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Ergonomic Risks and Musculoskeletal Disorders 
in Production Agriculture: Recommendations 

for Effective Research to Practice
Ergonomic risks in production agriculture Steven R. Kirkhorn, MD, MPH

Giulia Earle-Richardson, PhD
R.J. Banks, CIE

ABSTRACT. Musculoskeletal disorders (MSDs) are increasingly recognized as a significant hazard
of agricultural occupation. In agricultural jobs with significant physical labor, MSDs are typically the
most frequently reported injury. Although not as lethal as tractor roll-overs, MSDs can result in
disability, lost work time, and increased production costs. MSDs increase production costs as a result
of worker absence, medical and insurance costs, decreased work capacity, and loss of employees to
turnover and competition from other less physically demanding industries. This paper will provide an
overview of what is currently known about MSDs in agriculture, including high-risk commodities,
tasks and work practices, and the related regulatory factors and workers’ compensation costs. As
agricultural production practices evolve, the types of MSDs also change, as do ergonomic risk factors.
One example is the previous higher rates of knee and hip arthritis identified in farmers in stanchion
dairies evolving into upper extremity tendonitis, arthritis, and carpal tunnel syndrome now found in
milking technicians in dairy milking parlors. This paper summarizes the presentation, “Musculoskeletal
Disorders in Labor-Intensive Operations,” at the Agricultural Safety and Health Council of America/
National Institute for Occupational Safety and Health conference, “Be Safe, Be Profitable: Protecting
Workers in Agriculture,” January 27–28, 2010, Dallas/Fort Worth, Texas. The primary focus of the
paper is to address current research on ergonomic solutions for MSDs in agriculture. These include
improved tools, carts or equipment, as well as work practices. One of the key challenges in this area
pertains to measurement, due to the fact that musculoskeletal strain is a chronic condition that can
come and go, with self-reported pain as its only indicator. Alternative measurement methods will be
discussed. Finally, the implementation of research into practice is reviewed, with an emphasis on best
practices that have been demonstrated to be effective in the agricultural setting, based on worker
acceptance and comfort, improved productivity, and decreased MSDs. The paper will provide an overview
for agricultural stakeholders as to the current science and practice of ergonomics in agriculture.
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282 ERGONOMIC RISKS IN PRODUCTION AGRICULTURE

KEYWORDS. Ergonomics, musculoskeletal disorders, occupational illnesses, occupational
injuries, production agriculture, translational research, workers’ compensation

INTRODUCTION

Ergonomic hazards and the associated
musculoskeletal disorders (MSDs) have
become an increasingly recognized issue of
concern in agricultural production. The US
Department of Health and Human Services
Healthy People 2010 Goal 20.3 is to reduce the
rate of lost time injury and illnesses due to
overexertion or repetitive motion.1 In addition,
the National Institute for Occupational Safety
and Health (NIOSH) has identified MSDs as a
priority area, and it specifically recommends
reducing the incidence and prevalence of MSDs
associated with work practices and production
agriculture.2

Agriculture in the United States is typically
divided into two broad segments: animal
production and crop production.3 Each segment
has specific types of ergonomic risks and may
be at risk for specific types of musculoskeletal
disorders. Each segment of production agriculture
can further be divided into smaller units; such
as livestock, dairy, and poultry in animal
production and field crops production requiring
intensive hand work such as small vegetables,
fruit, wine production, and tree bearing fruit.
The work practices specific to each commodity
must be fully understood to adequately assess
potential ergonomic hazards. As producers and
commodity groups recognize the cost of ergo-
nomic hazards, including (i) employee turn-
over, (ii) potential workers’ compensation costs
secondary to medical costs, and (iii) escalating
premiums from higher insurance modification
rates, more attention will be paid to improving
the ergonomic forces of the work environment.
This paper is not designed to be a major review
of the epidemiology of the prevalence of MSDs
but rather to give an overview of the scope of
MSDs in agriculture and then focus upon the
state of current research-to-practice interventions.
The reader is referred to a recent thorough
review by Davis and Kotowski for more detail.3

The emphasis will be on which interventions
have been effective and how can the agricultural

commodity groups and academia collaborate on
designing and implementing further programs to
effectively reduce ergonomic hazards in
production agriculture.

