mutual

$1.38

https://business.libertymutual.com/wp-content/uploads/2022/06/WSI-1000_2022.pdf


Cost of MSI Related Injuries in the U.S.

Overexertion and Repetition

Overexertion Injuries
• 1st ranked injury type 

• 22% of all injury costs
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Injuries by Body Part in U.S.
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Workplace Safety Indices – Insights and Methodologies 
Liberty Mutual Insurance, 2024

16.99

15.71

11.59

9.08
7.41

7.27

6.88

6.65

6.58

4.26
3.45

1.84 1.5
0.79

Percentage of Body Parts Injured (U.S., 2024)

Back Multiple body parts Shoulder Knee

Torso Leg Wrist Head

Hand Ankle Foot Neck

Elbow Forearm

https://p.allego.com/7IevHd-I-vMc-t7
https://p.allego.com/7IevHd-I-vMc-t7


Canadian MSI Injury Data and 
Statistics
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Ontario
BC Physical

Industry Statistics, WSBC

https://app.powerbi.com/view?r=eyJrIjoiNGZjNjFhZTgtMzkxMC00Zjc1LTk0N2EtOWE2Mzg3OGYyZTQ3IiwidCI6IjA1YzVjOTYzLWM4MzktNGM5ZS1iNWMxLWI1MWIzNzk5YWMzNyJ9
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Workers Safety Insurance Board – Ontario
ER-MSDs Claims by Body Part
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WorkSafe BC – Overexertion Statistics

Cost - Industry Sector/ HSA
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WorkSafeBC Statistics

19

35 35

34 34

33

32

33

32

33

32

30

31

32

33

34

35

36

2012201320142015201620172018201920202021

%
 o

f 
A

ll 
C

la
im

s

Year

MSI Claims Percentage 



MSI Risk Factors –Physical Demands Analysis

20

Workplace 
layout and 
design

Force and 
Intensity

Posture
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MSI Risk Factors –Physical Demands Analysis
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Manual Material Handling 
(MMH)

22
Pull

Carry

Lift

MMH

Lower

Push



Manual Material Handling 
(MMH)
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Question 2 
Box Dimensions Most Associated with MSI risk 

24

While lifting, which box dimension is most frequently 
associated with injury risk to the back and spine?

A) Length
B) Width
C) Height
D) None of the above



Ergonomics Program Design Requirements - 

WSBC OHS Regulations 4.46-4.53

26

4.47 OHSR

4.48 OHSR

4.50 OHSR

4.51 OHSR

4.49 OHSR, 
Risk Factors

4.52 OHSR

4.51 OHSR



MSI Risk Identification and Assessment 

Process
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SELECT 

Ergonomics Risk 
Assessment Tool

SELECT

Ergonomics 
Risk ID Tool

SELECT 

Task

NIOSH Lifting Equation

Digital Human Models

Snook Tables/ LM-MMH

RULA/ REBA

HandPak

Revised Strain Index

WSBC MMH Calculators

Work(s)

WSBC MSI Worksheet
✓ Low
❑Moderate
❑ High

Washington State 
Hazard Zone Checklist

Wash. State Lift Calculator

https://www.worksafebc.com/en/resources/health-safety/checklist/musculoskeletal-injury-risk-assessment-worksheet?lang=en


Risk Identification and Assessment for MSIs

Lifting and Lowering

28

Risk Identification Risk Assessment



Posture – Defined

• “A position of the body, or the way in which someone holds 
the body when standing, sitting, or walking”

Cambridge Dictionary

• “A state of the body is defined by two relationships which we 
separate-that of the body to the ground and that of the parts 
to each other. Thus, we have the upright or standing posture, 
the lying posture, the sitting posture, each with modifications 
according to the positions of the limbs and head.”

   Massion et al. (2004)

• Configuration of the body segments at any given time

• Thomas (1940)
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ISO 2631-1:1997

https://dictionary.cambridge.org/dictionary/english/posture
https://www.sciencedirect.com/science/article/abs/pii/S0079612303430021?via%3Dihub
https://www.iso.org/standard/7612.html


Anatomical Position and Body 
Planes
• Anatomical Position

• Palms facing forward

• Thumbs pointed away from body

• Reference position to describe 
posture of hand and wrist

Planes of the Body

•  Frontal (coronal) plane

➢ Divides body into front and back

• Sagittal plane

➢ Divides body into left and right

• Transverse (Horizontal) plane

➢ Divides body into superior and 
inferior

30



Neutral Posture - Defined

31

“The posture (i.e., body position) 
found in weightlessness where 
the muscle, tendon, and ligament 
systems acting over the joints are 
in total balance”

