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EXECUTIVE SUMMARY

S

tooped postures have probably been with us since the first
human ancestors began walking upright. In the modern
world, it might appear that stooped postures are confined to
work in developing countries or less mechanized workplaces.
However, nothing could be further from the truth. Stooped
postures are commonly found in agricultural, construction,
mining, and other workplaces all around the world. Further,
work requiring stooped postures is strongly associated with
high incidence of low back disorders (LBDs). Nonetheless,
the terms “stooped” or “squatting” postures are not commonly
found in ergonomics studies or literature. These facts taken
together led to the questions that stimulated this conference:
(1) what do we know about the scope of stooped, kneeling
and squatting postures in the workplace; (2) what scientific
basis is there for understanding the effects of these postures;
and (3) what do we know about strategies for controlling
stooped postures?
Speakers at this conference made clear that the problem
of stooped and squatting postures in the workplace is
global in scope and widespread in many industries. Further,
evidence presented made clear that stooped postures are
commonly associated with work that has a high incidence
of LBDs. Nonetheless, stooped postures have been little
studied as a primary risk factor for LBDs. Most attention on
risk factors for LBDs has been focused on manual materials
handling and whole-body vibration. Stoop (sustained
bending of the spine) has been largely neglected. In part,
this may be due to the lack of an accepted definition of
stooped or squatting postures. As this conference ended,
we accepted the following as initial working descriptions: a
stooped posture can be defined as “bent forward and down
from the waist and/or mid-back while maintaining relatively
straight legs”; squatting can be described as a “bending of
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the knees so that the buttocks rest on or near the heels”.
The full scope of the problem is not well reflected in
occupational injury data because current reporting methods
do not examine the relatedness of an injury to stooped and
squatting work postures. Workers’ compensation programs
focus more on delivering benefits than prevention efforts,
and claims data collection is driven by injury (an ‘event’)
rather than cumulative trauma. Reducing the incidence of
work-related LBDs in these jobs will require a new focus on
identifying and describing stooped and squatting postures as
specific LBD risk factors in the workplace.
Biomechanical research shows that high spinal
compression forces occur in stooped postures, and that
sustained or repeated flexion of the spine may disturb the
neuromuscular stability of the lower back and increase the risk
of fatigue, leaving the back more vulnerable to injury. What
is missing (as is the case with many ergonomics risk factors)
is definitive etiology demonstrating the causal role and
mechanisms linking stooped postures with MSDs.
While there is considerable epidemiological evidence
associating working in stooped, kneeling and squatting
postures to LBDs, it is mostly focused on those postures
in combination with other risk factors such as bending or
twisting or heavy loads. The literature combining stooped,
squatting or kneeling postures with load handling shows rapid
and severe spinal damage. There is much less in the literature
regarding the health effects of these postures in an unloaded
situation.
Kneeling and squatting are often seen as alternatives to
stooping as a way to work at low levels without bending the
back as much. In agriculture and construction, workers often
resort to stooping because it demands less energy expenditure
than the alternatives, and they can exert higher force and

have increased mobility than when kneeling or squatting.
There is good biomechanical reason to view these postures as
significant contributors to MSDs of the knee and low back.
There are generally few studies of knee injuries associated with
these postures, and conclusive, causal studies are still lacking.
Job improvement efforts should target reduction of existing
risk factors, while avoiding increased risk to other regions of
the body.
Determining which controls are available as interventions
to the problem of stooped work is challenging for the
industries of concern, especially agriculture, construction,
and mining, because they have tremendous variation in their
workplace environments. Four classes of interventions were
discussed at the Conference, and successful interventions in
all these areas were presented:
1. Reduce or Eliminate the Need to Stoop or Squat
(e.g., raised planting beds, portable tables or carts,
lifting aids and handles)
2. Mechanical Worker Protection or Worker Aids
(e.g., devices to facilitate kneeling, prone workstations,
and load transfer devices)
3. Mechanical Assists to Allow the Employee to Work in
a Standing Position
(e.g., tool extensions, mechanical harvesting, wheeled
roofing equipment for tear-off, fastening, and
bitumen application.)
4. Administrative Controls
(e.g., programmed breaks, reducing the number of
working hours, or hiring more workers during peak
periods to reduce the demands on the individual
worker).
However, intervention experts were unanimous in
noting that interventions must be task- and situation-specific
to be both adoptable and effective. This means that few
interventions can be expected to travel un-adapted between
jobs or tasks.
In order to improve our understanding of the
relationship of stooped, squatting and kneeling postures and
MSDs and their prevention we must increase and improve
research focused on these risk factors. A necessary first step

will require differentiation by the research community
between stooped posture and stooped work. This may be
achieved by determining at what exposure level assuming a
flexed posture becomes ‘stooped work’, and establishing a
consensus definition of stooped work (e.g., work below knees
> 40% of time).
Secondly, there is a need to develop practical and
objective measures of exposure to stooped work (degree of
bending, duration, frequency) and refine the epidemiological
case definition of outcome (symptoms, physical findings,
diagnoses) for a deeper focus on the effects of stooped work.
To seriously begin to improve our understanding of
the etiology and causal relationship between stooped and
squatting postures and MSDs we need to increase our
understanding of the biomechanics of the spine and the
lower extremities in these positions. There is a need for
research studies designed to evaluate the effects of these
postures on tissue responses under various conditions and
loading patterns. Research is required to understand how
the intervertebral disc, the meniscus of the knee, and other
passive tissues respond to repetitive versus static loading. Such
research may point the way to understanding the relationship
of degrees of postural stress and disease and, similarly, how
much postural relief is needed or useful in preventing disease.
Epidemiology and biomechanics provide much of the basis
for understanding the effects of working in stooped and
squatting postures, and the knowledge gained from such
study needs to be incorporated into the case definition of
stooped work, and in job design criteria that take into account
the tissue fatigue generated by static postures.
Finally, there is need for an improved system of
intervention research that both disseminates the evaluation of
alternative strategic approaches in different workplaces and
supports the development of workplace specific adaptations
of known approaches. Interventions that are not both
acceptable to workers and employers and that fit the work
system without serious detriment to productivity will not be
widely adopted. Development of such interventions is neither
an automatic nor guaranteed result of publication of research
results or successful demonstrations in other industries.
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SUGGESTIONS FOR IMPROVING PREVENTION OF MUSCULOSKELETAL DISORDERS
CAUSED BY STOOPING, SQUATTING OR KNEELING POSTURES

SUGGESTIONS FOR ASSESSING
HIGH RISK JOBS
1. Evaluate the effectiveness of different
methods of risk assessment with attention
to predictive ability and field utility.

SUGGESTIONS FOR
SURVEILLANCE RESEARCH
1. Develop a national registry of musculoskeletal
hazards and health outcomes.
2. Add supplements to existing surveillance systems
for stooped, squatting, and kneeling postures.
3. Conduct surveys in high risk industries
(agriculture, construction, mining).
4. Determine the number of workers exposed
and what jobs they are doing.
5. Record the exposure in identified jobs: time
in stooped and squatting, by ‘zones’ of
mild, moderate, and severe positions.
6. Identify the specific job or task elements
requiring stooped postures, and why.
7. Conduct cross-sectional and longitudinal
studies to develop and validate a list of high
risk jobs and significant health outcomes.

10
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SUGGESTIONS FOR
INTERVENTION RESEARCH
1. Develop new partnerships with agencies,
academia and industry to support intervention
research focused on stooped, squatting,
and kneeling work, including national
and regional partnerships focused on
industry- or task-specific applications.
2. Increase the number and range of
intervention research underway.
3. Encourage higher-quality intervention
evaluations using randomized trials, quasiexperimental designs and blended evaluations.
4. Document and broaden the dissemination
of successful/proven interventions.

SUGGESTIONS FOR
ETIOLOGICAL RESEARCH
1. Conduct studies to improve understanding
of specific biomechanical stresses and
MSD development during stooped,
squatting and kneeling postures.
2. Develop and evaluate improved standards
and methods for assessing exposure, health
outcomes and other etiological factors for
stooped, squatting and kneeling work.
3. Conduct population, clinical and
laboratory studies to evaluate the shortterm impacts of different types of exposure
to working in stooped, squatting or
kneeling postures on MSD development
and early indicators of such disorders.
4. Conduct population, clinical and
laboratory studies to evaluate the longterm impacts of different types of exposure
to working in stooped, squatting or
kneeling postures on MSD development
and early indicators of such disorders.

BACKGROUND

W

ork-related musculoskeletal disorders (WMSDs) are
one of the greatest occupational health concerns today.
Of the many types of WMSDs, low back disorders (LBDs)
are the most prevalent and by themselves constitute a major
health and socioeconomic problem. Decades of research has
identified certain physical workplace factors that increase
the risk for LBDs. A review by the National Institute for
Occupational Safety and Health (NIOSH) of epidemiological
studies related to MSDs in the workplace (NIOSH, 1997)
found evidence for an association between LBDs and the
following workplace factors: 1) heavy physical work, 2) lifting
and forceful movements, (3) bending and twisting (awkward
postures), and 4) whole-body vibration. While much
attention has been focused on manual materials handling
(MMH), lifting, and whole-body vibration, the LBD risk
factor of sustained bent and twisted positions of the spine
has been relatively neglected. Static forward-bent postures,
often associated with working at or near ground level, are
commonly observed in agriculture, construction, mining, and
certain other industries that have a high incidence of LBDs.
Reducing the incidence of occupational LBDs in these jobs
requires a new focus on the problem of stooped and squatting
postures in the workplace.
In over a decade of ergonomics field research in
California agriculture, the staff of the UC Agricultural
Ergonomics Research Center (UC AERC) identified stooped
postures as one of three virtually endemic risk factors in
California agriculture for which few proven interventions
were available. Stooped postures are common in agriculture,

construction, mining and other occupations in highly
industrialized societies and are more commonplace in less
mechanized regions of the world. In order to learn more
about the scope of the problem, the scientific basis for the role
of stooped and squatting postures in WMSD development,
and potential interventions a conference of experts was
planned with funding from the National Institute for
Occupational Safety and health (NIOSH).
On July 29-30, 2004, national and international
experts in occupational safety and health convened in
Oakland, California for the conference Stooped Postures
in the Workplace. The conference was jointly sponsored
by the UC AERC, NIOSH, the University of California
Center for Occupational and Environmental Health, the
Center to Protect Workers’ Rights, and the California
State Compensation Insurance Fund. To the best of our
knowledge, this is the first conference to focus exclusively
on the effects of stooped and squatting postures on workrelated musculoskeletal disorders and on related ergonomic
intervention efforts. The objectives of the conference were
to (1) identify and summarize available information on the
ergonomics, etiology, and health effects of stooped postures;
(2) identify and describe alternative strategies for eliminating
or reducing the need for stooped postures in workplaces
and for reducing worker exposures; and (3) facilitate sharing
of information on these issues, and providing a basis for
improving preventive strategies. This report summarizes
the key findings from the two days of presentations and
discussions.
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PRESENTATIONS
Thomas Waters – Stooping at Work:
A Risk Factor for Low Back Pain?
(U.S. Perspective)
Adarsh Kumar – Stooped and Squatting
Posture Problems in Agriculture:
International Perspective (India)
Peter Lundqvist – The Scope of the
Problem of Stooped and Squatting
Postures in the Workplace, International
Perspectives: (Sweden)
R.J. Banks – Related Injury Incidence in
California
John Rosecrance – What Can
Epidemiology Tell Us?
William Marras – Biomechanics of Low
Back Disorders
Sean Gallagher – Capabilities and Costs
of Working in the Stooping Posture
Willette “Billy” Gibbons – Interventions
for Stooping/Bending Postures in
Construction
Laura Welch – Bend Your Knees, Not
Your Back: Work Accommodation for
Stooped Postures among Construction
Workers
Suzanne Rodgers – What Should We
Consider in Evaluating Workplace
Interventions?
Julia Faucett – Rest and Recovery Breaks
as Interventions
John Miles – Agricultural Interventions
in the U.S.
Peter Lundqvist – Agricultural
Interventions in Sweden

