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WORKING SMARTER WITH INDUSTRY
HAZARDOUS MOVEMENT DATA
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We know that typically, workplace injuries result in extensive observation and investigation using
subjective tools which are intensive and synthetic. This approach is reactive. By using big data
collected across industries and wearable technology solutions, there is opportunity to foster a
proactive approach to injury, seeking the source of the problem which provides insight into any
potential requirements for redesign of workplace environments and employee training.
Here we highlight the use of large data sets of hazardous movements among industries that are
involved in the materials manual handling (MMH) sector. The purpose of this paper is to compare
industry hazardous movement data that has been collected by the SoterCoach wearable device for
benchmarking and to provide insights on this proactive approach to avoid injury using wearable
sensor technology.

A strong predic tor of measuring a
workplace injury risk can be shown by a
worker's occupation. For businesses

A description of the hazardous movements captured
by the wearable device
Injury risks associated with hazardous movements

involved in services and operations, retail,
health care, logistics, oil and energy,
manufacturing, warehousing and mining
this white paper will discuss:
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Hazardous movement risk distribution for speciﬁc
industries
An introduction of new technology to ameliorate high
risk activities which facilitates a proactive measure to
decrease the risk of injury
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DEFINING HAZARDOUS MOVEMENTS
captured by the wearable device - SoterCoach
RISK OF WORKPLACE MOVEMENTS
Lifting or carrying loads, awkward static
posture, frequent bending and twisting and
repetition are proven to be the physical load risk
factors consistently associated with workrelated back disorders (1). Lifting and bending is
said to account for 33% to 60% of all workrelated Lower Back Pain (LBP) (2,3). More
speciﬁcally, lifting while twisting or bent
sideways is a signiﬁcant risk factor (4).

SoterAnalytics

SoterCoach deﬁnes and reports to the user and
organization 5 main components of a risk:

01

LOW INTENSITY LIFTING

02

TWISTING

03

LONG AWKWARD STATIC POSTURE

04

HIGH INTENSITY LIFTING

05

REPETITION

LOW INTENSITY LIFTING
Lifting with poor technique can be described as making end range bending movements while performing
working tasks. End range bending places muscles at full stretch, which leads to temporary muscle weakness or
'deactivation'. As a result, the spine is not adequately protected by its muscles, potentially making it unstable.

TWISTING
For the trunk bending sideways (in frontal plane) or twisting the upper part of trunk with respect to lower part
(transverse plane), comfortable zones are determined with criteria of 10. According to a number of the risk
assessment tools, (LUBA, RULA, REBA) a twisting angle more than 30 degrees is considered to be risky for the
development of MSD injuries (7).

LONG AWKWARD STATIC POSTURE
When the body holds a single position for an extended period or shifts position but fails to allow the muscles to
return to a neutral position, comfort and performance are impaired. Static postures increase the load on
muscles and tendons compared to dynamic postures. These static positions may reduce blood ﬂow to the
muscles, thus preventing the body from engaging in the natural process of restoration and repair.

HIGH INTENSITY LIFTING
SoterCoach does not measure weight of objects but rather the intensity of a movement – the movement is
deﬁned as highly intensive when for different reasons, the person ﬁnds it physically difﬁcult to perform. In many
cases it contributes to working with the high load. If a large load is carried, even a small amount of bending can
lead to injury, since ﬁbres of the discs are much less tolerant to load at this position.
Jerky and fast movements are also deﬁned as high intensity. Fast extension movements create a larger window
during which the spine is exposed to instability and injury because of lack of muscle forces. Also, physical
conditions such as fatigue or disease can dramatically lessen the weight that can be lifted safely, and this may
also be measured as high intensity.

REPETITION
Continuous and repeated force exertions over a signiﬁcant period of time may have impact and cause tissue
changes which decrease stability.
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HAZARDOUS MOVEMENT
DATA BY INDUSTRY
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HAZARDS DISTRUBUTION CHART
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Figure 1. Shows the hazardous movement distribution among 8 different industries
A benchmarking approach to work related injury risk by
using hazardous movement data across industries
facilitates a culture of continuous improvement and
provides perspective on risk components compared to
others in industry. With these averages, individual
organisations can identify areas for improvement and
upgrade performance standards accordingly.

THIS DATA SHOWS THE MAIN
3 HAZARDOUS MOVEMENTS
ACROSS ALL INDUSTRIES:
Low Intensity Lifting
Twisting
Repetition

It can be seen that Low Intensity Lifting, Twisting and Repetition are among the highest across all industries. With empirical
evidence showing the risky movements that have potential to cause injury over time enables a proactive approach to
musculoskeletal safety rather than the usual reactive evidence. Being aware of these areas of high-risk can assist in the
redesign work environments and establishing clear goals and objectives concerned with employee training.