Congleton et al. (1985)

https://doi.org/10.1177/001872088502700507


Neutral Posture - Characterized

32NASA Standards Inform Comfortable Car Seats | NASA Spinoff

Joseph Brence, 2013

https://spinoff.nasa.gov/Spinoff2013/t_4.html
https://joebrencept.wordpress.com/2012/10/02/drop-the-plum-line-static-posture-assessments-were-so-last-decade/


Non-neutral Postures
Defined

33

Awkward (i.e., poor) Postures
• “Joint positions that are significant 

deviations from neutral”

 Andrasfay et al. (2021)

Punnet et al. (1991)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8666356/
https://pubmed.ncbi.nlm.nih.gov/1835131/


Question 3
Optimal Height for Lifting

Which vertical lifting height based on body part is considered optimal for 
lifting the maximum weight?

a) Elbow

b) Knuckle

c) Knee

d) Floor

34



Force Defined - WSBC

“Force refers to the effort a worker 

must exert on an object as part of a 

task. 

The greater the magnitude and/or 

intensity of the force, the greater the 

risk of developing an MSI.

Force can be present with tasks 

such as lifting, lowering, carrying, 

pushing, pulling, gripping, and 

pinching.”

WorkSafeBC Guidelines, G4.49 Risk factors

36

Twitter, 2014

https://www.worksafebc.com/en/law-policy/occupational-health-safety/searchable-ohs-regulation/ohs-guidelines/guidelines-part-04
https://twitter.com/Library_Probz/status/429127719784165376


MSI Risk Level Demand vs. Capacity

Low Demand < Capacity

Moderate Demand = Capacity

High Demand > Capacity

Demand Capacity

Demand vs. Capacity

37



Internal Forces

Loading of the Body’s Internal Structures 
Compression force

• A force that compresses or squeezes an object or material, 
pushing its particles or components closer together and 
causing it to shorten or become more compact

Tension force

• A force transmitted through a wire, rope, string, or similar 
thing when it is pulled from opposite ends that causes it to 
stretch or lengthen

Shear force

• A force that makes one surface of a substance move over 
another parallel surface

38



Measuring Forces 

External Forces Acting on Body

• Weight scale

• Force gauge

39

Force = mass x acceleration

Units of Force → Newtons, Kg, Lbs



Quantifying Internal Forces/ Intensity

Methods for Determining or Estimating Intensity

40

Method Reliability Ethical Issues Invasiveness

Implantable Sensor                 
(In Vivo)

Low/ Moderate High High

Electromyography                
(fine wire/ indwelling)

Moderate/ High Moderate/ High High

Electromyography          
(surface)

Moderate/ High Low Low

Biomechanical model Moderate Low Low

Psychophysics Moderate/ High Low Low

Heart rate Moderate/ High Low Low

Strength Model Low - High Low Low



Compression Testing: 

Protect Your Pumpkin

41



Measuring Capacity: Internal Forces – 

In Vitro Biomechanical Loading
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Tavana et al., 2020

https://doi.org/10.3389/fbioe.2020.610907


Measuring Internal Forces 
In Vivo Biomechanical Loading

43
Wilke et al., 1999

https://pubmed.ncbi.nlm.nih.gov/10222525/


Mechanisms of Injury – 8X Mr. 
Olympia

44



Spinal Disc Health and Disease

45



Workshop Activity 1
Static Endurance of Shoulder

46



How Lever Arm Length Influences 
Injury Risk?

Common Levers

• Baseball bat

• Crowbar

• Socket handle

47

Mass of each body segment 
requires muscular effort to 
maintain the body’s position

Smith, 2020

Musculoskeletal Key

Barbell Medicine

https://onlinelibrary.wiley.com/doi/10.1002/jsp2.1115
https://musculoskeletalkey.com/15-mechanical-aspects-of-the-lumbar-spine/
https://www.barbellmedicine.com/blog/barbell-forces-levers-moments-and-torque/


Psychophysics

48



Estimating Intensity – Qualitative and 

Indirect: Psychophysics

Snook Tables & Liberty Mutual Manual Material Handling 
Equations (LM-MMH)

49

• Workers requested to self-adjust load or 
speed based on ‘feelings of exertion’ 
during different MMH tasks:

• Provides a good estimate of work 
intensity between 2 to 6 exertions per 
minute Snook, 1978