CONFERENCE FORMAT
Conference Organization:
The conference was organized into three sessions, each consisting of
presentations and discussions focused on one of three main areas of interest:
1. The Scope of the Problem of Stooped and Squatting Postures in the
Workplace
2. Scientific Basis for Understanding the Effects of Stooped and Squatting
Postures in the Workplace
3. Controlling Stooped and Squatting Postures in the Workplace
Each session consisted of a minimum of three presentations focused on the
categorical topic. After each presentation, a brief period was allowed for questions
from the audience. Upon the conclusion of all presentations for the session, a
panel discussion was conducted to clarify and expand upon concepts that emerged
during the course of the session. Owing to the nature of interdisciplinary research,
many presenters provided content within their scheduled session that pertained
to one or both of the other sessions. In order to maximize the breadth and depth
of the knowledge provided by this conference, the authors of these proceedings
have chosen to organize this document based on how the content of the presented
material addresses the three main categories of interest, rather than by the specific
session in which it was presented.

Fadi Fathallah – Risk Factor Control for
Stooped Postures in Agriculture
Robert Meyer – Research and Recent
Ergonomic Developments in Prone
Posture Workstations for Agriculture
Ira Janowitz – Conference Summation
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Summary of Presentations

1.

The Scope of the Problem of Stooped and
Squatting Postures in the Workplace

most researchers agree that working in a stooped posture for
extended periods increases the risk of low back disorders. At
The association between stooped work and low back
the national level, NIOSH is concerned about the effects of
disorders is not a new discovery. In 1713, Bernardino
prolonged stooping and squatting at work and is interested
Ramazzini noted the bent-forward postures of porters who
in research studies designed to evaluate the effects of stooped
loaded and unloaded cargo ships in Venice and other seapostures on the risk of LBDs, and on targeted ergonomics
ports. In De Morbis Artificum Diatriba, he wrote that “All
interventions that may be effective in reducing this risk.
porters become in time round-shouldered, because the dorsal
For an international perspective on the problem of
vertebral are constantly bent forward and become set in that
stooped and squatting postures in the workplace, the
position” (Ramazzini, 1713).
conference was pleased to welcome Peter Lundqvist of the
A focus on stooped and squatting postures in the
Swedish University of Agricultural Sciences and Adarsh
contemporary workplace begins with an understanding of the
Kumar of the Indian Agricultural Research Institute. Dr.
national and international significance of the problem. Tom
Lundqvist summarized the problem of WMSDs in Sweden,
Waters, of the National Institute of Occupational Safety and
an industrialized nation with an economy similar to many
Health (NIOSH), presented a perspective of the problem
other Western European nations. More than 40% of all
of occupational low back disorders (LBDs) in the United
reported acute and non-acute work injuries in Sweden are
States and its relationship to work in stooped and squatting
musculoskeletal in nature. Swedish occupational injury
postures. The annual incidence of back pain in the United
statistics show high rates of MSDs in jobs with frequent heavy
States is estimated to be 10-17% of the population, and
lifting and tasks requiring repetitive work. For individuals
lifetime incidence may be as high as 80% of the population.
Occupational LBDs account for 34% of the cost of all
work-related injuries and illnesses, with
its estimated costs to be US$49 billion
Proportion of Individuals with WMSDs in the
annually in 1992 (Leigh et al., 1997). In
Low Back the Last 12 Months
current dollars, the cost would exceed $100
billion per year! For many industries, LBD
		
work in twisted position
is their most significant occupational health
			
men
women
problem. Research into the causes of LBDs
≥1/4 work
<1/4 work
≥1/4 work
<1/4 work
has established its job-related physical risk
shift
shift
shift
shift
factors: manual material handling (MMH),
every
day
18.6
11.6
21.3
11.0
repetitive movements, and awkward
lifting 15-25 kg
posture (bending, twisting, and reaching).
several times
every week
12.1
4.8
13.0
5.6
Focusing on the risk factor of posture,

Global significance
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reporting LBDs in the past 12 months, the injury rates approximately double with
work in a twisted position more than 25% of the work shift, or when exposed to
heavy lifting on a daily (vs. weekly) basis. The injury rates double again when heavy
lifting is combined with a twisted posture.
High rates of WMSDs and exposure to awkward postures have been identified
in Swedish agriculture. Mail survey results from Swedish agricultural workers
reported a high frequency of pain and discomfort in shoulders, elbows, low back,
hips and knees, and studies in the dairy industry have determined that awkward
postures and high mechanical loads are common, especially in milking operations.
Further development in addressing these problems is needed, with a focus on
ergonomics research and solutions through international collaboration.
Perhaps nowhere is the problem of stooped and squatting postures of greater
magnitude than in developing countries such as India. As presented by Dr. Kumar,
India is one of the world’s largest agricultural economies and has the second largest
agricultural workforce, with 260 million workers. The number of person-hours
expended in crop production in India is measured in billions; for example, in rice
alone the number is 44 billion person-hours per year. Although a few operations
are partially mechanized, most agricultural operations are completely dependent on
manual labor, with 800 million hand tools in use. Energy expenditures of common
agricultural tasks using hand tools range from 13 to 40 kilojoules per minute; most
of these exceed US NIOSH recommendations for exertions of more than one hour
per day.
Observational studies of Indian agricultural workers identify frequent heavy
lifting, forceful exertions, and work in stooped and squatting postures as key risk
factors. Agricultural work in India is highly varied due to the small size of farms. The
tasks performed, tools used, and work posture vary by crop and time of year, making
it difficult to link cause and effect for MSDs over time. Weeding, harvesting, and
cleaning crops are all commonly performed in either stooped or squatting postures.
Even draft animal-assisted tasks can involve prolonged trunk flexion, as illustrated
by cultivation, sowing, and fertilizer application using camels and bullocks. In
plowing paddy fields, a stooped posture is maintained while simultaneously exerting
substantial force to maintain the depth of the furrow (De and Sen, 1986). Required
force, energy expenditure, and worker discomfort all varied with plow handle height
(Gite, 1991). In semi-mechanized fodder cutting and threshing operations, feeding
the machine often involves sustained stooping or squatting due to the design of the
equipment.

Industries with frequent
exposure to stooped and/or
squatting posture work:
•

Agriculture

•

Construction and utilities

•

Mining

•

Manufacturing

•

Healthcare (nursing, dental &
other patient care)

•

Professional cleaning and
custodial work

•

Foodservice

•

Retail sales

•

Education and childcare

Potato harvesting in India

Defining stooped and squatting postures in the workplace
Having established a global significance, the Conference’s examination of the
scope of the problem of stooped and squatting postures in the workplace continued
by considering how they can be defined and in which jobs they are most prevalent.
During the conference, several researchers presented a definition of stooped
posture that drew from literal definitions of “stooping” and/or their own

Health care

Stooped and Squatting Postures in the Workplace 15

observations of stooped or squatting posture work. A
common definition of a stooped posture was “bent forward
and down at the waist and/or mid-back while maintaining
straight legs.” A squatting posture can be described as a
“bending of the knees so that the buttocks rest on or near
the heels”. Certain workplace characteristics were linked
with these definitions, such as 1) low working height “at or
near ground level” or “at or below knee height”; 2) little or
no external weight is supported or lifted; and 3) duration of
the posture is “sustained” or “maintained for a long period
of time”. These additions to the definitions of stooped and
squatting postures stem from the lack of a much-needed
delineation between the posture and the work. The multiple
definitions of stooped and squatting postures emphasize
the need for clear definitions of stooped, squatting, and/or
kneeling work when developing exposure measures or
performing job analysis. In many studies and ergonomics
checklists, the term “awkward posture” is used broadly to
include squatting, stooping, and trunk bending in various
directions.
The second element of defining stooped and squatting
postures in the workplace is determining which jobs have
the highest percent of time spent in stooped and squatting
postures. Though these postures are observed in all lines
of work, there are certain industries and jobs in which
stooped and/or squatting postures predominate. A search
of the 2004-2005 U.S. Department of Labor Occupational
Outlook Handbook (BLS, 2004) for “stoop” or “stooping”
among working conditions for a wide range of occupations
returned results for agriculture, construction, mining,
physical and occupational therapists, and a variety of repair
workers. In addition, several presenters at this Conference
illustrated jobs in manufacturing, professional cleaning,
retail stores, food service, nursing, medical and dental,
and teaching that have frequent stooped and/or squatting
postures. Although stooped and squatting work is most
prevalent in agriculture, construction, and mining, it is
important to recognize that these risks are present in many
other professions, including some that are not usually
considered to be physically demanding.