PREVALENCE OF 
MUSCULOSKELETAL DISORDERS 

IN AGRICULTURE

The true prevalence of MSDs in production
agriculture is unknown for a number of reasons.
First, the majority of farm and ranch operations
have fewer than 11 employees, and thus are not
required to report injuries to the Occupational
Safety and Health Administration (OSHA).
Workers’ Compensation coverage of agriculture
also varies markedly from state-to-state, which
makes accurate reporting difficult. In addition,
many workers (such as adolescents and youth,
migrant workers) have precarious employment
and are unwilling to report MSDs for fear of job
loss. As a result, the 2008 Bureau of Labor
Statistics (BLS) reported prevalence of nonfatal
occupational injury and illness rates in agriculture,
forestry, and fishing (AgFF) of 5.3 per 100
workers is likely to be significantly lower than
the true rate. Even with these factors, the AgFF
rate is higher than construction (4.7/100 workers),
manufacturing (5.0/100 workers), and goods
producing industries (4.1/100 workers).4 MSDs
are not separated out in separate reports from
other nonfatal occupational injuries and
illnesses In 2008, MSDs accounted for 29% for
all injuries and illnesses resulting in days away
from work across all industries and by inference
this likely applies to agricultural production
also.5 An encouraging trend identified in BLS
national data across industry in general is the
gradual decrease in MSDs over the last decade,
potentially from increased awareness and ergo-
nomic interventions.4 Based upon National
Agricultural Workers’ Survey (NAWS) 1999
data, the percentage of musculoskeletal pain or
discomfort increases from 11% during the first
year of farm work to 19% by the 10th year and
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Kirkhorn et al. 283

was highest in those working in multiple crop
categories.6 Included are references providing
examples of a number of surveys and pilot studies
that have reported variable rates of MSDs
affecting neck, shoulders, wrists, and back in all
sectors of commodity production.7–9 As these
numbers vary regionally and by commodity, the
readers are directed to the specific references
and the review by Davis and Kotowski.3

ESSENTIAL FACTORS 
OF MUSCULOSKELETAL DISORDERS 

IN AGRICULTURE

A useful definition of MSDs is provided by
the Washington Bureau of Labor and Industries:
non-traumatic disorders of the soft tissues of
the musculoskeletal system that can be aggra-
vated by work activities such as repetitive
motions, awkward postures, use of vibrating
tools or equipment, or by manual handling of
heavy awkward loads.10 Primary ergonomic
risk factors include excess force, repetition,
awkward posture, and vibration. Cold ambient
temperatures and pressure points are secondary
ergonomic risk factors. NIOSH considers the
combination of force and repetition to be the
strongest factor in developing MSDs.11 A major
consideration in preventing MSDs is adequate
time for the affected body part to recover from
physical forces and equipment that is not
adequately designed to lessen the impact of
force, awkward work postures, and pressure
points. Body parts most commonly affected are
the neck and back, shoulders, wrists, hips, and
knees. Stooped work is considered to be a
major contributing factor to low back disorders
and a major ergonomic hazard throughout
agriculture, particularly fruit, vegetable, and
horticultural commodities.12 Unique features of
agriculture work practices associated with
ergonomic hazards and MSDs include uncom-
fortable positions due to the natural positioning
of crops in the field, variability of the physical
characteristics of perishable and living product
impacting the tools required in cultivation, har-
vest, and collection of biological product, and
variable weather and extremes of temperature.6

MEDICAL ISSUES IN 
MUSCULOSKELETAL DISORDERS 

IN AGRICULTURE

Common clinical diagnoses include low back
pain, herniated lumbar discs, rotator cuff
tendonitis and tears, wrist tendonitis, carpal tun-
nel syndrome, hip and knee arthritis.12 The types
of MSDs arising from agricultural practices have
changed as technology and production practices
have evolved. There is evidence that the previous
hip and knee osteoarthritis that was increased in
older owner/operators in smaller dairy opera-
tions is being replaced by shoulder, hand, and
arm MSDs in modern milking parlors.13,14 These
clinical entities include overuse pain conditions,
tendonitis, and carpal tunnel syndrome. Appro-
priate treatment modalities are often unavailable
in rural agricultural regions, and medical providers
knowledgeable about return to work manage-
ment and/or access to occupational medicine
clinics may not be available. The accepted
general industry model promoted by workers’
compensation carriers and supported by a large
body of medical research is transitional work
programs protecting the affected body part while
preventing unnecessary physical deconditioning
and prolonged medical recovery. Small-scale
agricultural producers may not have the avail-
ability of transitional work for workers with
musculoskeletal disorders who need a graduated
return to full duty as part of the rehabilitation
treatment program. An important component of
an effective transitional work program is func-
tional job descriptions addressing the ergonomic
risk factors and the ability to assess the physical
factors of the work practices involved in safe
return to work. These are also not typically avail-
able in the agricultural workplace. See Table 1
for a listing of agricultural commodities and
associated ergonomic risk factors and MSDs.