Lift/ Lower Push/ Pull/ Walk

➢ Lifting
➢ Pushing
➢ Carrying

➢ Lowering
➢ Pulling
➢Walking

https://www.tandfonline.com/doi/full/10.1080/00140139.2021.1891297
https://www.tandfonline.com/doi/full/10.1080/00140139.2021.1891297
https://pubmed.ncbi.nlm.nih.gov/729559/


Estimating Intensity – Quantitative and 

Indirect: Heart Rate (HR)

• Monitoring HR and Physiological Criteria

• Indirect data that corresponds with physiological 
criteria from the NIOSH lifting equation

• Provides a good estimation of physical work 
intensity for frequencies above 6 lifts per minute

• Provides an estimate of cognitive workload

• Heart Rate Variability

50

Wahoo Fitness

https://ca.wahoofitness.com/blog/importance-strength-training-age/


NIOSH Lifting Equation - REVISED



Workshop Activity 2 – Exploring RNLE 

Parameters
• Download NLE App

• iPhone (Apple IOS) ONLY

• Change inputs and calculate RWL

• Change units from metric to imperial

• Explore descriptions of inputs
• Lifting Index (LI)

• Significant control vs. Horizontal Destination

• … 

52

NIOSH NLE 
Calculator



NIOSH Lifting Equation – Revised: 

Recommended Weight Limit

53

Physiological

Biomechanical

Psychophysics



Revised NIOSH Lifting Equation (RNLE)

54

National Institute of Occupational Health and Safety (NIOSH), 2022



Determining Capacity Relative to 
Demand
1. Measure and record the RNLE input parameters

2. Determine the parameter multipliers

3. Use a worksheet or calculator to determine the RWL and Lifting 
Index (LI)

4. Determine if the LI is greater than moderate or high risk

55

MSI Risk Level Demand vs. Capacity Lifting Index (LI)

Demand << Capacity LI < 1.0

Low Demand < Capacity 1.0 < LI ≤ 1.5

Moderate Demand = Capacity 1.5 < LI ≤ 2.0

High Demand > Capacity 2.0 < LI ≤ 3.0
Fox et al. 2019

https://www.sciencedirect.com/science/article/abs/pii/S0003687018307324


Worksheet for Recording RNLE 
Parameters & Tools

56



Workshop Activity 3 
15 Minute Workshop Activity
Instructions

• In groups of 4, measure and record the following input 
parameters:

• Horizontal

• Vertical

• Distance

• Asymmetry

57



Load Constant (LC)

The load constant (23 kg or 50 lbs) refers to the 
maximum recommended weight for lifting at the 
standard lifting location under optimal conditions 

• Acceptable to 75% of female workers and about 

90% of male workers

• “Two out of every three low back injuries 

associated with heavy manual handling tasks can 

be prevented if the tasks are designed to fit at least 

75% of the population”

Waters et al., 2003

58

RWL = LC x HM x VM x DM x AM x FM x CM

https://www.tandfonline.com/doi/abs/10.1080/00140139308967940


Horizontal (H)

• Axial compression stress applied to 
spine is generally proportional to 
horizontal distance of load from 
spine

• As the load is moved horizontally 
from the spine, the amount of weight 
a person is willing to lift decreases 
proportionately

• H is most sensitive parameter to 
measurement errors

59

Garg, 1995

https://journals.sagepub.com/doi/pdf/10.1177/216507999504300408


Horizontal Multipliers (HM)

• Optimal H corresponds with body’s center of 
mass projected through inner ankle bones

• A reduction coefficient defined as:

• 10/H, for H measured in inches; and 

• 25/H, for H measured in centimeters

• Min H ≤ 10 in (25 cm), set HM = 1.0

• Max H = 25 in (63 cm), set HM = 0.4

60

RWL = LC x HM x VM x DM x AM x FM x CM



Workshop Activity 4 and 5 – HM 
and VM Effects

To understand the independent effects of 
manipulating the Horizontal (H) and Vertical 
(V) Inputs on the Recommended Weight Limit 
(RWL)

• Use double-sided sheet in booklet with V data

61

Potvin, 2021

https://www.tandfonline.com/doi/full/10.1080/00140139.2021.1891297


Workshop Activity 4 – HM Effects on RWL

Instructions
• Use spreadsheet to complete this exercise

62

RNLE - Revised NIOSH Lifting Equation

Load H V D A≥ F V ≥ 75 cm for ≤ 1 h CV ≥ 75 cm

23 25 75 25 0 0.2 Good

LC HM VM DM AM FM CM

23 1.00 1.00 1.00 1.00 1.00 1.00

23.0 kg

RNLE INPUTS

3

RWL =



Workshop Activity 4 – Effects of HM on RWL
H inputs and outputs
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Hinput (cm) HM RWL (kg)
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Hinput (cm) HM RWL (kg)