Surveillance Issues
Having defined what stooped and squatting postures are
and where they are most often observed in the workplace,
16
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the final step in investigating the scope of the problem is
determining the information relating to working in stooped
and squatting postures that is provided by surveillance of
workplace injuries. Surveillance of occupational injury takes
place at many levels, from the job, employer, union, and
insurer, up to state and national levels. It is dependent on
both a system of injury reporting, and on the incentives
and disincentives for workers to report injuries. In many
countries, the lack of affordable health care and compensation
provides little incentive for injury reporting. There seems to
be an acceptance of high rates of MSDs in many industries
throughout the world, including agriculture and construction,
and low back and knee pain are often considered ‘normal’.
Reporting of MSDs by the rural population is very limited,
although the actual incidence of MSDs may be extremely
high. An epidemiological study of nine villages in Northern
India (Kumar et al., 1999) indicated that, in a combined
population of 30,000, only 258 cases of musculoskeletal
problems were formally reported in one year. However,
medical and MRI examinations of a sample of agricultural
workers from the region revealed high levels of abnormal
objective findings. Such levels of spinal abnormalities are
much higher than those previously reported in the literature,
and suggest that the work activities of this population
contributed to degeneration of the spine. Participants who
drove tractors complained of more low back pain than
agricultural workers who did not, but no objective differences
were found between the two groups.
These findings support the view that, although a low
rate of back pain was reported, agricultural workers in India
(and perhaps in other developing countries) are at high risk of
developing LBDs. The low level of availability of affordable
health care and compensation benefits in this population may
be among the reasons for this discrepancy. The limited means
to treat and accommodate injured workers underscores the
need for international, interdisciplinary research into problem
areas such as working in stooped and squatting postures.
Similar problems extend to the immigrant labor force
of industrialized nations. However, most industrialized
nations, especially those with the largest economies, have
an injury reporting system that is capable of tracking MSDs
and LBDs in the workplace. Such nations also have workers’
compensation programs through which insurance claim
data are assembled and analyzed. Nevertheless, significant

disincentives may exist in situations where employees fear
job loss or other adverse consequences for formally reporting
pain or injury, and significant under-reporting is found even
in highly industrialized societies (Morse, 2001).
In the United States, the two most available sources of
injury data are employer OSHA logs and insurance claim
records. Looking at these data sources, one might expect to
see high rates of MSDs and LBDs in jobs with the highest
exposure to stooped and/or squatting postures, which is
generally confirmed by injury reports and claims experience.
However, these two sources of injury data are not specific
enough to track injuries related to working in stooped
and squatting postures. In this Conference, examination
of the deficiencies of employer injury logs and insurance
claim records underscores the need for improvements in
surveillance of injuries related to working in stooped and
squatting postures.
In the United States, employers are required by law
to record worker injuries on injury log forms and submit
these records to state and federal OSHA agencies. However,
stooping is not reported as a work activity on any of the
OSHA injury log forms. The injury log asks for such
information as the date of injury, where the ‘event’ occurred,
a description of the injury or illness, and the object/substance
that directly injured or made the person ill [California OSHA
Form 300 (Rev. 4/2004)]. There is a focus on what happened
just before the injury occurred, with no inquiry regarding the
worker’s normal daily work activities. For stooping-related
injuries to be identified from these data, the forms would
need to be modified to gather information indicating whether
his/her usual work activities include known LBD and/or knee
injury risk factors, such as working in stooped or squatting
postures.
Insurance claim data do not provide sufficient links
between working in stooped and squatting postures and
workers’ injuries. R.J. Banks, the Ergonomics Services
Supervisor of the California State Compensation Insurance
Fund (SCIF) presented an analysis of related injury incidence
in workers’ compensation claim data in the State of
California. SCIF is the largest worker compensation insurer
in the state, and insures a wide range of employers, including
many with operations in construction and agriculture.
Reviewing insurance claim data in the state of California
for the 2002 policy year, only five back injury claims for

agriculture and construction, out of 8,460 submitted,
contained the descriptors “stoop” or “squat” in the accident
description. Likewise, only two knee injury claims out of
1,687 submitted for agriculture and construction have
the descriptors of “stoop” or “squat” listed in the accident
description. The low reporting of injuries related to
working in stooped and squatting postures in the claim
data is attributed to problems with coding the injury
information. Claims data are highly dependent on the
information shared between the employee, employer, and
physician, and also on the understanding and experience of
the data entry person. There are multiple opportunities for
the specifics of the injury to not be coded into the claims
information database.
Current claim forms ask for the following types of
information about the nature of the accident:
• Burn; caught in, under, or between; slips, trips, and
falls; motor vehicle; strain/sprain; struck by, etc.
• Nature of injury or illness: Specific injury
(amputation, fracture, strain, sprain).
• Occupational disease or cumulative injury (cancer,
hearing loss, stress).
• Other (angina, multiple, death)
• Body part: Eye(s), neck, shoulder, hand(s), back,
knee(s), etc.
There is no place to enter a description of the
injured worker's usual work activities. The only activity
reported in the claim record is the nature of the specific
‘event’ that caused injury. Low back and knee disorders
related to working in stooped and squatting postures are
often cumulative trauma injuries, so their cause-effect
relationship becomes clouded by the event-based focus of
claims reporting. Improvements in data collection would
be needed so that exposure to MSD LBD risk factors, such
as stooping, could be reported in the claim information.
This would assist Safety and Health Services and Loss
Control analysis in determining where to focus injury and
illness prevention efforts.
Ms. Banks also presented summary cost data for cases
of low back and knee injury, which ranged from US$9,243
to $25,291 per case in 2004.
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Regulations for controlling
stooped and squatting postures at
work have also been established
Number of
Number of
Average
Average
in European countries that have
Disability
Claims, (Dis
Average
Cost in
Average
Cost in
T ype of Injury
Claims
and Non established a national ergonomics
Cost
Today's
Cost
Today's
With
Dis), With No
Dollars
Dollars
standard. Dr. Lundqvist provided
Surgery
Surgery
details of the provisions of the
Low Back Disc
269
$163,180
$256,998
379
16,208
$25,291
Swedish Work Environment
Low Back Strain/Sprain
5,152
81,837
$138,908
111,749
$7,131
$11,558
Act [http://www.av.se/english/
All Low Back
5,750
85,350
$144,026
118,606
$7,176
$11,635
legislation/afs/eng9801.pdf ].
Knee Strain/Sprain
7,874
43,494
$74,738
27,907
5,592
$9,243
The basic principle of the
Information based on data supplied by CWCI's ICIS Database.
Swedish Work Environment
Data represents 70% of all California carrier reported claims results, during the period 1996 -2000.
Act is that a balance between
Total claims sample size is: 1,262,401
Data sorts written and analyzed by Jeff Tiedeman - 6/10/04
the requirements of the job
Courtesy SCIF
and human capacity shall be
created primarily by adapting the work to the human being,
Regulation of stooped and squatting
and that ergonomics for the prevention of musculoskeletal
postures in the workplace
disorders is the responsibility of the employer. It specifies
Regulations to control stooped postures in the workplace
that the employer shall as far as is practically possible, design
have, at times, shown a clearer recognition of the problem. In
and arrange work and workstations in such a way that the
the United States, the state of California enacted legislation
employees can use work postures and working movements
in 1975 that prohibits the use of short-handled tools, such
that are “…favorable to the body”. The Act recognizes that
as the short-handled hoe, in agricultural operations [CCRs,
optimal work level approximates elbow height, and stipulates
Title 8, §3456. Hand-Held Tools]. Debilitating back injuries
that prolonged or frequently recurring work with the trunk of
among farm workers were attributed to its use, which
the body bent or twisted and with the hands above shoulder
required a stooped, squatting, or kneeling posture. Support
height or below knee level shall be avoided. The same applies
for this legislation by farm labor advocates and labor unions
to work that entails the exertion of force in such unfavorable
was based on the hope that long-handled tools used in an
work postures. By clearly stating that the problem of stooped
upright posture could do the job of weeding, thinning, and
work is the employer’s responsibility, much more impetus is
hot-capping (manual flaming by torch). However, because the
provided to implement interventions to control it.
legislation did not prohibit performing these tasks by hand, at
ground level, hand weeding became a common replacement
What has been learned about the scope of the problem?
for short-handled tool use. After years of debate between
As examined in this session, the problem of stooped
growers and farm labor groups, an additional amendment
and squatting postures in the workplace is global in scope
to this legislation was approved in 2004 that closed the
and widespread in many industries. However, the full scope
hand-weeding ‘loophole’. The new legislation prohibits hand
of the problem is not well reflected in occupational injury
weeding, hand thinning, and hand hot-capping in agricultural
data because current reporting methods do not examine
operations unless there is no viable alternative. This
the relatedness of an injury to stooped and squatting work
amendment also provided that if no alternative exists, then
postures. Firmly establishing the risk of working in stooped
every employer engaged in hand weeding, hand thinning,
postures comes only by evaluating the scientific basis for
and hand hot-capping is required to add an additional five
understanding the effects of stooped and squatting postures in
minutes of rest period time in the middle of each work
the workplace.
period. Regulation of the short-handled hoe and its recent
expansion to control hand weeding show that stooped work
in agriculture is a continuing problem of concern.
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Scientific Basis for Understanding the Effects
of Stooped and Squatting Postures in the
Workplace

2.
I

n the second session of this conference, researchers from
the fields of epidemiology and biomechanics presented
their perspectives of the scientific basis for understanding the
effects of stooped and squatting postures in the workplace.
The researchers examined the evidence that establishes the
problem of working in stooped and squatting postures, and
they reviewed the risk factors associated with work in stooped
and squatting postures and their effects on tissue damage
and dysfunction, pain, and injuries. This session’s summary
assesses the contributions of the fields of epidemiology and
biomechanics to our understanding of the effects of work in
stooped and squatting postures and what new discoveries are
needed to enhance our understanding.

Epidemiology
Leading the conference’s examination of the
epidemiology of stooped and squatting postures in the
workplace was John Rosecrance of Colorado State University.
Using his presentation as a basis, this review proceeds by
examining the epidemiological evidence presented in this
conference associating working in stooped and squatting
postures with MSDs and LBDs.
Epidemiological evidence associating working in
stooped and squatting postures with increased MSD and
LBD risk
Although Ramazzini wrote of a relationship between the
deformities of dockworkers and their stooped work postures
in 1713, very few studies specific to working in the stooped
postures are found in the modern epidemiological and
biomechanical literature. Some exceptions are:
• Gallagher et al.(1992; 1988; 2002) – confined spaces/
mining
• Estill & Tanaka (1998) - blueberry harvest