THE USE OF THIS DATA CAN ASSIST IN THE OPPORTUNITIES TO IMPROVE OH&S
PERFORMANCE STANDARDS IN THE FOLLOWING WAYS:
Repetitive hazardous movements around common tasks - identiﬁed and reviewed for implementation
of task modiﬁcation, substitution, or requirement for introduction of tools and aids
Timelines for hazard ﬂuctuations throughout shifts or weeks - which provides data on organizational
work factors and targets work-rest cycles or job rotation
Displays of work and task intensity
Consideration of hazards and risks when planning and designing facilities, processes, plant and
equipment, and materials
Modiﬁcation of working processes including the alleviation of monotonous and repetitive work
Introduction of job safety analysis and task-related assessments
Implementation of ergonomic and other injury prevention-related assessments
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INJURY RISKS ASSOCIATED WITH
HAZARDOUS MOVEMENTS
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LOW INTENSITY LIFTING RISK

TWISTING RISK

STATIC RISK

An increased risk of low back
injury may result f rom ﬂexioninduced disturbances to trunk
behaviours (5). Trunk ﬂexion
exposures, whether prolonged or
cycl i c , re s u l t i n v i s co e l a s t i c
deformation of passive tissues in
the posterior trunk and consequently a reduction in trunk stiffness.
A decrease in passive trunk stiffness can be compensated by
extra activation of muscles, which
may cause additional loads on
joints and other soft tissues.
Moreover, additional activation of
muscles may increase metabolic
cost and consequently contribute
to muscle fatigue.

Bending combined with excess i ve tw i s t i n g , re s u l t s i n t h e
increased risk of injury. Twisting in
the lower back is very dangerous;
this section of the spine is not
designed for this type of movement. As a result of twisting,
surrounded muscles go into
protective spasm to prevent the
spine from damage, which in turn
causes low back pain.

Holding an extreme or awkward
position exacerbates effects.
Musculoskeletal harm from static
exertion may range from fatigue
and cramping to inﬂammation or
n e r ve d a m a g e . O f te n t h e s e
injuries are referred to as cumulative trauma disorders because
they result from prolonged exposure to harm. Spinal tissues (particularly the supporting ligaments
and disks) are meant to gradually
stretch out under sustained load.
After 5 min of full bending the
resistance of the tissues can be
reduced up to 42%, making the
lower back more prone to injury.

INTENSITY RISK
Intensity and frequency of lifting can signiﬁcantly predict the occurrence of LBP (9). Due to the complex and
varied nature of lifting tasks, actual static load quantities for lifting are no longer speciﬁed. Past guidelines
suggested 20 to 23kg as being the recommended maximum. However, among many other factors, this does
not take into account the effects of fatigue loading, which can dramatically lessen the weight that can be lifted
safely (10).

REPETITION RISK
Tasks repeated frequently enough are sure to develop damage to exposed tissues. As with force and intensity,
the higher the magnitude of the task in combination with repetition, the more rapid the onset of tissue
deterioration.
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HOW SOTERCOACH CAN HELP
TO AVOID INJURY
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Measuring and monitoring musculoskeletal injury risk in the workplace is challenging, however due to
recent advances in machine learning and wearable technology, workers can be materially advantaged by the
use of objective data, vibro-tactile feedback and self-tracking. Machine learning algorithms allow ﬁltering of
the complex data noise and provide a clear picture to really see what's going on. This gives the unique ability
to predict movement patterns that impact long term physical health and allows intervention with
personalised coaching.

The SoterCoach
wearable device
presents a new item in a safety
manager's toolkit for measuring
musculoskeletal injury risk

With the ability to not only collect individual movement
data but to analyse patterns and areas of risk, there is
avenue to make a material difference for employees. No
longer simply looking at the bottom line but looking at
the far wider social and personal implications of
businesses, the ability to predict injuries before they
happen is a game changer in this area.

