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Assessing MSI Risk In
Manual Material
Handling Tasks

Aaron Derouin



Overview

A Definitions for MSls and WMSDs
Alnjury Statistics and Costs for MSI and Manual Material Handling
ABackground on Posture and Force risk factors

ARevised NIOSH Lifting Equation

A Distinguish between lifting frequencies associated with Biomechanical,
Psychophysical, and Physiological criteria

A Understand and appreciate which postural input parameters are most
sensitive

A Understand how to measure the postural input parameters
A Horizontal
A Vertical
A Distance
A Asymmetry




The Anatomy of a Pumpkin

skin (epicarp)

pulp (mesocarp)
seeds

fibrous strands
(endocarp)

OCT Peeks into Pumpkii&/asatch Photonics
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https://wasatchphotonics.com/pumpkin-oct/

Market Size of the Pumpkin
Industry in U.S.

l U.S. processed pumpkin market size, by product, 2016 - 2028 (USD Billion)

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
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Protect Your PumpkimPreserve Your Pulp

The Anatomy of a Pumpkin

skin (epicarp)

pulp (mesocarp)

seeds

fibrous strands
(endocarp)

OCT Peeks into Pumpkind/asatch Photonics
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Spinal axis

Half vertebral
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Cartilaginous
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body (lower VB)
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Anterior column

Neural arch/posterior column

Yanq et al., 2022



https://wasatchphotonics.com/pumpkin-oct/
https://www.mdpi.com/1996-1944/15/7/2500

MSI: CLC Definitio

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 Il

Sprain, straln and mflammatlon that may be caused or aggravated by’ Work.
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Related Terms for MSls

AMusculoskeletal Injuries (MSls) also known as:
A MSDs (Musculoskeletal Disorders)
AWMSDs (Work-Related MSDs)

A RSIs (Repetitive Strain Injuries)
A CTDs (Cumulative Trauma Disorders)




Question 1
Most Frequently Injured Body Part?

What is the most frequently injured body part sustained while

1 Elbow

working?
a) Knee Most frequently injured body part
b)  Wrist | ; sustained while working?
C) Elbow \ ‘ Shoulder
d) Shoulder =

e) Back i

Wrist

Knee




U.S. Workplace Injury Statistics

% Liberty Mutual.

INSURANCE

Cost of top 10 most
disabling workplace

i
Zozzﬁﬁﬁﬁﬁgﬂg@éﬂ%iﬁ@%

Percenttotal 21.76% 17.67% 9.76% 8.73% 6.91% 6.18% 4.34% 3.77% 3.22% 2.39% $1.38
Cost billions $12.63 $%10.26 %566 $5.07 $4.01 $359 $252 %219 $1.87 $1.39 '

Liberty Mutual Workplace Safety Index
Annual report from Risk Control Services

*2019 Data from Liberty Mutual



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 and Repetitive Injury Data
O\gelsrtexkegthn tI njurles (Liberty Mutual Workplace Safety Index)
ranked injury type
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Injuries by Body Part in U.S.

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

1.84_1.5
3.45\ I

0.79

N

m Back = Multiple body parts = Shoulder = Knee
= Torso = Leg m Wrist = Head
= Hand = Ankle = Foot = Neck
= Elbow Forearm

Workplace Safety Indicednsights and Methodologies
Liberty Mutual Insurance, 2024



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

Canadian MSI Injury Data and
Statistics

Industry Statistics, WSBC



https://app.powerbi.com/view?r=eyJrIjoiNGZjNjFhZTgtMzkxMC00Zjc1LTk0N2EtOWE2Mzg3OGYyZTQ3IiwidCI6IjA1YzVjOTYzLWM4MzktNGM5ZS1iNWMxLWI1MWIzNzk5YWMzNyJ9

Workers Safety Insurance Board i Ontario
ER-MSDs Claims by Body Part

ER-MSD Claims by Part of Body Group
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WorkSafe BC 1T Overexertion Statistics
Counts - Industry Sector/ HSA