REGULATORY RESPONSES TO 
ERGONOMIC HAZARDS IN 

AGRICULTURE

A national ergonomic standard does not
exist. A rule was promulgated by United States
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284 ERGONOMIC RISKS IN PRODUCTION AGRICULTURE

Occupational Safety and Health Administration
(OSHA) but rescinded using the Congres-
sional Review Act of 1996 and will not be
brought back as federal OSHA standard.15 A
voluntary approach utilizing ergonomic guide-
lines and consultation is the approach utilized
by OSHA at the present time. The industry-
specific guidelines that have been developed
include both poultry and meatpacking.16 For
those states that do not have a state OSHA
ergonomic standard, the Federal (FED/OSHA)
guarantees that workplaces be free of recognized
hazards and use the General Duty Clause as a
catch-all for serious types of violations,
including ergonomics, if they (FED/OSHA)
cannot cite under existing special orders.15

Those states with state occupational safety and
health programs may develop their own ergo-
nomic standards or programs. California and
Washington examples of state ergonomic
approaches are described below.

In California, Labor Code 6400(a) gives
California Occupational Safety and Health
Administration (Cal/OSHA) the authority to
ensure that employers provide a safe and healthy

workplace for all their workers. California is the
only state with an active and enforceable Ergo-
nomics Standard (§5110). Although the state of
Washington promulgated an ergonomics rule,
the electorate voted to repeal the rule in 2005
with a provision that the state is prohibited
from enacting another ergonomics rule unless
required by federal authorities. Both California
and Washington have regulations requiring
employers to develop injury prevention
programs. Washington’s rule, called an
Accident Prevention Program (WAC-296-800-
140), has been in effect since 2009, whereas
California’s regulation, called an Injury and
Illness Prevention Program (§3203), has been
in effect since 1991. California’s regulation
requires that all public and private California
employers “establish, implement, and maintain
an effective Injury and Illness Prevention
(IIPP).”17 The program must be in writing and
must include the elements of responsibility,
compliance, communication, hazard identifica-
tion/assessment and correction, training, accident
investigation, and recordkeeping. A copy of
the IIPP must be maintained at each workplace,

TABLE 1. Commodities and Associated Ergonomic Hazards and MSDs

Commodity Ergonomic hazard MSDs Reference

Dairy a) Cleaning a,b,c,d) Hand-wrist tendonitis Stal61

b) Pre-stripping and frequent grasping a,b,c) Carpal tunnel syndrome Stal 62

c) Attach milking machine Pronator syndrome Stal63

d) Manually cleaning animal stalls Nonnenmann64

Pinzke65

Dairy a) Kneeling, squatting Hip and knee arthritis Gomez8

b) Tractor driving Thelin66

Toren67

Grape hand harvest a) Carry full tubs a,b) Low back pain Duraj32

b) Sustained awkward postures c) Hand disorder Meyers68

c) Repetitive grasping of pruning shears 
cutting grapes from vines

d) Shoulder MSDs Meyers69

Roquelaure70

d) Pruning with arms raised and flexed 
above shoulder

Orange harvest Carrying bags while picking fruit on 
ladders

Low back pain Meyers69

Apple harvest a) Repetitive reaching and packing Back, neck, and shoulder strain Earle-Richardson71

b) Bearing heavy apple bags Fulmer 72

Crop harvest a) Pruning, plant propagation, weeding Hand and wrist disorders Meyers68

b) Repetitive contact stress on hand Janowitz73

Wakula74

Fruit harvesters a) Reaching up over shoulder to pick Shoulder MSDs Duraj31

b) Carrying loaded harvest bags Fulmer72

c) Carrying ladders from tree to tree
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Kirkhorn et al. 285

including temporary worksites. Failure to have
an IIPP continues to be the number 1 cited
violation by Cal/OSHA.