9 1.0 23.0

25 1.0 23.0

37 0.68 15.5

48 0.52 12.0

57 0.44 10.1

60 0.42 9.6

63 0.40 9.1

67 n/a 0.0

Workshop Activity 4 – Effects of HM on RWL

64



Vertical (V)

Minimum Vertical Input 

Vmin = 0 cm (0 in)

Maximum Vertical Input 

Vmax = 175 cm (70 in)

65

Garg, 1995

https://journals.sagepub.com/doi/pdf/10.1177/216507999504300408


Vertical Multiplier (VM)

• Optimal V is 75 cm (30”) above floor level, which ‘knuckle 
height’ for a worker of average height

• VM = 1.0 → “Optimal V”, when V = 30 inches (75 cm) 

• V = 0 inches (0 cm), VM = 0.78

• V = 70 inches (175 cm), VM = 0.7

• V > 70 inches, VM = 0

• A reduction coefficient defined as:

• VMm = 1-(.003 |V-75|) for Metric (i.e., cm)

66

RWL = LC x HM x VM x DM x AM x FM x CM



Workshop Activity 5 – VM Effects on RWL

Instructions
• Use spreadsheet to complete this exercise
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RNLE - Revised NIOSH Lifting Equation

Load H V D A≥ F V ≥ 75 cm for ≤ 1 h CV ≥ 75 cm

23 25 75 25 0 0.2 Good

LC HM VM DM AM FM CM

23 1.00 1.00 1.00 1.00 1.00 1.00

23.0 kg

RNLE INPUTS

3

RWL =



Workshop Activity 5 – Effects of VM on RWL
V inputs and outputs
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Workshop Activity 4 – Effects of VM on RWL
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Vinput (cm) VM RWL(kg)
-2 n/a 0

0 0.78 17.8

27 0.86 19.7

68 0.98 22.5

81 0.98 22.6

130 0.84 19.2

169 0.72 16.5

175 0.70 16.1

177 n/a 0



Distance (D) – Vertical 

Travel Distance

Vertical Travel Distance variable (D) is defined as: 

• Vertical distance travelled of the hands between the origin and 
destination of the lift

• DMin = 10” (25 cm)

• DMax = 70” (175 cm)

• Lifting, D:

• VD - VO      (V at the destination minus V at the origin) 

• Lowering, D: 

• VO  - VD        (V at the origin minus V at the destination)  

70



Distance Multiplier (DM)

• DMm = 0.82 + (4.5/D), for D measured in cm

• DM Restrictions

• DM = 1.0, when D ≤ 10 inches (25 cm)

• DM = 0.85, when D = 70 inches (175 cm)

• DM = 0, when D > 70 inches (175 cm)

71

RWL = LC x HM x VM x DM x AM x FM x CM



(A) - Asymmetry Angle

• Asymmetry refers to a lift that begins or 
ends outside the mid-sagittal plane as 
shown

• Axial twist of the spine is a substantial 
contributor to the development of low 
back pain

• Amin = 0°

• Amax = 135° 

72



Asymmetry Multiplier (AM)

• AM = 1-(.0032A)
• Amin = 0 °     → AM = 1.0

• Amax = 135° → AM = 0.57

• AM = 0, when Angle > 135°

73

RWL = LC x HM x VM x DM x AM x FM x CM



Task Variables and Multipliers

74



NIOSH Lifting Equation, 1994 Work(s) Ergo WSBC Lift/Lower Calculator

22.411.2 6.3  

3.5  4.9  11.2

12.6 9.8 4.9  

9.8 6.3  3.5  

Force Requirements: Manual Material 

Handling Assessment Tools

75

https://wonder.cdc.gov/wonder/prevguid/p0000427/p0000427.asp
https://www.worksergo.com/
https://www.worksafebc.com/en/resources/health-safety/interactive-tools/lift-lower-calculator?lang=en&origin=s&returnurl=https%3A%2F%2Fwww.worksafebc.com%2Fen%2Fsearch%23sort%3DRelevancy%26q%3Dlift%2520lower%2520%26f%3Alanguage-facet%3D%5BEnglish%5D&highlight=lift%20lower


Question 2  - Again
Box Dimensions Most Associated with MSI risk 

76

While lifting, which box dimension is most frequently 
associated with injury risk to the back and spine?

