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MANUAL MATERIALS 

HANDLING 

Nearly half the cases of back pain reported by 
workers each year are work-related. These inju­
ries accounted for more than 543 million lost 
working days: ~ 12% of the respondents 
stopped working or changed jobs due to back 
pain.1 This chapter provides an overview of the 
hazards associated with manual materials hand­
ling (:MNIB); it will focus on muscular strains 
and sprains, primarily of the lower back. Over­
use and overexertion injuries of the upper 
extremities are covered in Chapter 2. The 
·prevention of these injuries requires sufficient 
knowledge to both identify workplace hazards 
and implement changes in the job or process 
that will reduce or eliminate these hazards. 

OCCUPATIONAL SETTING 

i'v!MH poses a risk of injury to many workers; 
injury is more likely to occur when workers 
perform tasks that exceed their physical capa-
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cities. In addition, the physical capacities of 
individual workers vary substantially. Because 
MMH hazards are present in many industrial 
and service operations, workers in a wide 
variety of industries are potentially at risk. 
Although the data are not current, the National 
Occupational Exposure Survey (NOES), 
conducted by the National Institute for Occu­
pational Safety and Health (NIOSH) in 1982-
83, estimated that ~30% of the American 
workforce is routinely engaged in jobs that 
expose the worker to the physical hazards 
associated with manual handling. 2 This 
figure agrees with the I 988 National Health 
Interview Survey (NHIS) conducted by the 
National Center for Health Statistics. 1 ln this 
study, l 6% of respondents reported spending 
4 h daily in repeated bending, twisting, or 
reaching. The industries with the greatest esti­
mated total employees exposed to the hazards 
of lifting were health services, special trade 
and general building contracting, food and 
kindred products, and trucking and warehous­
ing. 2 
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The Bureau of Labor Statistics (BLS)3 also 
reported that the majority of manual-handling 
injuries are associated with lifting activities; 
however, common activities such as bending, 
pushing, and pulling, and awkward postures, 
also contribute to overexertion injuries. Nearly 
20% of all injuries and illnesses in the work­
place and nearly 34% of the annual workers' 
compensation payments are attributable to 
occupational low back pain (LBP). 4 A more 
recent report by the National Safety Council 
indicated that overexertion was the most 
common cause of occupational IIlJUry, 
accounting for 3 l % of all injuries. The back 
was the body part most frequently injured (i.e. 
22% of 1.7 million injuries) and the most 
costly to the workers' compensation system. 5 

NORMAL ANATOMY AND 
PHYSIOLOGY OF THE SPINE 

The spine is a complex structure made up of 
bony, muscular and ligamentous components. 
The spine can be divided into two major 
subsystems-the anterior and posterior spine. 
The anterior spine is mainly composed of the 
large bony vertebral bodies. These vertebral 
bodies rest atop one another and are separated 
by the cartilaginous invertebral discs, which 
act as "shock absorbers" . The vertebral bodies 
and discs are held together by two sets of 
ligaments. ·The posterior spine is made up 
of the additional bony structures of the verteb­
ral peduncles and laminae, which together 
form the spinal canal. The facet joints, which 
join two adjacent vertebrae, and the lateral and 
posterior spinous processes also form part of 
the posterior spine. The spinous processes are 
the attachment points for muscles that move 
and support the spine. 

The spine is dependent on both bony and 
non-bony support for stability. Bony support is 
provided by the interdisc and the facet joints. 
Non-bony support comes from the ligaments 
and the attached musculature. Because the 
bony structures and ligaments do not have 
enough strength to resist the forces generated 
during movement and lifting, the spine is 

dependent on the muscles of the back, abdo­
men, hip and pelvis for stability. This principle 
explains why muscular fatigue is so important 
in the pathophysiology of back injury. The 
parts of the spine with the greatest degrees 
of movement are at highest risk. Because the 
thoracic and sacral vertebrae are fixed in place 
by the ribs and the pelvis, the lumbar vertebrae 
are the most common sites of injury. 

PATHOPHYSIOLOGY OF INJURY AND 
RISK FACTORS 

The interpretation of the research linking 
work-related musculoskeletal disorders 
(MSDs) and manual handling is problematic 
because of the high prevalence of certain 
disorders in the general population, such as 
LBP, and their frequent association with non­
occupational factors . In addition, the relation­
ship is further obscured by the wide range of 
disorders, the non-specific nature of the condi­
tion, and the general lack of objective data 
relating different risk factors to overexertion 
injury. In 1997, the NIOSH published an 
extensive review of the epidemiologic litera­
ture that assessed the strength of the associa­
tion between specific work factors and certain 
upper extremity and lower back MSDs. The 
NIOSH identified more than 2000 studies, 
examined more than 600 epidemiologic 
studies, and published a comprehensive 
review of the epidemio_logic studies of back 
and upper extremity MSDs and occupational 
exposures.6 In addition to the NIOSH's work 
in this field, there have been other extensive 
reviews that have also critically evaluated the 
epidemiologic literature 7-

13 and demonstrated 
the relationship between work-related factors 
and MSDs. These reviews examined the rela­
tionships between workplace exposures and 
outcomes such as symptoms, physical exam­
ination findings, speciijc diagnoses, or disabil­
ity, and the effect of potential confounders and 
effect modifiers such as gender, age, injury 
and medical history. In addition, population 
surveys and broad government agency reports 
have been used to assess the prevalence, 
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incidence and distribution of MSDs across 
industries and occupations. 1 All of these 
reviews concluded that there is significant 
evidence that physical factors are associated 
with development of MSDs. 

It is generally recognized that musculoske­
Jetal injuries are a function of a complex set of 
variables, including aspects of job design, work 
environment, and personal factors . Moreover, 
work-related MSDs may result from direct 
trauma, a single exertion ( overexertion), or 
multiple exertions (repetitive trauma); typically, 
it is difficult to determine the specific nature of 
the causal mechanism. A variety of manual­
handling activities increase a worker's risk of 
developing an MSD, including jobs that involve 
a significant amount of manual lifting, pushing, 
pulling, or carrying, and jobs requiring 
awkward postures, prolonged sitting, or expo­
sure to cyclic loading (whole-body vibration). 
In addition to these frequent patterns ofusage, a 
variety of personal and environmental factors 
may affect the risk of developing an MSD. Risk 
factors increase the probability of occurrence of 
a disease or disorder, though they are not 
necessarily causal factors . For the problem of 
low back injuries involving MMH, three cate­
gories of risk factors have been identified by 
epidemiologic studies-personal, environmen­
tal, and job-related. 

• Personal risk factors are conditions or 
characteristics of the worker that affect 
the probability that an overexertion 

injury may occur. Personal risk factors 
include attributes such as age, level of 
physical conditioning, strength, and 
medical history. 

• Environmental risk factors are condi­
tions or characteristics of the external 
surroundings that affect the probability 
that an overexertion injury may occur. 
Environmental risk factors include attri­
butes such as temperature, lighting, 
noise, vibration, and friction at the floor. 

• Job-related risk factors are conditions 
or characteristics of the MMH job that 
affect the probability that an overexertion 
injury may occur. Job~related risk factors 
include attributes · such as the weight of 
the load being moved, the location of the 
load relative to the worker when it is 
being moved, the size and shape of the 
object moved, and the frequency of hand­
ling. 

A summary of significant risk factors is 
provided in Table 3 .1. 

Occupationally related MSDs attributed to 
MMH can result from a direct trauma, a single 
overexertion, or repetitive loading. The inter­
nal tissue response is dependent on tissue 
strength. It is related to such factors as age, 
fatigue, and concomitant diseases. Therefore, 
an injury can occur at different loading levels 
for different workers. Even for an individual 

Table 3.1 Risk factors associated with manual material handling injuries. 

Personal factors 

Gender 

Anthropometry (body weight and height?) 
Physical fitness and training 
Lumbar mobility 
Strength 

Medical history 
Years of employment 
Smoking 

Psychosocial factors 
Anatomic abnormality 

Environmental 
factors 

Humidity 
Light 
Noise 
Vibration 
Foot traction 

Job-related factors 

Location of load relative to the worker 
Distance object is moved 
Frequency and duration of handling 
Bending and twisting 
Weight of object or force required 
Stability of the load 
Postural requirements 



54 MANUAL MATERIALS HANDLING 

worker, a load may be tolerable one day and 
excessive on another day. 14 

There have been many studies of the multi­
ple factors that contribute to MSDs, some of 
which have yielded conflicting results. Direct 
comparisons between epidemiologic studies 
are often impossible on methodological 
grounds, and a comparative review is difficult 
because the variables under study are rarely 
similar. 15 For example, populations, methods 
of sampling and data collection, and task and 
time scales often vary across studies. 16 In 
addition, studies are confounded by the high 
prevalence of MSDs in the general population, 
the wide range of disorders, non-specific 
symptoms, and frequent association with 
non-occupational factors. Relationships 
between MSDs and risk factors would be 
more apparent if precise and accurate outcome 
measures were available. 17 

Our knowledge of job-related, environmen­
tal and personal risk factors is far from 
complete. There is a need for long-term, 
prospective and controlled studies of large 
samples of workers to identify and quantify 
workplace factors that contribute to MSDs. 
Prospective studies should be designed to 
differentiate factors involved in the develop­
ment of MSDs from factors that are the result 
of MSDs. 

There have been many reports suggesting 
that there is a significant relationship between 
psychosocial factors, such as · monotonous 
work, high perceived workload, low job 
control and low job satisfaction, and risk of 
MSD. 18 Bongers and de Winters 19 have 
published a detailed review of the current 
literature on psychosocial factors and muscu­
loskeletal injuries. They concluded that studies 
such as those by Linton20 and Bigos et al21 

support the contention that the role of psycho­
social factors may be as important in affecting 
the risk of injury as the actual physical 
demands of the job. The data indicate that as 
the perceived demands of the job increase and 
the worker's control over those demands 
decreases, the rate of injury increases. It is 
believed that psychosocial factors may 

increase the effect of other physical factors 
such as muscle tension and poor body 
mechanics during Ml\1H. Until more data are 
available to quantify these relationships, 
however, it is difficult to develop a compre­
hensive control strategy for psychosocial 
factors. 

MEASUREMENT ISSUES 

A variety of measurement tools are available for 
the ergonomic evaluation of manual-handling 
tasks, especially manual lifting tasks. These 
tools range in complexity from simple check­
lists, which are designed to provide a general 
indication of the physical stress associated with 
a particular MNIH job, to complicated compu­
ter models that provide detailed information 
about specific risk factors. Although not 
exhaustive, Table 3.2 summarizes a variety of 
ergonomic assessment tools and offers a brief 
description of their advantages and disadvan­
tages. NIOSH researchers reviewed a number 
of these Ml\1H assessment methods and 
presented a case study from warehousing for 

. ' ' companson purposes. --
These tools provide objective information 

about the physical demands of manual-hand­
ling tasks that will help the user develop an 
effective prevention strategy. These tools are 
generally based on scientific studies that relate 
physical stress to the risk of musculoskeletal 
injury, particularly when those stressors 
exceed the physical capacity of the 
worker. 23

-
25 Any assessment of physical 

stress or human capacity is complicated by 
the influence of a variety of psychosocial 
factors, including work performance, motiva­
tion, expectation, and fatigue tolerance. 