Counts of Overexertion Injuries Overexertion % of CountsWSBC
% Count of All Injuries by Accident Type
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WorkSafe BC T Overexertion Statistics
Cost - Industry Sector/ HSA

Costs of Overexertion %Cost of All Injuries (2019023)
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WorkSafeBC Statistics

MSI Claims Percentage
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MSI Risk Factors 1 Physical Demands Analysis

Force and
Intensity

Posture

Contact
stress

Repetition and
frequency

Workplace
layout and
design

()
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MSI Risk Factors 1 Physical Demands Analysis

Force and
Intensity

Posture

Physical




Manual Material Handling
(MMH) i Lower




Manual Material Handling
(MMH) i Lower




Question 2

Box Dimensions Most Assoclated with MSI risk

While lifting, which box dimension is most frequently
SO P EREELEREEEICC T associated with injury risk to the back and spine?
linked with lower back injury risk A)Length

(BEFORE) B) Width
C)Height
D)None of the above

Box Dimensions



Ergonomics Program Design Requirements -
WSBC OHS Requlations 4.46-4.53
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Education and
Awareness

Risk
Identification

Risk
Assessment

Control
Implementation

Training

Evaluation

Educate employees about risks and the
signs and symptoms of injury.

Identify jobs, tasks and work locations that
pose a higher risk of injury.

Assess how much risk each identified hazard
poses and communicate that to employees.

Work with employees to develop controls that
can eliminate or reduce risk factors.

Ensure employees can safely use control
measures when new procedures and
equipment are implemented.

Provide ongoing evaluation of new control
measures 1o assess thelr effectiveness.

4.510HSR

4.47 OHSR
4.490HSR,

RiskrEactors
4.480HSR

4.500HSR

4.510HSR

4.520HSR

R MAKE IT SAFE



MSI Risk Identification and Assessment
Process

Washington State
Hazard Zone Checklist

NIOSH Lifting &zguation
WSBC MSI Worksheet Snook Tables/ LNMMMH

SELECT
V Low WSBC MMH Calculators

Ergonomics

C I\H/I.O(:]erate Risk ID Tool Wash. State Lift Calculator
|
¢ Hig SELECT RULA/ REBA

Ergonomics Risk
Assessment Tool

Revised Strain Index
HandPak

Digital Human Models
Work(s)
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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

ication 1l

. . Lift/lower risk assessment (to determine if high risk)

M u s c u I o s ke I eta I I nJ u r y (MS I) R I s k Use this section to assess forceful exertion fram lifting and lowering. You can also use the WorkSafeBC online Lift/Lower
Caleulator o assesslirung and lowering forces. If a job or task inwolves a number of lifts with various weights or postures,

assess the following scenarios:

A s s e s s m e n t Wo r k s h e e t 1. The worst-case scenario — the heaviest weight and the most awkward posture.

WORK [ 2. The most commonly performed lift. When determining the frequency + duration adjustment
in Step 3, consider all the lifting done in a typical workday.

Step 1: Determine the actual weight of the Step 3: Determine the frequency + duration
lifted object adjustment

Instructions

. Review the Guide to Musculoskeletal Injury (MSI) Risk Assessment for information on how to
conduct an MSI risk assessment. The guide also describes the physical demands risk factors and
contributing risk factors that you need to consider as part of arisk assessment.

Find out how many times the worker [ifts per minute and how

‘What s the lifted object?
many total hours per day the worker spends lifting. Look up the