The Cal/OSHA Ergonomics Standard
became effective on July 3, 1997, and affects
all employers doing business in California, and
applies to a job, process, or operation where
repetitive motion injuries (RMIs) have occurred
to one or more employees under certain condi-
tions during a revolving 12 month period.18

When the standard is triggered, the employer
must design a program to minimize RMIs to
include worksite evaluation, exposure control,
and training. The impact that this legislation has
had is not entirely clear. A number of factors
have combined since 2004 to significantly
change the length of harvest season, worker
demographics and experience levels and per-
haps most importantly the increased reliance on
Farm Labor Contractors (FLCs) who, for a fee,
provide crews for activities such as harvesting,
pruning, weeding. FLCs comprise a large per-
centage, up to 70% according to some sources,
of the agriculture labor force in California.
FLCs must be registered with the US Depart-
ment of Labor and licensed by the California
Department of Industrial Relations. The FLC is
required to carry all the insurances and must
abide by all safety regulations.

In addition to California’s unique safety and
health regulations, the state has also worked to
assist agricultural producers in dealing with rising
workers’ compensation rates, rising medical
costs for injured workers, labor concerns, and
water shortages and restrictions. For example,
in 2004 California passed legislation reforming
workers’ compensation in an attempt at reining
in annually escalating workers’ compensation
rates. Although this reduced costs for a time,
the effect was short-lived, since overall health
care costs have risen dramatically. To illustrate
this, the average cost of a permanent disability
back injury claim across all industries in 2002
was $55,570. In 2004, the average cost dropped
to $45,963, but then by 2006, the average cost
had risen to $49,283. For a permanent disability
carpal tunnel syndrome/repetitive motion
claim, the average cost in 2002 was $42,152,
dropping to $37,598 in 2004 and rising again to
$39,709 in 2006.14

DEVELOPMENT AND USE OF MSD 
PREVENTION INTERVENTIONS 

IN AGRICULTURE

Intervention Development and 
Improvement

Although most agricultural workplaces are
not regulated with respect to ergonomic hazards,
employers have participated in and supported
the development of ergonomic interventions on
a number of occasions. Typically, the need for
an ergonomic intervention arises from the
observation of a high frequency of musculosk-
eletal conditions associated with a particular
commodity or work task,12,19 although there are
some examples in the literature of a more general
ergonomic workplace “check-up.”20 If the ergo-
nomic hazards (e.g., force, repetition, awkward
postures, contact stress, cold ambient temperature,
and vibration21) are determined to be amenable to
intervention, the next step is to consider what type
of intervention will be most appropriate.

The occupational health and safety hierarchy
uses a three-tier approach for implementing
workplace safety interventions listed in descending
order or prioritization: engineering controls to
reduce hazards, work practice changes to
reduce exposure, and the use of personal pro-
tective equipment.11 However, in the context of
agricultural ergonomics, we propose a more
specific, four-tier framework, shown in Table 2.
The agricultural workplace is unique in that the
built environment is minimal. Much of agricul-
tural work is done outside rather than in indoor,
mechanized workstations. Agricultural workers
often have choices about the tools they use
(they may even bring their own). As shown in
Table 2, ergonomic interventions in farming
can be divided along two dimensions: materials
versus practices, and farm level versus individual
level interventions. This creates four general
categories of ergonomic interventions.

This framework can be a useful tool for agri-
cultural employers. Once the determination is
made as to whether interventions will be made at
the farm level or at the level of the individual
worker, and also whether the focus will be mate-
rials or behaviors, the range of existing interven-
tions to consider is significantly narrowed.
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286 ERGONOMIC RISKS IN PRODUCTION AGRICULTURE

Generally speaking, farm level interventions
and those that focus on materials rather than
practices are preferable in agriculture because
they typically require less individual motivation
to change and new skill acquisition. On the
other hand, cost is frequently an obstacle to
farm level changes. Thus, farm level, material-
based interventions (Table 2, box 1) are most
desirable, and individual worker behavior inter-
ventions (Table 2, box 4) are the least desirable.
In the migrant and seasonal farm worker setting,
quadrant 4 is particularly problematic, since
these workers are often face severe economic
pressure, making individual experimentation
with new practices unacceptably risky.