Checklists 

A checklist is often the first choice for a rapid 
ergonomic assessment of a particular work- . 
place. Checklists are designed to provide a 
general evaluation of the extent of a specific 
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Assessment tool 

Checklists 

Siomechanical models 

Psychophysical tables 

Physiologic models 

Integrated assessment 
models 

Videotape assessment 

Exposure monitors 

Advantages 

• Simple to use 
• Best suited for use as a 

preliminary assessment tool 
• Applicable to a wide range of 

manual-handling jobs 
• Provide detailed estimates of 

mechanical forces on 
musco!oskeletal components 

• Can identify specific body 
structures exposed to high 
physical stress 

• Provide population estimates of 
worker capacities that integrate 
biomechanical and physiologic 
stressors 

• Applicable to a wide range of 
manual-handling activities 

• Provide detailed estimates of 
physiologic demands for 
repetitive work as a function of 
duration 

• Applicable to a wide range of 
manual-handling activities 

• Simple to use 
• Use the most appropriate 

criterion for the specified task 
• Economic method of measuring 

postural kinematics 
• Can be used to analyze a large 

number of samples 
• Provide direct measures of 

posture and kinematics during 
manual handling 

• Applicable to a wide range of 
manual-handling activities 
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Disadvantages 

• Do not provide detailed 
information about the specific 
risk factors 

• Do not quantify the extent of 
exposure to the risk factors 

• Not applicable for estimating 
effects of repetitive activities 

• Difficult to verify accuracy of 
estimates 

• Rely on a number of simplifying 
assumptions 

• Reflect more about what a 
worker will accept than is safe 

• May over- or underestimate 
demands for infrequent or highly 
repetitive activities 

• Not applicable for estimating 
effects of infrequent activities 

• Lack of strong link between 
physiologic fatigue and risk of 
injury 

• Require a significant number of 
assumptions 

• Limited range of applications 
• Labor-intensive analysis required 
• Limited to two-dimensional 

analysis 

• Require the worker to wear a 
device on the body 

• Lack of data linking monitor 
output and risk of injury 
(upper extremity) 

hazard that may be associated with a manual­
handling task or job. A checklist usually 
consists of a series of questions about physical 
stressors such as frequent bending, heavy lift­
ing, awkward or constrained postures, poor 
couplings at the hands or feet, and hazardous 
environmental conditions. Some checklists use 
a yes/no format; others use a numerical rating 

format. Checklists are easy to use, but they 
lack specificity and they are imprecise. An 
example of a manual-handling checklist is 
presented in Figure 3.l. For more information 
on checklists, see Grandjean,26 Eastman 
Kodak,27 Alexander and Pulat,28 or National 
Occupational Health and Safety Commis­
sion. 29 
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Biomechanical models Biomechanical modeling provides a method 
for predicting the pattern and magnitude of 
these internal forces during manual handling. 
These predicted forces can then be compared 
to predetermined tissue tolerance limits to 
assess the biomechanical stress associated 
with specific loading conditions. When a 

Biomechanics involves the systematic applica­
tion of engineering concepts to the functioning 
human body to predict the distribution of 
internal musculoskeletal forces resulting from 
the application of externally applied forces. 

1. General 
1 . 1 Does the load handled exceed 50 lbs? 

1.2 Is the object difficult to bring close to 
the body because of its size, bulk, or 
shape? 

1.3 Is the load hard to handle because it 
lacks handles or cutouts for handles, or 
does it have slippery surfaces or sharp 
edges? 

1.4 Is the footing unsafe? For example, are 
the floors slippery, inclined, or uneven? 

1.5 Does the task require fast movement, 
such as throwing, swinging, or rapid 
walking? 

1.6 Does the task require stressful body 
postures, such as stooping to the floor, 
twisting, reaching overhead, or 
excessive lateral bending? 

1.7 Is most of the load handled by only one 
hand, arm, or shoulder? 

1.8 Does the task require working in 
environmental hazards, such as 
extreme temperatures, noise, vibration, 
lighting, or airborne contaminants? 

1.9 Does the task require working in a 
confined area? 

2 . Sgecific 
2.1 Does lifting frequency exceed 5 lifts per 

minute? 
2.2 Does the vertical lifting distance exceed 

3 feet? 
2.3 Do carries last longer than 1 minute? 
2.4 Do tasks which require large sustained 

pushing or pulling forces exceed 30 
seconds in duration? 

2.5 Do extended reach static holding tasks 
exceed 1 minute? 

YES NO 
[ l [ l 

Comment: "Yes" responses are indicative of conditions that pose a risk of developing low 
back pain. The larger the percentage of "yes" responses, the greater the possible risk . 

Figure 3.1 Manual Material-Handling Checklist. 
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. ... ment weights. Since the moment arms of ,c_ 
th; muscles (and ligaments) are much smaller 
than the moment arms of the external forces 
and body segment weights, small external 
forces can produce large muscle, tendon, liga­
ment. and joint reaction forces. On the other 
hand. the muscles can produce large motions 
with small degrees of shortening. The concept 
of muscles loading skeletal structures is extre­
melv important in the biomechanics of low 
back injuries, because handling light loads in 
certain postures can create large mechanical 
loads on the lumbar spine structures. 

Biomechanical models vary in complexity, 
depending upon which· factors are included in 
the model. The simplest biomechanical 
models are based on two-dimensional static 
analysis and use only one muscle to model the 
flexor or extensor muscle groups. The 
complexity of the model may be increased, 
however, by adding modeling components that 
consider the effects of dynamic activity, multi­
ple muscles, intra-abdominal pressure (IAP), 
muscular co-contraction, and posterior liga­
mentous structures. Although complex 
models are more difficult to use, they provide 
insight into the relative importance of the 
pattern of load distribution (e.g. compression, 
shear, or torsion). 

Static models are simple and easy to use, 
but they do not consider the inertial effects of 
the moving body masses and external loads. 
Dynamic models, on the other hand, more 
closely simulate the loading of a dynamic 
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system, but they are more difficult to use due 
to the type of data needed to predict the 
motion parameters. Two-dimensional models 
are limited to assessing manual-handling activ­
ities with movements restricted to one plane. 
Current research is focusing on the develop­
ment of biomechanical models that integrate 
electromyographic data as input to estimate 
internal loading. 3° Chaffin and Andersson31 

have published a detailed discussion of bio­
mechanical modeling that describes various 
two- and· three-dimensional models. 

Although biomechanical models are typi­
cally used to help in the design of infrequent, 
stressful activities requiring high levels of 
exertion, recent studies have focused on the 
assessment of repetitive lifting tasks. In studies 
of spinal compression tolerance, for example, 
Brinckmann et a!32 showed that repeated 
compression loading of the spinal motion 
segments causes them to fail at lower forces 
than those required in a single loading cycle. 

For more information on biomechanical 
models, see Chaffin and Andersson31

, Kroe­
mer33 , or Garg. 34 

Psychophysical tables 

Psychophysics is a branch of psychology that 
examines the relationship between the percep­
tion of human sensations and physical stimuli. 
The worker's subjective determination is used 
to assess the synergistic effects of combined 
physiologic and biomechanical stress created 
by various manual-handling factors. Stevens35 

and Snook25 contend that a worker's actual 
level of physical stress can be assessed by his 
or her subjective perception of the physical 
stress. 

Although the vast majority of psychophy­
sical research involving MMH activities has 
emphasized lifting tasks, the use of psycho­
physical techniques is not restricted to lifting. 
Psychophysics is also applicable to lowering, 
pushing, pulling, holding and canying activ­
ities. The use of psychophysical data to assess 
the physical demands of manual handling is 
most appropriate for repetitive activities that 
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are performed more often than once a minute. 
Databases are available that provide acceptable 
levels of manual handling for various 
segments of the population. Acceptable 
levels of work are typically presented as 
acceptable weights of lift or carry or accepta­
ble forces of pushing and pulling. 36 A psycho­
physical table for acceptable weights of carry 
for industrial workers is shown in Table 3.3. 
For more information on psychophysical data­
bases, see Snook, 25 Snook and Ciriello, 36 or 
Ayoub and Mital. 37 

Other psychophysical assessment methods 
have been developed to assess various Mivlli 
activities. For example, self-report measures 
such as rating of perceived exertion38 (RPE) 
and body part discornfort39 (BPD) have been 
used to assess a variety of lifting jobs, These 
assessment measures provide useful informa­
tion about the worker's perception of the 
physical demands of the job. Moreover, RPE 
and BPD compare favorably with measures of 
physical demand. 

Databases containing whole-body and 
segmental strength measures have also been 
developed for the design of manual-handling 
tasks. These include isometric, isokinetic and 
isoinertial strength databases for whole-body 
activities, such as lifting, and various data­
bases for the arms, legs, and back. For more 
information on strength measurement, see 
Ayoub and Mita137 and Chaffin and Anders­
son, 31 

It should be noted that psychophysics relies 
on self-reports from subjects; consequently, 
the perceived " acceptable" limit may differ 
from the actual "safe" limit. In addition, the 
psychophysical approach may not be valid for 
all tasks, such as high-frequency lifting.40 

Physiologic models 

One of the goals in designing a manual-hand­
ling task is to avoid the accumulation of 
physical fatigue, which may contribute to an 
overexertion injury. This fatigue can affect 
specific muscles or groups of muscles, or it 
can affect the whole body by reducing the 
aerobic capacities available to sustain work. 
Two physiologic factors that affect the suit­
ability of a manual-handling task at the local 
muscle effort level include the duration of 
force exertion and the frequency of exer­
tions. Local muscular fatigue will develop if 
a heavy effort is sustained for a long period. 
With heavy loads, the muscles need a substan­
tially longer recovery period to return to their 
previous state. Small changes in workplace 
layout or handling heights, however, can 
often solve a local muscle fatigue problem 
through a reduction in holding duration. In 
addition, local muscle fatigue associated with 
maintaining awkward postures or constant 
bending can reduce the capacity of the muscles 
needed for lifting and therefore increase the 
potential for an overexertion injury to occur. 

Table 3.3 Portion of a psychophysical table for maximum acceptable weights of carry. 

Maximum acceptable weight of carry (kg): 2. l-m carry 
Height from One carry every: 
floor to hands Percentage of 
(cm) industrial males 6s 12 s !min 2min 5min 30min Sh 

Lil 90 10 14 17 17 19 21 25 
75 14 19 23 23 26 29 34 
50 19 25 30 30 33 38 44 
25 23 30 37 37 41 46 54 
10 27 35 43 43 48 54 63 

Values are available for different heights, distances and sex. Values in bold exceed 8-h physiologic criteria. Adapted from 
Snook and Ciriello. 36 
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manual-handling tasks, physiologic parameters 
such as heart rate (HR), oxygen consumption 
and ventilatory rate may be used. In addition, 
dectromyographic (EMG) assessments and 
blood lactate provide a relative measure of 
the instantaneous level of physiologic status 
and muscular fatigue. Assuming that fatigued 
workers are at a higher risk of overexertion 
injury, these measures can be used to help 
prevent overexertion injuries by predicting the 
limits of fatigue for repetitive handling tasks. 