_[ 1. Heaviest/most awkward fquuEﬂC'.‘ « duration adjustment in the following table.
2. In the “Description” section of this worksheet: o = o 5 e
T s ow many lifts | low many hours per day? |
. . e Lessthan1h| 1hto2h | morethan2h
- Note the date of the assessment and who is conducting the assessment. Actusl weight = 1 |
1 lift every 2-5 min 1.00 1.00 0.85
+ Name and describe the job or task being assessed. i o - o 4o I i [t Lot el
g Step Z: Determine the unadjusted weight limit 2-3 lifts every min 290 0.85 0.60
- Note which worker representatives are participating. Loak for the maost extreme hand position during the Nify 4-5 lifts every min 0.85 070 0.50
lower task. Mark it on the following diagram. &-7 lifts every min .40 0.50 0.35
3. This worksheet has five sections that address different risk factors. The first part of each section &-3 lifts every min .40 .30 015
covers physical demands risk factors. The second part of each section covers contributing risk factors. — 10+ lifts every min 0.20 0.10 0.05
Mate: For lifting done less than once every five minutes, use 1.0
1. Force required 167 |as Frequency + duration adj .
. . (25 [(1%) | i10)
Physical demands risk factors — Step 4: Determine the twisting adjustment
Determine if any of the following MSI risk factors are present. Check the boxes for the highest level of risk. If the warker twists more than 45 while lifting, the twisting
adjustment is 0.85. Otherwise, use 1.0.
Lifting or loweri 2] s Twisting adjustment =
~~ Moderate risk 70) [128) |i20) i .
Step 5: Calculate the weight limit
] Any lifting 4 hY Lifting or lowering objects: If you find any lifting or lowering that . X .
or lowering presents a moderate risk, do a lift/ 18 1al 7 To get the weight limit, multiply the unadjusted weight limit (Step 2)
that is less than [[] Above shoulder height, below lower risk assessment for high risk 40} |[20) | (15} by the frequency + duration adjustment (Step 3} and the twisting
moderate risk. the knees, or at arm’s length. (see page 5). adjustment (Step 4]
| ), [] Twice or more per minute for T X x
h - more than 1 hour per shift. wie|s Step 2 Step 3 Step 4

20} [z} [(10)

] That weigh 2.3 kg (5 Ib) or

Actual welght =

more, twice or more per minute. —I T
IE &
[[] That weigh more than 8.2 kg z§ 5 Step &: *

(18 1b.), once per shift /— ¢ 35 Zf
"

Note: If any box above is s ‘~adjusted weight limit =
proceed to high-ti




Posture i Defined

A A position of the body, or the way in which someone holds
the body when standing, sitt.i

Cambridge Dictionary

A 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

Massion et al. (2004) pm— Rp—

A Configuration of the body segments at any given time
A Thomas (1940)

¢) Recumbent position

ISO 26341:1997



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

AAnatomical Position
A Palms facing forward
A Thumbs pointed away from body

A Reference position to describe
posture of hand and wrist

f\

Planes of the Body

A Frontal (coronal) plane
U Divides body into front and back

A S ag itta I p | a n e Frontal (coronal) plane

U Divides body into left and right
A Transverse (Horizontal) plane

U Divides body into superior and
inferior

e MAKE IT SAFE




Neutral Posture - Defined

G¢CKS LI2al0dzNE OA DS DI amieid | ]2
found in weightlessness where
the muscle, tendon, and ligament

systems acting over the joints are
AY G201t olFflFyOSE

Congleton et al. (1985) ,



https://doi.org/10.1177/001872088502700507

Neutral Posture - Characterid

bR
APz

‘ N Red - 90° (:4°)
7

12° (:69)

NASA Standards Inform Comfortable Car Seats | NASA Spinoff

The structure of the segments of the spine

Cervical

Vertebral

!P m— foramen

Spinous process

-
:} Body

7 Vertebral disc A (£
Bod .
v =N | Thoracic  verebra_\

foramen —Z

Transverse
process

Transverse
process

Transverse,
process

Spinous process

Lumbar

Vertebral
Sforamen

Transverse, / L Transverse
process process

Articular Articular
]1' '0Cess ,7 rocess

Spinous process

3.9

JosephBrence 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

Awkward (i.e., poor) Postures
Aaw2Ayild LRairxdGA2ya GKFG |
RSOAIFIGA2Yya FTNRY ySdzi NI f €
Andrasfay et al. (2021)

Punnet et al. (1991)

Y BN % = | L A T NS MAKE IT SAFE


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

Optimal Lifting Height (BEFORE)

Elbow
r=== Height
: Ik Whie
ST g T Rnee Slanding

=
| |
L = ! =Floor l




Force Defined - WSBC

NnForce refers to t
must exert on an object as part of a
task.