The SoterCoach
The SoterCoach is a small wearable device that delivers a
multi-pronged value proposition to materially and proactively
reduce musculoskeletal injuries in the workplace. Workers
wear the small and light weight, non-invasive device on the
back of shirt. If engaging in awkward postures that are
generally discouraged by international ergonomic standards,
it will give an alert by way of a sound or vibration alarm. Daily,
the device is synchronized to the worker's smartphone, which
displays analyzed data on their movements. Depending on
the types of movements they are making, personalized
content is delivered to train the worker on how to reduce their
risk.

www.soteranalytics.com
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MEASURABLY REDUCES THE RISK OF INJURY CAUSING MOVEMENTS BY IMPROVING
EMPLOYEES WORKING TECHNIQUE
Machine learning algorithms learn the wearer and the movements they perform and alerts the user in real
time if they are at risk. The real-time feedback encourages the worker to self-correct and elicits movement
behavioural change. Device measures bending, twisting, awkward static postures and analyses factors such
as rest, lack of rest, high frequencies (repetition) and the experienced force of a movement.
High-risk movement data is immediately available to the wearer via the app
10-12-day micro learning improvement program via virtual coaching through the app, completed in-situ improves self-awareness, encourages behavioural change and trains the user to avoid risky movements

OUTCOME:
Material and measurable reduction in number of high-risk hazardous movements which
reduce the potential of musculoskeletal injury

ALLOWS FOR SIMPLE RE-DESIGN OF WORKPLACES AND TRAINING TO PREVENT
EMPLOYEES EXPERIENCING HIGH-RISK MOVEMENTS
All high-risk movement data is available to the organisation via a dashboard
Data can be aggregated or individualised
Dashboard allows organisation to view and visualise data to manage opportunities to help reduce
ergonomic risk through improved engineering and design or provide extra or more spiceﬁc training
to the worker

OUTCOME:
Materially safer workplace which reduces the need for employees to perform at-risk
movements

REDUCES THE FINANCIAL AND TIME IMPACTS TO EMPLOYEES FOR LOST TIME INJURIES
Reduction in direct costs of loss of employee on a lost time Injury
Reduction in on-costs of return to work programmes, re-training of new employees
Reduction in indirect costs such as insurance premiums

OUTCOME:
A safer workplace, improved employer reputation and an increase in proﬁtability
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RESULTS OF TRIAL PERIOD USING
SOTERCOACH ACROSS INDUSTRIES
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On Figure 2 we can see that after completing a 10-12-day program using the SoterCoach, the workers who
completed the program across all industries, reduced the number of hazardous movements by an average
of 30%.
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Logistics

Oil and Energy

Manufacturing

Warehousing

Mining

First day hazardous
movements

Average of last 3 days of
hazardous movements

Figure 2. Demonstrates that using SoterCoach reduced the number of hazardous movements by an
average of 30% across all industries

This study shows the combination of biofeedback, micro-learning and real time data feedback provided to
workers shows a signiﬁcant reduction of risk by the decrease in number of hazardous movements across all
industries.
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SOTER ANALYTICS - COMPANY OVERVIEW
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CREATING SCALABLE END-TO-END ERGONOMIC TRAINING SOLUTIONS

SoterAnalytics

Soter Analytics is a global safety science company
producing AI-supported wearable solutions that
reduce the risk of ergonomic injuries in industrial
workplaces.

Their solutions have helped customers and their workers reduce injury rates by up to 50%.
Soter Analytics provides solutions that are scalable, have autonomous implementation processes and objective
data that can be conﬁgured to suit any data safety in-company regulations. All solutions and products are
adaptable and are able to be customised to any workforce including speciﬁc industry requirements, multiple
locations, number of employees and safety culture.

PRODUCTS
SoterCoach
SoterCoach consists of two different
wearable device sensors that can be
used for preventing spine injuries or
shoulder injuries:
SoterSpine and SoterShoulder

SoterSpine

SoterShoulder

SOTERCOACH WEARABLE DEVICES HELP TO OBJECTIVELY DETECT AND MEASURE THE RISK
FROM EACH INDIVIDUAL WEARER
For the worker:

For management:

Each device is used independently, and both enable
the delivery of personalized improvement training to
every worker in your organisation. Individual worker
safety needs and coaching are met via real-time
biofeedback from the device, self-tracking data and
micro-learning displayed on the mobile app driven
by objective measurements collected via the sensor.

A back-end dashboard shows valid qualitative
objective data and assists organizations with the
ability to track many components in the workplace
to improve OH&S performance as well as
environmental changes, including psychosocial
factors, safety champions, timelines, task intensity,
repetitive hazards.

Soter Clip&Go
With similar features to SoterCoach and sharing the same management
dashboard insights, the Clip&Go solution is speciﬁcally designed for large facilities.
With a 30 second implementation process and the ability to set goals, earn medals
and compete for safety, this gamiﬁcation stimulates, and targets on-demand risk
management helping to raise awareness and then reduce the manual handling
hazardous movements that contribute to musculoskeletal pain, lost workdays and
injury claims.
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