Physiologic models provide a method for 
estimating the cardiovascular demands asso­
ciated with a specific manual-handling activity. 
One such model, developed by Garg,42 allows 
the analyst to estimate the energy expenditure 
demands associated .with a complex manual­
handling job. The first step is to separate the 
job into distinct elements or subtasks for 
which individual energy expenditure values 
can be predicted, such as standing and bend­
ing. walking, carrying, vertical lifting or 
lowering, and horizontal arm movement. The 
total energy expenditure requirements for the 
job are then estimated by summing the incre­
mental expenditures of all of the subtasks. 

HR is also useful in predicting physiologic 
demand, but it is less reliable than direct 
oxygen consumption measures, due to indivi­
dual differences in the relationship between 
HR and energy expenditure. Portable monitors 
can be used to measure HR and oxygen 
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consumption during manual-handling tasks . 
For information on assessing physiologic 
demands. see Astrand and Rodahl43 or East­
man Kodak. 27 

Integrated assessment models 

An integrated assessment model involves a 
unique approach that considers all three of 
the primary lifting criteria-biomechanics, 
physiology, and psychophysics. The integrated 
approach provides a measure of the relative 
magnitude of physical demand for a specific 
manual-handling task which relies on the most 
appropriate stress measure for that task. The 
result of the assessment is typically repre­
sented as a weight or force limit or as an 
index of relative severity. An integrated 
model considers the synergistic effects of the 
various task factors and uses the most appro­
priate stress measure to estimate the magnitude 
of hazard associated with each task factor. 
Examples of integrated assessment models 
include Ayoub's Job Severity lndex44 (JS!) 
and the NlOSH recommended weight limit 
(RWL) equation.40 Details on th/ revised 
NlOSH lifting equation are presented later in 
this chapter. 

Videotape assessment 

Most ergonomic assessments include the use 
of videotape analysis, where a video camera is 
used to record the work activity for later 
analysis. Videotape recordings make it easy 
to stop or freeze the action so that body 
posture or workplace layout can be evaluated. 
Videotape analysis often consists of general 
observation by the analyst that results in 
subjective estimates of physical hazards. 
More detailed video assessment can also be 

·used to quantify the extent of the hazard 
objectively. 

In fact, complex computerized video analy­
sis systems are available that can capture and 
analyze individual frames from videotape 
recordings of workers performing manual­
handling activities. These video frames can 
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then be used to make more detailed assess­
ments of spatial or dynamic biomechanical 
hazards that may not be apparent from the 
observational approach. These systems may 
include automatic digitizing capabilities for 
marking body joint locations and automatic 
scoring for assessing joint or body segment 
positions. These systems are generally easy to 
use, and the output data are presented in a 
form that is easy to understand and apply. 
They are limited, however, in their capability 
to analyze activities that occur outside of the 
camera focal plane (i.e. the plane parallel to 
the face of the camera lens). For example, 
when a body segment or group of segments 
move outside the camera focal plane, the joint 
angles and positions measured from the digi­
tized frame are distorted. The amount of 
distortion depends on the degree of displace­
ment of the joint or segment from the focal 
plane. Nevertheless, these systems are 
uniquely suited for certain types of assess-

ments in which large amounts of videotape 
must be analyzed to detennine the extent of 
the physical hazards. 

Guidelines for videotape job analysis, 
which have been developed by NIOSH 
researchers, are provided in Table 3.4. For 
more information on videotape analysis and 
motion analysis. see Chaffin and Andersson31 

or Eastman Kodak. 27 

Exposure monitors 

Monitoring devices have been developed to 
measure various aspects of physical activity, 
such as position, velocity, and acceleration of 
movement. Some monitors can even measure 
three-dimensional joint angles in real time. 
These systems consist of mechanical sensors 
that are attached to various parts of the work­
er's body, such as the wrist, back, or knees. 
The mechanical sensors convert angular 
displacement (rotation) into voltage changes 

Table 3.4 Guidelines for recording work activities on videotape. 

• If the video camera has the ability to record the time and date on the videotape, use these features to 
document when each job was observed and filmed. Recording time on videotape can be especially helpful 
if a detailed motion study will be performed at a later date (time should be recorded in seconds). Make sure 
that the time and date are set properly before videotaping begins. 

• If the video camera cannot record time directly on the film, it may be useful to position a clock or a 
stopwatch in the field of view. 

a At the beginning of each recording session, announce the name and location of the job being filmed so that 
it is recorded on the film 's audio track. Restrict subsequent commentary to facts about the job or 
workstation. 

• For best accuracy, try to remain inobtrusive, i.e. disturb the work process as little as possible while filming. 
Workers should not alter their work methods because of the videotaping process. 

• If the job is repetitive or cyclic in nature, film at least 10-15 cycles of the primary job task. If several 
workers perform the same job, film at least two or three different workers performing the job to capture 
differences in work method. 

• If necessary. film the worker from several angles or positions to capture all relevant posrures and the 
activity of both hands. Initially, the worker's whole-body posture should be recorded (as well as the work 
surface or chair on which the worker is standing or sitting). Later, close-up shots of the hands should also 
be recorded if the work is manually intensive or extremely repetitive. 

• If possible, film jobs in the order in which they appear in the process. For example, if several jobs on an 
assembly line are being evaluated, begin by recording the first job on the line, followed by the second, third, 
etc. 

• Avoid making jerky or fast movements with the camera while recording. Mounting the camera on a tripod 
may be useful for filming work activities at a fixed workstation where the worker does not move around 
much. 
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, ..:nnnected with a Velcro strap to a worker's 
•.\ nst. leg, or trunk. The accelerometers are 
,c:nsicive to the moveme~us of the body. They 
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nwn:ments inherent in a specific task or activ-
1cv. These measures are important because 
h;l!hly dynamic movements that occur over 
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J1:4uired from the activity monitor are typi-
1::illy plotted as a series of temporal histogram 
plots showing the extent of dynamic move­
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It is important to note that the output from 
c,posure monitors alone cannot provide all the 
in fo rmation needed to assess the extent of 
physical demand required by a manual-hand­
li ng task. It is also important to know the 
v..: ight of the load and its position, velocity, 
Jnd acceleration relative to the body during the 
tJ~k. This approach is best suited for repetitive 
or high-speed manual-handling tasks where 
the: mternal forces on the body may be affected 
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more by extreme postures or rapid movements 
than by the weight or position of the external 
load. 

GUIDELINES AND ST AN DAROS 

Early attempts to prevent overexertion injuries 
associated with .MMH focused on adopting 
arbitrary weight limits for lifting loads, hiring 
strong workers, or using training procedures 
that emphasized correct (but not necessarily 
safe) lifting techniques. None of these 
approaches, however, has proven to be effec­
tive in significantly reducing overexertion inju­
ries. 48 Recently, industry leaders have started 
to recognize the risks associated with 1\tllvlli. 
To reduce costs and increase productivity, 
these companies have implemented ergonomic 
programs or practices aimed at preventing 
these injuries . In many cases, these ergonomic 
programs rely on exposure guidelines or stan­
dards recommended by the federal govern­
ment. 

California Occupational Safety and 
Health Administration (CAUOSHA) 

The state of California has several rules that 
relate to l'v[MH. According to the California 
Occupational Safety and Health Act of 1973, 
every employer has a legal obligation to 
provide and maintain a safe and healthful 
workplace for the employees. As of 1991, 
one of the most important worker protection 
requirements is that every California employer 
is responsible for establishing, implementing 
and maintaining a written Injury and Illness 
Prevention (IIP) Program. A guide to devel­
oping the IIP Program with checklists for self­
inspection is available at the CAL/OSHA web 
site (www.dir.ca.gov/DOSH/dosh_publica­
tions/iipp.htrnl). 

In addition to the IIP, the CAL/OSHA also 
passed a standard for preventing repetitive 
motion injuries (R.i\!IIs) in 1997. The standard 
(CAL/OSHA Title 8-Section 5110, Repetitive 
Motion Injuries) can also be accessed at the 
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CAL/OSHA web site: (www.dir.ca.gov1Tit1e8/ 
511 O.html). The Cal/OSHA rule includes the 
following requirements. 

(a) This section shall apply to a job, process, 
operation where a repetitive motion injury 
(R.i\1I) has occurred to more than one 
employee under the following conditions: 

(I) Work related causation. The repetitive 
motion injuries (IUvfis) were predomi­
nantly caused (i.e. 50% or more) by a 
repetitive job, process, or operation; 

(2) Relationship between R.i\1Is at the work­
place. The employees incurring the 
R.Nfis were performing a job process, 
or operation of identical work activity. 
Identical work activity means that the 
employees were performing the same 
repetitive motion task, such as but not 
limited to word processing, assembly or, 
loading; 

(3) Medical requirements. The R.Nlls were 
musculoskeletal injuries that a licensed 
physician objectively identified and diag­
nosed; and 

(4) Time requirements. The R.Nfls were 
reported by the employees to the 
employer in the last 12 months but not 
before July 3, 1997. 

(b) Every employer subject to this section shall 
establish and implement a program designed 
to minimize RMis. The program shall 
include a worksite evaluation, control of 
exposures which have caused R.Nfls and 
training of employees. 

( l) Worksite evaluation. Each job, process, 
or operation of identical work activity 
covered by this section or a representa­
tive number of such jobs, processes, or 
operation of identical work activities 
shall be evaluated for exposures which 
have caused R.i\1Is . 

(2) Control of exposures which have caused 
RNUs. Any exposures that have caused 
R.Nlls shall, in a timely manner, be 
corrected or if not capable of being 
corrected have the exposures minimized 
to the extent feasible . The employer shall 
consider engineering controls, such as 

work station redesign. adjustable fi.xtures 
or tool redesign, and administrative 
controls, such as job rotation, work 
pacing or work breaks. 

(3) Training. Employees shall be provided 
training that includes an explanation of: 

(A) The employer's program; 

(B) The exposures which have been 
associated with R.t\1ls; 

(C) The symptoms and consequences of 
injuries caused by repetitive motion; 

(D) The importance of reporting symp­
toms and injuries to the employer; 
and 

(E) Methods used by the employer to 
minimize R.i\1Is. 

(c) Satisfaction of an employer's obligation. 
Measures implemented by an employer 
under subsection (b )(I), (b )(2), or (b )(3) 
shall satisfy the employer's obligations 
under that respective subsection, unless it 
is shown that a measure known to but not 

. taken by the employer is substantially certain 
to cause a greater reduction in such injuries 
and that this alternative measure would not 
impose additional unreasonable costs. 

