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TODAYS MANUAL MATERIAL HANDLING OBJECTIVES

Ergonomic evaluation using technology

Latest research on manual material handling risk

Engineering controls and technology

Administrative controls and technology

Work Practice controls and technology

The future of technology in manual material handling

-

£3) OCCUCARE

Eliminating Workplace Injuries




TECHNOLOGY IN ERGONOMICS

* Overexertion associated with manual material handling continues to be the highest risk
and highest direct medical cost to employers worldwide.

Wearable devices, automation, robotics and exoskeletons have infiltrated the ergonomics
market

Just like all technology, it is constantly evolving

How does this fit into a
* traditional ergonomic evaluation
* determining risk factors
* implementing controls and

* ultimately making job modification recommendations/implementation changes

* Seasoned ergonomists versus new ergonomists
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ERGONOMIC SOFTWARE

* Various pay for service software systems on the market
* Cority Ergonomic Software (NIOSH Lifting)
* EgoWeb Software (2D static, NIOSH Lifting, Liberty Mutual)
* ErgoPlus (NIOSH Lifting, Liberty Mutual, WISHA lifting)

* Various manual material handling calculators
* NIOSH lifting calculator on the app stores
* The Ergonomics Center

* Cornell University Ergonomics Web

-
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GOOD OLD FASHION ERGONOMICS

Tables for Evaluating Lifting, Cowering, Pushing, Pulling, snd Chiying Tasks

Manual Materials Handling Guidelines

Libcrt_v
Mutual

LIFTING

These TLV recommend workpiace I=ing con-
amons under which 2 iz believed nearty all workers
may be repeatedy expozed, day after day, without
developing work-reiated low back and shoulder
dizorders a350Ciatad WEh repetitive iifting tazks.
There are individual and organzational risk factors
mat may nfluence e likeihcod that an ndividust
wil experience low back and shouder disorders.

Liftmg TLVs*

The TLVs consist of three tables with weight
fimitz, In Kicgrams (kg). for two-handed, monc-ifting
£32X3 WEhin 30 degrees of the apital neutral]
piane. A monc-ifting tazk iz one In which the ioads
Sre zimilar and the starting and destnation ports
are repeated, and this is the oniy ifting task
performed during the day. Other manual maserial
handing tazks such as camying, pushing and puiling
are not sccounted for in this TLV and care must be
exarcized 0 appiying the TLV: under these
circumsztances.

These TLVz are prezented for %ing tasks
defined by their durations, elther less than or greater
$an 2 hours per day. and by their fraquency,
expreszed In number of (M3 per hour, 33 Gu
e Notes 1o each table.

In the precence of any faotor(c) or working

lizted below, Judgment
chould be uced to reduoe weight limitc below
thoce recommended in the TLVE":

*  High-frequency lifting: > 380 IR per hour.

*  Extended work shifts: iifting performed for
jonger than 8 hours per day.

*  High asymmetry: iting more than 30
degrees away from the sagittal piane.

* Rapid ifing moticnz and motions with
twisting (e.g.. from side to zide).

*  One-handed ifing

* Conztrained lower body posture, such as
ing while seated or kneeing.

*  High neat and humidty (see the Hest Svess
ana Strain TLVS)

*  Lifing unstable cbjects (.g., Jquids wh
shitng center of mass of lack of
coordination or equal sharmg In muk-person
")

*  Poor hand couping: lack of handies, cut-
outs, or other grasping points.

*  Unstable footing (e.g., Inabilty 1o support the
Dody with both feet while standing)

¢ During or iImmediately after exposure o
whole-body vibration at or above e TLV for
Whoie-Sody Vibraton (zee the current TLV
Doammentation for Whaie-Sody Vibration).

ed 0

TABLE 1. TLVs* for Lifting Tasks:
<2 Hours per Day with < 60 Lifts per Hour
OR

>2 Hours per Day with < 12 Lifts per Hour

Horlzeutal Zooe®

lnter- | Estended:*
Chose: | mediate: | > 601050

NIOSH Lifting Guidelines

NIOSH Work Practices Guidelines - 1991

Complete the following table for the lift of interest. If there is a controlled lift to the
destination. then complete both the Origin and Destination sections.

Determine the Recommended Weight Linuit by multiplying together the six multipliers

and the load constant. The Liftmg Index is computed by dividing the Load by the RWL.