• Friedrich et al. (2000) - sewage workers
• Marshall & Burnett (2004) - sheep shearing
In epidemiology studies, stooped work is often
categorized as work in awkward postures, which includes
squatting, stooping, non-neutral trunk postures, and lifting.
The NIOSH Critical Review of Epidemiologic Evidence for
Work-Related Musculoskeletal Disorders (NIOSH, 1997),
which reviewed nine studies on awkward postures and found
evidence of an association with LBD, included kneeling,
squatting and stooping in the same classification. Thus, more
epidemiological evidence regarding the problem of stooped
postures in the workplace can be uncovered by reviewing
postural studies for references to stooping. Following are
several studies of awkward postures providing strong evidence
of an association between working in stooped postures and
LBDs.
The epidemiological evidence linking working in stooped
postures to LBDs is considerable, but only when findings
related to stooped work are partitioned out of the more
general category of ‘awkward postures’. To focus specifically
on the epidemiology of the problem of stooped postures in
the workplace requires refinements in future research. First
of all, the research community needs to differentiate between
stooped posture and stooped work by determining an
exposure level at which flexed posture becomes ‘stooped work’
(e.g., work below knees > 40% of time). Secondly, there is a
need to develop practical and objective measures of exposure
to stooped work (degree of bending, duration, frequency)
and to refine the epidemiological case definition of outcome
(symptoms, physical findings, diagnoses) for a deeper focus
on the effects of stooped work.
Many jobs associated with stooped postures also have
high exposure to kneeling and squatting. The studies of
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awkward posture discussed above also contain evidence
linking kneeling and squatting at work to LBDs, although
the risk appears more moderate than in stooped postures.
Dr. Laura Welch, M.D., Medical Director of the Center
to Protect Workers’ Rights, presented evidence associating
kneeling and squatting at work with knee disorders. The
knee is an inherently unstable joint with potential for
movement in four directions. Knee disorders that are
caused or aggravated by postural demands of work include
osteoarthritis, pre-patellar bursitis, meniscal tear, and cartilage
injuries such as chrondromalacia patella. At least sixteen
studies, including the NHANES prospective study and the
Framingham longitudinal study, show that jobs with knee
bending and jobs with heavy work are associated with an
increase in osteoarthritis of the knee. A case-control study
of meniscal injury (Baker et al., 2003) showed high odds
ratios in jobs requiring either squatting or kneeling for more
than one hour per day. Bursitis of the knee is associated with
jobs requiring kneeling, including coal-mining, where the
condition is referred to as “beat knee”, and for carpet layers,
especially when using a knee-kicker device. Building trades
with prolonged kneeling have a five fold increased incidence
of fluid in the knee compared to other construction workers.
Clearly, frequent kneeling and squatting postures in the
workplace are significant contributors to MSDs of the knee
and lower back, and should be avoided as substitutes for
stooped work because of the MSD risks of these postures
as well. Dr. Welch made the point that workers are often,
“Between the proverbial rock and a hard place”. Ergonomics
interventions should address the root causes of awkward
postures, rather than place workers in the position of having
to put one part of the body at risk to relieve pain in another.

Awkward Posture Studies
• Anderson et al. (1987) - cross-sectional study of males in

•

•
•

•

•

•

•

Biomechanics
Biomechanics, the study of the forces on the living body,
was discussed by Professor William Marras of The Ohio State
University, and Sean Gallagher of NIOSH. When applied to
the problem of stooped postures in the work place, it advances
our understanding of how the risk factors of working in
stooped and squatting postures affect the human body, and
how the effects on the body’s tissues lead to the outcomes
reported in the epidemiological evidence. Biomechanics
allows risk factors and outcomes to be quantified, thereby
20
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many occupations: disc disease higher in those required
to adopt a chronic stooping posture at the place of work.
Punnett et al. (1991) - auto workers: significant
association between non-neutral work postures, reported
strong association of the time spent in non-neutral
postures (mild or severe flexion) with back disorders.
Burdorf et al. (1991) - concrete workers: significant
association of awkward postures with back pain.
Goldsheyder et al. (2002) - mason tenders: significantly
increased prevalence of LBP symptoms with work tasks
described as “Bending or twisting back in awkward
way”.
Holmstrom et al. (1992) - construction workers:
significant association of LBP with either stooping or
kneeling more than four hours per day.
Marras et al. (1995) - sample of jobs from several
industries: back pain multi-factorial, best prediction
of high risk jobs from a combination of five variables:
load moment, degree of sagittal flexion,
lifting rate, lateral velocity, twisting velocity.
Meyers et al. (2001) - farm workers: review MSD data
from three vineyard companies with the majority being
back strain injuries. It established priority risk factors for
back injury: repetitive lifting of heavy loads, repetitive
exertion of force by the trunk and upper extremities, and
repetitive or sustained awkward postures of
the trunk (including full stoop and twisting with loads).
Merlino et al. (2003) - construction apprentices: 54%
of apprentices indicated the presence of work-related
low back symptoms in previous 12 months; 17% saw
physician for work-related low back pain in previous
12 months. “Bending and twisting the back awkwardly”
and “Working in same position” were both significantly
associated with 12-month period prevalence of LB
symptoms, and both were judged by workers to be the
most problematic job factors contributing to pain and
injury.

helping to assess how much of a particular risk factor is
too much. Quantification also improves the efficacy of
ergonomics interventions because it makes it possible to focus
change on the most important risk factors.
Numerous factors have been shown to affect LBD risk;
they can be at the physical, individual, or psychosocial level,
and are often interrelated and co-contributors. For example,
complexity of the task, personality of the individual, and the
psychosocial factors of a stressful environment have all been
shown to increase loading on the spine.
Most biomechanical studies focus on quantifying
physical factors because they are governed by physical laws
for which mathematical models exist or can be developed and
have the most predictable outcomes when changed. Many
biomechanical studies have been conducted to determine
the physical factors that contribute to LBD risk. In a
comprehensive review of the evidence related to WMSDs, the
National Research Council (NRC) and Institute of Medicine
(2001) concluded that there is a clear relationship between
back disorders and physical load, with the main physical
risks factors being manual material handling (MMH), load
moment, frequent bending and twisting, heavy physical work,
and whole-body vibration. The physical risk factors of MMH,
load moment, and frequent bending and twisting are present
in work in the awkward postures of stooping, squatting, and
kneeling. The effects of working in awkward postures on
biomechanical loading and the effects of such loading on
tissue outcomes are explored in the following sections.
LBD risk is a function of a person’s ability to withstand
a given magnitude, velocity, and frequency of biomechanical
loading. An individual’s tolerance for a given loading pattern
is mediated by several factors:
n Job Factors
•Working postures
•Duration of exposure to the load and available
recovery time
•Availability of physical support for the trunk
and upper body
•Work environment (e.g., noise level)
n Individual Factors
• Age, Gender, Strength, Endurance, etc.
• Pain Perception
• Genetic Factors
• Psychological Factors

n Psychosocial and Organizational Factors
•Co-worker/supervisory support
•Monotony of work
•Interaction with superiors
Spinal Tissue Biomechanics
Discussing the spinal tissue biomechanical research
related to stooped postures in the workplace begins by
reviewing the basic principles of spinal biomechanics and
seeing what they can teach us about the problem of stooped
work. The combination of the spine’s structure and the body’s
ability to generate internal forces results in the ability to resist
external loads, analogous to a construction crane. Internal
forces not only control position and movement of the body
but also counteract external loads created by holding an
object, resisting impact or vibration, imparting motion to an
object, and so forth. There are two types of internal forces:
active forces created by muscle contraction, and passive forces
created by stretching of tendons, ligaments, and fascia and by
compression of joints. Because the moment arms of internal
forces are much shorter than those of external loads, the
magnitudes of these counteracting internal forces are many
times greater than the simple forces of the external loads. As
the body moves into a stooped posture, the electromyographic
(EMG) activity of back muscles increases and then decreases
when full flexion is reached, a point when passive structures
(e.g., ligaments) absorb the load. The net effect of both active
and passive internal forces is increased compressive and shear
forces on the spine’s intervertebral discs, which can lead to
herniated or slipped discs and nerve impingements.
A biomechanical injury occurs when the stresses applied
to a tissue exceed its structural strength and produce tissue
damage, either at the micro or macro level. There are two
classes of biomechanical injuries: acute and cumulative. Acute
injuries occur when an overload on the tissue exceeds its
tolerance. Most occupationally-related injuries are cumulative,
developing due to a decreasing tissue load tolerance with
repeated loading. The repetition can cause fatigue, and the
tissue tolerance decreases below the magnitude of the load.
Spinal tissues have the ability to adapt to increased loading and
activity. Moderate loading appears protective because it raises
tissue tolerances through tissue remodeling. However, excessive
loading reduces safety margins, and excessive repetition can
decrease tissue tolerance through cumulative trauma.
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Low back injuries can take the form of endplate
fractures, and/or the disruption of intervertebral discs,
muscles, facet joints, or ligaments; such injuries cause the
majority of low back pain cases. On the clinical level, it is
difficult to identify the cause of a high proportion of low
back pain cases. However, researchers have established several
pain pathways in the various spinal tissues. These pathways to
pain follow a sequence of events consistent with cumulative
trauma: accumulated micro-damage decreases tissue
tolerances and leads to increases in inflammatory agents, and
further loading leads to an increased inflammatory response,
greater sensitivity, and finally the perception of pain.
The most common structural damage observed in
experimental loading studies of spinal segments is endplate
fracture, most often due to fatigue failure. Accumulation
of endplate microfractures is a key contributor to disc
degeneration, one of the most problematic low back disorders.
Endplate failure can result from repeated loading at submaximal levels. The pathway to low back disorders resulting
from this type of cumulative trauma injury is well established
and was summarized at this Conference as the following:
Sequence of Events in a Low Back Cumulative Trauma
Disorder
n Phase I: Endplate Fractures
•Spine loaded in some combination of
compression/shear
•Resulting Disc compressed
•Loss of fluid
•Reduction in space between vertebral segments
•Loss in ability to withstand further
compression/shear forces
•Endplate micro fractures
•Endplate heals via scar tissue
•Scar tissue inhibits flow of nutrition to disc
n Phase II: Disc Degeneration
•Decreased disc nutrition leads to fissures in the
annulus fibrosis
•Disc nucleus migrates via fissures
•Inflammatory nucleus material contacts pain
fibers in periphery of disc
•Low back pain results
•Decreased tolerance and work capacity
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Working in Awkward Postures
This section builds an understanding of the effects
of work in awkward postures on biomechanical loading.
The effects of work posture on biomechanical loading and
on energy expenditure are explored for manual materials
handling (MMH) and for static postures at low working
heights and in vertically-restricted workspaces.
Intervertebral disc pressure is affected by external
loading, and increasing as the result of increasing external
load in the hands, increasing trunk flexion, or a combination
of both. When lifting in trunk flexion, spinal loads may
be 2-3 times that in the neutral posture. In addition, load
bearing in the spine changes due to flexion. In the neutral
posture, approximately 20% of the compressive load is
carried by the facet joints and the other 80% by the disc; in
the flexed posture, 100% of the compressive load is carried
by disc. At higher degrees of flexion, such as during stooped
work near ground level, peak stresses increase due to stress
concentrations on the anterior portion of the disc. When
working in a stooped posture, even light loads in the hands
can produce high internal forces and disc pressures.
Most studies of lumbar motion segment load tolerance
have concentrated on ultimate strength in compression.
Only a handful has examined fatigue life, and none has
simulated the spinal loads that result when lifting a load in
different torso flexion postures. This creates a great gap in our
understanding of the way in which the increased loading on
the spine due to lifting in the flexed posture affects the fatigue
life of the spinal tissues.
The main objective of the Gallagher-Marras study
(Gallagher, 2002) was to quantify the fatigue life of lumbar
motion segments when loaded to simulate lifting a 9-kg load
in the hands at three torso flexion angles (0, 22.5, 45 deg.).
The results of the study indicate that torso flexion angle had
a highly significant effect on the tolerance of the spine to
fatigue and biomechanical failure. Lifting in full flexion had
a tremendous impact on fatigue failure, with fatigue life forty
times less at 45 degrees of flexion from neutral. These results
suggest that the rate of damage in full flexion likely exceeds
the body’s ability to remodel damaged tissue, but remodeling
may be possible in other postures. The findings of this study
provide important implications for stooped postures and
for lifting recommendations. Many of the current tools for
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assessing the LBD risk from lifting suggest a modest decrease
in weight for loads lifted in flexion. The discounting factors
for frequency of lifting are often independent of torso flexion
angle. The results of this study suggest that both the weight of
loads and frequency of lifting should be dramatically curtailed
when the spine is in flexion, with important implications
for job design. The results indicate the critical importance of
designing workplaces to avoid lifting in full flexion. Further
research into LBD risk assessment for other stooped activities,
such as pulling cables or pushing loads in a flexed position, is
recommended.
Sean Gallagher of NIOSH also presented research on the
effects of MMH in stooped, squatting and kneeling postures
in vertically-restricted spaces on spinal load and on worker
performance. Such postures predominate in workspaces such
as low-seam coal mines, airplane cargo holds, and utility
tunnels. Research on lifting in kneeling yielded decreased
lifting ability compared to stooped and standing postures.
Psychophysical studies have shown that there is a 10-20%
reduction in lifting capacity when kneeling as compared to
either stooping or standing erect, which were comparable
to one another. A study of trunk extension strength when
kneeling showed a decrease of 18% compared to standing,
due to the loss of lower leg assistance when lifting in the
kneeling posture. Moderate vertical space restrictions cause
workers to stoop or squat, which increases the torque on the
spine compared to standing. Further vertical restriction forces
workers into a kneeling posture, which also produces much