To assist employees and employers in reducing 
exposure to the high-risk factors, the CAL/ 
OSHA developed a document entitled "Easy 
Ergonomics: A Practical Approach for 
Improving the Workplace". The document 
provides information about how ergonomics 
can be used to change jobs and make them 
safer ( www.dir.ca.gov/DOSH/dosh_publica­
tions/EasErg2.pdf). The CAL/OSHA indicates 
that the information in the booklet is intended 
to provide general guidance, and there may be 
instances in which workplace issues are more 
complex than those presented in the booklet. 
In those cases, they suggest that you may need 
to seek the advice of an outside expert. 

Washington State Ergonomics 
Standard 

In May 2000, the State of Washington Depart­
ment of Labor and Industries (WL&I) adopted 



. . ornics Standard to prevent MSDs in [pion 
.1n ~ kplace . The Washington State ergo­
·Ju: ,~or . G I 
' .. rule (Chapter 296-62 WAC enera 
,,,,nu~~ d d P A l · . c·onal Health Stan ar s- art -
1 .h.. ~upa 1 . . 

l·.rg,,no mies ) has eight key elements. 

The rule applies only to employers with 
·· caution zone jobs" , those where any 
employee ·s typical work includes 
awkward postures, high hand forces, 
hi!.!hly repetitive motion, repeated 

1
;pact. heavy lifting, frequent lift~g, 

awkward lifting, or moderate to high 
hand-ann vibration. 

, Employers with caution zone jobs must 
ensure that employees working in or 
supervising these jobs receive ergo­
nomics awareness education. These 
employers must also analyze the caution 
zone jobs to determine if they have 

hazards. 

_;_ Employers may choose their own 
method and criteria for identifying and 
reducing MSD hazards or may use the 
criteria specified by WL&I. 

~- lf jobs have hazards, the employer must 
reduce exposures below hazardous 
levels or to the extent technologically 
and economically feasible . 

5. Employers must provide for and encou­
rage employee participation. 

6. Implementation is delayed to allow time 
for all employers to comply. 

7. WL&I will assist in implementing the 
rule by providing educational materials, 
identifying industry best practices, 
establishing inspection policies and 
procedures, and conducting demonstra­
tion projects. 

8. Employers may continue to use effective 
methods of reducing MSD hazards that 
were in place before the rule adoption 
date as long as the methods, taken as a 
whole, are as effective as the require­
ments of the rule. 

Illustrations of physical risk factors are listed 
in Appendix A of the rule, and criteria for 

GUIDELINES AND STANDARDS 63 

analyzing and reducing MSD hazards for 
employers who choose the Specific Per­
formance Approach are listed in Appendix 
8. The ergonomics rule and the associated 
appendices can be accessed on the web at: 
www. lni. wa. gov /wisha/regs/ ergo2 000/ 

For lifting, WL&I developed criteria and a 
five-step process for reducing heavy, frequent, 
or awkward lifting that are shown in Figure 
3.2. To assist employers in identifying and 
fixing jobs with musculoskeletal hazards, the 
WL&I has developed a number of publications 
and programs, listed in Table 3.5. 

Proposed Occupational Safety and 
Health Administration Ergonomics 
Standard (OSHA) 

In November 1999, the Occupational Safety 
and Health Administration (OSHA) also 
issued a proposed standard to address the 
significant risk of work-related MSDs 
confronting employees in various jobs in 
general industry workplaces. 49 This standard 
builds on the ergonomics program for "red 
meat" packing plants issued in 1990. 50 

General industry employers covered by the 
standard would be required to establish an 
ergonomics program containing some or all 
of the elements _typical of successful ergo­
nomics programs: (1) management leadership 
and employee participation; (2) job hazard 
analysis and control; (J) hazard information 
and reporting; (4) training; (5) MSD manage­
ment; and (6) program evaluation. The need to 
establish a program would depend upon the 
types of jobs in their workplace and whether a 
MSD covered by the standard has occurred. 

The proposed standard would have required 
all general industry employers whose employ­
ees perform manufacturing or manual-hand­
ling jobs to implement a basic ergonomics 
program in those jobs. The basic program 
included: management leadership, employee 
participation, and hazard information and 
reporting. If an employee in a manufacturing 
or manual-handling job experienced an 
OSHA-recordable MSD and it was addition-
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Step 1 - Find out the actual weight of the objects the employee lifts. 
Actual Weight = lbs. 

Step 2 - Determine the Unadjusted Weight Limit using the diagram below. 
Unadjusted Weight Limit: lbs . 

. . . - . .. - .. - .. -.---,--,----, 

Above 
shoulder 

Watstto 
,houlder 

Knee !a 
waist 

Below 
knee 

30 

Step 3 - Find the Limit Reduction Modifier from the Table below. 

How many lifts per minute? For how many hours per day? 

1 hr or less 1 hr to 2 hrs 2hrs or more 

1 lift everr1 2-5 mins 1.0 0.95 0.85 

1 lift every min 0.95 0.9 0.75 

2-3 lifts every min 0.9 0.85 0.65 

4-5 lifts every min 0.85 0.7 0.45 

6-7 lifts every min 0.75 0.5 0.25 

8-9 lifts every min 0.6 0.35 0.15 

10+ lifts every ·min 0.3 0.2 0.0 

Limit Reduction Mofifier: ---
Step 4 - Calculate the Weight Limit. 
Start by copying the Unadjusted Weight Limit from Step 2. 
Unadjusted Weight Limit: lbs. 
If the employee twists more than 45 degrees while lifting, reduce the Unadjusted Weight Limit by multiplying by 
0.85. Otherwise, use the Unadjusted Weight Limit 
Twisting Adjustment: . 
Adjusted Weight Limit~ . 
Multiply the Adjusted Weight Limit by the Percentage Modifier from Step 3 to get the Weight Limit. 
Weight Limit:= lbs. 

Step 5 - Is this a hazard? Compare the Weight Limit calculated in Step 4 with the Actual Weight lifted from 
Step 1. If the Actual Weight lifted is greater than the Weight Limit calculated, then the lifting is a MSO hazard and 
must be reduced below the hazard level or to the degree technologically and economically feasible. 

Note: If the job involves lifts of objects with a number of different weights and/ or from a number of different 
locations, use Steps i through 5 above to : 
1. Analyze the two worst case lifts-the heaviest object lifted and the lift done in the most awkward posture. 
2. Analyze the most commonly performed lift. In Step 3, use the frequency and duration for all of the lifting done 
in a typical workday. 

Figure 3.2 Washington State five-step lifting analysis. 
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Table 3.5 Resources from Washington State Labor and Industry. 

Booklets 
Fimng rhe Job to the Worker_: An ergonomics program guideline 
L~ss,ms for Lifting and Movmg Matenals 
urfo.:c Ergonomics: Pracucal soluuons for a safer workplace 
\fork Related !'vlusculoskeletal Disorders: Washington State Summary l 992-1994 
(."unwlarive Trauma Disorders and Your Job, Carpal Tunnel Syndrome: A Preventable Disease 
\Vllrk-Related Disorders of the Back and Upper Extremity in Washington State, l 990-1997 (113 KB PDF 

tile-summary only: please contact SHARP for the entire Technical Report) 
Employer Survey ofMusculoskeletal Injuries and Illnesses, Risk factors and Prevention Steps in Washington 

Statl! Workplaces (42 KB PDF file-summary only: please contact SHARP for the entire Technical Report) 
\on-Traumatic Soft Tissue MSDs, 1990-1997 (197 KB PDF file ) 

WL&l's Safety & Health Assessment & Research for Prevention (SHARP) program has a number of 
JJJitional research reports on ergonomics and musculoskeletal disorders available, along with a wealth of 

<ltht:r safety and health topics 

fact sheets 
Commonly Asked Questions about Ergonomics 
()uick Tips for Lifting 
The Backbelt Fact Sheet 
:Vlusculoskeletal Disorders in the Workplace: A Summary of WL&Is ' Prevention Efforts I 980s- l 999 

These publications can be accessed at the L&I web page: 

http ://www.Ini.wa.gov/wisha/ergo/Default.htrn 

ally determined by the employer to be covered 
by the proposed standard. the employer would 
be required to implement the full ergonomics 
program for that job and all other jobs in the 
establishment i_nvolving the same physical 
work activities: The full program included, in 
addition to the elements in the basic program: 
a hazard analysis of the job; the implementa­
tion of engineering, work practice, or admin­
istrative controls to eliminate or materially 
reduce the hazards identified in that job; train­
ing the employees in that job and their super­
\"lsors: and the prov1s1on of MSD 
management, including, where appropriate, 
temporary work restrictions and access to a 
healthcare provider or other professional if a 
covered MSD occurs. General industry 
employers whose employees work in jobs 
other than manual handling or manufacturing 
and experienced an MSD that was determined 
by the employer to be covered by the standard 
would also have been required by the proposed 

rule to implement an ergonomics program for 
those jobs. According to OSHA, the proposed 
standard would affect approximately 1.9 
million employers and 27.3 million employees 
in general industry workplaces. 

The proposed ergonomics standard was 
subsequently overturned by the United States 
Congress in March 200 l , and OSHA is now 
beginning the process of devloping new ergo­
nomic guidelines or standards. 

The National Institute for Occupational 
Safety and Health (NIOSH) 

The NIOSH has not recommended formal 
exposure limits for general MMH activities. 
[n 1981 , however, the NIOSH published its 
Work practices guide for manual lifting 
(WPG). 51 The l 981 WPG contained an equa­
tion for assessing certain manual lifting tasks. 
The 1981 NIOSH lifting equation (NLE) 
provided a unique method for determining 
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weight limits for selected two-handed manual 
lifts. but it was limited in its scope of applica­
tion. It only applied to lifting tasks that 
occurred directly in front of the body (sagittal 
plane lifts) and had optimal hand-to-object 
couplings (i.e. handles). Responding to the 
need for a guideline with a brooder application 
and more flexibility, the NIOSH revised the 
lifting equation. In addition to the four risk 
factors addressed by the 1981 equation (i.e. 
horizontal location, vertical height, vertical 
distance traveled, and frequency), the Revised 
N1-E includes weight reduction factors for the 
assessment of asymmetric or non-sagittal 
plane lifts that begin or end to the side of the 
body, and for lifting objects with less than 
optimal hand-to-object couplings (i.e. no 
handles). The original 1981 NLE was based 
on the concept that the overall physical stress 
for a specific lifting task is a function of the 
various task-related factors that define the lift, 
such as task geometry, load weight, and lifting 
frequency. This concept also forms the basis 
for the recently revised NLE, which provides a 
practical method for determining the overall 
physical stress attributable to the various task­
related factors. The revised NIOSH equation 
yields a unique set of evaluation parameters 
that include (1) intermediate task-related 
multipliers that define the extent of the physi­
cal stress associated with individual task 
factors ; (2) the NIOSH R\Vl, a task-specific 
value that defines the load weight that is 
considered safe for nearly all healthy workers ; 
and (3) the NIOSH Lifting Index (LI), which 
provides a relative estimate of the overall 
physical stress associated with a specific 
manual lifting task. 