Vertiesd Zove | <30cm |3010 60 con| e
Reach limu" o No known
30 cm above safe lmi
shoulderto8em| 16k Ty for
below shoulder
height
Kauckde height™
1o below 32kg 16kg 9kg
shouldes
Middle shin to
knuckle hagae® | 1458 14kg Ts

Flooe o medlle
shin herght lakg for - for
Sttiag” | lifteg”

Notes for Tables | through 3

A Ditunce S midoist hetwom mser aible boses asd
fie lowd

B Lifling ek shouihd oot start e cnd ot & herivereal remch
istezce mure fran 8) o= frum G makoist bewam
e e wekle bones (Figum 1)

C  Roine Sling loks dould st o end o beights that
we groser thas 30 on dbove Be shoukder or sore fan.
180 = above floot level (Figee 1)

D Rostioe liftong tasks sh et be perfomal for shaled
table cxirics marked “No kawe safe limil foe reyeitive
Titizg * Whille e avielable evidence does not perss
devtsication of safe weight Fnits i e shalod regioes,
ool julgmen ma be wal b ddamine if
efrecpucet lifts o light woighix say be sfe

E  Asstomical lndmark for knsckle height soumes e
werke it stasuling cract with s hunging # the sides

Instructions for Users

1. Read the Documentation for the Lifing TLVG
20 yOu underztand the basis for these TLV3 and
their imitasonz

2. Clazclfy tack duration as iezz than cr equal 1o
3 cumuistive 2 hours per day or greaterthan 3
cumuiative 2 hours per day. Tazk duration iz the
iength of time that 8 worker performs the task
1day.

3. Determine the Iifting frequency 3z the numter
of Itz 3 worker performz per hour.

Origin Destination
Factor Code Value Multiplier Value Multiplier
Horizontal Distance HM
from the Ankles [in]
Vertical Distance VM
from the Floor [in]
Vertical Distance DM
Load Moved [in]
Load Coupling: CM G FP G FP
Good, Fair, Poor
Frequency M
[lafts / min]
Asymmetry [°] AM
Load Constant [Ib] LC - 51 - 51

RWL = Multiply the Multipliers | Multiply the Multipliers
HMxVMxDMxCMxFMxAMxLC Together and Enter at Together and Enter at
RWL Below RWL Below
Recommended RWL - -
Weight Limit
Load Lifted [Ib] L — —
Lifting Index LI — —

LI=L/RWL

For applications documentation, see the following for a pdf file:
hitp:/www cde.gov/nioshy/94-110.html

Calculator for analyzing lifting operations

compary 1]
w [

1 Enterthe w ight of

‘Weight Lifted
the object lifted. elg

Ibs.

2 Circle the number on a rectangle below
that corresponds to the position of the
person’s hands when they begin to lift
or lower the objects.

Above
shoulder

Waist to
shoulder

Knee to
waist

7 i
Mear Mid Extondsd

s [ ]
e [

3 circle the number that corresponds to

the times the person lifts per minute and
the total number of hours per day spent
lifting.

Note: Fer lifing done less than cncs svery five minutes,
use 1.0

[Fow many tits ‘How many hours per day?
per minute? Thrarlmn | hrio2bes | 2hvsormoms
1lift every 2-5 min 10 085 085
1 lift every min 085 a8 075
2-3 lifts every min 09 0.85 085
4-5 lifts every min 0.85 o7 0.45
6-7 lifts every min 0.75 05 025
8-9 lifts avery min 06 0.35 015
10+ lifts every min 03 02 00

4 circle 0.85 if the person

twists more than 45 degrees 0.85
while lifting.

Otherwise circle 1.0

5 Copy below the numbers you have

circled in steps 2, 3, and 4.

Ibs. X X =
Step Step. Step. Ibs.
2 3 4

6 Is the Weight Lifted (1)  Y€S — 0K

less than the Lifting NoO — HAZARD
Limit (5)

Note: If the job imvolves lifts of objects with a mumber of different weights andior from a mumber of differcat locations, use Steps |

through $ above to:

1. Analyze the 2 worst case lifts—dhe heaviest object lifted and the 1ift dome in the most awkwasd posture.
2. Analyze the most commenly performed lift In Step 3. use the frequency and duration for all the lifting done in a typical workday.
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MANUAL MATERIAL HANDLING RISK

* One size fits all method for assessing risks of manual materials handling is still
nonexistent. Today, the greatest need in preventing manual materials handling injuries is

understanding the cumulative effects of work tasks done over days, years, and finally a
work career.