MasterCard

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. o Twitter, 2014
WorkSafeBC Guidelines, G4.49 Risk factors

Y 2B & = L 1 o RN N NN MAKE ITsAFE


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

Demand vs. Capacity

A

Low Demand < Capacity
Moderate Demand = Capacity

High ~ Demand > Capacity
e MAKE IT SAFE




Internal Forces
Loadi ng of

Compression force

BodyoOs

A Aforce 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 Aforce 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

LV

Compression Tension Shear

e MAKE IT SAFE

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




Measuring Forces
External Forces Acting on Body

A Weight scale Force = mass X acceleration

A Force gauge

Units of Forcé hNewtons, Kg, Lbs
ST WREAKE r sare




Quantifying Internal Forces/ Intensity
Methods for Determining or Estimating Intensity

Method Reliability Ethical Issues

Implantable Sensor Low/ Moderate High High
(In Vivo)

Electromyography Moderate/ High Moderate/ High  High
(fine wire/ indwelling)

Electromyography Moderate/ High Low Low
(surface)

Biomechanicahmodel Moderate Low Low
Psychophysics Moderate/ High Low Low
Heart rate Moderate/ High Low Low
Strength Model Low- High Low Low

Y 2SR & = L 1 | RN N NN MAKE ITsaFE



Compression Testing:
Protect Your Pumpkin

Compression Testing Pumpkins

MAKE IT SAFE




Measuring Capacity: Internal Forces i
In Vitro Biomechanical Loading

| Compressive load to failure applied by
Hex screw — S materials testing machine

H Aluminium plate
> O .

Loadcell

Linear ball bearing - _-Compression platen

Loading shaft
Fluoroscope C-Arm
Nylon threaded rod /
Nylon nut ———mrt= : __~ Top pot A
Vertical potentiometer —
Potentiometer clamp - Bone cement

Potentiometer clamp (ledges) —»

C Unloaded
(50N)

E Loaded to
Failure

Tavana et al., 2020



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

Measuring Internal Forces
In Vivo Biomechanical Loading

Figure 1. Schematic diagram of

the total implantation system (all

dimensions in millimeters). To

prevent shifting of the transducer

caused by the pressure in the

nucleus acting at its tip, the

transducer was guided through a

relatively stiff polymer tube with signal and power wires
an inner diameter of 20 mm and T AT T e o
an outer diameter of 3.3 mm, FRbe v
which was then secured to the ;
belt. Thus, the total implantation 033
system was divided between a

stiffer section beginning at the
skin surface and extending to the
disc, a pliant section within the relatively stiff
anulus fibrosus, and finally, a polymer tube
metal tip within the nucleus.

Figure 2. Spatial relation of implanted transducer, intervertebral
disc and stabilization, and transmission belt.

e MAKE IT SAFE
Y SRR g = |- e RN

pressure sensor

metal tip

@1.0
—=-2.0

Fig
imately in the center 0’

|
oo [

— 70 —

NP

ure 3. Radiograph with implanted pressure transducer approx-

f the L4-L5 nucleus pulposus.

Wilke et al., 1999

500 -

450 1 @ Nachemson

4001 mPresent Study
350 |

300 |
250 - '
200
150
100

50 |

I1

Normalized to Standing in %

Figure 11. A comparison between data of Nachemson'" ?”d
those of the current study (both for 70-kg individuals) regarding
intradiscal pressure in common postures and activities, n0fm?"
ized to standing. Lifting weight = 20 kq in the current study; *lifting
weight = 10 kg in Nachemson study.


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

Mechanisms of Injury T 8X Mr.




Spinal Disc Health and Disease

Normal lumbar disc

Spinal cord

Lumbar
Spinal canal vertebra
Spinal nerves
.
| I‘A..I.\,'Jg >.
- = | Ao
o -
e S & "2
I/ E ~ N\
/ )
inervertebral / \)
disc with ‘\ /
Nuclous pulposus | N
=

Annulus fibrosus

Protrusion

Extrusion Sequestration
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= > 9
—— %
= — \
= l
//
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Workshop Activity 1
Static Endurance of Shoulder




How Lever Arm Length Influences
Injury Risk?