The RWL is defined by the following equa­
tion: 

RWL = LC X HM X VM X DM X A.iV[ 

X CM X FM 

where the load constant (LC) is equal to 51 lb 
and the terms HM. VM, DM, AM, CM and 
FM are the task-specific multipliers within the 
equation that serve to reduce the recom-

mended weight limit according to the specific 
task factor to which each multiplier applies. 
The magnitude of each multiplier will range in 
value between zero and one, depending on the 
value of the task factor to which the multi­
plier applies. The multipliers are defined as 
follows. 

Compont.mt 
HM (horizontal multiplier) 
VM (vertic:d mulup/ierJ 
Dfl.·1 (dis1ancc rnuhiplicri 
AM (asymmetric muluplien 
FM (frequency multiplierl 
C~1 (coupling multiplien 

~tetric US Customary 
~5 / H 10/ H 
I - (0.0031V - 751) I - t0.0075 1V - 3011 

0.82 - (4.5 / Dl 0.32 ~ t 1.8/ D) 

I - (0.00324) I - t0.U032·1l 

(De1enninc:d from Table 3.6) 
(Determined from Table J. 7) 

In order to use the revised NIOSH lifting 
equation, you need to make the following 
measurements: 

L = Weight of the load being lifted (lb or 
kg) 

H = Horizontal location of the hands from 
mid-point between the ankles. 
Measure at the origin and the destina­
tion of the lift (cm or in). 

V = Vertical location of the hands above 
the floor. Measure at the origin and 
destination of the lift (cm or in). 

D = Vertical travel distance between the 
origin and the destination of the lift 
(cm or in). 

A = Angle of asymmetry, defined as the 
angular displacement of the load from 
the sagittal plane when lifts are made 
to the side of the body. Measure at the 
origin and destination of the lift 
(degrees). 

F = Average frequency rate of lifting 
measured in lifts/min. Duration is 
defined as < 1 hour, 1-2 hours, or 2-
8 hours. Specific recovery allowances 
are required for each duration cate­
gory. 

The LI provides a relative estimate of the 
level of physical stress associated with a parti­
cular manual lifting task. The estimate of the 
level of physical stress is defined by the 



Table 3.6 Frequency multiplier (FM). 

~ l hour 

Frequency lifts/min V < 75 V::: 75 

0.2 1.00 1.00 
0.5 0.97 0.97 
1 0.94 0.94 
2 0.91 0.9 1 
3 0.88 0.88 
4 0.84 0.84 
5 0.80 0.80 
6 0.75 0.75 
7 0.70 0.70 
8 0.60 0.60 
9 0.52 0.52 

10 0.45 0.45 
11 0.41 0.41 
12 0.37 0.37 
[3 0.00 0.34 
14 0.00 0.31 
15 0.00 0.28 

>15 0.00 0.00 

Values of V are in cm; 75 cm = 30 in. 

Table 3.7 Coupling multiplier (CM). 

Couplings 

Good 
Fair 
Poor 

Coupling multipliers 

V < 75 cm (30 in) 

1.00 
0.95 
0.90 

V ::: 75 cm (30 in) 

1.00 
1.00 
0.90 

relationship of the weight of the load lifted to 
the recommended weight limit. The LI is 
defined by the following equation: 

Load Weight 
LI= dd h .. Recommen e Weig t Lmut 

L 
= RWL 

A detailed explanation of the use of the 
revised NIOSH lifting equation. including 
definitions of tenns and procedures, is avail­
able in an applications manual for the revised 
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Work duration 

~2 hours ~ 8 hours 

V < 75 V::: 75 V < 75 V::: 75 

0.95 0.95 0.85 0.85 
0.92 0.92 0.81 0.81 
0.88 0.88 0.75 0.75 
0.84 0.84 0.65 0.65 
0.79 0.79 0.55 0.55 
0.72 0.72 0.45 0.45 
0.60 0.60 0.35 0.35 
0.50 0.50 0.27 0.27 
0.42 0.42 0.22 0.22 
0.35 0.35 0. 18 0.18 
0.30 0.30 0.00 0.15 
0.26 0.26 0.00 0.13 
0.00 0.23 0.00 0.00 
0.00 0.21 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 

NIOSH lifting equation. 52 The document can 
be downloaded from the NIOSH web site 
(www.cdc.gov/niosh/94- l l O.html). 

The developers of the Revised NLE indi­
cated that studies were needed to determine 
the effectiveness of the NLE in identifying 
jobs with increased risk of lifting-related LBP 
for workers. Recently, NIOSH researchers 
published the results of a cross-sectional 
epidemiologic study designed to evaluate the 
effectiveness of the equation in identifying 
jobs with elevated risk of causing LBP. 53 In 
the NIOSH study, 50 jobs were evaluated 
using the Revised NLE. The LI values of the 
jobs were compared to infonnation obtained 
about the LBP symptoms in people who 
worked in those jobs. Using logistic regression 
modeling, the odds ratio (OR) for LBP was 
determined for various categories of LI values 
compared to the unexposed control group. 
LBP was assessed with a symptom and 
occupational history questionnaire that was 
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administered to 204 workers employed m 
lifting jobs and 80 workers employed m 
non-lifting jobs. Participation was 89-95% 
among the exposed workers and 82-100% 
among unexposed workers at four facilities. 
The authors found that as the LI increased 
from 1.0 to 3.0. the odds of LBP increased, 
with a peak and statistically significant OR 
occurring in the two to three LI category 
(unadjusted OR= 2.45; CI 1.29--4.85). For 
jobs with an LI higher than 3.0, however, 
the OR was lower (1.63; CI 0.66-3 .95). The 
decrease in the OR for these highly exposed 
jobs is likely to result from a combination of 
worker selection and a survivor effect. This 
study also examined several confounding 
variables such as age, gender, body mass 
index and psychosocial factors which were 
included in the multiple logistic models. The 
highest OR was in the two to three LI 
category (2 .2; CI 1.01--4.96). 

DIAGNOSIS AND TREATMENT 

The primary objectives of the diagnosis and 
treatment of occupationally related musculos­
ke!etal injuries are to: (1) assist the recovery of 
workers and allow for a rapid return to work; 
(2) ensure that proper diagnostic tools are used 
so that an accurate assessment is made of the 
magnitude of the injury; and (3) provide 
appropriate cost-effective treatments that 
avoid unnecessary surgery. The system 
should be based on an organized approach to 
evaluation, diagnosis, and treatment, which is 
essential for an early return to work and 
reduction in costs and lost work time. For 
example. a standardized diagnostic and treat­
ment protocol has been shown to be effective 
in significantly and continuously reducing the 
number of incidents, days lost from work, low 
back surgery cases, and financial costs of 
LBP.s4 

Although a variety of MSDs result from 
MMH, the single most costly medical condi­
tion is work-related LBP, which affects 
millions of Americans. Experts have indicated 

that there is significant variation in assessment 
and treatment of LBP that results in inap­
propriate or at least less than optimal care for 
many patients with low back disorders. This 
issue was addressed in 1994 with the publica­
tion of the Clinical Practice Guideline for 
Acute Low Back Pain in Adults by the 
Agency for Heaith Care Policy and Research 
(AHCPR). These guidelines focused on 
returning the patient to normal activity. and 
are now in widespread use. 55 Copies of the 
guidelines are available on the Agency 's (now 
renamed the Agency for Healthcare Research 
and Quality) web site at wv.w.ahcpr.com 

Complicating the diagnosis and treatment 
of occupationally related LBP are the legal 
issues of disability and compensation and how 
they relate to pain and impairment. Pain and 
impairment. which are direct measures of the 
extent of injury, primarily depend on the 
severity of the injury. Disability and compen­
sation, however. may depend more on the 
nature of the compensation system and laws 
than on the severity of the injury. 56 Unfortu­
nately, there is often an incentive to magnify 
pain symptoms to remain off work as well as 
to increase the size of an eventual disability 
settlement. However, clinical experience 
indicates that only ~ 5% of workers misuse 
their workers ' compensation benefits for 
secondary gain. 

Diagnosis 

More than 90% of all episodes of back pain 
are probably attributable to mechanical causes. 
but it is rarely possible to precisely identify the 
specific cause of the pain. 57 Thus, the early 
diagnostic evaluation of back pain is designed 
to rule out systemic disease. grossly identify 
neurologic or anatomic abnormalities that may 
eventually require surgery such as fracture, 
tumor, infection, or cauda equina syndrome, 
and identify characteristic indicators of injury 
that influence the selection of treatment. 

The first step in diagnosing LBP, and 
perhaps the most important. is the medical 
history. The medical history should include 



. assessment of current symptoms. individual 
an fun. 1 ct·· 
h -wrv of injury. ct1ona status, an mJury 

I~ • 58-61 · 
documentation. Based on the medical 

h ·wrv. the clinician should be able to make 
I~ • 

;
1 

differential diagnosis, identify . likely 
roblems that may be encountered dunng the 

phvsical examination, and make a preliminary 
~c;ermination of the potential for disability. 

The second step in the diagnostic process is 

3 
complete physical examination. At mini­

mum. this examination would include a 
check of the deep tendon reflexes at the 
Achilles and quadriceps tendons, bilateral 
straight-leg raising, palpation of the paraspinal 
muscles for spasm, and a screening motor and 
sensory neurologic examination. The neurolo­
gic examination should give special attention 
; 0 the L5 and S 1 nerve roots, since the vast 
majority of disc herniations occur at either the 
L4-L5 or L5-S l interspaces. It has been 
suggested that a system should be deveioped 
w ensure that all parts of the examination are 

d 60 complete . 
Current clinical tests and imaging proce­

dures usually offer few clues to the precise 
source of pain, except in the minority of cases 
where a herniated disc is clearly causing nerve 
root irritation. Experts have concluded that 
plain radiography is of limited value in distin­
guishing mechanical causes of pain, because 
X-ray findings are poorly correlated with 
symptoms. Nevertheless, radiographs may be 
necessary · to rule out other pathologic condi­
tions, such as infections or tumours, or for 
making the diagnosis of spinal stenosis, spon­
dylolisthesis, or fracture. 54 

Imaging may be needed (e.g. myelography, 
computed tomography, or magnetic resonance 
imaging) to identify an abnormality corre­
sponding to a neurologic deficit from a 
herniated disc. 62 However, these sophisticated 
imaging tests should not be ordered too early 
in the course of back pain, especially when 
there is an absence of clinical findings that 
suggest a need for surgical intervention. In 
general. these tests should be limited to work­
ers who have continued neurologic findings 
after 4-6 weeks of conservative therapy. It is 
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also important to remember that an abnormal 
imaging study and back pain are not necessa­
rily related. The clinical course of each worker 
must be considered before this causal link is 
made and surgery is considered. 