higher spine loads than standing. The results of these studies
indicate that all three awkward postures (stooped, squatting,
and kneeling) increase the load on the spine.
Several researchers have examined energy expenditure
in awkward postures. Findings indicate that the choice of
posture by the worker is often determined by the energy
demands of the operation. A stooped posture is most
frequently used for high energy consumption activities, and
either standing, squatting, or kneeling (depending on the
height of the operation) is used for low energy-demand tasks.
Stooping is favored for high energy tasks because the upper
torso is supported by the passive tissues of the back (e.g.,

Baggage handling in an airplane cargo hold, with lumbar motion
monitor (right)
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spinal ligaments), reducing the energy demands and making
more energy available for work. Kneeling and crawling have
high energy costs and a much slower speed of movement, so
it is observed in tasks requiring lower energy expenditure, and
where the worker does not have to move as much. Because
stooping is favored for high-energy consumption tasks, the
LBD risk in these tasks tends to be higher because the risk of
working in a stooped posture is often combined with that of
forceful exertions.
Stooped posture is found to affect the ligaments and
spinal muscles, increasing the spine’s risk of injury. Animal
studies indicate that laxity in spinal ligaments and other
passive tissues increases after periods of either repeated flexion
or static flexion (Olson et al., 2004; Solomonow et al., 2003).
In a laboratory study with 18 human subjects, Granata et
al. found that work activities requiring static lumbar flexion
for 15 minute periods contributed to changes in the reflex
behavior of the paraspinal muscles (Granata et al., 2005).
Both laxity in the passive tissues and the observed changes in
reflex behavior of the paraspinal muscles may decreases spinal
stability, leaving the spine more vulnerable to injury.
Although the epidemiology identifies working in a
stooped posture as being associated with increased LBD
risk, some ergonomics analysis techniques fail to identify
the elevated risk of stooping (Snook, 1985). Psychophysical
methods, which measure the willingness of subjects to exert
themselves during the test, yield lifting capacities that are
comparable in stooping and standing. Energy expenditure
and back muscle activity is often lower in stooping than
other postures, since the weight of the trunk is supported
by ‘hanging’ on passive tissues (ligaments). Trunk extension
strength in the stooping posture is much higher than in
kneeling, largely due to the ability to use the large and
powerful hip extensor muscles more effectively. However,
neither trunk extension strength nor energy expenditure is
a good predictor of the risk of low back injury in a flexed
posture. Relatively high lifting capacity, lower energy costs
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and muscle output, and increased mobility compared to
kneeling may be perceived by workers to be advantages of
stooping, and help explain why the stooped posture is the
most common awkward posture in the workplace, despite its
association with LBD.
Conclusions about the scientific basis of the problem
Clearly stooping, squatting, and kneeling all have major
risks that are evident from studies in epidemiology and
biomechanics. If stooping is frequent, fatigue failure in the
spine can occur more rapidly because the recovery of damaged
tissue may not be adequate to withstand subsequent forces.
Repeated or sustained stooped postures may also disturb the
neuromuscular and ligamentous stability of the lower back,
leaving the back more vulnerable to injury.
Kneeling and squatting are often seen as alternatives to
stooping as a way to work at low levels without bending the
back as much. However, these postures are also significant
contributors to MSDs of the knee and low back, with high
odds ratios in jobs requiring either squatting or kneeling
for more than one hour per day. Job improvement efforts
should target reduction of existing risk factors, while avoiding
increased risk to other regions of the body.
To improve our understanding of the biomechanics of
the spine and the lower extremities in the stooped posture,
there is a need for research studies designed to evaluate the
effects of these postures on tissue responses under various
conditions and loading patterns. Research is required to
understand how the intervertebral disc, the meniscus of the
knee, and other passive tissues respond to repetitive versus
static loading. Epidemiology and biomechanics provide
much of the basis for understanding the effects of working
in stooped and squatting postures, and the knowledge
gained from such study should be incorporated into the case
definition of stooped work, and in job design criteria that take
into account the tissue fatigue generated by static postures.

3.

Controlling Stooped and Squatting
Postures in the Workplace

R

educing the exposure to stooped
and squatting postures in the
workplace is a challenge for employers,
employees, and for the occupational
safety and health community. In some
workplaces, ergonomics interventions
may obviate the need for workers to
stoop or squat. In other cases, it may
not be possible to eliminate these work
postures. For example, in agriculture
and construction, the location of the
work is often at or below knee level,
and in mining or utility work, the work
environment may have a vertical height
restriction. The fact that these physical
workplace conditions are difficult
to modify has often led employers
and/or employees to feel that nothing
can be done to address the problem.
However, at least some control of the
risk factors associated with stooped and
squatting postures in the workplace
is usually possible. The second day of
this conference was devoted entirely
to presentations and discussions on
ergonomic intervention strategies and
technologies for mitigating stooped and
squatting postures in the workplace.

Control Strategies
Controlling stooped and squatting
postures in the workplace begins by

having a strategy in place to identify
risk factors, determine their root causes,
and develop and implement ergonomic
interventions. Considerations for
evaluating workplace interventions
were presented by ergonomics
consultant Suzanne Rodgers. Static
postures, such as stooping, may not
be obvious as problems to workers or
management, so there is a need for a
well-defined strategy to quantify the
risk of stooped work and market the
benefits of change to all concerned. It
starts by persuading management that
there is a problem, through assessing
the entire workplace environment, not
just the physical load, and including
labor and management in identifying
the problem, identifying root causes
that they have control over, and setting
up an action plan for implementing
and evaluating change. Data about
the job should be assembled so that
a clear case for change can be made,
including a cost-benefit analysis to
document the potential benefits of an
intervention. For example, the toughest
jobs may be hard to fill, with high
turnover. A job with long periods of
stooping or squatting may produce
a ‘natural selection phenomenon’ so
that only a small number of workers
can ‘survive’ in the job for more than

Developing Approaches to
Reduce Injury/Illness Risk
1.

2.

3.
4.
5.
6.

7.
8.
9.
10.
11.
12.

13.

Talk to management and
employees about their concerns
and the reasons for concern
Look for variables that help
characterize the current
risk (injuries, medical visits,
productivity, absenteeism, turnover,
quality or performance problems)
List the activities / tasks performed
in the jobs of interest
Choose the activities of most
concern to the workers
Observe the activities and quantify
the risk factors
Identify the interactions between
risk factors (e.g., stooping and
exerting high force)
Prioritize which risk factors should
be addressed
Facilitate problem solving with
workers - the experts on the job
Identify why the risk factors are
present
Develop strategies to reduce the
risk
Identify strategies most likely to
succeed
Implement solution(s) after
communications and feedback on
pilot study
Assess: do a follow-up evaluation
of the job/task using same
measures as earlier
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Selling Change to
Management
1. Importance of using their
numbers whenever possible
– ask them for data
2. Importance of addressing a
problem they perceive as a
problem
3. Show them a videotape of their
operation after it was analyzed
4. Involve them in problem-solving
after using the videotape to
define the risk
5. Identify root causes that they
have control over
6. Conservatively project the
expected benefit of a consensus
solution
7. Identify the probable costs/
impact of doing nothing about
the risk factors
8. Have them set up an action
plan for implementing and
evaluating the change
9. Be a facilitator, not the ‘doer’
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a short period of time. This is a ‘flag’
indicating a problem, and associated
costs to hire and train new workers to
fill the vacancies left by those who have
moved on.
Selling change to the workers
requires having them involved
throughout the process, from
beginning to end, for their valuable
knowledge about the jobs they perform.
To enhance worker acceptance,
implementing a change should begin
with their involvement in problemsolving new approaches to the task:
developing different procedures,
choosing new tools, building a mockup, and then designing a pilot project
with reduced production pressures
during a trial period, so that workers
can practice and critique it before
introducing a major change on the job.
Unless there is a serious safety issue,
give the workers the opportunity of
accepting, modifying, or rejecting a
strategy. It is important to involve all
shifts and related workers (e.g., tool/
equipment maintenance) in the process.
If a new tool or piece of equipment
is added to the job, provide training
about its use and time for workers to
learn to use it comfortably. We should
recognize that strong external pacing
and production standards, including
incentive systems, make it difficult for
workers to find their best work pace and
can result in fatigue and overexertion
injuries.
Ergonomics evaluations should,
where possible, include a cost-benefit
analysis to show the advantage of a
making a change. The effectiveness
of ergonomic interventions can be
measured in several ways. Direct
methods include:
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• direct and indirect workers’
compensation costs for people
working on the job
• frequency of accidents/incidents
• lost time days
• restricted time days
• training time on the job; cost of
replacement workers
• productivity, including effects
on the time of supervisors and
others handling claims
• quality/performance
Other indirect costs should also be
factored into the cost-benefit analysis.
These include absenteeism associated
with the job, turnover on the job, and
the costs of temporary and replacement
staffing. This holistic view of the
benefits of ergonomics interventions
should provide even more motivation
for implementing change.
A key element in a successful
strategy for workplace ergonomics is a
participatory action team. This involves
the establishment of a multi-disciplinary
ergonomics team that includes labor,
management, engineering, and other
members who can provide valuable
input in the process. The ergonomics
team performs four main tasks:
• Ergonomics evaluation of job
tasks
• Assessment of production
problems, worker symptoms
and injuries, and associated
costs
• Evaluation of alternative
interventions
• Recommendations to managers
Ergonomics teams of this
type in many large corporations
have shown tremendous success in
addressing ergonomic problems. It is
important that they receive appropriate

ergonomics training, applicable to their industry, in order to
proceed in an efficient and effective manner.
The hierarchy of controls by which change may be
accomplished includes: 1) engineering controls – to eliminate
exposure or eliminate the high-risk task altogether;
2) administrative controls – to reduce exposure; and,
3) behavioral controls – to improve work practices. This is
not a simple hierarchy by which one control is selected over
the other. Rather this is a set of opportunities from which an
optimal combination of interventions should be developed.
Determining which controls are available as interventions
to the problem of stooped work is challenging for the
industries of concern, especially agriculture and construction,
because they have tremendous variation in their workplace
environments. Addressing the challenges within these
industries necessitates focus on each of them individually. The
remainder of the Conference concentrated on understanding
the reasons why stooped work is so common in agriculture and
construction and what interventions are available to address
these root causes of the problem.