Mass of each body segment
requires muscular effort to

YIEAYGEFAY G(GKS

Common Levers
ABaseball bat
ACrowbar
ASocket handle

o W
</ S

FORCE FORCEOF 10 lbs

OF 20 Ibs

(@]

Moment upper body with
respect to L5-S1:

Head: 60N = 0.68m = 40.8 Nm
Arm: 73N * 0.44m= 32.1 Nm
Torso: 278N = 0.28m = 77.8 Nm
Total: 150,7 Nm

Counteracting muscle force
F=150,7Nm/0.06 m=2,512 N

Barbell Medicine

Equals ~4x body weight

Smith, 2020

e MAKE IT SAFE



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

Expansive functions (supralinear,n > 1)
Pain = Shock3>
Numerosity
Visual velocity

Linear functions
.g . _ Time (roughly ...)
S Corfm ressive functions (n < 1) Visual length
€ Brightness Taste
° Loudness
% Visual area
=4
Q
o

Stimulus intensity

Y 2SR & = L 1o | RN TN NN MAKE ITsAFE



Estimating Intensity T Qualitative and
Indirect: Psychophysics

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

Workers requested to seHddjust load or
4 LIS SR 0 fedlirfgRof eXaftior®
during different MMH tasks:

Lifting Lowering
Pushing Pulling
Carrying Walking

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

.Li_ft/ Lower



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 T Quantitative and
Indirect. Heart Rate (HR)

AMonitoring HR and Physiological Criteria

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

A Provides a good estimation of physical work
Intensity for frequencies above 6 lifts per minute

A Provides an estimate of cognitive workload
A Heart Rate Variability

i

Wahoo Fithess



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

NIOSH Lifting Equation - REVISED

ERGONOMICS, 1993, voL. 36, No. 7, T49-T776

Rapid Communication

Revised NIOSH equation for the design and evaluation
of manual lifting tasks

‘ThHomas R. WaTerst, VERN PUTZ- ANDERSONT,
ARUN GARGY, and LAWRENCE ], FINEL

 Naions) Insiute for Ocevpatons) Safety an Healt, Applications Manual for 'the

4676 Columbia Parkway, Cincinnati, OH 45226, USA
qDepartment of Industrial and Systems Engineering,
University of Wisconsin-Milwaukee, W1 53201, USA

Keywords: Low back pain; Prevention and conirol;
Evaluation methodology; Lifting.

In 1985, the National Instime for Occepational Safety and Health (NIOSH)
convened an ad hoc committee of experts who reviewed the current literature on

. lifting, recommend criteria for defining lifiing capacity, and in 1991 developed a
revised lifting equation. Subsequently, NIOSH developed the documentation for
the equation and played a prominent role in recommending methods for interpret-
ing the results of the equation. The 1991 equation reflects new findings and pro-
vides methods for evaluating asymmetrical lifting tasks, lifis of objects with less
than optimal hand—container couplings, and also provides guidelines for a larger
range of work durations and lifting frequencies than the 1981 equation. This paper
provides the basis for selecting the three criteria (biomechanical, physiological,
and psychophysical) that were used to define the 1991 equation, and describes the
derivation of the individual components (Putz-Anderson and Waters 1991). The
paper also describes the lifiing index {LI), an index of relative physical stress, that
can be used to identify hazardous lifting tasks. Although the 1991 equation has not
been fully velidated, the recommended weighi limits derived from the revised
equation are consistent with or lower than those generally reported in the literature,
NIOSH believes that the revised 1991 lifting equation is more likely than the 1981
equation Lo protect most workers.