Treatment 

Epidemiologic data suggest that the vast 
majority of low back injuries are not serious 
and that most workers return to work after a 
short time with only conservative therapy. In 
general, only a minority of all affected persons 
have back pain > 2 weeks in duration. By 
contrast, 90% of patients return to work 
within 6 weeks of onset of the back 
pain. 60

·
63 Conservative therapy typically 

consists of some combination of ice, bed rest 
(for up to 2 days if there are no neurologic 
findings), drug therapy (generally non-steroi­
dal anti-inflammatory drugs), and mild exer­
cise. There is little evidence, however. to 
indicate which treatment is most appropri­
ate. 60·62·63 Treatment with electric stimulation 
(TENS) is controversial and unproven, but 
some workers have shown very good results. 

If conservative therapy fails and 4-{i weeks 
have passed, further diagnostic tests should be 
scheduled. These cases generally fall into one 
of the following four categories, by location of 
the patient's predominant complaints: (! ) LBP, 
which is typically diagnosed as back sprain; 
(2) leg pain radiating below the knee, which is 
commonly referred to as sciatica; (3) posterior 
thigh pain; and (4) anterior thigh pain. Each of 
these conditions warrants a unique treatment 
regimen. 54 It may also be appropriate to thor­
oughly investigate and address psychological 
and psychosocial issues at this time. Failure to 
deal with a significant psychological or 
psychosocial issue will delay the patient 's 
return to work and may ultimately result in 
treatment failure and total disability. 

A few back patients have symptoms 
suggesting sciatica. which is usually the first 
clue to a herniated disc. It is estimated that 
only 5-10% of patients with persistent sciatica 
require surgery. In general, only patients diag-
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nosed with cauda equina compression (CEC) 
or a similar mechanoanatomic problem require 
immediate surgical intervention. Other indica­
tions for referral include severe or progressive 
neurologic deficits. or persistent neurologic 
finding after 4--6 weeks of conservative ther­
apy. In the overwhelming number of cases of 
LBP, the appropriate treatment includes a 
course of conservative therapy. 54

·
62 

There is general agreement among clini­
cians that treatment for LBP must be given 
according to a strict timetable so that patients 
do not develop a dependence that would 
prolong symptoms and functional limitations. 
Also, patient reassurance and education is an 
important aspect of therapy. The clinician must 
avoid labeling the patient. The patient should 
be reassured that the natural history of their 
condition is favorable and that he or she 
should be able to return to work in a short 
time.62 

MEDICAL SURVEILLANCE 

Medical surveillance for tvIMH is similar to 
what was discussed for upper extremity 
MSDs. Active and passive surveillance of the 
workplace are necessary to establish a data­
base of potential exposures in each workplace. 
Medical management of injuries and early 
reporting should be incorporated within the 
general medical treatment program at each 
work site. Since there is usually a short latency 
period between exposure and the onset of 
symptoms, medical surveillance per se is not 
helpful in eliminating MMH injuries. It may 
be useful to screen employees in order to 
match their physical abilities to the job. 
However. this is more of an exercise in preven­
tion of injuries, and is thus covered in the next 
section on prevention. 

PREVENTION 

Attempts at ergonomic control of tvlMH 
problems have included both worker-directed 
and workplace-directed programs. 

Workplace-directed approaches are based 
on changes in the design of the work to 
eliminate or minimize the problem; they rely 
on substitution and engineering controls. 
Consequently, these approaches are more 
generalized and less dependent on knowing 
the detailed capacity of the worker performing 
the task or job. Workplace-directed approaches 
include elimination of manual handling from 
the process through automation, reduction of 
the amount of physical exertion required to 
perform the M1vIH activity by using mechan­
ical aids to assist the worker, or modification 
of the layout of the workplace to eliminate the 
MMH problem. In comparison, worker-direc­
ted-approaches primarily deal with attempts 
to maintain a balance between the worker's 
capacity and the demands of the job. This is 
usually attempted through worker screening, 
increases in the worker's physical capacity, or 
protection of the worker from the physical 
hazard. These controls are based on personal 
protection and administrative controls. Conse­
quently, they require individualization on a 
worker-to-worker and job-to-job basis. More 
important, this approach requires detailed 
information about the capacity of each 
worker, as well as the demands of the job. 
Remember, however, that worker-directed 
approaches fail to directly reduce the extent 
of the physical hazard associated with the task 
or job. 

Substitution 

Automation Workplace automation should 
be a top priority when the job has high 
physical demands, is highly repetitive, or is 
performed in a ~azardous environment. Auto­
mation may consist of one or more machines 
or machine systems such as conveyors, auto­
mated handling lines, automated storage and 
retrieval systems, or robots. This approach is 
best suited for the design of new work 
processes or activities or for the redesign of 
highly stressful tasks. Because automation 



otkn requires large c~pital expenditures, this 
approach may be proh1b1t1ve for small compa­

. ,,,1· th onlv a few workers. n1.::. .~ · · 

Mechanical aids In cases where the physi­
cal demands are high and automation is not 
prac tical. mechanical aids can be used to 
arndiorate the extent of those demands. 
Mechanical handling aids include machines 
or simple devices that provide a mechanical 
advantage during the MN1H task, such as hand 
trucks, cranes, hoists, lift tables, powered 
mobile equipment and lift trucks, overhead 
handling and lifting equipment, and vacuum 
lift devices. As mentioned earlier in this chap­
ter. the State of California OSHA has devel­
oped a document entitled "Easy Ergonomics" 
that includes a number of mechanical aids that 
would be useful in reducing exposure to 

MMH. 

Engineering controls 

Engineering controls of tvUv1H hazards are 
preferred to other methods, such as worker 
selection and testing, training in safe Work 
practices, or the use of personal protective 
equipment, which are less reliable and often 
less effective. The engineering procedure 
involves modifying tasks and tools using ergo­
nomic princ iples to reduce the effects of 
biomechanical stress. For MMH jobs, ergo­
nomic design/redesign may be accomplished 
by modifying the job layout and procedures to 
reduce bending, twisting, horizontal exten­
sions. heavy lifting, forceful exertions, and 
repetitive motions. The ergonomic approach 
is largely based on the assumption that work 
activities involving less weight, repetition, 
awkward postures and applied force are less 
likely to cause injuries and disorders. The 
ergonomic approach is desirable because it 
seeks to eliminate potential sources of 
problems. Ergonomics also seeks to make 
safe work practices a natural result of the 
tool and worksite design. 

There are at least four advantages to adopt­
mg an ergonomic design/redesign strategy. 
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First. an ergonomic approach does not 
depend on specific worker capabilities or 
learned behaviors, such as training. Second, 
human biological factors and their variations 
are accounted for in ergonomic approaches. 
using design data that accommodate large 
segments of the populations. Third, ergonomic 
intervention is relatively permanent. since the 
workplace hazard is eliminated. Fourth, to the 
extent that sources of biomechanical stress at 
the work-site are eliminated or significantly 
reduced, the difficult issues involving potential 
worker discrimination, lifestyle modifications 
or attempts at changing behavioral patterns of 
workers will be of lesser practical significance. 
Many tvUv1H jobs entail a variety of specia­
lized tasks with overlapping sources of physi­
cal stress. Each MMH task may contribute in 
some unknown manner to the onset of an 
overexertion injury. Often, numerous adjust­
ments may be required for each activity to 
minimize the hazard of overexertion injury. 

Training and education 

The term training has been used to describe 
two distinctly different approaches to injury 
prevention and control-instructional train­
ing in safe materials handling, and fitness 
training (e.g. conditioning, strengthening, or 
work hardening). 

The basic premise of instructional training 
in Mrv1H is that people can more safely handle 
greater loads when they perform the task 
correctly than if they perform the task incor­
rectly. Although this approach is fundamen­
tally sound, there are some potential problems 
in its application. 

First, it is difficult to clearly distinguish 
between correct and incorrect materials-hand­
ling practices. For example. in manual lifting, 
there is little agreement on what constitutes a 
safe lifting style .48 Perhaps one of the most 
important things to understand about lifting is 
that there is no single, correct way to lift. For 
example, the old adage of lifting with a 
straight back and bent legs may be inappropri­
ate in many instances. For this reason, the 
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NIOSH does not recommend a correct lifting 
style; instead, it suggests that a free-style lift is 
appropriate in most instances. 5 1 

Second. the instructional approach relies on 
the worker's ability to comply with a set of 
recommended practices, which may be forgot­
ten or changed from time to time. Regardless 
of the potential associated with MMH training, 
all workers who perform l'v1MH activities 
should receive basic instructional training in 
the recognition of hazardous tasks and should 
have a thorough knowledge of what to do 
when a hazardous task is identified. Further­
more, the instructional training should provide 
information to the worker on how he or she 
can become involved in the process of prevent­
ing and controlling injuries on the job. 

Unlike instructional training, the basic 
premise of fitness training is that a worker's 
risk of injury would decrease if his or her 
strength or fitness increased. Although this 
seems intuitive. it is not clear whether an 
individual 's strength may affect his or her 
risk of injury. Certainly, a worker's capacity 
to perform heavy work might be increased, but 
there is some controversy about the relation­
ship berween worker strength and risk of 
injury.64 Moreover, it is not known how the 
soft tissues of the body respond to increased 
loads associated with stronger muscles, espe­
cially if the worker performs tasks requiring 
greater strength demands. 

Although both types of training programs 
have been used to prevent MMH injuries, the 
effectiveness of training in preventing or 
controlling injuries is unclear at the present 
time. Therefore. training programs should be 
used as a supplement to workplace-directed 
approaches. Additional information on train­
ing programs is provided by Ayoub and 
Mital37 and Eastman Kodak.27 

Employee screening 

Some ergonomic experts advocate the use of 
screening methodologies, which rely on the 
assessment of one or more physical character­
istics of the worker, to select specific workers 

for certain Ml'v1H jobs. In general, screening 
approaches are designed to identify workers 
with a high-risk of overexertion injury, or 
screen workers according to some preselected 
set of strength or endurance criteria in an 
attempt to match the capacity of the worker 
to the demands of the job. 

Risk assessment screening Attempts 
to identify workers with a high risk of over­
exertion injury have included such activities as 
spinal radiographs, psychological testing, and 
medical examinations, which are designed to 
provide an objective basis for excluding 
certain individuals from stressful l'v1MH jobs. 
None of these methodologies, however, have 
been shown to be reliable in predicting an 
individual's risk of overexertion injury. It is 
now widely accepted that the medical risks 
from radiation associated with radiography far 
outweigh any potential benefit derived from 
routine spinal X-ray screening.51 Although no 
psychological tests have been found to quan­
tify a worker's risk of overexertion injury, 
psychological testing can provide an indication 
of how a worker might respond to a severe 
injury. Similarly, medical examinations have 
also failed to reliably identify workers who 
may have an above-average risk of overexer­
tion injury. 