A) Length
B) Width
C) Height
D) None of the above



Hierarchy of Controls – ‘MIS 2023’

MSI Prevention and Engineering 

Controls

Machine and Tool Design

Environmental Design

Workspace Design

Task Design

Administrative 
Controls

Elimination

Substitution

PPE

Anthropometric requirements
Biomechanical requirements 
Cognitive requirements
Psychomotor requirements
Perceptual requirements 

Temperature controls
Lighting controls
Vibration controls
Noise controls

Manual handling tasks
Tool handling tasks
Driving/ equipment operation tasks
Quality control tasks

1.

1. Machine and Tool Design 

2.

2. Environmental Design 

3. Workstation Design

Mobility requirements
Workstation height requirements 
Workstation reach requirements 
Workstation clearance requirements 

4. Task Design

3.

4.

Derouin, 2023
78



Protect Your Pumpkin → Preserve Your Pulp 

Why Protect Your Pumpkin?
• Low back pain (LBP) is the most common musculoskeletal 

problem, globally
➢ Affects your mobility

➢ Affect your ability to earn wages

➢ Affects your quality of sleep

➢ ↑ Reliance on prescription medication → ↓Mental Health → ↑Drug 
Dependency

• LBP is the leading cause of disability pension

• Globally, LBP is the leading global cause of Years Lived with 
Disability

79



Closing Thoughts (1)
Minimize Loading on the Spine

• Complete a lifting self-assessment before attempting the lift

• Remove any barriers to minimize the horizontal distance

• Keep the load as close to your body as possible

• Eliminate twisting motions while lifting

• Raise object to knuckle height

• Install a lift assist or aid

• Ask for help

80

ErgoWeb, MacLeod, 2013

https://ergoweb.com/anthropometry/


Closing Thoughts (2)
Advance Forward Your Spending On Engineering Controls

81

Peter Horne, The Fabricator, 2022

https://www.thefabricator.com/thefabricator/article/materialshandling/how-to-keep-the-work-moving-on-a-manufacturing-floor-with-ergonomics


Remember – Protect Your Pumpkin

82



» Aaron Derouin

Your Alliance Safety Advisors

Help when 
you need it



Supplementary Slides …
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U.S. Pumpkin Production (2001 to 2023)

1,000 cwt
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Statista

https://www.statista.com/statistics/192975/us-pumpkin-production-since-2001/


Workers Safety Insurance Board – 

Ontario: Industry Sectors and MSD Claims

86



Workers Safety Insurance Board – 

Ontario: ER-MSD Claim Volume

87



Workers Safety Insurance Board – Ontario
Ergonomic Related (ER) MSD Costs and %Cost

88



Workers Safety Insurance Board – Ontario
ER-MSDs as a Percent of All Claims

89



WorkSafe BC – Overexertion Statistics

Counts - General

90



WorkSafe BC – Overexertion Statistics

Counts – Manufacturing (MSABC)

91



WorkSafe BC – Overexertion Statistics

General -> Back is Top Body Part

92



WorkSafe BC – Overexertion Statistics

MSABC -> Back is Top Body Part

93



Frequency (F)

• Lifting frequency (F) range

• 0.2 lifts/min up to 15 lifts/ min

• Frequency is adjusted for Vertical (V) location 
of hands

• V ≤ 30 inches (75 cm)

• V ≥ 30 inches (75 cm)

• Lifting above the maximum frequency results 
in a RWL of 0.0, regardless of duration

94



Frequency Multiplier (FM)

• FM values are dependent on:

• Work duration

• Vertical (V) relative to optimal 
height

• V < 75cm

• V ≥ 75 cm

95
Waters et al., 1994

RWL = LC x HM x VM x DM x AM x FM x CM

https://www.tandfonline.com/doi/abs/10.1080/00140139308967940


Coupling (C)

• Coupling refers to 
the ‘Hand-Load 
Interface’

• Quality of the grasp 
or handhold for the 
object being lifted or 
lowered

96



Coupling Multipliers (CM)

• Coupling Classification:

• Quality of the grasp interface between 
the worker’s hands and the object 

• Good

• Fair

• Poor

• Coupling Multiplier

• A reduction coefficient based on:

• Coupling Classification

• Vertical Location of the lift
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RWL = LC x HM x VM x DM x AM x FM x CM



Coupling Multipliers (CM)
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