* Bubas, Marija. (2019) Risk Assessment Covering Manual Handling of Loads at Workplaces International Occupational and
Environmental Diseases Congress,Abstract book, Antalija, Turska, 03.-07.03.2019
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WEARABLE ERGONOMIC TECHNOLOGY

* Wearable ergonomic technology can be worn over an
extended period of time.

* Track hazardous movements between workers, between
jobs and/or between departments

* Rank jobs within an entire organization based on the
jobs with the highest to the least amount of hazardous
movements.

* Know exactly overtime when an employee has
hazardous movements and where on the job to focus
ergonomic improvements

* Use before and after job modification solutions to see
objective empirical improvements

Eliminating Workplace Injuries



WEARABLE ERGONOMIC TECHNOLOGY

Notifications to

. instantly warn — B2 T ————— e
Vibration motor Y ) '< s (; e ‘;’ B (;3
worker of high- & © &
" ' risk movement Program Overview oouie: Bend & Static
r Speaker Link&Learn
First bit of data. We need to . .
. record 8 hours of data to Diagnostic report
Battel’)’ Ilfe ‘”"93"8":"'3'9":‘3’;‘5' We have measured your activity level as
Battery of 2+ months 3 five-day modules. The
programme consists of 3
(rechargeable) St
6-aXiS motion sensor 3 Improvement. 2 days to Sustained Lifting Consequences

measure your improvement

For a certain time after sustained bending,
after the whole programme.

the spine is not adequately protected by its
muscles, this potentially makes it unstable
and prone to injury.

Movement detection algorithms:
Quantifies the parameters of
every at-risk movement that

a worker makes

Clipped to any shirt or safety vest

at orientation of choice
(vertically & horizontally)

Intensity prediction model:

Estimates the intensity of certain Reporting to highlight and explain Personalised coaching and
categories of movements (e.g. what types of high-risk exercises to improve body
lifting, striking, push/pull) movements the worker is making and risk awareness
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WEARABLE ERGONOMIC TECHNOLOGY

O 02 03

Lifting movements with poor Overreaching (sagittal Twisting (rotation of the

technique (primarily flexion) trunk)

sagittal flexion)

04 05 06

Repetitive movements & Sustained awkward static Sustained & high forces
forces postures (including sagittal

flexion, sagittal extension,

rotation of the trunk &

lateral flexion)

07 08

Sudden impact forces Full-body vibrations
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WEARABLE TECHNOLOGY REPORTING

xlsx csv

Hazardous movements ratio Hazardous
® ®
Progress Average hazardous Bad Bad
Hazardous movements per lifting/lowering lifting/lowering
movements Total movements hour Change\b high intensity low intensity
Risk report Name ® ® ® Value ® Hazardous movements ratio per day ® ® ®
40%
Sousanna Alden 224 768 7.75 29.17 '|| 28 60 54 47
0%
Devices days
40%
Departments .
Pansy Shell 208 937 4.02 22.2 " 51 55 53 56
0%~
days
40%
Veva Carrie 380 1574 6.05 24.14% ||III“I 62 100 93 90
OQ‘c L
days
40%
Terach Cass 419 1471 7.93 28.48 |I|IIII 52 109 104 99
0%
days
40%
Fraser Keaton 336 1415 5.53 23.75 N IIIIIII' 60 83 84 91
0%
days
40%
David Matusalén 322 1329 5.3 III“I" 60 79 74 84
0%
days
R —
-
o
3
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EMPLOYEES AND WEARABLE ERGONOMIC TECHNOLOGY

A product with GPS is hard to convince an

employee to wear

* A product with too many sensors is hard to get SOte r
an employee to wear

* Needs to be a quick and easy attachment to the ove rV| ew

body

* Employees struggle with technology that sticks
directly to their skin.

 Simple, simple, simple and non obstructing

technology tends to be the best

* We have chosen Soter Spine from Soter

Analytics https://www.soteranalytics.com/
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ENGINEERING CONTROLS AND TECHNOLOGY

Based on the results obtained,
improvement measures were proposed,
which can reduce or eliminate the risks
associated with the tasks studied, like the
implementation of automated or
semiautomated loading systems or
auxiliary lifting systems.