Interventions in Agriculture
To address the problems of stooped and squatting
postures in agriculture, realistic and effective interventions
must be developed and implemented. Management-union
ergonomics teams have proved successful in manufacturing;
such a team for agriculture should include:
• Farm workers
• Farmers
• Farm organizations
• Agricultural industry specialists
• Ergonomics specialists and other people with nonagricultural backgrounds
• The ‘younger generation’
At the top of this list are the farm workers themselves.
Looking back at the history of technological innovation in
agriculture, most major breakthroughs were initiated by
farmers driven to improve their workplace. There is a need
to increase worker participation in developing ergonomic
interventions for stooped and squatting work, in order to
provide the feedback on efficiency, comfort, and social and
cultural issues that is necessary to improve worker acceptance
and understand barriers to adoption. As an example of the
importance of ethnocultural issues, prone workstations were

Rolling table for transplanting

Handles as ‘arm extensions’

Lifting pots by hand

Using nursery handles

rejected by East Indian workers in one California operation
because it is not acceptable in their culture for women to
be lying down in the company of men. Such ethnocultural
barriers may be broken down only through a participatory
approach to ergonomics.
Engineering Controls for Agriculture
John Miles, of the Agricultural Ergonomics Research
Center (AERC), University of California at Davis, presented
a classification of the engineering controls for stooped
and squatting work in agriculture. The three classes of
interventions are: 1) Reduce or Eliminate the Need to Stoop or
Squat; 2) Mechanical Worker Protection or Worker Aids; and,
3) Fully Mechanized Operations. These classifications provide
a useful framework for discussing the intervention strategies
presented by other researchers.
1. Interventions that reduce or eliminate the need for
stooping
Reducing or eliminating the need for work in stooped
postures can be accomplished by changing the physical
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work space or by giving the workers tools that allow them
to interact with the workplace differently. There are several
changes that can be made to the spatial workplace in
agriculture. One is to raise the beds in which crops are grown,
such as for strawberries. It should be noted that even though
strawberry beds are raised — LBD risk is lowered — the fact
remains that the amount of stoop is still very high. However,
raised beds and the related improvements are not feasible for
all crops, such as cilantro and other leafy greens.
Nursery and greenhouse settings offer a higher level
of control over the geometry of the workspace, where it is
more feasible to grow crops on raised beds or on tables. One
adaptation for greenhouses is the use of revolving carousel
tables to increase the growing area while offering an adjustable
working height. An alternative to changing the geometry
of the growing environment is to change the geometry of
the crop itself. This could consist of growing taller plants:
breeding or bioengineering plant varieties with the harvested
commodity located at a more comfortable height for the
worker.
Employers can provide portable tables or carts, and
lifting aids, so that work operations can be performed at
better working heights. The UC AERC team was successful in
developing adjustable handles for use in lifting and carrying
potted plants that significantly reduce the need to stoop
or squat. These handles led to major reductions in spinal
flexion, hand grip force, and in Lifting Index calculated
using the NIOSH Lifting Equation, without compromising
productivity or energy expenditure (Janowitz et al., 1998;
Meyers et al., 1997).

UC AERC Human-powered prone cart
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Improved hand tool design may also reduce or eliminate
the needs for stooped or squatting work. Dr. Kumar and
the IARI team have been successful in optimizing tools to
reduce the risk of stooped posture work. An example is an
improvement for rice paddy plowing. This job has high
energy consumption and necessitates the use of a stooped
posture to regulate forces applied to control plow depth. The
research team determined an optimal height for the plow
handle by studying user comfort, applied force, and oxygen
uptake for different plow designs.
These examples illustrate that simple low-cost solutions
can be developed for controlling the problem of stooped
postures in agricultural work, but are often only realized
through the combined efforts of an ergonomics team.
2. Mechanical Worker Protection or Worker Aids
Mechanical worker protections or worker aids act to
reduce the physical loading on the spine by reducing or
eliminating the stoop or supporting some of the load during
a stooped or squatting posture. There are three types of
mechanical worker protections and worker aids that were
discussed as having the potential to control stooped postures
in agricultural production work: devices for kneeling, prone
workstations, and load transfer devices.

Improving kneeling comfort
Kneeling postures dominate in work that is very
low to the ground and demands a high level of hand-eye
coordination. In agriculture, such kneeling work is common
in plant propagation for nursery and ornamental plant
production. To reduce the
discomfort of kneeling,
workers can use knee pads.
Even with knee pads,
however, kneeling and
moving around on a rough
soil surface can still be very
uncomfortable. A much
more stable kneeling surface
can be provided by padded
knee boards. They consist
of a board covered with
upholstered foam padding
UC AERC Motor-driven prone cart
that offers protection for the
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shin and feet in addition
to the knee. All-terrain
wheels allow the boards to
roll forward and backward
through the field. Because
pushing while kneeling is
difficult, the UC AERC has
developed a knee board with
a hand-powered ratchet to
drive the wheels. This knee
board also has a storage area
for frequently accessed tools
and materials so workers
do not have to twist or
bend as much. Though it
is questionable how much
knee pads or knee boards
prevent the WMSD risks
of working in a kneeling
posture, favorable worker
acceptance indicates they
reduce some of the strain
from the work.

German harvesting aid for pickling cucumbers (Kleisinger, 2000)

“Ergonomically optimized” prone picking posture (Kleisinger, 2000)
Dimensions are in mm

Prone workstations
The stooped posture
can be eliminated in many agricultural tasks, such as
harvesting or weeding, by using a workstation that supports
the body in a more neutral spinal posture, such as lying prone
or sitting upright. Most development has focused on prone
posture workstations because workers rarely have to deviate
from a neutral spinal posture; in sitting posture workstations,
the worker still has to frequently bend or twist the back to
reach the plant material. Several researchers at this conference
discussed the potential of prone workstations for controlling
stooped postures in agricultural work. Robert Meyer, a
graduate student at the University of Wisconsin, presented his
research on the development of prone posture workstations
for agriculture as well as studies comparing the biomechanics
of work in stooped postures versus prone postures.
Prone work platforms can take the form of humanpowered individual carts, self-propelled individual carts, or
platforms with multiple prone workstations attached to a
tractor or with their own integrated power unit. Most of

the current development is occurring in Europe, although
interest is increasing in North America. Prone picking devices
first appeared on American farms about 50 years ago. Early
development focused on mechanical design and improving
productivity, while comfort seemed secondary. American
Society of Agricultural and Biological Engineering papers
from the 1970’s describe their use in strawberry and nursery
operations and report productivity increases and acceptance
by workers. Subsequent development has centered on making
prone workstations more comfortable. Researchers from the
UC AERC have built and tested several human-powered
and self-propelled carts. The University of Wisconsin has
developed guidelines for human-powered seated and prone
cars, and tested some of the currently manufactured selfpropelled models.
There are currently no commercial manufacturers of
prone workstations in the United States. Almost all of the
commercially available self-propelled prone workstations are
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designed and manufactured in Europe. There are at least two
German manufacturers of motorized prone workstations
(d‘Heureuse Inc.; Kress Inc.), and another German company
has produced a tractor-mounted, multi-station prone work
platform used in cucumber harvesting. The Swedish Drängen
is a single-person, track driven motorized machine with a
very adjustable and well-padded workstation. The Ryömijä is
a battery-powered, wheeled single-person machine produced
in Finland with an adjustable workstation similar to the
Drängen’s. Unfortunately, the European models are relatively
expensive and are either not exported to the U.S. or, in case of
the Drängen, lack local technical support. Given the relatively
simple level of technology involved, it is entirely possible that
similar designs could be manufactured in the U.S. should
prone workstations gain popularity.
There are several issues to consider in optimizing the
prone workstation for comfortable and efficient work. The
first issue to consider is the prone posture itself: whether the
body should be completely straight and horizontal or whether
the arms and legs should be bent with the trunk inclined or
declined. Underwater and zero gravity studies have identified
a ‘neutral’ body posture with the arms and legs bent at
moderate angles, and this has led many to believe that this is
the optimal prone posture. The direction of travel (headfirst
or feet first) and the need for a head rest is a concern, as these
will determine head and neck position.
The pace of work is influenced by whether the prone
work platform is a single-person, worker-paced device or
a tractor-mounted multi-station unit in which work is
machine-paced by the speed of travel for the group. These
issues have been the subject of much of the recent research on
prone workstations, as more attention has been brought to
the problems of WMSDs in agriculture.
Four recent studies, three in Europe and one in the
United States, have investigated the use of prone workstations
in agriculture from the perspective of worker comfort.
German studies by Kleisinger and Rullmann examined
different postures, direction of travel and upper torso support
in prone workstations for agriculture using motion analysis
and EMG activity. The results indicated the lowest muscle
activity was with an improved narrower upper torso support,
sloped at about 10 degrees, with slightly flexed hips and knees
(Kleisinger, 2000; Rullmann, 2003). Because head movement
might make it difficult to design a support, and no EMG
30
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activity was seen in neck muscles, it was concluded that a
head rest is not necessary. In a Finnish study by Mattila et
al., productivity and exertion levels were monitored while
harvesting low-growing crops using six different methods,
of which two were prone carts (Mattila, 2001). The greatest
distance traveled was in the traditional stooped posture, but
the greatest amount harvested was in the human-powered
prone cart. The lowest perceived exertion occurred in both
prone cart models, as did the greatest reduction in heart
rate compared to the traditional stooping method. In the
Netherlands, a 2004 study by Roelofs compared discomfort
in four positions (straight prone, bent prone, seated, and
stooping) while weeding (Meyer, 2004). Subjects reported
lower subjective discomfort with both prone postures as
compared with seated and stooping. Recommendations
developed from this study included suggestions for improved
coverings for the supporting surfaces, using a self-propelled
platform because it might decrease whole body vibration
(compared to tractor-mounted platforms), and for more
research into alternate postures for agricultural work.
In the United States, a NIOSH-funded pilot research
project was recently completed at the University of Wisconsin
that compared working in a stooped versus a prone posture in
a simulated picking and planting operation. Subjects worked
for two 15-minute work periods for each posture and rated
their discomfort, while EMG and heart rate were monitored.
The discomfort ratings were higher in stooped posture,
with the greatest differences reported in the hamstring,
knee, and low back areas. In addition, heart rates were
higher in stooped work than in prone work, and significant
differences in muscular activity of the trapezius and erector
spinae were detected. The findings of these four studies
indicate that prone postures produce lower physical exertion
and discomfort than stooped postures; that prone posture
workstations are capable of productivity rates similar to or
better than stooping or kneeling; and that improvements to
prone workstations can be made by using a position with an
inclined torso (shoulders higher than hips) with slightly bent
hips and knees, and by reducing vibration.
Although the use of prone workstations as an
intervention for stooped work shows much potential, several
issues need additional consideration. First, more research into
human performance issues related to strength, endurance,
respiration and circulation, head/neck support, arm support