1. Introduction

The National Institute for Occupational Safety and Health (NIOSH) first developed
equation in 1981 1o assist safety and health practitioners evaluate lifting demands
the sagittal plane (MIOSH 1981). The lifting equation was widely used by occupatio
health practitioners because it provided an empirical method for computing a wei
limit for manual lifting. This limit proved useful for identifying certain lifiing jobs ¢
posed a risk to the musculoskeletal system for developing lifting-related low back p
(Liles and Mahajan 1985). Because the 198] equation could only be applied 1
limited number of lifting tasks, namely sagiual lifiing tasks, the 1981 equation
revised and expanded in 1991 w apply o a larger percentage of lifting tasks.

The 1991 lifting equation reflects new findings, provides methods for evalua
asymmetrical lifting tasks, objects with less than optimal hand—container couplin
and offers new procedures for evaluating a larger range of work durations and lif

0014-013%93 310400 € 1993 Taylor & Fraacis Lad.




Workshop Activity 21 Exploring RNLE

Parameters
A Download NLE App

A iPhone (Apple I0S) ONLY = | A
A Change inputs and calculate RWL © MosH | e

LIFTING EQUATION Hand Location Origin Destination
CALCULATOR

Calculate a Task Calculation Results Done

B < Back Calculate a Task

|| Task Name FG Palletizing 1

- . . . Horizontal @ 9 0
A Change units from metric to imperial o o iy oot eS| vrtica 75 75

Lifting Equation.

A Explore descriptions of inputs pormmery o 0

Calculate Ll/CLl Average Maximum

A Lifting Index (LI) : oadwaight s 23 23

. g . N . :T:n:'w My Saved Jobs Frequency © 0.2 Lifting Constant (LC) 23
A Significant control vs. Horizontal Destination Vertical Distance (0) 0
A é

Duration @

Distance Multiplier (DM) 1

nr - rs
. Origin
Coupling © E. Fair Poor
Horizontal Multiplier (HM) 1

Vertical Multiplier (VM)

1
N I O S H N L E Asymmetry Multiplier (AM) 1
1
1

Frequency Multiplier (FM)

Cal C U Iato r Coupling Multiplier (CM)

Calculate




NIOSH Lifting Equation T Revised:
Recommended Weight Limit

Recommended Weight Limit

N
o

20 —

15 (%

—
o

o
|

Recommended Weight Limit (Kg)

o

0 2 4 6 8 10 12 14
Frequeny (lifts/ minute)
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Revised NIOSH Lifting Equation (RNLE)

RWL=LC xHM x VM x DM x AM x FM x CM
~—

Multipliers

Load Constant

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

Demand < Capacity VON . L
Moderate Demand = Capacity MPp F L

_—_ :

Fox et al. 2019

K o mMmop
X H D
XKoo dn



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

Worksheet for Recording RNLE

JOB ANALYSIS WORKSHEET

DEPARTMENT JOB DESCRIPTION
JOBTITLE

ANALYST’'S NAME
DATE

STEP 1. Measure and record task variables

Object Hand Location (in.) Vertical Asymmetry Angle (degrees) Frequency Rate Duration Object

Weight (Ibs.) Origin Destination Distance (in.) Origin Destination Lifts/min. Hours Coupling
L(avg.) L(max)

STEP 2. Determine the multipliers and compute the RWL’s

199YsHIoM sisAjeuy qoryse) ajbuls :¢ ainbiy

RWL = LC HM x VM x DM x AM x FM X ™
ORIGIN RWL = P X X X X X
\\\‘\\\\\\\\\\\
DESTINATION RWL = | X X x | x[ ]~ | |= | ] PN
o \\\\\\\(\\W\\\\\\\\\\\\. ’“«;‘M
AT = S A
\\\\\\\“ w W/ﬁ \
STEP 3. Compute the LIFTING INDEX S _1%;mew‘>n =
) Object Weight (L) I T
ORIGIN Lifting Index = = = AW
RWL s AP P R O P A
oo Object Weight (L)
DESTINATION Lifting Index = = =
RWL
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Workshop Activity 3
15 Minute Workshop Activity