Rosado B., Colim A., Nunes |.L. (2019) Manual Materials Handling:
Case Study at a Portuguese Handling Company. In: Arezes P. et al.
(eds) Occupational and Environmental Safety and Health. Studies in
Systems, Decision and Control, vol 202. Springer, Cham
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ENGINEERING CONTROLS AND TECHNOLOGY
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ENGINEERING CONTROLS AND TECHNOLOGY

* For selecting appropriate Material Handling Equipment, it is felt that some Multi Criteria Decision
Making Methods must be used due to their ability of converting a complex problem to a paired
comparison.These methods are based on some relative Criteria and Sub-criteria. Certain
methods such as; Analytic Hierarchy Process (AHP), Fuzzy Analytic Hierarchy Process (FAHP) and
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) have studied for solving

the problem of Material Handling Equipment selection

* Nandkumar Patil, et. al.,“Design and Development of Material Handling Equipment: A Review”, Imperial Journal of Interdisciplinary

Research,Volume 3, Issue 10, pp 703-705,2017.
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ANALYTIC HIERARCHY PROCESS SOFTWARE

XLSTAT PRODUCTS = TRAINING ~ TRIAL SUPPORT ~ | ORDER ‘ = Q FF ENGLISH & MYXLSTAT

by Addinsoft

ANALYTIC HIERARCHY PROCESS (AHP)

Use this feature to solve multi-criteria decision problems based on a criteria hierarchization. Available in Excel with
the XLSTAT software.

Priorities by criterion (IC = 0,068 ; RC = 7,52%)

Relative percentage

Cost safetydass  Capacity Style
Criteria

OCCUCARE
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ENGINEERING CONTROLS AND TECHNOLOGY

* The literature review has shown that researchers have consider the design problems in
material flow system and overcome them with an adequate knowledge base approach,
properly design, 3d modeling ,analyzing and using simulation model to validate the system
performance for acquiring the MH equipment selection.

* Michael G. Kay,“Material Handling Equipment”, MAJOR EQUIPMENT CATEGORIES, pp 1-77,2012

Eliminating Workplace Injuries



ENGINEERING CONTROLS AND TECHNOLOGY

* The basis of the implanted system was the concept of
stock on wheels, practicing materials transport with the
aid of a tug internally named “train”.The tug pulls the
wagons with more load than forklifts (previous system),

maximizing travels and loads through a specific route.

* The improvement in material flow caused by the use of
the proposed vehicle increased the accuracy of materials

delivery time inside the company. Operations became

safer.

* Vikas Gupta, et.al.,“A Review On material Handling Equipment and their
Selection for Potential Applications”, International Journal of Technical
Research (lJTR),Volume 2, Issue |, pp 51-54,2013.

Eliminating Workplace Injuries



ENGINEERING CONTROLS AND TECHNOLOGY

* Exoskeletons

* All passive exoskeletons retrieved were aimed to support the low back.Ten articles suggested forty
per cent reductions in back muscle activity during dynamic lifting and static holding have been
reported.

* Both lower body, trunk and upper body regions could benefit from active exoskeletons.
* Muscle activity reductions up to 80% have been reported as an effect of active exoskeletons.

* Exoskeletons have the potential to considerably reduce the underlying factors associated with work-
related musculoskeletal injury.

* Worldwide, a significant interest in industrial exoskeletons does exist, but a lack of specific safety
standards and several technical issues hinder mainstay practical use of exoskeletons in industry.

* Specific issues include discomfort (for passive and active exoskeletons), weight of device, alighment
with human anatomy and kinematics, and detection of human intention to enable smooth movement
(for active exoskeletons)

Michiel P. de Looze, Tim Bosch, Frank Krause, Konrad S. Stadler & Leonard W. O’Sullivan (2016) Exoskeletons for industrial application and
their potential effects on physical work load, Ergonomics, 59:5, 671-681
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ADMINISTRATIVE CONTROLS AND TECHNOLOGY

* Employee involvement and employee training was mentioned as a key component for
achieving an effective and efficient Material Handling System. Organizations already have
been realized that without employee involvement the success of any system

implementation is almost near to zero.

* Abhilasha Dongre,et.al.,“Significance of Selection of Material Handling System Design in Industry — A Review”,

International Journal of Engineering Research and General Science,Volume 3, Issue 2,pp 76-79,2015

-
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WORK PRACTICE CONTROLS WITHOUT TECHNOLOGY

“..EDUCATIONAL PROGRAM TO PREVENT WORK ASSOCIATED LOW BACK
INJURY FOUND NO LONG-TERM BENEFITS ASSOCIATED WITH TRAINING.”