The most effective intervention is to engineer
or “design out” the hazard by physically modi-
fying materials, methods, tools, or machinery.
In a tree budding operation, where no acceptable
tools or technologies are found to help alleviate
either postures or the repetitiveness of a task,
modifying standard rest breaks was found to
improve workers’ symptoms reports and had a
modest impact on productivity.22 Anecdotal
evidence indicates that limiting risk factors
through administrative controls of training,
stretching programs, and job rotation tend to
have short-term gains. To ensure these efforts
are sustainable requires a shift in safety culture
and a positive attitude by frontline supervisors.
In the prevention of back injuries, proper lift
training has always been the first line of
defense because it is quick, inexpensive, and
can be conducted in any environment. According

to the literature, training alone is ineffective in
back injury prevention.23,24 It has a short-term
effect and as injuries continue, the worker is
blamed for not lifting properly and more training
is prescribed. The major value of an education
program is to increase employee awareness
about back injury risk factors and to provide
some ergonomic analysis and solution generation
skills.

Agricultural workers often play the primary
role in identification and refinement of ergonomic
interventions in agriculture.25–29 Although the
researcher can provide a range of ideas across
the categories above, it is the workers them-
selves who are intimately familiar with work
processes and who can best assess possible effi-
cacy and feasibility. Managers and employers
can also play an important role at this stage,
since they are in a position to assess the likely
costs, logistical considerations and productivity
impacts of any proposed intervention. The
“ergonomic work-team,” representing workers
and managers, and using a consensus building
approach, is widely used.28,29

In California, where an ergonomic standard
was in place, researchers at the Agricultural
Ergonomics Research Center (AERC) at
University of California Davis undertook a
multi-commodity, multi-intervention development
program, with support from private industry
and NIOSH. The goal was to establish several
demonstration projects that could serves as
models for innovation across California and
nationally. Among the interventions developed

TABLE 2. Dimensions of Ergonomic Intervention Characteristics in Agriculture

Materials Practices

Farm level 1. Farm-level changes in structures, machines, 
or common equipment.

2. Farm-level changes, work processes 
and procedures, equipment.

Example: modified handle attachment and 
lever arm for beef calf weighing station

Example: a mandated 5-minute rest 
break every hour of stoop labor with 
berries and nursery work

Most costly, easiest adoption Moderate cost and adoption
Individual worker level 3. Individual level changes, tools and small 

equipment.
4. Individual worker behavior.

Example: modified wheelbarrows for youth 
(adjustable handles, added push-bar and 
three wheels)

Example: body mechanics training 
(especiallylifting) for fruit packing house 
workers

Modest cost, variable adoption Least costly, most difficult adoption
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Kirkhorn et al. 287

were detachable handles to lift and carry potted
plants in a wholesale nursery,30 smaller tubs31

and powered pruners in the wine grape industry,
and the mechanized dumping of tubs32 in the
wine grape industry. These and other designs
from this first wave of intervention designs
have been featured in NIOSH’s “Simple
Solutions.”28

Tested Ergonomic Interventions 
in Agriculture

In Tables 3 to 6, all ergonomic interventions
in agriculture that the authors could identify
that have been formally evaluated (published
journal articles or published reports) are pre-
sented. Each of the four quadrants from Table 2
is contained in a separate table.

INTERVENTION EVALUATION

One critically important step in reducing
musculoskeletal disorders in agriculture is
rigorously evaluating the effectiveness of new
interventions. It is not enough to know that
workers and employers like a new tool or pro-
cess; it must be shown that regular use will
decrease musculoskeletal disorders to justify
the investment of resources in development and
distribution. This is much more difficult than it
may seem. First, the vast majority of muscu-
loskeletal injuries in agriculture are musculosk-
eletal strain, a disorder that has no simple
diagnostic test associated with it. Second, many
of the testing technologies used in other industries
require a controlled environment, not present
on the farm, for accurate measurement. In the
discussion that follows, researchers’ work to
overcome these obstacles will be presented.

Intervention Evaluation Efficacy 
Research

Once an intervention has been developed to
the satisfaction of the ergonomics team, the
next step is efficacy research. Efficacy studies
simply answer the question of whether an inter-
vention has the ability to reduce hazardous
ergonomic exposures in a controlled setting.
This setting is most commonly one in which the

adoption of the intervention is 100%, and the
measurement instrumentation is well supported.
This is particularly important in agricultural
research, since the work environment is so varied.
If the intervention fails in this environment, no
further study is warranted. These types of studies
are logistically far simpler than a large-scale
field study.

The purpose of these measurement instruments
is not to document the presence or absence of
injury, but rather to look for a measurable
reduction in the extent of ergonomic stresses or
hazards is observed. For example, if EMG dem-
onstrates reduced muscle exertion while carrying
a load in combination with a new tool, we can
infer that the body is reacting to less stress
placed on it by the load.