Physical capacity screening Another 
type of screening approach that has been 
used to select workers for MMH tasks includes 
individual testing of physical characteristics, 
such as strength, aerobic capacity, or func­
tional capability. The .underlying basis for 
using tests such as these to screen workers 
for MMH jobs is the belief that the risk of 
injury is dependent on the relationship 
between the capacity of the worker and the 
demands of the job. When the physical 
demands of the job exceed the capacity of 
the worker, the worker is at risk for developing 
an MSD. Thus, the idea of this approach is that 
workers should be matched to jobs according 
to the demands of the work. 
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Maximum isometric lifting strength (MILS) 
has been studied and reported extensively. It 

. has a well-established testing procedure69 and 
has been reported in field tests to predict risk 
nf injury. 23

·
70 Extensive measures of MILS 

ha\'e been made for various work postures 
Jnd activities. One study. for example, 
m.::1sured the isometric strength of 1239 work­
c:r.; in rubber, aluminum and electronic compo­
nent industries. 7 1 [n another study that 
measured the standardized isometric strengths 
11.e. arm lift, torso lift, and leg lift) of 2178 
Jm:raft manufacturing workers,64 the employ­
~es were followed for > 4 years to document 
ba-:k-pain complaints. The investigators found 
that worker height, weight. age and gender are 
puor predictors of standardized isometric 
,rn:ngth, a finding that agrees with other 
,tudies. 71 The investigators also found, 
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however, that standardized isometric strength 
is a poor predictor of reported back pain. a 
finding that conflicts with the results of some 

h - d. 7' ot er stu 1es. -
Marras et al73 published an ergonomics 

guide for assessing dynamic measures of low 
back performance. This guide provides infor­
mation on elements of dynamic performance, 
techniques to assess dynamic performance, 
and relationships between testing techniques 
and internal forces. 

Personal protective equipment 

Personal protective equipment (PPE) is 
defined as a device or item used by the 
worker as protection from recognized hazards, 
such as heat, cold, vibration, and other physi­
cal hazards. Ergonomic stressors should be 
considered when selecting PPE, and the use 
of the protective device should not contribute 
to extreme postures or excessive force. Some 
devices that have been advertised as PPE, such 
as braces, splints, back belts. and other similar 
devices. are not PPE according to the 
OSHA. 50 There is little evidence ~hat these 
devices provide any realistic protection from 
injury for healthy workers performing ivllvfH 
activities. 74 In fact, there is some evidence that 
prolonged use of back belts by healthy work­
ers may actually increase the risk of low back 
injury.75 

Finally, in an attempt to protect workers 
from the ergonomic stressors associated with 
manual handling, certain devices have been 
developed and marketed that force workers to 
use good body mechanics. For example, a 
back inclinometer alarm, which sounds an 
alarm when the worker's back exceeds a 
certain flexion angle, was developed to prevent 
excessive back flexion. These devices. 
however, have not been shovm to reduce the 
incidence or severity of manual-handling inju­
ries and cannot replace sound ergonomic job 
design. 

In summary, MMH activities, such as 
excessive lifting, pushing, pulling, and carry­
ing, represent a serious hazard for MSD for 
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many workers. There are analytic tools to 
identify ergonomic hazards that may result in 
overexertion injury'. and prevention tools that 
are effective in reducing the potential for risk 
of work-related overexertion injury. Successful 
ergonomic programs require the full coopera­
tion of management. labor organizations. 
government, and the workers themselves. 
The solution requires a team effort with a 
commitment to identify and eliminate hazar­
dous material-handling tasks from the work­
place. 

REFERENCES 

1. Park CH, Wagener DK, Winn OM, Pierce JP. 
Health conditions among the currently 
employed: United States, 1988. Department of 
Health and Human Services, National Center 
for Health Statistics. Vital Health Stat 1993; 
10(186). 

2. National lnstitute for Occupational Safety and 
Health. The National Occupational Exposure 
Survey. Publication no. 89-103. Cincinnati: 
Department of Health and Human Services, 
National Institute for Occupational Safety and 
Health, l 989 . 

3. Bureau of Labor Statistics. Back injuries asso­
ciated with lifting. Bulletin no. 2144. Washing­
ton, DC: Department of Labor, Bureau of 
Labor Statistics, 1982. 

4. Leigh JP, Markowitz SB, Fahs M, Shin C, 
Landrigan P J. Occupational injury and illness 
in the United States: estimates of costs, morbid­
ity, and monality. Arch Intern Med 1997; 
l 57: 1557. 

5. National Safety Council. Accident facts 1990 
edn. Chicago: National Safety Council, 1990. 

6. NlOSH. Musculoskeletal disorders and work­
place factors: a critical review of epidemiolo­
gical evidence for work-related musculoskeletal 
disorders of the neck, upper extremity, and low 
back. Washington, DC: US Department of 
Health and Human Services, 1997. 

7. Hoogendoorn WE. van Poppel MNM, Bongers 
PM, Koes BW, Souter LM. Physical load 
during work and leisure time as risk factors 

for back pain. Scand J Work Environ Health 
l 999: 25(5):387--403 . 

8. National Research Council and the Institute of 
Medicine. Musculoskeletal disorders and the 
workplace: low back and upper exrremities. 
Panel on musculoskeletal disorders and the 
workplace. Washington D.C. National Acad­
emy Press, 200 l. 

9. Viikari-Juntura E, Silversteiri BA. Role of 
physical load factors in carpal tunnel syndrome. 
Scand J Work Environ Health 1999: 25 : 163-85. 

10. Punnett L. Bergqvist U. Visual display unit 
work and upper extremity musculoskeletal 
disorders. A review of epidemiological .findings. 
Solna: Arbete Och Hiilsa, 1997. 

I !. Burdon A, Sorock G. Positive and negative 
evidence of risk factors for back disorders. 
Scand J Work Environ Health 1997; 23 :243-56. 

12. Hagberg M. Silverstein 8 , WeJls R, et al. Work 
related musculoske!etal disorders (WMSDs,) : a 
reference book for prevention. London: Taylor 
and Francis 1995. 

13 . Hoogendoorn WE, van Poppel MN1vl, Bongers 
PM, Koes BW. Bouter LM. Systematic review 
of psychosocial factors at work and in the 
personal siruation as risk factors for back 
pain. Spine 2000; 25:2114--25. 

14. Pope i'vlli, Frymoyer Jw, Andersson G. Occu­
pational low back pain. New York: Praeger, 
1984. 

15. Jensen RC. Disabling back injuries among 
nursing personnel: research needs and justifica­
tion. Res Nurs Health 1987; 10:29---38. 

16. Troup JDG, Edwards FC. Manual handling and 
lijting: an information and literature review 
with special reference to the back. London: 
HMSO, 1985 . 

17. Frymoyer JW, Pope MN, Clements JH, Wilder 
DG, et al. Risk factors in low back pain. J Bone 
Joint Surg 1983; 65A:2l3-78. 

18. Bigos S, Spengler DM, Martin NA, Zeh J, et al. 
Back injuries in indusrry: a retrospective study, 
fll. Employee-related factors. Spine l 986; 
l l :252--6. 

19. Bongers PM, de Winters CR. Psychosocial 
factors and musculoske!etal disease: a review 
of the literature. NIPG publication no. 92 .028 . 
Nederlands lnstituut voor Praventive-Gezond­
heidsonderzoek (NIPG-TNO). Amsterdam. 
Netherlands, 1992. 



:o L ,neon SJ. Risk factors for neck and back pain 
,n J working population m Sweden. Work Stress 

!'l90: .t4f-9. 

Br!!OS SJ. Battie MC. Spengler DM. Fisher LD 
2 

i ~t ;I. A prospective study of work perceptions 

J P<vchosocial factors affecting the report of J ll . . ,_ 

ha(k pain. Spine 1991: 16:1-6. 

WJtcrs TR. Putz-Anderson V, Baron S. Meth­
ods for assessing physical demands of manual 
ll ilim!: A review and case study from ware­
hous;ng. Am Ind Hyg Assoc J 1998; 59:871-81. 

2
; Chaffin DB, Park KS . A longitudinal study of 

low-back pain as associated with occupational 
weight lifting factors. Am Ind Hyg Assoc J 

i 973: 34:513-25. 

~.I Frvmoyer JW. Pope MH Costanza MC, Rosen 
K:. et al. Epidemiologic studies of low back 
parn. Spine 1980; 5:419-23. 

,, Snook SH. The design of manual handling 
tasks. Ergonomics 1978; 21 :963-85. 

;I> . Grandjean E. Fitting the task to the man. 
London: Taylor & Francis, 1982. 

EJstman Kodak Company, Ergonomics Group. 
Ergonomic design for people at work, Vol. 2. 
:'-iew York: Van Nostrand Reinhold, 1986. 

:s. :\lexander DC, Pulat BM. Industrial ergo-
1,vmics: a practitioners guide. Norcross, GA: 
Industrial Engineering and Management Press, 
Institute of Industrial Engineers. 1985. 

:<1 . National Occupational Health and Safety 
Commission. Safe manual handling: discussion 
paper and draft code of practice. Canberra: 
Australian Government Publishing Service, 

1986. 

_;o \!!arras WS, Sommerich CM. A three dimen­
sional model ofloads on the lumbar spine. Part !, 
model snucture. Hum Factors 1991 ; 33:123-37. 

, I. Chaffin DB, Andersson GBJ. Occupational 
Biomechanics, 3rd edn. New York: Wiley, 
1999. 

, : . Brinckman P. Biggemann M. Hilweg D. Fatigue 
fracture of human lumbar vertebrae. Clin 
Biomechanics 1988; ](suppl I). 

3J. Kroemer KHE, Snook ST, Meadows SK, 
Deutsch S, eds. Ergonomic models of anthro­
pomen-y. human biomechanics, and operator­
equipment interfaces; proceedings of a work­
shop. Washington DC: National Research 
Council, 1986. 

REFERENCES 75 

34. Garg A. The biomechanical basis for manual 
lifting guidelines. Report no. 91-222- 71 l. 
Springfield. VA: National Technical Informa­
tion Service, 199 l. 

35. Stevens SS. The psychophysics of sensory 
function. Am Sci 1960; 48:226--53. 

36. Snook SH. Ciriello VM. The design of manual 
handling tasks: revised tables of maximum 
acceptable weights and forces. Ergonomics 
1991 ; 34:1197-213. 

37. Ayoub MM, Mital A. 1\tianual materials hand­
ling. London: Taylor & Francis, 1989. 

38. Borg G. Psychophysical scaling with applica­
tions in physical work and the perception of 
exertion. Scand J Work Environ Health 1990; 
16(suppl 1):55-8. 

39. Corlett EN, Bishop RP. A technique for asses­
sing postural discomfort. Ergonomics 1976; 
19:175-82. 

40. Waters TR, Putz-Anderson V, Garg A, Fine LJ. 
Revised NIOSH equation for the design and 
evaluation of manual lifting tasks. Ergonomics 
1993; 36:749-76. 

41. Rodgers SH, Yates JW, Garg A. The physiolo­
gical basis for manual lifting guidelines. 
Report no. 91 -227-330. Springfield, VA: 
National Technical Information Service, 
1991. 

42. Garg A. A metabolic rate prediction model for 
manual materials handling jobs. Ann Arbor, 
NII: University of Michigan, 1976. 