The New England Journal of Medicine

Special Article

A CONTROLLED TRIAL OF AN EDUCATIONAL PROGRAM TO PREVENT
LOW BACK INJURIES

LAwWREN H. DaLtrOY, DR.P.H., MAauraA D. IverseNn, B.S.P.T., S.D., MARTIN G. LARsON, S.D., RoBERT LEw, PH.D.,
ELiZABETH WRIGHT, PH.D., JAMES RYAN, M.D., M.P.H., CRAIG ZWERLING, M.D., PH.D., ANNE H. FOSSEL,
AND MATTHEW H. LianGg, M.D., M.P.H.

ABSTRACT

Background Low back injuries are common and
costly, accounting for 15 to 25 percent of injuries
covered by workers’ compensation and 30 to 40 per-
cent of the payments made under that program. The
high costs of injury, the lack of effective treatment,
and the evidence that there are behavioral risk fac-
tors have led to widespread use of employee educa-
tion programs that teach safe lifting and handling.
The effectiveness of those programs, however, has
received little rigorous evaluation.

OW back pain affects 70 to 80 percent of
adules at some time.! In the United Srates
and Canada,>+* low back injuries constitute

15 to 25 percent of the injuries covered by
workers’ compensation and account for 30 to 40
percent of workers’ compensation payments. Most
compensation claims related to back injury (87 per-
cent) are for strains and sprains, most of which (72
percent) are due to overexertion, as in lifting and
handling.#* Back suhools are u‘lmmonal prognms
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WORK PRACTICE CONTROLS AND TECHNOLOGY

WEARABLE DEVICES POWERED BY Al AND THE FUTURE OF DATA DRIVEN INTELLIGENCE HELP
GIANT EAGLE’S EMPLOYEES REDUCE THEIR RISK OF INJURY

Workers were set up during a short 20-minute briefing session where they were given a device and profiles were
created in the App. Team leaders were also present and were trained on how to access and use the online
SoterSpine Dashboard to manage progress. Two groups of workers undertook the program, firstly the in-field
trainers followed by a group of new starters.

Trainers New Starters
Breakdown of HRMs, averaged for all Trainers Breakdown of HRMs, averaged for all New Starters
2% High-risk movemen 5% High-risk movements
12.8

Forward Bending

. Forward Bending
Low Intensity

L O INTENSItY

Forward Bending
High Intensity

[ Forward Bending
High Intensity

[ —
Start End Sustained Awkward Start End

Static Posture
44% o 45% i
reduction reduction .

ENMINaung Workpiace injuries

Sustained Awkward
Static Posture




WORK PRACTICE CONTROLS AND TECHNOLOGY

WEARABLE DEVICES POWERED BY Al AND THE FUTURE OF DATA DRIVEN INTELLIGENCE HELP A
FOOD DISTRIBUTOR IDENTIFY RISK

Implemented Soter Spine in two different dry good areas of large distribution warehouse.
Section A had 220 Forward Bending low risk and high risk movements per hour

Section B had 440 Forward Bending low risk and high risk movements per hour

Section B had more low back claims

Wearing the device over 14 days solidified the analytics for management

It was discovered that the supervisor in Section A taught the workers to place the label on the
package at the same time they picked the package. The Supervisor in Section B taught the
employees to place the label on the package after they had all the packages loaded on the pallet.
This caused twice as many bending repetitions per day in Section B
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THE FUTURE OF TECHNOLOGY

* Get used to it.

* | have talked to many ergonomists who say technology can never replace a good solid

ergonomic evaluation.

* Just like anything in technology it will continue to get better and better and will become

a mainstay in ergonomics.

-
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TECHNOLOGY AND MANUAL MATERIAL HANDLING CONCLUSION

* Good Old Fashion ergonomic evaluation by a trained and certified ergonomist can never
be replaced by technology

* Technology can complement and help a trained and certified ergonomist
* Especially gathering data over days, weeks and months

* Everyday there are more and more technologically advanced systems that provide
engineering control solutions

* Administrative Controls and good old fashion job rotation and job enlargement require
the skill of an ergonomist to design a solution

* Work Practice Controls and teaching a worker to perform an activity in an improved
biomechanical fashion is coming back into vogue due to wearable technology.
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Questions?

Jim Mecham, MSIE, OTR/L, CPE
Phone: 262-925-2919

Email: [mecham@occucare.net

www.occucare.net
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