Looking at Tables 3 through 6, 16 of the 28
intervention evaluations were either entirely or
partly efficacy studies, taking place in a laboratory
or simulated work environment. This is the
most common type of ergonomic evaluation
currently in agriculture, due to the newness of
field, and also the substantial difficulties associ-
ated with larger field studies. The most common
outcome is the presence or extent of some kind
of ergonomic hazard, such as awkward posture,
weight borne, vibration, or velocity of movement.
Among the 16 studies, most used some type of
randomization, simulated actual work activi-
ties, and objective criteria for evaluation. Six of
these compared among several tools or inter-
ventions without designating a “control” or
“usual equipment/practice” condition. Among
the remaining 10, 8 concluded that the interven-
tion was totally or largely effective while three
were determined to have mixed or inconclusive
results.19,30,33–38,49 Variants of the laboratory
studies involve videotaping agricultural workers
in the field and carrying out the hazard analysis
in the laboratory.37,38

Intervention Effectiveness Research 
(Studying Interventions in the Field 
Setting)

Once an intervention has succeeded in efficacy
testing, a field trial typically follows. Then the
intervention is placed in the actual farm envi-
ronment and evaluated. In addition to measuring
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physical effects on workers, researchers also
need to assess worker acceptance of the inter-
vention and its effect on productivity.

At first glance it might seem that the optimal
endpoint for evaluation would be lost work
time injury. However, determining when a
worker has a definitive “case” of strain is prob-
lematic, since there is no simple diagnostic test
for the condition. Moreover, given the fact that
many workers will continue to work when they
have muscle strain for economic reasons, this
endpoint would significantly be underreported.
It is not surprising that only two evaluation
studies included lost work time injury as an
endpoint. In the absence of such a diagnostic
test, researchers have used self-reported pain
and other symptoms, and intermediate indicators
of strain (or likelihood of strain development)
such as muscle fatigue, muscle exertion, and
force production as study outcomes.

Although pain is the most commonly
reported musculoskeletal strain symptom, its
use in research is also problematic due to its
subjectivity. Even when studies measure pain
changes within the same subjects, field conditions
and a number of other factors may influence
reporting. Workers from different cultures may
have varying understandings of terms like
“pain,” “discomfort,” and “injury.” Hard work,
fatigue, and musculoskeletal discomfort are a
way of life for both family farmers and migrant
and seasonal workers. Viewing musculoskeletal
disorders as an occupational illness represents a
paradigm shift for many in agriculture, and can
make hazard identification and intervention
development difficult if participants do not
have a clear concept of ergonomics. Also,
migrant and seasonal workers may not report
pain for fear of being given less desirable work
tasks on the farm, or losing one’s job. In the
study by Miles and Steinke, the fact that there
was a discrepancy between levels of self-
reported pain and self-reported self-treatment
for pain (the latter being more frequent) was a
further indication of the underreporting of pain
among migrant and seasonal farm workers.56

Ultimately, practical and logistical concerns
often determine the choice of an endpoint. Lost
work time strain injuries are much less common
than musculoskeletal symptoms alone, thus this

method requires large samples or long study
periods. Field use of portable EMG is currently
experimental, and requires a high degree of
measurement expertise, and extensive pilot
studies. Other field methods used in interventions
in agriculture are: heart rate (as a measure of
exertion),45 observed body angles when work-
ing,37,53 worker rating of exertion,32,41 worker
preference,39 worker comfort rating,36,41,43 and
relative loss of muscle strength or range of
motion over the work day.19 As in the laboratory
evaluation studies, these latter measures are
meant to be indicators of exposure to ergonomic
hazards, rather than evidence of ergonomic harm.