and freedom of movement, and vision, are needed in order to
optimize worker efficiency and reduce the risks of prolonged
static postures. Areas recommended for further study include
improving motorized machines by reducing whole body
vibration, improving head support, providing a user-friendly
system for workers to set the optimal pace, attention to job
rotation and worker scheduling, and developing guidelines
for prone workstations that optimize worker comfort and
efficiency. Finally, it is necessary to study the economic impact
of adoption of prone workstations on both management and
workers.
Load Transfer Devices:
Load transfer devices attempt to reduce the load on
the lumbar spine by transferring a portion of the trunk
weight and external load to the hips and lower limbs.
Fadi Fathallah, of the University of California at Davis,
presented the results of two investigations that his group
conducted on load transfer devices for use in stooped work
in agriculture and construction. The first was a laboratory
evaluation that assessed four load transfer devices for their
ability to reduce back muscle activity. At the time of the
study in 2000, three were commercially available; each using
a different mechanism to support the upper body while
working in a stooped posture (Barrett and Fathallah, 2000).
The Happyback, manufactured by Ergo-Ag of Aptos, CA,
utilized fiberglass rods and fabric to support a chest harness
and transfer torso loads through a pad near the low back to
thigh straps buckled above the knees. Bending Non-Demand
Return (BNDR) has metal frame segments for the anterior
torso and upper legs that are padded at the chest and thighs
and connect to a resistive articulation and support belt at the
hips. The Bendezy is an Australian design consisting of an
aluminum frame with soft shoulder straps around the upper
torso, low back pad, and abdominal straps to hold it in place.
Resistance to torso load is provided by springs extending from
a posterior counterweight lever to straps on the knees and
feet. An additional fourth version was tested that consisted
of a modified Bendezy prototype with the springs and lower
limb straps removed and a posterior counterweight added.
The experiment consisted of nine subjects assuming stooped
postures and lifting three weights (0, 10, 20 lb) while wearing
a device. Each participant rotated through all the devices
and performed a stooped lift as a control condition. EMG

The Happyback load transfer device
results showed reduced back erector muscle activity provided
by all four load transfer devices. The devices all act to reduce
the loading on the back, though the impact of this load
reduction on LBD risk is uncertain. Additional feedback
from agricultural workers suggested that the concept of load
transfer is worth exploring, but that much improvement in
comfort, usability, and adjustability would be needed for these
devices to be practical.
The second study on load transfer devices concerned
the GRIPSystem. It is a set of straps and belts used for twoperson team lifting and carrying of bulky or heavy objects
and functions by transferring loads from the hands to the
shoulders and hips, thereby reducing the forward bending
moment on the low back (Paskeiweicz and Fathallah, 2006).
The laboratory evaluation consisted of subjects lifting three
different heavy household items using two approaches:
lifting the load in their hands, and using the GRIPSystem.
Back muscle EMG and spinal kinematics measured by the
Lumbar Motion Monitor (LMM) were recorded for each
lift. The results of the trials indicated that lifting using the
GRIPSystem resulted in lower erector spinae muscle EMG
activity, reduced sagittal flexion, and reduced LBD risk
compared to lifting the load using the hands. In addition to
reducing the load on the spine, the GRIPSystem would also
have the effect of reducing forward-bent postures often seen
when carrying bulky objects, especially up or down stairs.
The concept employed by the GRIPSystem, which does not
depend on a wheeled device for transporting the load, should
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be explored for use in agriculture and construction tasks.
Personal load transfer devices show the potential of
providing significant reduction in loads imposed on the
spine during stooped work. Further research is needed
to evaluate their efficacy in reducing LBD risk, as well as
possible discomfort in other body areas, such as the legs. More
attention to anthropometric and comfort issues is needed in
order to increase the feasibility and usability of such devices.
It is hoped that successful devices will become available to
reduce the LBD risk of stooped work when other means of
modifying the workplace are not possible.

courtesy of Sutton Agricultural Enterprises, Inc.,
Salinas, CA

courtesy of Sutton Agricultural Enterprises, Inc.,
Salinas, CA

3. Mechanized Operations
Mechanization of agricultural tasks has the potential
to eliminate the need for stooped and squatting work. Past
successes include the cotton picker, hay mower, mechanical
planter, and the processing tomato harvester. Though these
inventions have the desirable benefit of reducing stooped
work, their successful implementation occurred primarily
because they tremendously increased productivity. History
shows that while each technological advance reduced or
eliminated one form of manual work, with it came new
ergonomics problems. Movement to mechanization may
eliminate stooped work, but may increase exposure to other
risk factors for equipment operators such as noise and
vibration, static work postures, and repetitive motion. This
is an important consideration in developing engineering
controls for stooped and squatting postures in the workplace.
Despite the success of mechanization in many areas of
agriculture, the production of most fruits and vegetables,
even in industrialized nations, continues to be highly

Ortomec leafy vegetable harvester
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Spinach hand harvest
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reliant on hand labor to perform many essential work
tasks, especially harvesting and weeding. Currently, fully
mechanical harvesting methods are not yet technically and/
or economically viable in many fruit and vegetable crops,
especially for those intended for the fresh market, because
they create excessive mechanical damage and cannot be used
in crops with indeterminate maturity.
Despite these limitations, several vegetable and fruit
crops can currently be harvested mechanically; the UC Davis
Postharvest Technology Group website (http://postharvest.
ucdavis.edu) provides links to several manufacturers of
fruit and vegetable harvesting equipment. For fresh market
produce, possibilities exist to develop machines that redefine
the ergonomics of the working environment. The stooping
that is necessary to cut vegetables at ground level for harvest
can be eliminated by using a machine that cuts them and
elevates them to waist height for sorting and packaging.
Research work on elevating harvester machines has been
conducted at UC Davis for cilantro, and there are models
for many leafy vegetable crops, such as spinach and lettuce
varieties, that are commercially available in North America
and Europe. The use of such machines is increasing annually
because of improved productivity and worker approval.
Elevating harvesters are showing much promise in reducing
the risk from stooped work in leafy vegetable harvest, and
their development should be further explored.
Complete automation of agricultural tasks is an emerging
technology that can eliminate the need for workers in highrisk tasks, especially those requiring heavy lifting and work
in stooped postures. The first wide-scale use of automation
to replace a traditionally manual labor task was found in
automated (robotic) milking systems. First developed in
Europe, they have become very common
there and their use is expanding in North
America, particularly among smaller
producers. The automated milking
machines save time, eliminate a source
of physical strain, and are cost-effective
despite their high initial investment costs.
Similar breakthroughs in automated
agricultural systems are expected in
the next 10-20 years, due to promising
research currently being undertaken. The
problem of stooped work while weeding

may be tremendously reduced through a robotic weed
control system that uses technologies being developed at the
University of California at Davis. Automated selective harvest
of tree fruit and citrus is being researched in several industrial
nations, and such technology could lead to automated
harvesters for fruit and vegetable crops. The outlook for the
future suggests increased mechanization in agriculture, and
with it, a reduction in the demand for work tasks performed
in stooped postures. However, these achievements are still
several decades away and do not address the problem in nonindustrialized nations that cannot afford such technology.
Administrative Controls for Agriculture
Engineering controls are preferred for ergonomic
interventions, but they are not always practical due to cost,
complexity, or usability. In these situations, risk can be
mitigated by the use of administrative controls, which use
workplace policies, and practices to change the way the
worker is exposed to risk. For much of the agricultural work
in stooped and squatting postures, no feasible engineering
controls are currently available, so reducing the MSD
and LBD risk must be accomplished using administrative
controls.
There are several administrative controls available for
stooped and squatting work in agriculture. Pay structures can
be examined to determine if switching from a piece-rate to
an hourly wage system may reduce overexertion. Introducing
programmed breaks, reducing the number of working
hours, or hiring more workers during peak periods may be
effective in reducing the demands on the individual worker.
Job rotation and work enlargement (more variety in the job
with less specialization of tasks), if carefully planned, may be
effective in reducing the risk of strain on any one area of the
body. Finally, training managers and workers on reducing
risks may be beneficial, if this leads to improved work
practices and reduced exposures to risk factors for MSDs.
Julia Faucett of the University of California at San
Francisco presented her findings of research on rest and
recovery breaks as interventions for MSDs (Faucett et al.,
2006). The motivation for testing organized rest breaks came
from symptom survey results for agricultural workers who
frequently kneel or stoop, and who indicated that the low
back and knees were the most frequently affected body parts.
Previous studies by other researchers who evaluated rest breaks