43. Astrand PO, Rodahl K. Textbook of work 
physiology 3rd edn. New York: McGraw-Hill, 
1986. 

44. Ayoub MM. Selan JL, Liles DH. An ergo­
nomics approach for 1/ze design of manual 
materials handling tasks. Human Factors 
I 983;25:507-515. 

45 . Marras WS. Fattalah F. Accuracy of a three 
dimensional lumbar motion monitor for record­
ing dynamic nunk motion characteristics. Int J 
md Ergonomics 1992; 9: 75-87. 

46. Marras WS, Schoenmarklin RW. Wrist 
motions in industry. Ergonomics l 993 ; 36: 
341-51. 

47. Grant KA, Galinsky TL, Johnson PW Use of 
the actigraph for objective quantification of 
hand/wrist activity in repetitive work. In: 
Proceedings of the 37th Annual Human Factors 



76 MANUAL MATERIALS HANDLING 

,\!leering, Seanle, WA. Santa Monica, CA: 
Human Factors and Ergonomics Sociaty. 1993. 

48. Garg A. \Vhat basis exists for training workers 
in correct lifting technique? In: Marras WS, 
Karwowski W, Smith JC, Pacholski L, eds. The 
ergonomics of manual work. London: Taylor & 
Francis, 1993. 

49. Occupational Safety and Health Administra­
tion. Proposed Ergonomics Program Rule. 
Federal Register 64, No. 25 , 23 November. 
Washington. DC: Department of Labor, Safety 
and Health Standards, 65767--6078. 

50. Occupational Safety and Health Administra­
tion. Ergonomics program managemenr guide­
lines for meatpacking plants. OSHA document 
no. 3123. Washington, DC: Department of 
Labor, Occupational Safi:ty and Health Admin­
istration, 1990. 

51. National Institute for Occupational Safety and 
Health. Work practices guide for manual lifting. 
NIOSH technical report no. 81-122. Cincinnati: 
Department of Health and Human Services, 
National Institute for Occupational Safety and 
Health, t 981 . 

52. Waters TR, Putz-Anderson V, Garg A. Applica­
tions manual for rhe revised NIOSH lifting 
equation DHHS (NIOSH) Pub. No. 94-110. 
Cincinnati, OH: National Institute for Occupa­
tional Safety and Health, 1994. 

53 . Waters TR, Baron SL, Piacitelli LA, et at. 
Evaluation of the Revised NIOSH Lifting 
Equation: a cross sectional epidemiological 
study. Spine 1999; 24:386-94. 

54. Boden SD, Wiesel SW Standardized 
approaches to the diagnosis and treatment of 
low back pain and multiply operated low back 
patients. In: Wiesel SW, eds. Industrial low 
back pain: a comprehensive approach. 2nd 
edn. Charlonesville, VA: Michie, 1989. 

55. Agency for Healthcare Quality and Research. 
Acute low back problems in adults. Clinical 
Practice Guideline Number 14. Publication No. 
95-0642: Rockville, MD: Department of Health 
and Human Services, December 1994. 

56 . Andersson GBJ, Pope MH, Frymoyer JW, 
Snook S. Epidemiology and cost. In: Pope 
MH, Andersson GBJ. Frymoyer JW, Chaffin 
DB, eds. Occupational low back pain: assess­
ment. treatment, and prevention. St Louis: 
Mosby-Year Book, 1991 , Chapter 5 :95-117. 

57. \Vh.ite A.A.., Gordon SL Synopsis: workshop on 
idiopathic low back pain. Spine 1982; 7: 141-9. 

58. Silverstein BA, Fine LJ. Evaluation of upper 
e.xtremiry and low back cumulative trauma 
disorders-a screening manual. Ann Arbor, 
Ml: University of Michigan, School of Public 
Health, Occupational Health Program, 1984. 

59. Frymoyer JW. Haldermans S. Evaluation of the 
worker with low back pain. In: Pope NIB, et al, 
eds. Occupational low back pain: assessment. 
treatment. and prevention. St. Louis: Mosby­
Year Book, 1991 , Chapter 8: 151-83. 

60. Andersson GBJ, Frymoyer JW Treatment of 
the acutely injured worker. In: Pope MH, 
Andersson GBJ, Frymoyer JW Chaffin DB, 
eds. Occupational low back pain: assessment, 
treannent. and prevention. St Louis: Mosby­
Year Book, 1991 , Chapter 9: 183-94. 

61 . Putz-Anderson V. Cumulative trauma disor­
ders: a manual for musculoskeleral disorders 
of the upper limbs. London: Taylor & Francis, 
1988. 

62. Deyo RA. Loeser JD, Bigos SJ. Herniated 
lumbar intervertebral disc. Ann Intern ,Wed 
1990; 112:598--603. 

63. Deyo R.A. .. Non-operative treatment oflow back 
disorders. In: Frymoyer JW, ed. The adult 
spine: principles and practice. New York: 
Raven, 199 l. 

64. Battie MC, Bigos SJ, Fisher LD, Hansson TH, 
et al. Isometric lifting strength as a predictor of 
industrial back pain reports. Spine 1989; 
14:851--o. 

65. Kroemer KHE. Testing individual capability to 
lift material: repeatability of a dynamic test 
compared with static testing. J Safery Res 
1985; 3:4-7. 

66. Rothstein JM, Lamb RL, Mayhew TP. Clinical 
uses of isokinetic measurements. Phys Ther 
1987; 67:1840--4. 

67. Kroemer KHE. An isoinertiat technique to 

assess individual lifting capacity. Hum Factors 
1983; 25 :493-506. 

68. Kroemer KHE. Matching individuals to the job 
can reduce manual labor injuries. Occup Safery 
Health News Dig 1987; 3:4-7 . 

69. Chaffin DB. Ergonomics guide for the assess­
ment of human static strength. Am Ind Hyg 
Assoc J 1975; 36:505-1 l. 



-o. Herein GD. Garret M, Anderson CK. Predic­
uon of overexertion injuries using biomechani­
cal and psychophysical models Am Ind Hyg 
.{ ,soc J !986; 47:322-30. 

- 1. Kevserling WM, Herein GD Chaffin DB. An 
an~lysis of selected work muscle strength. In: 
pmceedings of the 22nd Annual Meeting of the 
Human Factors Society, Detroit, MI, 1978. 
Santa Monica, CA: Human Factors and Ergo­

nomics Society. 

-, K.:vserling WM, Herein GD, Chaffin DB. 
bo;nerric strength testing as a means of control­
lin!! medical incidents on strenuous jobs. J 
Oc:·up 1\tfed 1980; 22:332-6. 

73. Marras WS, McGlothlin JD, McIntyre DR, 
Nordin M, et al. Dynamic measures of low 
hack pe,formance: an ergonomics guide. Fair­
fax. VA: American Industrial Hygiene Associa­

tion, 1993. 

, ~. Wassell JT, Gardner LI, Landsittel DP, Johnston 
JJ. et al. A prospective study of back belts for 
prevention of back pain and injury. JAMA 
2000: 284(21):2727-32. 

FURTHER READING n 

75. Redell CR, Congelton JJ. Hutchingson RD, 
Montgomery JF, et al. An evaluation of a 
weightlifting belt and back injury prevention 
training class for airline baggage handlers. Appl 
Ergonomics 1992; 23 :319-29. 

FURTHER READING 

Ayoub l\,[M, Mital A. Manual marerials handling. 
London: Taylor & Francis. 1989. 

Chaffin DB, Andersson GBJ. Occupational biome­
chanics. New York: Wiley, 1991. 

Eastman Kodak Company, Ergonomics Group. 
Ergonomic design for people ac work, Vol. 2. 
New York: Van Nostrand Reinhold, 1986. 

Pope MH, Andersson GBJ, Frymoyer JW, Chaffin 
DB. eds. Occupational low back pain: assess­
ment, treatmem, and prevention. St Louis: 
Mosby Year Book. 199 l. 



. ,-

·\ -: 
-'L 
0 

(__j 

I IN 
0 

T 

I 
0 
~} 
: -... ,..._ 
i.. 

'.:.""' 
N 
q 

, v 
! Q 

v 

PHYSICAL AND BIOLOGICAL 
HAZARDS OF THE 

WORKPLACE 
Second Edition 

EDITED BY 

Peter H. Wald, M.D., M.P.H. 

Principal and Medical Director, WorkCare Inc., Orange, California; 
Associate Clinical Professor-Occupational Medicine, University of Southern California; 

Assistant Clinical Professor-Occupational Medicine, University of California, Los Angeles and 
University of California, Irvine 

. IS? 

G_regg M. Stave, M.D., J.D., M.P.H. 

Director, Strategic Health Plannm-g.,;Qla,xoSmithKJine Research, Triangle Park. NC; 
Consulting Assistant Professor-Occupational and Environmental Medicine. 

Duke University Me~91l·Center 

ffiWILEY-

... ,··:. ',,_ 
... ' ) . 

{ : .' 

~ ., i '. . ,, 

· .•. j • • . 

·,, 

~ INTERSCIENCE 
A JOHN WILEY & SONS, INC., PUBLICATION 



The authors and the publishers have exerted every effort to ensure that drug selection and dosage set forth in this text are in 
accord with current recommendations and practice at the time of publication. However, in view of ongoing research. 
changes in government regulations, and the constant flow of information relating to drug therapy and drug reactions, the 
reader is urged to check the package insert for each drug for any change in indications and dosage and for added warnings 
anci precautions. This is particularly important when the recommended agent is a new or infrequently employed drug. 

This book is printed on acid-free paper. @) 

Copyright © 2002 by John Wiley and Sons. Inc., New York. All rights reserved. 

Published simultaneously in Canada. 

No part of this publication may be reproduced stored in a retrieval system or transmitted in any 
form or by any means, electronic, mechanical, photocopying, recording, scanning or otherwise. 
except as permitted under Sections 107 or 108 of the 1976 United States Copyright Act, without 
either the prior written permission of the Publisher. or authorization through payment of the 
appropriate per-copy fee to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 
01923, (978) 750-84400, fax (978) 750-4744. Requests to the Publisher for permission should be 
addressed to the Permissions Department, John Wiley & Sons, Inc., 605 Third Avenue, New York. 
NY 10158-0012, (212) 850-6011 , fax (212) 850-6008, E-mail: PERMEQ@WILEY.COM. 

For ordering and customer service, call 1-800-CALL-WILEY. 

Library of Congress Cataloging-in-Publication Data: 
,. ,: ·"! • . ,, , ,, 

Physical and bibr1Jgical hazards of the workplace / edited by Peter H. Wald and Gregg 

M: Stave·." --lnq ~a, .. 
p. cm. . . 

.Includes indei. :_ 
ISBN 0-471:-38647-2 (cloth) 

11. Medicine; im!ustrial. 2. Industrial hygiene. 3. Occupational diseases. I. Wald, Peter 
H .. 1955-lL_.Sti;,,e~:c;regg M. 

RC963 .P48 UIOI 
616.9'803-~dc21 

Printed in the United States in America. 

10 9 8 7 6 5 4 3 2 

2001046816 