Among field trials, smaller pilot studies in
agriculture involve implementing interventions
in the agricultural setting and measuring a range
of impacts: worker comfort, body postures and
loads, worker and employer enthusiasm, ease of
use or worker comments, and respiratory rate
(as a measure of exertion). Among the 36 total
evaluations assessed, 15 small field trials were
identified. In some evaluations, multiple inter-
vention variants were compared and further
design changes were made during the research.
This type of study is also important as a means
of piloting future larger field studies.47

Lastly, nine larger or more formal ergonomic
field trials were identified. These studies had at
least 20 subjects, some had over 100.25,26 In
these evaluations, the goal was to determine the
effect of intervention in the agricultural workplace
when used as intended. Eight of these studies
assessed musculoskeletal strain symptoms or
self-reported pain.19,22,25,31,32,43,44,54 Of these,
five utilized random assignment and/or a control
group. 19,22,31,32,49 Of these, three found signifi-
cantly reduced musculoskeletal symptoms
associated with intervention use,22,31,44 whereas
a fourth was equivocal due to an overall sparsity
of reported symptoms.19

Intervention acceptance: Intervention accep-
tance is critically important to the success of
any intervention so much so that it has developed
into its own scientific discipline.56,57 Diffusion
of Innovation Theory argues that certain charac-
teristics of the intervention itself affect the like-
lihood of a new innovation being adopted by
any population.58 Research suggests that
perceived benefit, consistency with existing
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practices and values, and intervention simplicity
are most strongly associated with intervention
acceptance.59 Among the 28 evaluations
described above, 16 include some measure of
acceptance or intention to adopt in the future.

Productivity effects: Similarly, an ergonomic
intervention in agriculture cannot hope to be
widely adopted unless it can be demonstrated to
at least have a neutral effect on agricultural pro-
ductivity. Ideally we would like to see an
increase in productivity, making it that much
easier to disseminate. In hand harvest agriculture,
because worker wages are typically tied to
individual worker productivity, it is a relatively
simple matter to track productivity effects on an
intervention. Among the 36 total evaluations
reviewed 11 include some measure of productivity
effects.

BEST PRACTICES

Shortly after California’s ergonomics standard
became effective in 1997, the UC Davis AERC
received funding for a 3-year project to demon-
strate a set of “best practices” guidelines for
implementing the Cal/OSHA ergonomics stan-
dard in agricultural workplaces and to help
determine the efficacy of such programs
(NIOSH Cooperative Agreement PHS RO1
OH14508.) Three farming operations, a tree
nursery, and a fruit packing company participated
in the project. The farming operations included
cotton, strawberry, and tomato production.
Among the findings of this study included:

1. Responsive agricultural employers can
and will make positive, “good faith”
efforts at complying with both the language
and the intent of the regulation.

2. There are no commercially available,
“off-the-shelf” tools or technologies for
most of the most serious ergonomics
hazards found in these agricultural
workplaces.

3. Responsive agricultural employers may
need external consultation to develop
compliance programs that are efficacious
in reducing targeted ergonomics hazard
exposures.

4. It is unclear that good faith compliance
with the elements of the California regu-
lation will result in significant reduction
of the most serious ergonomics hazard
exposures.

5. Agriculture’s generally low profit margins
inhibit capacity and enthusiasm for
expensive or fundamental changes in
technology or practice.

6. Active involvement of workers in
improved prevention programs faces
obstacles in agricultural workplaces.

These six themes underscore some of the
difficulties inherent in recommending best
practices: interventions are difficult to evaluate,
agriculture faces serious economic challenges,
and solutions to ergonomic problems have to be
customized to the commodity and sometimes
even to the farm itself. Because the fundamen-
tal goal of ergonomics is to adapt the workplace
to fit the worker, solutions by definition must
be customized to the individual workplace.
CDC-NIOSH had attempted to address this
problem by presenting a range of simple inter-
ventions (13 in all), some of which are adaptable
to a number of different commodities. This was
meant to serve as a manual for farm managers
to use in developing their own solution. It rep-
resented the current best practices from the
standpoint of a summation of expertise at that
time in engineering and agriculture applied to
ergonomics.28

From a research point of view, the ultimate
goal is to subject interventions to randomized
controlled trials and identify those that stand
out as substantially reducing injury. However,
as the above discussion demonstrates, the chal-
lenges to obtaining this type of evaluation data
have made progress in this area slow.

To summarize, we have included 28 of the
36 evaluation studies found in the evaluation
literature, covering 10 different commodity
groups that were most applicable to North
American production agriculture. The vast
majority were equipment and tool interventions
rather than administrative or behavioral inter-
ventions. Roughly half of the evaluations were
in laboratory or simulated fields, with the other
half nearly evenly split between small field
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pilots and large field trials. Among all these
evaluations a minority used randomization and
control groups, and there was a great deal of
variability in study designs. About half of the
studies evaluated explored worker acceptance
and a third considered productivity effects.