as an intervention for MSDs in computer use, meat and
poultry processing, and construction have led to the following
guidelines:
Guidelines for Work and Rest Break Scheduling - (Konz,
1998)
1: Minimize the fatigue dose.
2: Use frequent short breaks.
3: Maximize the recovery rate.
4: Use work breaks.
5: Increase recovery/work ratio.
6: Have a work scheduling policy.
7: Optimize stimulation at work.
Current rest break scheduling for agricultural workers
does not have the frequency of rest breaks suggested by these
guidelines. In California, regulations require that employers
allow employees to have a ten minute rest break for every four
hours worked and a thirty minute meal period for any worker
who works more than 5 hours a day. Dr. Faucett and the UC
AERC group conducted a controlled, randomized experiment
to assess organized rest breaks as interventions for agriculture
(Faucett et al., in press). Two jobs were analyzed: tree budding
and grafting in a large tree nursery (primarily squatting and
kneeling), and harvesting strawberries (primarily stooping
and squatting). Outcome measures were worker symptoms
and productivity. Two rest break conditions were tested - the
control case having the usual scheduled breaks of ten minutes
mid-morning and mid-afternoon and a thirty minute lunch,
and the intervention case having additional five minute
breaks each hour in which there was not already a scheduled
break (approximately twenty additional minutes of rest per
shift). The results of the study show that intermittent brief
rest breaks appear to reduce the symptoms of fatigue and
musculoskeletal discomfort, while productivity appears to
be minimally affected. After cessation of the study, workers
and managers in the tree nursery cooperatively agreed to
continue the use of breaks whether paid on an hourly or piece
rate basis. The UC AERC group has seen similar adoption
with its engineering solutions for the wine grape and nursery
industries (Meyers et al., 2006; Janowitz et al., 1998).
Workers continuing to use the intervention are often the best
indicators of success.
The findings of this study emphasize the potential of
rest breaks as an intervention for MSDs in the workplace,
though much more research is needed. One such need is to
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develop and test optimal
rest and work patterns for
specific work tasks, such as
those requiring prolonged
stooping and/or kneeling
with and without lifting.
Another is to understand
the effects of rest break
scheduling on MSD
symptoms and on other
outcome measures such
as leg swelling, general
fatigue, and heat stress.
Lastly, there should be
more research to evaluate
the effects of rest breaks
on health outcomes and
on productivity over the
course of a work day
In addition to these
common administrative
controls, several alternative
ways of handling the
problem of stooped work
in agriculture deserve
consideration. Growers can
promote the concept of a
“You-Pick” farm, where
customers harvest their own
fruits and vegetables for
discounted prices. In France,
this model has expanded
to “tourist farming”,
where urban customers
get the added benefit of
experiencing the activities
of rural life. Marketing the
qualities of rural living and
the traditions of farming
may allow manuallyharvested commodities to
be perceived as higher-value,
with the extra income being
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Why Workers Stoop in Construction
n Design features/specifications may dictate heights/sizes/locations of installations
• Intervention: Need for building designers and construction planners to have better
understanding and awareness of how the work will be performed.
n Sequencing of construction activities limits space/access to point of installation
• Intervention: Need for construction planners to have better understanding and
awareness of how the work will be performed in each stage of construction activity
and incorporate this into project scheduling decisions
n Location of the work itself (often trade specific)
• Example: Rebar tying by iron workers
– Intervention: extended handle rebar tying tools and waist-height rebar storage
devices
• Example: Flooring installation, painting low areas of walls
– Intervention: knee pads, mats, wheeled support carts (e.g., RACATAC, automotive
creeper)
• Example: Stooping to fasten roofs panels or caulk seams
– Interventions:
– auto-fed screw gun extensions
– extended handle caulk/glue guns
– EZ Reacher for site clean-up
n Inadequate tools for the job
• Intervention: Select the proper tool for the job
– Example: drills optimized for concrete floors
n Poorly designed equipment for material/tool handling
• Intervention: upright shelf storage better than standard chest drawer
n Poorly designed work staging/layout
• Intervention: Mitigate low-height work in field design of work layout
• Intervention: store and handle materials properly
– Examples:
– pre-placing materials for upright work in bins or on racks at waist height,
rather than on ground
– using two-person lift for heavy objects
– walk-up long heavy items, such as boards
n Combinations of the above
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Manual rebar tying (left) vs. Use of an extended-handle rebar tying tool (right)
available to pay for workplace improvements. Promoting
the benefits of rural life may also be used to improve the
psychosocial environment for workers.

Interventions in Construction
Controlling for stooped and squatting postures in
construction jobs begins with understanding the variation in
the workplace, which often changes hour by hour and from
one day to the next, from one area of the site to another,
and from project to project. The varying workplace and
work tasks lead to varying postures, with the postures seen
among construction workers often dictated by the pace and
the location of the work. The flexibility in the type and
location of the work required in construction necessitates
a similar flexibility in type and application of ergonomic
interventions. The possible combinations of work tasks and
work environments in construction are practically limitless.
Developing an intervention for each work task is impractical.
An effective approach for controlling stooped and squatting
postures in construction is determining the reasons for work
in these postures and then proceeding to develop interventions
that mitigate the causes of the problem of stooped and
squatting postures, rather than addressing the problem on
a task-by-task basis. This approach was presented by Billy
Gibbons, President of the consulting group DGI Ergonomics

& Safety Leadership Inc., who presented several causes of the
problem of stooped and squatting postures in construction
work and interventions designed to address them. Following is
a listing of the common reasons why workers stoop or bend in
construction and some examples of the problems and possible
interventions to mitigate their causes.
Often, construction workers have the skills and tools
necessary to develop and fabricate interventions quickly. Yet
they often say that time constraints and the need to move
on to a completely different set of tasks are the reasons for
not attempting to mitigate ergonomics problems. In the
construction industry there is a need for short-term “quick
fixes” that can be applied to a wide variety of tasks, as well as
long term ergonomic interventions targeted for specific high
risk tasks.
Two examples of high risk jobs in construction that
require targeted interventions for awkward posture work are
concrete rebar tiers and carpet layers. Frequent and prolonged
stooping by concrete reinforcement workers (rodmen) is
linked to a very high incidence of back pain in these workers.
Targeted engineering controls for this job have the potential
to eliminate the need for a stooped posture and consist of an
automated extended-handle rebar tying tool and a device to
store rebar at waist height. A field study of the use of rebar
tying machines showed that they increased productivity,
and significantly reduced the amount and duration of trunk
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flexion. The study also revealed that the use of this extendedhandle approach is not limited to reinforcing steel, but can
be applied to other tasks, such as tying electrical conduit
and attaching radiant heat tube to steel mesh (Vi, 2003).
Resistance to the introduction of these tools has been based
on early mechanical problems, limitations in the gauge of wire
that can be handled, and concern on the part of ironworkers
with the “de-skilling” of their profession.
Knee disorders in carpet layers are a well documented
problem in this branch of the carpentry trade and are caused
by prolonged kneeling and the use of a “knee kicker” device
to stretch the newly laid carpet. Interventions for carpet layers
address the problem by: 1) reducing the contact pressure on
the knee with the use of overalls with knee pad pockets or
knee pads in conjunction with a spring seat to support the
weight of the body; 2) eliminating the use of the knee-kicker
device by using a mechanical power stretcher; and 3) using
tool extensions such as long-handled carpet cutting tools.
Unfortunately, none of these interventions is optimal, and
the kneeling-related knee problems of carpet layers remain a
concern.
Manual materials handling (MMH) in construction
often leads to prolonged stooping. A Dutch intervention
study of bricklaying showed that the use of a crane to
transport bricks and the use of height-adjustable scaffolding
each resulted in dramatic reductions in the duration of
extreme trunk flexion (van der Molen et al., 2004). These
results are important given biomechanical research showing
that manual materials handling at low working heights places
the spine at increased risk for injury. Lifting and lowering
materials at the bottom tier (level) of the pallet nearly doubles
the compressive force on the spine compared with the middle
and higher levels of the pallet (Gallagher, 1988). Heightadjustable pallet handling equipment, which can be raised
as the pallet is unloaded, can result in a significant reduction
in spinal load by keeping the point of operation near waist
height. In construction, this can be done by periodically
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lowering the forks of a lift truck if one is available at the time
the materials are off-loaded.
Often in construction work, the problem of stooped or
squatting postures is addressed by giving workers knee pads
so they can perform the work while kneeling. However the
injury prevention capabilities of knee pads are questionable.
They do not mitigate the risks of extreme flexion, although
they may help with pre-patellar bursitis. The benefits of knee
pads are more clear with respect to acute injuries: preventing
lacerations and penetrating injuries, as well as improving
comfort by reducing contact stresses. There are many different
types of knee pads available, and the selection of proper knee
pads depends on the surface(s) being worked on and the
frequency and type of movement. Although knee pads address
some of the discomforts of kneeling work, one must be aware
of the long term elevated LBD risk and knee disorder risk of
working in the kneeling posture.

Interventions in Mining
Although not discussed in detail in this Conference,
research has been conducted on interventions for stooped
postures in mining work. Ergonomics issues in mining are
one of the research areas of the NIOSH mine safety program.
The published research on ergonomic interventions for
stooped and kneeling work in mining has focused on setting
maximum acceptable weights of lift (MAWL) for combined
lifting and lowering tasks in restricted height conditions, as
well as improvements to tools and the way that they are used
in the mine environment. The NIOSH Mining Safety website
(http://www.cdc.gov/niosh/mining) provides a collection
of Mining Safety Tips that are an excellent resource for
ergonomic intervention ideas to reduce MSD and LBD risk
in mining. The ideas presented on this site come from miners,
mining safety professionals, and NIOSH research, and are a
testament to the collaborative efforts needed in ergonomic
intervention development.

Suggestions for Improving Prevention of
Musculoskeletal Disorders Caused by Stooping
Squatting or Kneeling Postures

4.

At the end of the conference, participants were asked to
suggest where this dialogue and the effort to define, better
SUGGESTIONS FOR ASSESSING HIGH RISK JOBS
1. Evaluate the effectiveness of different methods of risk
assessment with attention to predictive ability and field
utility.

understand and prevent work-related exposures to stooped,
squatting and kneeling postures should go next.

2.
3.

SUGGESTIONS FOR SURVEILLANCE RESEARCH
1. Develop a national registry of musculoskeletal hazards
and health outcomes.
2. Add supplements to existing surveillance systems for
stooped and kneeling postures.
3. Conduct surveys in high risk industries (agriculture,
construction, mining).
4. Determine the number of workers exposed and what
jobs they are doing.
5. Record the exposure in identified jobs: time in stooped
and squatting, by ‘zones’ of mild, moderate, and severe
positions.
6. Identify the specific job or task elements requiring
stooped postures, and why.
7. Conduct cross-sectional and longitudinal studies
to develop and validate a list of high risk jobs and
significant health outcomes.
SUGGESTIONS FOR INTERVENTION RESEARCH
1. Develop new partnerships with agencies, academia
and industry to support intervention research focused
on stooped and kneeling work, including national and

4.

regional partnerships focused on industry- or taskspecific applications.
Increase the number and range of intervention
research underway.
Encourage higher-quality intervention evaluations
using randomized trials, quasi-experimental designs
and blended evaluations.
Document and broaden the dissemination of
successful/proven interventions.

SUGGESTIONS FOR ETIOLOGICAL RESEARCH
1. Conduct studies to improve understanding of specific
biomechanical stresses and MSD development during
stooped and kneeling postures.
2. Develop and evaluate improved standards and
methods for assessing exposure, health outcomes
and other etiological factors for stooped and kneeling
work.
3. Conduct population, clinical and laboratory studies
to evaluate the short-term impacts of different types of
exposure to working in stooped or kneeling postures
on WMSD development and early indicators of such
disorders.
4. Conduct population, clinical and laboratory studies
to evaluate the long-term impacts of different types of
exposure to working in stooped or kneeling postures
on WMSD development and early indicators of such
disorders.
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