Instructions

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

R : JOB ANALYSIS WORKSHEET
H O r I Z O n tal DEPARTMENT JOB DESCRIPTION
ANALYST-SNAME
DATE

STEP 1. Measure and record task variables

- AVertical
- ADistance
AAsymmetry

Object Hand Location (in.) Vertical ~ Asymmetry Angle (degrees) FrequencyRate Duration  gpject
Weight (Ibs.) Origin Destination _ Distance (in)  Origin Destination Lifts/min. Hours  Coupling

L(avg) L(max]

STEP 2. Determine the multipliers and compute the RWL's

RWL = LC HM X VM x DM x AM M w™

j[:_
-

ORIGIN RWL [:] x ’ v v
DESTINATION RWL = E X | 9 | x

STEP 3. Compute the LIFTING INDEX

Object Weight
ORIGIN Lifting Index =

199ysyIoM sishjeuy qorjse) ajbuis :g ainbiy

DESTINATION Lifting Index




Load Constant (LC)
LC

The load constant (23 kg or 50 Ibs) refers to the

maximum recommended weight for lifting at the

standard lifting location under optimal conditions
A Acceptable to 75% of female workers and about

90% of male workers

AfiTwo out of every three
associated with heavy manual handling tasks can
be prevented if the tasks are designed to fit at least

75% of the popul ationo
Waters et al., 2003
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https://www.tandfonline.com/doi/abs/10.1080/00140139308967940

Horizontal (H)

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

A As the load is moved horizontally
from the spine, the amount of weigh
a person is willing to lift decreases
proportionately wiecn

BETWEENINNER  |@— H -
ANKLE BONES FOINT OF PROJECTION

H Is most sensitive parameter to (oA
Garg, 1995
measurement errors
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https://journals.sagepub.com/doi/pdf/10.1177/216507999504300408

Horizontal Multipliers (HM)
HM

A Optimal H corresponc * = * = dy6é
mass projected through inner ankle bones

A Areduction coefficient defined as: 2 s
A 10/H, for H measured in inches: and ? i 2
25/H, for H measured in centimeters % : EZ

Min H O 10 in (25 c O S

o o Ix

Max H = 25 in (63 cm), set HM = 0.4 e i
-

60 A2

63 .40

1 .00




Workshop Activity 4 and 517 HM
and VM Effects

To understand the independent ef
manipulating the Horizontal (H) ar

(V) Inputs on the Recommended !
(RWL)

AUse double-sided sheet in booklet b N Voren

Lift & Lower

Potvin, 2021
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https://www.tandfonline.com/doi/full/10.1080/00140139.2021.1891297

Workshop Activity 41 HM Effects on RWL

RNLE - Revised NIOSH Lifting Equation
RWL = LC x HM x VM x DM x AM x FM x CM

- 7
~

Multipliers

Instructions

A Use spreadsheet to complet

Load Constant

Recommended Weight Limit

Load H V D A>K FV»g?Scmfor)K,l CV>K750rr

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

RWL = 23.0 kg

Y /7 BN B d . 2| T N e | CSSSSMIAKE IT SAFE



Workshop Activity 41 Effects of HM on RWL
H inletS and OUtpLItS Effects of H inputs on RWL

N
(€]

- Graph It !!
9

25
37
48
S7
60
63

= = N
o o1 o

Recommended Weight Limit (RWL, kg)

o

6 7 9 25 37 48 57 60 63 67

Horizontal (H, cm)
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Workshop Activity 41 Effects of HM on RWL

Effects of H input RWL
ects of H inputs on RWL (kg)

AW 9 1.0 23.0
25 1.0 23.0

37 0.68 15.5
48 0.52 12.0
¥4 0.44 10.1
60 0.42 9.6
63 0.40 9.1
67 n/a 0.0

Horizontal (H, cm)

B 2B 2 = L A VT MAKE IT SAFE

M2
[

= s P
o i o

Recommended Weight Limit (RWL, kg)




Vertical (V)

Minimum Vertical Input

V., =0cm (0 In)

Maximum Vertical Input
V__. =175 cm (70 in)

Garg, 1995



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






























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












https://ergoweb.com/anthropometry/



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












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






























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