Based on the results of the evaluation trials,
we can say tentatively that the strongest evidence
exists for the effectiveness of the 5-minute rest
break22,43 and the ergonomic blueberry rake,44

and nearly as strong evidence exists for the
smaller harvest tub for wine grapes.31 Among
efficacy studies, six other interventions proved
successful with strong designs: a device for calf
weighing,33 a weight transfer device for stoop
labor,35 a gripping device for small plant con-
tainers,30 a feed transport cart and modified
scooping practices,32 a support belt for orchard
harvest work,19 and a bucket carrier cart and
lifting device.49

More broadly, five ergonomic issues were
addressed in a number of interventions, and
therefore might have application to other agri-
cultural settings. These are stooping, general
overwork and fatigue, hand tools such as shovels
and rakes, transfer of weight to more appropriate
part of the body, and the ability to customize an
intervention for different body sizes and shapes.

RECOMMENDATIONS FOR 
EFFECTIVE TRANSLATIONAL 

ERGONOMIC RESEARCH

Although the body of research in intervention
efficacy and effectiveness is growing, researchers
are limited by the inherent difficulties of data
collection in the agricultural environment and
lack of one widely accepted evaluation method-
ology. Large-scale field trials that are designed
to validate smaller efficacy evaluation methods
are greatly needed. They would move the state
of the science ahead, and make the development
and testing of a wide range of interventions on
the farm accessible to all. Standardization of
and validation of laboratory methods, such as
lumbar motion monitors, by larger field studies
would be an important tool agriculture and aid
in the development and implementation of

effective technologies and work practices. Con-
sensus on what level of evidence is sufficient to
begin research to practice is also needed to set a
practical evaluation standard. Thinking ahead
about the availability of manufacturers to sup-
ply future needs in engineering modifications
and devices based upon pilot studies is also a
necessary component of effective research to
practice.

Many interventions are commodity specific
and it would make sense to have commodity
groups leading research. Questions such as
what are cost-effective methods for small as
well as large operations need to be answered. A
key to research to practice is having widely
accepted evidence of “efficacy” of an interven-
tion. Commodity groups, in collaboration with
the NIOSH Agricultural Health and Safety
Centers and US Department of Agriculture
(USDA), can also aid in determining the param-
eters of producer acceptance of ergonomic
interventions, including cost-effectiveness and
measures of impact upon productivity that are
critical in determining whether an intervention
is accepted. This also includes effective assess-
ment of costs of ergonomic risks and MSDs,
such as workers’ compensation and impact of
turnover and rural labor issues. As noted earlier
in this paper, commodity groups have actively
participated in field studies. An example of a
proactive commodity-specific approach is the
development of the Pork Production Safety Sys-
tem by the National Pork Board as collaboration
with industry, health care providers, and acade-
micians. This included safe lifting and manual
material handling aids. Dissemination of com-
modity-specific results through sharing “success
stories” with researchers and fellow producers,
as well as suggestions for improvement on
interventions that are flawed, will help shape
effective research to practice and decrease
occupational injuries and illnesses.

Agricultural workers are an important com-
ponent in addressing ergonomic risk reduction
and may have insight into solutions if included
in the discussion. NIOSH researchers recom-
mended a strategy of improving agricultural
ergonomic research and dissemination of
results that is still very relevant.60 This included
worker acceptance, cultural beliefs, educational
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level considerations, and form of the information
delivered,

In order to determine success in decreasing
the number of MSDs, improved surveillance for
MSDs is necessary. Presently, estimates of MSDs
are based upon scattered surveys. Workers’ com-
pensation data are a valuable tool in assessing
the extent of cost of MSDs but there is no com-
mon pool of shared data. Improved communica-
tion and sharing of data between insurers and the
Bureau of Labor would help obtain a more com-
plete assessment of the impact of agricultural
ergonomic risk factors.

CONCLUSION

Ergonomic risks present in production
agriculture and the resulting MSDs pose a physi-
cal and economic concern to both producers and
workers. The goal of this paper was to identify
key elements in existing ergonomic research that
will lead to effective translational research. The
approach by necessity is multifactorial, involving
producers, workers, researchers, extension safety
specialists, governmental agencies, and workers’
compensation insurers. The authors’ recommend
ongoing efforts that will lead to effective field tri-
als of ergonomic interventions combined with
administrative practices to decrease MSDs and
dissemination of results throughout the agricul-
tural and academic communities.
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